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Abstract

Cartilage destruction in arthritic disease is chamased by irreversible collagenolysis,
resulting in loss of efficient joint function. Ohé¢ enzymes capable of hydrolysing
native collagen fibrils, matrix metalloproteinasg-1(MMP-13) is the major

collagenolytic MMP in osteoarthritis (OA), makingis MMP an important disease-
modifying target. Addition of interleukin-1 (IL-1and oncostatin M (OSM) to bovine
nasal cartilage in explant culture results in aesgistic loss of the collagen matrix,
accompanied by a dramatic increase in the expressiocollagenase enzymes.
Interleukin-4 (IL-4) is able to ameliorate this lke@en degradation by the strong
repression of IL-1+OSM-induced MMP-13 expressiohe Taim of this work was to

determine the mechanism by which IL-4 abolishesl1 HOSM-induced MMP-13

expression.

Work examining the effect of IL-4 on the methylatistatus of CpG residues within the
MMP-13 promoter failed to identify a role for epiggic modification in the mechanism
of action of IL-4. Subsequent cell signalling sesldemonstrated Akt activation by IL-
4. Therefore, genome-wide microarray analyses ¢tbknye stimulated cartilage and
chondrocytes was used to identify candidate Aldrentting proteins involved in the
repressive effects of IL-4 on MMP-13. Trbl was itfegd as a novel gene potentially
involved in the repression of MMP-13 by IL-4 via tAlGene silencing experiments in
chondrocytes confirmed that transfection with Trgdecific siRNA resulted in the
rescue of IL-4 mediated repression of IL-1+OSM-iceldh MMP-13 expression,
indicating an anti-inflammatory role for Trbl. Trisklongs to family of three tribbles
proteins and additional studies to investigaterties of other tribbles family members
in MMP regulation identified Trb3 as having a pdtally pro-inflammatory role in
MMP regulation in chondrocytes. Silencing of Trbasareproducibly shown to abolish
IL-1+OSM-induced MMP-13 expression. The novel dat@sented in this thesis
indicate that tribbles proteins act as key regutatd catabolic and anabolic responses
in chondrocytes. From these findings it could bedilesised that alterations in
functional levels of specific tribbles proteins manotect against aberrant MMP gene
expression in chondrocytes. The identification to$ tpotentially important regulatory
mechanism of signalling pathways important in MMP-Jene expression in
chondrocytes could be translated into a tractablerapy for arthritis once the

mechanism has been unravelled.
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Chapter 1

Chapter 1: Introduction

1.1 Articular cartilage

1.1.1 Structure and function
Articular cartilage covers the articulating surfecef bones, providing a friction-free

surface to facilitate joint motion. This uniquestie is both avascular and aneural and
populated by only one cell type, the chondrocytbe Tabsence of blood vessels and
lymphatics means that delivery of nutrients andaesh of waste products must occur by
diffusion through the extracellular matrix (ECM) y&ttner 1992). Like other connective
tissues, articular cartilage derives its form andchanical properties from its ECM
(Buckwalter and Mankin 1997). Articular cartilageush be able to absorb and distribute
high compressive forces. Two major macromoleculesbke cartilage to provide this
function: proteoglycan and type Il collagen. Aggmeds the predominant proteoglycan
found in articular cartilage. It has a high sulgtaglycosaminoglycan (GAG) content that,
by nature of its negative charge, draws water itite tissue enabling it to resist
compression. The proteoglycan is held within theilege by a cross-linked network of
triple-helical type 1l collagen fibrils, which prale cartilage with its tensile strength (Muir
1995; Temenoff and Mikos 2000). Other moleculeshsas decorin, biglycan, laminin,
tenascin, fiboromodulin and minor collagens (typdsIX, X and XI) assist in maintaining

the tissue through the spatial organisation oB@8&1 (Temenoff and Mikos 2000).

Articular cartilage can be divided into four zon@siperficial, transitional, middle and
calcified) based on differences in matrix morphgl@nd biochemical composition. The
superficial zone (zone 1) is the thinnest zone iagnidcated adjacent to the joint cavity.
Within this zone there are two distinct layers. &gellular sheet of predominantly collagen
fibers (the lamina splendens) covers the joint anderneath this is a second layer,
composed of flattened chondrocytes and containifggha concentration of water, more

collagen and less proteoglycan than the other zdrfes combination of molecules in the
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superficial zone imparts more tensile strengthts &rea of the matrix, enabling it to resist
shearing forces from the articulating surfaces. &@n known as the transitional zone,
contains chondrocytes that are spherical and sgisthen ECM that has larger collagen
fibrils, more proteoglycan and less collagen antewthan in the previous zone. The third
zone (middle or radial zone) contains rounded chmndes that are stacked in columns
perpendicular to the articulating surface. Thedls show high synthetic activity, ten times
that of superficial zone chondrocytes (Wong et1896). A tidemark separates the third
zone from the forth zone. Zone 4 (calcified zones closest to the subchondral bone and

consists of a thin layer of calcified cartilageditie 1.1).
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Figure 1.1 The zones of articular cartilage.See section 1.1.1 for details (taken from Ellenttd Cawston
2001).

1.1.2 Chondrocytes
Chondrocytes represent only a small percentagedgaippately 1%) of the total volume of

articular cartilage, but are vital for the syntlsesind maintenance of the cartilaginous
matrix. These cells originate from mesenchymal stais (MSCs) found in the bone
marrow in mature individuals. During embryogenesiBISCs differentiate into

chondrocytes and secrete the cartilage ECM. In dhsence of a vascular supply,

chondrocytes receive nutrients from the synoviaildfl which is synthesised by fibroblasts
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in the synovial membrane. Maintenance of the ddicaartilage requires replacement of
matrix components. Not only can chondrocytes sysitleeall the components of the ECM,
they then must assemble and organise these contganema highly ordered framework
(Buckwalter and Mankin 1997).

Under normal circumstances, proliferation of chaagtes is limited and it is thought they
maintain the ECM through low-turnover replacemehtcertain matrix proteins. If the
equilibrium between synthesis and degradationssugied, as in ageing and joint disease,
the rate of loss of collagens and proteoglycansnfitbe matrix exceeds the rate of
deposition of newly synthesized molecules. Oridginahought of as an inert tissue,
cartilage is now thought to respond to extrinsictdes that regulate gene expression and
protein synthesis in chondrocytes. Many studies twve last two decades have confirmed
that chondrocytes are able to respond to mechasiceds and stimuli such as cytokines
and growth factors that ultimately contribute toustural changes in the surrounding

cartilage matrix (Goldring and Goldring 2007).

1.1.3 Extracellular matrix
The articular cartilage matrix consists of two caments: the tissue fluid, which accounts

for as much as 80% of the wet weight of the tisane, the macromolecular framework that
gives the tissue its form and stability and acceunt the remaining ~20% of the wet
weight (Buckwalter et al. 1997).

1.1.3.1 Collagen
Articular cartilage contains various geneticallgtdict collagen types, specifically types II,

VI, IX, X and XI. Together, types Il, IX and Xl far the cross-banded fibrils seen with
electron microscopy of articular cartilage. It g tformation of these fibrils into a tight

meshwork that endows articular cartilage with éssile strength, in addition to entrapping
the larger proteoglycans thus contributing to tbkesiveness of the cartilage (Buckwalter
et al. 1997). Each collagen molecule is composdtreta-chains, characterised by a Gly-
Xaa-Yaa sequence, where Xaa is often proline arali¥ &ydroxyproline. Due to the high

content of imino amino acids, thechains of collagen all form a left-handechelix.

Furthermore, the presence of a glycine residueetyehird residue allows thechains to
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twist around one another to form a superhelix. Thee-helical structure is such that the
peptide bonds linking the adjacent amino acidsbamged within the molecule, making it
highly resistant to proteolytic degradation (Creraeal. 1998). Type Il collagen is almost
exclusively found in articular cartilage, with tydecollagen predominating in other
connective tissues such as bone, skin and tendomdult articular cartilage, type Il
collagen accounts for 90-95% of the collagen. Wpe tll collagen molecule is composed
of three identical polypeptide chaingl[ll)]s, each consisting of a single 300 nm-long
triple helix with short telopeptides at each endyFe 1.2). Although the functions of the
other types of collagen present in articular cagel are not fully understood, it is thought
that type IX and Xl are needed to stabilise theilfdy network (Kuettner 1992). Type X
collagen has been immunolocalised to the zone loffieal cartilage and is synthesised
only by hypertrophic cells within this zone. Typé &bllagen is thought to be localised in

the capsular matrix around chondrocytes and chasdiifuettner 1992).
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Figure 1.2 Structure and organisation of collagen.Three polypeptid&-chains assemble to form a triple
helical precursor molecule, procollagen. After séon, the globular regions are cleaved from eachdd the
procollagen molecule to form collagen. Collagen eoales assemble in a precise staggered arrangement,

overlapping to give a 64 nm periodicity seen urttlerelectron microscope (taken from Cleaver 2000).
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1.1.3.2 Proteoglycans
A proteoglycan is a protein which has one or mdtached GAG chains. A variety of

proteoglycans are found in articular cartilage theg essential for its normal function,
including aggrecan, decorin, biglycan, fioromoduéind lumican. Articular cartilage is
characterised by its high aggrecan content, whimmg$ proteoglycan aggregates in
association with hyaluronan (HA) and link prote{(b®) (small non-collagenous proteins).
It is these aggregates that are crucial in distimiguload in weight-bearing joints and
providing the osmotic properties needed to resstpressive loads as well as anchoring
the proteoglycans within the matrix. These hydrbplproteoglycan aggregates draw water
into the tissue, enabling it to undergo reversi#éormation. Aggrecan accounts for 90%
of the proteoglycan mass in articular cartilagehds multiple functional domains and its

core protein consists of three globular regionsvkmas G1, G2 and G3 (Figure 1.3).

| |
p k | 4 | |
Link ' |
protein
Keratan :

sulphate Chondroitin sulphate

Hyaluronic rich region rich region
acid

Figure 1.3 Structure of aggrecanAggrecan consists of three globular domains (G1a6@ G3) separated
by linear portions of polypeptide. The aggrecarergibbular domain (IGD) between G1 and G2 is
particularly susceptible to proteolytic cleavagheTegion between G2 and G3 binds highly sulph@&as.
Aggrecan molecules bind to hyaluronic acid via & domain and this binding is enhanced by link girot

(taken from Pyle 2003).

The interglobular domain (IGD) that links the Gdaa2 domains is a target for proteolytic
attack and is a key site for cleavage as it separtite major GAG bearing region of
aggrecan from the G1 domain that anchors it inntladrix. AlImost 90% of the aggrecan

mass is carbohydrate, which consists mostly of dhmtin sulphate chains, but also
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includes keratan sulphate chains and O- and Ndirdegosaccharides (Hardingham and
Fosang 1992; Hardingham and Fosang 1995; Rougble§)2

In addition to aggrecan, other non-aggregating gugllycans have been identified in
articular cartilage. These proteoglycans have shaqnptein cores, fewer GAG chains and
instead of directly contributing to the mechanioahaviour of the tissue are thought to be
involved in the organisation of collagen moleculBgcorin, biglycan, fiboromodulin and
lumican are all small leucine-rich repeat proteoghs (SLRPs) and are characterised by
multiple adjacent domains possessing a commonneuath motif (Hocking et al. 1998).
Decorin, fiboromodulin and lumican are known to maie with type Il collagen and so may
play a role in the stabilisation of the collagensimgork (Hedbom and Heinegard 1993).
The interactions of biglycan are less well undexdtdn addition to a stabilisation role,
SLRPs appear to help limit access of collagenaséiseir unique cleavage site, therefore
they may also be important in preventing proteolyiamage (Hocking et al. 1998;
Roughley 2006)

1.2 Arthritis

Despite its durability and ability to maintain iisearticular cartilage is susceptible to
injuries and disease resulting in irreparable #sdamage. One in five adults have long-
term health problems due to arthritis (Arthritissearch Campaign 2002). Whilst many
types of arthritis exist, the most common exammésarthritic disease are rheumatoid
arthritis (RA) and osteoarthritis (OA).

The arthritides are characterised by a progredessof articular cartilage and this loss of
cartilage is associated with degradation of majGMEcomponents. As described earlier
(section 1.1.1), the ECM consists mainly of aggneead Type Il collagen. Collagen
provides cartilage with its tensile strength andragan (due to its negative charge) draws
water into the cartilage, thus enabling it to resmmpression (Moore and Dalley 1999).
The loss of aggrecan during cartilage degradasamapid but reversible. Collagen is much
less readily released, however when collagen degoad does occur, the tissue is

irreversibly damaged. Collagen breakdown is theeefmnsidered to be the key step in
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controlling cartilage turnover (Jubb and Fell 1988uman articular cartilage undergoes
remodelling as a consequence of anabolic and datapoocesses. Formation and
progression of cartilage lesions is widely acceptetle, at least partly, a consequence of
secretion of inflammatory mediators that disruptitzye-matrix homeostasis, thus altering
chondrocyte metabolism (Pelletier et al. 1993). |thgacartiiage ECM is maintained in a
state of dynamic equilibrium, with a balance betwsgnthetic and degradative pathways.
However, in both RA and OA this balance is disrdptevith degradation exceeding
synthesis. This results in breakdown of cartilaggue and subsequent loss of joint function

(Shingleton et al. 1996).

1.2.1 Rheumatoid arthritis
RA affects approximately 1% of adults in developmxintries and is characterised by

chronic inflammation of multiple joints and subsequdestruction of cartilage and bone
(Figure 1.4). Genetic, environmental, infectiousl &iormonal factors are all thought to be
involved in the development of RA. Although theegise pathogenesis of RA remains
unclear, T cells, B cells, macrophages, neutrognts synovial fibroblasts are known to be
central to the mechanisms of joint inflammation aliskase progression. The initiating
trigger in RA is unclear, however the disease imegally considered to have an
autoimmune basis. A number of potential antigengehlaeen proposed to play a role
including collagen type Il, heat shock proteins gp89. However, only rheumatoid factor,
antibodies to citrullinated antigens, and antibsdeimmunoglobulin binding protein have
shown sufficient sensitivity and specificity to bensidered clinically. The controversy of
whether autoantibodies contribute to, or are seagntb, the pathogenesis of RA is still a

matter of debate (Andersson et al. 2008).

Genetic predisposition to RA is polygenic and camplThe concordance of monozygotic
twins of 12—-15% in comparison with the concordaotcdizygotic twins of 2—4% provides
evidence of a genetic contribution to the disedg@dlt et al. 2001). In recent years there
has been a huge increase in the number of confisusdeptibility loci identified for RA,
although the largest contribution to RA susceptibilemains on the HLA-DRB1 gene. A
strong association between possession of HLA-DRolhgpes (DRB1*0101, 0401, 0405
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Normal joint RA joint

04,2000
A0l

Figure 1.4 Schematic representation of the joint ilammatory events in rheumatoid arthritis (RA). The
inflammatory response in the RA joint is charaaedi by marked swelling and inflammation. Immuné cel
infiltration into both the synovial fluid (SF) ansiynovial tissue (ST) accompanies this inflammation,
addition to the proliferation of resident ST cedlsd angiogenesis. Formation of the destructivei¢i$sont or
pannus occurs as the ST extends over cartilagéamel. The majority of the cartilage destruction ande

erosion occurs at the junction with pannus (takemfPettit and Thomas 1999).

and 1402) and an increased risk of developing RAdeen demonstrated. These subtypes

were found to possess a ‘shared’ epitope (Gregelr80n).

As mentioned previously the initiating trigger ilARs unknown, however it has been
proposed that the initiating event in RA involvesiafectious agent or other environmental
exposure. The initiating trigger is followed by theluction of an immune response that
results in inflammation in the synovial membranke Bynovium lines the joint cavity and
is the site of production of synovial fluid. The rn@l synovium is comprised of
macrophage- and fibroblast-like cells known as sioytes. In RA, the lining becomes
hyperplastic due to an increase in macrophagesfianoblasts. In addition, increased
vascularisation is also observed. The synovialngngradually proliferates leading to
formation of the pannus, which extends over thewdr cartilage. Although there is an
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association between inflammation and joint damagés now thought that these two

processes may not in fact be coupled. There iseasing clinical and experimental

evidence to show that inflammation and destructian be uncoupled and that different
cells and mediators are important in these prose3se sustained degradation of the ECM
may be a later consequence of the inflammatoryga®wia stimulation of the resident
chondrocytes (van den Berg and van Riel 2005).il@get destruction is mediated through
the increased expression of degradative enzymssiltirgy in breakdown of cartilage and

erosion of the subchondral bone leading to disomptif normal joint function (Sweeney

and Firestein 2004; Otero and Goldring 2007).

1.2.2 Osteoarthritis
OA is the most common of the arthritides, with thajority of individuals over the age of

65 showing radiographic and/or clinical evidenc®d. The most commonly affected sites
include the hands, knees, hips and spine (Fels@6)20A is characterised by the
progressive loss of articular cartilage, thickeniighe subchondral plate, formation of new
bone at the joint margins and the formation of &winclral bone cysts resulting in
symptoms such as pain, stiffness and loss of ngl{iGoldring and Goldring 2006). A
variety of risk factors are associated with susbdjpy to OA, such as increasing age,
obesity, joint injury and genetic predispositioreldon et al. 2000). OA can be subdivided
into two categories; primary OA occurs in middledgto elderly patients and was
considered to be a consequence of ‘wear and tatiiniough this is now known to be an
over-simplified explanation), and secondary OA tbah occur at any age as a result of

trauma or disease.

Historically, OA has been consideredpeocess involving a disturbance of the normal
balance betweetiegradation and repair in the articular cartilage subchondrdlone. OA
was therefore thought of as a primarily non-inflaatony condition as opposed to RA
where both local and systemic inflammation is atreérfeature. However, this theory is
now being reconsidered. Low-grade synovitis, inseglavascularity and inflammatory-cell
infiltration have been reported in patients withgrtades of OA (Smith et al. 1997). More
recently, magnetic resonance imaging (MRI) hasfoeted the idea that synovitis is a

frequent feature of OA (Loeuille et al. 2005). &fimatory cytokines and mediators
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produced by joint tissues are increasingly beirgaghto play a role in the pathogenesis of
OA, perpetuating disease progression and therefepeesenting potential therapeutic
targets (Abramson and Attur 2009).

1.2.3 Arthritis treatment
Treatment for OA has changed little over the ldst years and is limited to pain relief and

in severe cases, joint replacement. However, datictartilage is able to provide stable
movement with less friction than any prosthetic laepment, and can also alter its
properties in response to differences in loadingeré is no available treatment that can
prevent or slow disease progression. RA, howevas, imany more treatment options
including disease modifying anti-rheumatoid dru@VIARDs) and the more recently

developed anti-TNé (Etanercept and Infliximab) and targeted B-celtifkmab) therapies

(Kumar and Clark 2005). Although anti-TMFtherapy can offer significant disease
remission in some, it is by no means effectivelipatients and can cause potentially life-
threatening side effects (British Medical Assodatand Royal Pharmaceutical Society of

Great Britain 2005). Hence, research into new itneats is ongoing.

1.3 Proteinases

The primary cause of the cartilage and bone destruassociated with the arthritides is an
elevation of the levels of active proteinases. énatses are responsible for enzymatic
cleavage of peptide bonds, a process that is antsrequirement of many biological
processes (Rengel et al. 2007). These enzymegemetexd by various cells within the joint
and degrade the ECM. The expression of these pestes is regulated by various

cytokines and growth factors acting on the celisabwithin the joint.

Exopeptidases specifically cleave substrates afNtherminal or C-terminal positions of
polypeptides, whilst endopeptidases (also calleteprases) cleave internal peptide bonds.
Proteinases can be subclassified into five maissels of proteinases. This subclassification
is based on their mechanism of catalysis, whiagkleted to the chemical group involved in

the process of hydrolysis. Therefore, proteinasesdascribed as aspartate, cysteine and
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threonine types, which act intracellularly in andagH, or as serine and metallo catalytic
types, which act extracellularly in a neutral pHg(Fe 1.5) (Barrett 1980; Rengel et al.
2007).

A subdivision of the metalloproteinase superfanslyhe metzincins, a structurally related
group of zinc-dependent endoproteinases that iedid serralysins, the astacins, ADAMs
(a disintegrin and metalloproteinase), MMPs (maitnigtalloproteinases) and pappalysins
(Barrett 1980; Overgaard et al. 2001). It is novoutht that the enzymes mainly
responsible for the degradation of cartilage aeeMiMPs.

Intracellular Extracellular
v Y v v v
Aspartate| Cysteine || Threonine Metallo- Serine
proteinaseg proteinasey proteinases proteinases proteinases
Low pH » Neutral pH

Figure 1.5 The five main classes of proteinase&dapted from Rengel et al. (2007).

1.3.1 Matrix metalloproteinases
The MMPs are a large family of endopeptidases, Wwhsollectively are capable of

degrading all components of the ECM and therefaeehbeen extensively studied in
relation to the modulation of matrix function (Nagaand Woessner 1999; Cawston and
Young 2010). They play key roles in normal biol@jiprocesses such as morphogenesis,
wound healing, tissue repair and remodelling ippoase tanjury. However, they are also
central in the progressimf diseases such as atheroma, arthritis, canceclaiotictissue
ulcers (Nagase et al. 2006). MMPs are known to rblved in the turnover and
breakdown of the ECM, both in healthy and arthritartilage. MMPs are extracellular
proteins, but recestudies have suggested that MMP-1 (Limb et al. 200B51P-2 (Kwan

et al. 2004) and MMP-11 (Luo et al. 2002) are dsmd intracellularly and could act on

intracellular proteins. Traditionally, MMPs have been classifiaccording to primary
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structure, substrate specificity and cellular lawat resulting in five groups; the
collagenases, stromelysins, gelatinases, matrdysind membrane-type (MT) MMPs,
although several recently discovered enzymes dditrtbis classification, including MMP-
12 (metalloelastase), MMP-19, MMP-20 (enamelysand MMP-23 (Clark and Parker
2003) (Table 1.1).

-12 -
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MMP subfamily MMP Alternative name(s) MW Known matrix substrates
(kDa)

Collagenases MMP-1 Interstitial collagenase 55/45 Collagens [, II, 1, VI, VI, X;
Fibroblast collagenase gelatin; aggrecan; proteoglycan link
Collagenase-1 protein; tenascin; entactinpl-Pl;

02-M
MMP-8 Neutrophil collagenase 75/58 Collagen types 1, IV, V, VII, X, XI,
Collagenase-2 XIV; gelatin ;aggrecan;ol-Pl; a2-
antiplasmin; fibronectin
MMP-13 Collagenase-3 60/48 Collagens 1, I, I, IV, VI, X;
gelatin;
plasminogen activator inhibitor 2;
aggrecan;
tenasci
MMP-18 Xenopus collagenase 55/42 Collagen |, gelatin
Collagenase-4

Gelatinases MMP-2 Gelatinase-A 72/66 Collagens |, IV, V, VII, X, XI, XIV;
72 kDa gelatinase gelatin; elastin;

Type IV collagenase fibronectin; vitronectin; aggrecan;
link protein;
al-Pl; activates MMP-9 and MMP-
13

MMP-9 Gelatinase-B 92/86 Collagens |, IV, V, VII, X, XI, XIV;

92 kDa gelatinase gelatin; elastin;

Type V collagenase fibronectin; aggrecan; link protein;
al-Pl

Stromelysins MMP-3 Stromelysin-1 57/45 Collagens I, I, lll, IV, V, VI, IX,
Transin X, XI; gelatin;

Proteoglycanase aggrecan; link protein; fibronectin;
al-Pl;
laminin; a2-M; activates MMP-1, -7,
-8, -9 and -13.
MMP-10 Stromelysin-2 57/44 Collagens I, IV, V; gelatin;
Transin-2 aggrecan; elastin;
link protein; fibronectin; activates
MMP-1 and MMF-8
MMP-11 Stromelysin-3 51/44 al-Pl
Membrane-type MMPs MMP-14 MT1-MMP 66/56 Collagens 1, 1, lll, 1IV; gelatin;
elastin; aggrecan;
proteoglycan; fibronectin;
vitronectin; activates
MMP-2 and MMP-13
MMP-15 MT2-MMP 72/60 Collagens 1, II; gelatin; fibronectin;
tenascin;
laminin;  proteoglycan; activates
MMP-2
MMP-16 MT3-MMP 64/52 Activates MMP-2
MMP-17 MT4-MMP 57/53 Gelatir
MMP-24 MT5-MMP 63/45 Gelatin; fibronectin; proteoglycan;
activates MMP-2
MMP-25 MT6-MMP 63/? Activates MMP-2
Leukolysin
Others MMP-7 Matrilysin 28/19 Collagens IV, X; gelatin; aggrecan;
link protein;
tenascin;  fibronectin;  laminin;
elastin; entactin;
al-Pl; activates MMP-1, -2 and -9
MMP-12 Macrophage elastase 54/45/22 Collagen 1V; gelatin; elastiml-PI;
fibronectin;
vitronectin; laminin
MMP-19 RASI-1 54/45 Aggrecan
MMP-20 Enamelysin 54/22 Amelogenin
MMP-21 XMMP 70/53 Not known
MMP-22 CMMP 52/43 Gelatin
MMP-23 ?20? Not known
MMP-26 Endometase 28/? Gelatina1-Pl
Matrrilysin-2

Table 1.1 Matrix Metalloproteinases. MMPs can be sub-grouped according to similaritiesdomain
structure and function. Molecular weight (MW) oétlatant (bold) and active forms are shown. Adafrtech

Bigg and Rowan (2001).
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1.3.2 Structure of matrix metalloproteinases

The MMPs possess a multidomain structure (Figwsg 1.

Pre-domain encodes a short hydrophobic signal peptide of A&€ksidues, which is
required for enzyme maturation and its secretiomfthe cell into the extracellular space.

Propeptide domain is approximately 80 residues in length and costdine highly
conserved PRCG(V/N)PD sequence motif. The cystegsiglue within this motif is known
as the ‘cysteine switch’ and ligates with the gatalzinc to maintain the enzymes in their
latent state (Van Wart and Birkedal-Hansen 1990).

Catalytic domain is approximately 170 amino acids in length. Thi®mdin
characteristically contains a zinc atom and is@aspble for enzyme activity (Rengel et al.
2007).

Hinge domainseparates the N- and C-terminal domains and iamdie length.
Haemopexin domainis about 200 amino acids in length. The haemopekimain is
required for hydrolysis of triple helical collagef®emoval of the MMP-1, MMP-8, MMP-

13, or MMP-14 haemopexin domain results in a loksallagenolytic activity (Lauer-
Fields et al. 2009).
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Figure 1.6 Domain structure of MMPs. All MMPs have a catalytic domain containing theiae site zinc
(Zn). In addition, several MMPs contain a furinwgaition motif (Fu), which enables intracellulatiaation

by furin-like proteinases. All MMPs (with the exdem of MMP-7, -23 and -26) possess a haemopexin
domain. Several other domains are present in ceMdPs including fibronectin-like domains (F) in MM2

and -9 and a vitronectin-like domain (V) in MMP-23ome MMPs are anchored to the cell surface via a
glycosylphosphatidyl inositol (GPI) anchor and ethby a transmembrane domain (TM) with cytoplasmic
tail (Cyt). Unlike all other MMPs, MMP-23 possessasN-terminal TM domain, a cysteine array (CA) and
an immunoglobulin (Ig-like) domain. Taken from Cawsand Young (2010).

1.3.2.1 The collagenases
Type Il collagen is extremely resistant to mostt@irases because of its triple helical

structure. Thus, the only enzymes that are capaibtbegrading type Il collagen are the
collagenases. The three human collagenases, MNWRMB-8 and MMP-13, are known to
cleave the three chains of types I, Il and Il collagen at a singlte to give 3/4 and 1/4
length products (Miller et al. 1976). MMP-2 (a delase) and MMP-14 (a MT-MMP)
have also been shown to degrade collagen (BiggRanwehn 2001). However, the specific
activity of MMP-14 for type Il collagen is extrenyelveak (Ohuchi et al. 1997). The
catalytic domains of collagenases are also capabtteaving non-collagenous substrates,
but they are unable to cleave native fibrillar agns without their haemopexin domain. It
is the cooperation between the catalytic and haewinpdomains that is thought to be
necessary for their collagenolytic activity (Chugigal. 2004). After the collagen molecules
have been cleaved by the collagenases, these fragraee no longer stable at body
temperature and the helical structure is lost. fragments then become susceptible to

proteolytic degradation by other MMPs.
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Collagen is not readily released from articular titege, however when collagen
degradation does occur, the tissue is irreverdilaijmaged (Jubb and Fell 1980). MMP-1
and MMP-13 have predominant roles in RA and OA hbeeahey are rate limiting in the
process of collagen degradation, making these gallase enzymes potential targets for

therapy in arthritis.

Although all the collagenases cleave collagers firbbable that the relative importance of
individual collagenases differs in different formo$ arthritis. Current dogma suggests
MMP-1 is the key collagenase in RA, whereas MMPid3hought to be the important

collagenase in OA. MMP-8 is only a minor gene pdf human articular chondrocytes
(Stremme et al. 2003), so it is likely that MMPs8niot involved in the cartilage destruction
seen in OA and RA. Instead, MMP-8 is thought taaldeey enzyme in septic arthritis due
its production by neutrophils (Rajasekhar et a040

MMP-1 is also known as interstitial collagenase, fibasblcollagenase and collagenase-1.
Type 1l collagen is cleaved most efficiently by ML, followed by type | collagen and
then type 1l collagen (Welgus et al. 1981). MMPslknown to be expressed in many cell
types including stromal fibroblasts, macrophagegjothelial cells, epithelial cells and
chondrocytes (Brinckerhoff et al. 2000; Mengshahle2000). Under normal physiological
conditions the expression of MMP-1 is low, howeveris readily induced under

pathological and inflammatory conditions (Brinckeffret al. 2000).

MMP-8, also referred to as collagenase-2 or neutroptihgenase, was originally thought
to be expressed solely by maturing neutrophils, &mttionally restricted to ECM
breakdown. However, in recent years it has beeoodesed that this protease can be
expressed by a wide variety of cell types and plysmportant regulatory role in acute
and chronic inflammation (Van Lint and Libert 2008}hilst MMP-8 is active against type
Il collagen, type | collagen appears to be thegyeftial substrate of MMP-8 (Hasty et al.
1987).

MMP-13, also known as collagenase 3, was previously thioug be associated

exclusively with malignancy due to its discoverybireast carcinomas (Freije et al. 1994).
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However, it has since been associated with a yawétnon-malignant conditions, in
particular arthritis (Mitchell et al. 1996). It expressed by both chondrocytes and synovial
cells in human OA and RA and is thought to playriical role in cartilage destruction.
MMP-13 preferentially degrades type Il collagen &é<per et al. 1996a) and is able to
cleave type Il collagen approximately five timesté&a than MMP-1 (Reboul et al. 1996).
MMP-13 knock-out mice exhibit a normal lifespan at@not show any major phenotypic
abnormalities. However, microscopic analysis dagsahstrate defects in the growth plate
cartilage with an increase in the hypertrophic crooyte zone and a delay in primary
ossification (Takaishi et al. 2008). To date theage been no published studies examining

OA-like pathology in the MMP-13 knockout mouse.

1.3.2.2 The stromelysins
There are three stromelysins; MMP-3 (stromelysinMP-10 (stomelysin 2) and MMP-

11 (stromelysin 3). MMP-3 and MMP-10 are highly halagous, with similar structures
and substrate specificity. MMP-3 is not constitaljvexpressed but can be induced by IL-1
and TNFe in chondrocytes and fibroblasts (MacNaul et al9®9 MMP-3 is able to
activate other MMPs, including the collagenases r(Wy et al. 1987). MMP-10 is also
able to activate various MMPs, including MMP-1 aBdKnauper et al. 1996b). Homology
between MMP-11 and the other stromelysins is redliimrause of the presence of a 10-
amino acid insert between the pro- and catalytimaos that enables recognition of furin.
In addition, both MMP-3 and -10 are secreted fragtiscas inactive pro-MMPs, whereas
MMP-11 is activated intracellularly by furin and sosecreted from the cell as an active

enzyme (Pei and Weiss 1995).

1.3.2.3 The gelatinases
This sub-group consists of MMP-2 (gelatinase A) aviViP-9 (gelatinase B). The

gelatinases differ from the other MMPs in that tip®gsess three repeats of a fibronectin
type Il motif inserted into their catalytic domaivhich enable efficient binding to gelatin
(Steffensen et al. 1995). These enzymes possesarsiatalytic activity and are important
in the cleavage of denatured collagen (gelatinkifTBubstrates also include type IV and
type V collagen and laminin (Murphy and Nagase 200B/1P-2 is the most widespread of
all the MMPs and it is able to activate proMMP-9idfan et al. 1995) and -13 (Knauper
et al. 1996c¢). It has been suggested that MMP-@stisgnative collagen in a similar manner
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to the ‘classical’ collagenases (Patterson et@)1®, however the collagenolytic activity of
MMP-2 is much weaker than the other collagenasebIPN® is expressed in many
transformed and tumour-derived cells as well ashondrocytes, neutrophils, monocytes

and alveolar macrophages (Matrisian 1992).

1.3.2.4 The matrilysins
This group consists of MMP-7 and MMP-26. Their stawe differs from that of other

MMPs because they lack the haemopexin domain. MNE>synthesised by epithelial cells
and MMP-26 is expressed in many cells such as thbgee endometrium, but also in some

carcinomas (Murphy and Nagase 2008).

1.3.2.5 The membrane-type MMPs
The membrane-type MMPs (MT-MMPs) can be furtherdsuided into two groups. The

first contains four MMPs that are type | transmeanier proteins (MMP-14, -15, -16 and -
24) and the second consists of two glycosylphosgyiatositol-anchored proteins (MMP-

17 and -25). All MT-MMPs possess a furin-like pnm{gin convertase recognition
sequence and so are activated intracellularly. Whth exception of MMP-17, all MT-
MMPs can activate proMMP2 (English et al. 2001). FH#4 is able to activate MMP-13
on the cell surface and therefore is of particteéevance to cartilage degradation (Knauper
et al. 1996¢). The latent form of MMP-14 is actecby furin and plasmin (Okumura et al.
1997) and once activated, is capable of degradomgponents of the ECM (including
interstitial collagens) (Ohuchi et al. 1997).

1.3.3 Regulation of matrix metalloproteinases
MMPs regulate many biological processes and thdymtion and activation of MMPs is

strictly regulatedin vivo at various critical steps (Burrage et al. 2006hn€itutive
expression is minimal and cells within intact tissuwo not usually store MMPs (with the
exception of neutrophils) (Reunanen and Kéahari 2006e potent proteolytic activity of
MMPs is tightly controlled at 3 stages; synthegispenzyme activation and inhibition
(Figure 1.7).
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Figure 1.7 The regulation of MMPs occurs at three @tinct levels: synthesis and secretion, activation
and inhibition. Taken from Hochberg et al. (2003).

1.3.3.1 Synthesis
Within the rheumatoid joint are large numbers dlaimmatory cells, T cells, macrophages

and neutrophils. These cells interact with synowells, resulting in the production of
cytokines such as IL-1 and TNE-which in turn stimulate many cell types to proeluc
MMPs. Furthermore, certain cytokines (for examplellor TNF-« in combination with
OSM (Cawston et al. 1998) act synergistically twéase the production of MMPs by cells.
Genetic variations can influence basal and indeclelels of MMP expression, in turn
influencing the development of diseases such asnemy heart disease and cancers.
Naturally occurring single-nucleotide polymorphisif&\Ps) have been detected in the
promoter of a number of MMP genes and these segualterations have been shown to
have allele-specific effects on the transcriptioaetivities of MMP gene promoters (Ye
2000; Decock et al. 2008).

1.3.3.2 Activation of proenzymes
All MMPs are synthesised in a proenzyme form. Aatiion of the proenzyme requires

proteolytic removal of the 10 kDa pro-peptide regi®his process removes the conserved
cysteine residue, which in the proenzyme, blocksattive-site zinc atom (Springman et al.
1990). The activation of proMMPs by other active M#lis well documented and suggests

that carefully controlled activation cascades ekistivo. Some MMPs, including MMP-
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14, possess a conserved sequence of 10-12 amid® laeiween the propeptide and N-
terminal domain that is recognised by the furinifgrof serine proteinases (Pei and Weiss
1995). This enables activation of these MMPs wittie Golgi. These enzymes are then
able to arrive at the cell surface in an activerfdhat is thought to be responsible for the
activation of other MMPs (Cawston 1998). For thdd®Ps without this furin site,
proteolytic removal of the propeptide is thoughbtzur close to the cell surface. Plasmin
and other serine proteinases (such as trypsin, atrypsin, elastase and kallikreins) are
able to activate certain pro-MMPs. The activatdrshe MMPs of particular relevance to

the arthritides are summarized in Table 1.2.

Pro-MMP Activators

ProMMP-1 MMP-3, MMP-10, plasmin, Kkallikreins,
chymase

ProMMP-13 MMP-2, MMP-3, MMP-14, plasmin

ProMMP-2 MMP-14, MMP-15 MMP-16 MMP-24,
MMP-25

ProMMP-9 MMP-1, MMP-2, MMP-3, MMP-7, MMP-

10, MMP-13, kallikreins, elastase, plasmin
ProMMP-3 Plasmin, tryptase, chymotrypsin, neutrbphi
elastase, cathepsin G, kallikreins,
thermolysin, chymase
ProMMP-14 Proprotein convertases (e.g. furin), mpias

urokinase

Table 1.2 Potential activators of MMPs Adapted from Murphy et al. (2000).

1.3.3.3 Inhibition

1.3.3.3.1 Natural inhibitors of MMPs
Any disruption in the balance of active MMPs andithnhibitors can result in diseases

associated with uncontrolled ECM turnover, such aathritis. Tissue inhibitors of
metalloproteinases (TIMPs) are endogenous inhbitar MMPs and so are important
regulators of ECM turnover (Brew and Nagase 20T@gy are not only important in the
inhibition of active enzymes, but also play a rolgroMMP activation, matrix binding and
cell growth (Brew et al. 2000). To date, four hoognus TIMPs have been identified:
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TIMP-1 (Welgus et al. 1979), TIMP-2 (Stetler-Stesen et al. 1989), TIMP-3 (Pavloff et
al. 1992) and TIMP-4 (Greene et al. 1996). TIMPs-21 -3 and -4 inhibit MMP activity
through noncovalent binding to the zinc-bindingesiof MMPs (Reunanen and Ké&hari
2005). They bind with a 1:1 stoichiometry and thiading is essentially irreversible.
Whilst all four TIMPs can be described as broaccspen MMP inhibitors, their specificity
for individual MMPs does differ (Table 1.3). TIMPi8thought to have the widest range of
inhibition as it not only inhibits MMPs, but alseweral members of the ADAM (a protein
with a metalloprotease and disintegrin domain) (-1@, -17, -28 and -33) and ADAMTS
(an ADAM with a thrombospondin-like motif) (-1, -24 and -5) families (Brew and
Nagase 2010). The overall shape of TIMPs has bkeeidated based on crystal structures
of TIMP-MMP complexes and appears to be “wedge-lifidagase et al. 2006). The N-
terminal region of TIMPs is important for the inhdoy activity of the molecule and the C-
terminal is necessary for enzyme binding (Caws@®8). TIMP-1 and TIMP-2 have been
shown to prevent the release of collagen from bewiasal cartilage in culture (Ellis et al.
1994). Whilst TIMP-1 has been detected in the RAosyum (Hembry et al. 1995), the
balance of MMPs to TIMPs appears to be alteredawodr of the catabolic enzymes
(MacNaul et al. 1990).

TIMP-1 TIMP-2 TIMP-3 TIMP-4
Inhibition All MMPs All All MMP-1, -2, -
except most 3,-7and -9
MT-MMPs
Molecular mass 20.6 215 21.6 22.3
(kDa)
Soluble Yes Yes No Yes
Expression Inducible Constitutive Inducible ?
Expression in Yes Yes Yes ?
cartilage
Binding to pro- MMP-9 MMP-2 MMP-2,-9 MMP-2
MMPs

Table 1.3 Properties of TIMPs.Adapted from Bigg and Rowan (2001).
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All active MMPs can also be inhibited lg-macroglobulin, a plasma glycoprotein that
inhibits proteinases by trapping the enzyme witihi@ macroglobin. The complex is then

cleared by receptor-mediated endocytosis (Strickkgral. 1990).

1.3.3.3.2 Synthetic inhibitors of MMPs

Broad spectrum MMP inhibitors have long been cargd to be a possible therapeutic
option for treatment of RA and OA. However, the wdesuch MMP inhibitors has been
restricted by a toxicity known as musculoskeletghdsome (MSS) (Clark and Parker
2003). In an attempt to avoid MSS, low dose adrtriai®n of broad spectrum MMP
inhibitors was tried; however this resulted in eklaf efficacy. It is thought that MSS is
probably due to the nonselective inhibition of npié& MMPs, however the exact molecular
mechanism is unknown. As current dogma suggests NIBIB be the key collagenase in
OA, the design of a highly selective MMP-13 inhadviappears to be a good strategy for
developing a treatment for arthritis. In recentrgealohnson et al. (2007) reported the
generation of an orally active MMP-13 inhibitor tledfectively reduced cartilage damage
in vivo and did not induce joint fibroplasia in a rat mbaeMSS. A 2010 study has shown
that fully selective MMP-13 inhibitors are able rieduce collagen degradation in human
OA cartilage explants (Piecha et al. 2010). A réidacof 41-49% in collagen degradation
was observed with selective MMP-13 inhibitors, camngal with a reduction of 81% by the
broad spectrum MMP inhibitor GM6001. The authorggast that MMP-13 is therefore
likely to be responsible for 50-60% of the increhsellagenase activity in OA. The same
study demonstrated that selective MMP-13 inhibiteese able to completely block IL-
1+OSM-induced collagen degradation in a bovinecaldr cartilage model. The significant
level of inhibition by selective MMP-13 inhibitois both the human and bovine systems
demonstrates the integral role played by MMP-1%artilage degradation but highlights
the need for further study to understand the seglgnimore complex situation in human

OA catrtilage.

Selective MMP-13 inhibitors have also been showrethice cartilage erosion in the SCID
(severe combined immunodeficiency) mouse co-implaot model of RA and the
collagen-induced arthritis (CIA) model in mice, budt in the antigen-induced arthritis
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model (AlA) in rabbits (Jungel et al. 2010). Thesuks of these studies taken together
strongly support the development of this classroigd to reduce cartilage destruction in

arthritis patients.

1.4 Pro-inflammatory cytokines in arthritis

Cytokines are cell surface or soluble molecules #ra important in mediating cell-cell
interactions. Originally, they were classified acling to their principal biological activity
and cellular location. However, it now seems the biological activity of particular
cytokines can change in different situations (Galglrand Goldring 2004). Unlike
hormones, the expression of cytokines is usuabydient. The rheumatoid synovium
contains a variety of cytokine-producing cells uathg macrophages, neutrophils and T
cells. OA was traditionally thought of as non-imflenatory disease, an opinion that was
historically based on the low numbers of leucocytethe synovial fluid of OA patients.
However the role of inflammatory cytokines in thathmpgenesis of OA is attracting
increased attention as inflammatory mediators ame thought to be involved in disease
progression (Abramson and Attur 2009).

Pro-inflammatory cytokines produced by the synoviand chondrocytes play a central
role in cartilage destruction. Chronic arthritis @haracterised by persistent joint
inflammation, with IL-1 and TNFe considered to be the key mediators in perpetuating
cartilage and bone destruction. Both have beemdoto be produced in increased
guantities by RA synovium and can be detected & ghnovial fluid of RA patients
(Lubberts et al. 2000). OA is also characterisedabyincreased production of IL-1 and
TNF-a by articular chondrocytes (Pelletier et al. 2004khough joint swelling due to
inflammation is a severe clinical problem, bone aaitilage destruction can occur
uncoupled from inflammation (van den Berg 1998ud&#s in experimental models have
revealed that whilst TNlk-is an important cytokine in joint swelling, IL-$ the dominant
cytokine in cartilage destruction (van den Berg &9%ytokines are capable of acting in
synergy, whereby the combined effects of two orermytokines far exceeds the effects of
either cytokine alone. For example, IL-1, when ambination with oncostatin M (OSM),

induces a marked catabolic effect. The combinatbriL-1 and OSM synergistically
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induces the synthesis and activation of procollages, resulting in almost complete
resorption of bovine nasal cartilage within a 14-dasay (Cawston et al. 1995; Cawston et
al. 1998). Both IL-1 and OSM are relevant to thetjadestruction observed in the
arthritides as increased levels of both cytokinaa be detected in the arthritic joint
(Cawston et al. 1998). In addition, adenoviral gé&aasfer of IL-1 in combination with
OSM has been shown to induce MMP production andtjdamage in murine joints,

similar to that seen in RA patients (Rowan et 803.

1.4.1 Interleukin-1
IL-1 is involved in the mediation of a wide varietf biological events and has been

implicated in the pathogenesis of several diseasekiding RA. IL-1 activates important
cell signalling pathways and is a mediator in tlaghpgenesis of many immunologically
and inflammatory mediated diseases (Stylianoua Saé#latvala 1998). Prior to its
molecular identification in the 1980s, IL-1 had bestudied for many years under various
names (such as leukocyte endogenous mediator, tmoretin 1, endogenous pyrogen,
catabolin and osteoclast activating factor). Toeddthe IL-1 family comprises eleven
members: IL-&, IL-1B, IL-1 receptor antagonist (IL-1Ra), IL-18, IL-33wc IL-1F5-IL-
1F10. It is likely that they arose from the duplioa of a common ancestral gene, as all
eleven members possess a highly conserved gemtusér{Sims and Smith 2010). Ilel
and IL-1B have identical biological activities because thiggal through the same receptor
complex. However, IL-& and IL-1B differ in other respects. Both are synthesised as
cytosolic precursors with molecular weights of Ilakthat are cleaved to produce 17 kDa
mature forms. However, whilst both pro- and matorens of IL-1a are biologically active,
IL-1B is only active after precursor cleavage by thaeaige proteinase IL{l converting
enzyme (ICE) (Black et al. 1988). Secondly, Iki% secreted and acts systemically; k-1
is normally associated with the cell membrane ddetfore acts locally. Thirdly, ILfilis
mainly produced by monocytes and macrophages, abele-lo expression is more
widespread. Lastly, the pro-domain of Ib-has a nuclear localisation sequence. Nuclear
IL-1a is a transcriptional transactivator and this amtivs enhanced by interaction with
histone acetyltransferases and can influence gepeession and cell survival (Sims and
Smith 2010).
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To date, two distinct forms of IL-1 receptor haweeh reported; the 80 kDa biologically
active type | receptor (IL-1RI) and the 68 kDa bugitally inert type Il receptor (IL-1RII).
The IL-1RII is thought to function as a decoy raoepby binding IL-1 and preventing it
from interacting with the functional IL-1RI (Colettet al. 1994). The IL-1RI is widely
expressed and preferentially binds I&-Whereas the IL-1RII preferentially binds 1131
and is found mainly on B cells, neutrophils and owmmes (Stylianou and Saklatvala
1998). The IL-1RlI is able to bind the mature forfrile1p and both forms of IL-d. After
binding of IL-10. or IL-1f to the single chain IL-1RI, a second subunit, exhithe IL-1
receptor accessory protein (IL-1R AcP), is brouigitd the complex (Greenfeder et al.
1995). The IL-1R AcP is required for internalisatiof the activated IL-1R complex and
for intracellular signalling. Signal transductioatpways activated by IL-1RI and the IL-1R
AcP include the NkeB, JNK/AP-1, and p38 MAP kinase pathways (Figu&).1.

A third ligand in the IL-1 family is IL-1 recept@ntagonist (IL-1Ra), a structural variant of
IL-1 that binds to both IL-1R but fails to activatells (Arend et al. 1994). The IL-1Ra is a
naturally occurring inhibitor of IL-1. Despite tlmégh affinity of IL-1Ra for the IL-1RlI, it is
thought that a 10- to a 100- fold excess of thébitdr is required to block the effect of IL-

1 due to the ability of IL-1 to activate cells ary low receptor occupancy (Arend and
Dayer 1990). In fact, IL-1 is able to induce a bgital response when less than 5% of the
receptors are engaged.

1.4.1.1 Interleukin-1 and arthritis
A role for IL-1 in arthritis was first elucidated/ubb and Fell (1980) when they identified

a soluble factor produced by porcine synovial fragte that was able to stimulate
chondrocytes to produce various enzymes that dedrdte ECM. This soluble factor was
shown to be IL-1. IL-1 is synthesised by articuttilondrocytes and joint synovial tissue
and can also be detected in the synovial fluidrthfris patients (Fontana et al. 1982). It is
able to cause cartilage degradation by stimuléatiegrelease of degradative enzymes such
as MMPs. Inter-articular injection of IL-1 into raib knees led to leukocyte influx and loss
of proteoglycans from articular cartilage (Pettipbe al. 1986) and injection of IL-1 into
mouse knees led to similar effects with enhancetepglycan degradation and inhibition
of proteoglycan synthesis (van de Loo and van deng B990). Blocking IL-1 with anti-IL-

1 monoclonal antibodies or endogenous IL-1Ra has BRown to protect against cartilage
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signalling pathways activated by IL-1. IL-1 bindsits receptor (IL-1R1) and receptor-associatedemq(IL-
1RACcP), causing conformational changes in multipteeptor-bound proteins (MyD88, IRAK (IL-1R
activated kinase), TRAF6 (TNF receptor-associasstof), TAB2 (Tak-binding protein)). This results i
recruitment and activation of transforming-grow#ttor«-activated kinase-1 (TAK1), which phosphorylates
and activates NEB-inducing kinase (NIK). Subsequently, NIK activatdhe inhibitor ofkB kinase (IKK)
complex, which is responsible for the phosphorglatiof inhibitor of NKB (IxB). Following
phosphorylation, B becomes polyubiquitinated, targeting it for delgtion, which allows translocation of
NFxB subunits to the nucleus where they can bind ariivade the promoters of target genes, including
MMPs. Stimulation by IL-1 also activates the MAPKEKtransforming-growth-factdgi-activated kinase-1
(TAK1) and Raf, which are then able to phosphogylahd activate several MAPKKs (MKK6, MKK4,
MKK?7 and MEK1). These MAPKKSs then phosphorylate eadtivate the MAPKs (p38, JNK and ERK),
which translocate to the nucleus where they phaspdte and activate various transcription factors
(activating transcription factor 2 (ATF2), c-Jun &like gene 1 (Elk-1) and erythroblastosis twesiky(Ets-

1)) that contribute to MMP transcription. SRF (sartesponse factor) is a protein that regulatesathieity

of many immediate-early genes such as c-Fos. Addpen Vincenti and Brinckerhoff (2002).
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and bone destruction (Abramson and Amin 2002).Algh elevated levels of IL-1Ra have
been detected in RA patients, it appears theséslave not sufficiently high to inhibit IL-1-

induced inflammatory responses.

1.4.2 Oncostatin M
OSM is a member of the IL-6 family of cytokines aagroduced by activated T cells and

macrophages. IL-6 type cytokines are known to biadplasma membrane receptor
complexes containing the common signal transduceweptor chain glycoprotein 130
(gp130). As the IL-6 family of receptors do not pess intrinsic kinase activity, subsequent
signal transduction involves the activation of Jakinases (JAK) tyrosine kinase family
members. Following this interaction, the activat®Ks tyrosine phosphorylate both
themselves and the cytoplasmic tail of gp130. Thesesphorylated tyrosine residues act
as docking sites for signalling molecules contantBH2 (src homology 2) domains,
including members of the signal transducers an@atots of transcription (STAT) family
of transcription factors. Once bound, STATs alsdargo tyrosine phosphorylation causing
them to dimerise and translocate to the nucleusrevhieey are able to bind DNA and
regulate the transcription of target genes. Intamidio the JAK/STAT signalling pathway,
OSM can also stimulate the activation of the MARKitogen-activated protein kinases)
cascade (Gomez-Lechon 1999; Heinrich et al. 2Q@3)Ks are serine-threonine kinases
and the MAPK family includes extracellular signagjulated kinase (ERK), p38, and c-Jun
NH(2)-terminal kinase (JNK). Each MAPK signallingthway consists of at least three
components, a MAPK kinase kinase (MAP3K), a MAPKdde (MAP2K), and a MAPK;
MAP3Ks phosphorylate and activate MAP2Ks, which seguently phosphorylate and
activate MAPKSs. Activated MAPKs are then able tocogphorylate numerous substrate

proteins including transcription factors such akin-(Kim and Choi 2010) (Figure 1.9).

1.4.2.1 OSM and arthritis
As with IL-1, elevated levels of OSM are seen immlam rheumatoid synovial fluids

(Cawston et al. 1998). Several cytokines have ts®@wn to synergise with OSM, to
profoundly affect MMP and TIMP levels. For exampl¥M greatly exacerbates IL-1- and
TNFa-mediated effects on cartilage (Hui et al. 2003sMDalone is able to stimulate

aggrecan catabolism in porcine cartilage explédti et al. 1996). Although OSM levels
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gpl30, activates several signalling pathways iriolgdhe PI3K/Akt pathway, the JAK/STAT pathway and
the MAPK pathway. As the IL-6 family of receptors dot possess intrinsic kinase activity, subseqsigmal
transduction involves the activation of JAKs. Theogphorylation and activation of SHP2 (SH2 domain-
containing tyrosine phosphatase) by JAKs is thotuglgiay a role in the PI3K signalling pathway, ukisig

in Akt activation and phosphorylation of downstreamlecules. Binding of OSM to its receptor subuaito
induces the JAK/STAT signaling pathway. Activated\K3 recruit and activate STAT proteins.
Phosphorylated STATs then dimerise, translocategémucleus, bind to regulatory elements in themuter

of OSM-responsive genes and induce gene expresSiBN predominantly activates STAT1, STAT3 and
STAT5. The OSMR is also known to recruit Shc asoavristream signaling molecule, initiating MAPK
signalling cascades via GRB2 (growth factor receptaund protein 2). Activated GRB2 is bound witke th
GTP-exchange factor SOS (Son of sevenless homdBfg% interacts with Ras, which recruits Racl (Ras-
related C3 botulinum toxin substrate 1) and Ra&MAP3K). Activated Racl results in the activatmfrp38
and JNK via MAP3K/MKK cascades. Activated Raf-1lngmits its signal via the MEK/ERK1/2 cascade,
leading to alterations in gene expression. Adapgtech www.genego.com (Oncostatin M signaling via

JAK/STAT in human cells and Oncostatin M signaling MAPK in human cells).
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present in RA synovial fluid are thought to be tow to stimulate cartilage degradation if
acting in isolation, this does not rule out a fde OSM alongside IL-1 in the progressive
destruction of joint tissues (Manicourt et al. 2D08 key role for endogenously produced
OSM as a potent mediator of joint pathology was aestrated by a study in which mice
with CIA treated with anti-OSM antibody showed sfgrant amelioration of clinical
severity and the number of affected paws compai#daentrol animals (Plater-Zyberk et
al. 2001).

1.4.3 Other pro-inflammatory cytokines
TNF-a is another potent pro-inflammatory cytokine impted in the arthritides. TNé&-has

been shown to be present at high concentratiotiseirsynovial fluids (Tetta et al. 1990)
and cartilage-pannus junction (Chu et al. 1991R#&f patients. TNFe is known to act
synergistically with IL-1 to promote cartilage dagea(Henderson and Pettipher 1989).
Alone, TNF« has been shown to exhibit similar biological pmtigs to IL-1, enhancing
the resorption and inhibiting the synthesis of izge proteoglycan (Saklatvala 1986) and
stimulating the release of collagenases (Dayet. ét985). Clinical trials of biologic anti-
TNF-o drugs performed in the late 1990s confirmed theoirtance of TNFe in the
pathogenesis of RA and these trials yielded pasit@sults. Millions of patients worldwide
have now received the first marketed anti-Té&lFdrugs; the monoclonal anti-TNi-
antibodies infliximab and adalimumab and the saullINFo receptor antagonist
etanercept. However, only 60% of those patients wbonot benefit from standard
nonbiologic treatments for arthritis respond to Tél&ntagonists and so there is still a need

for the development of new arthritis treatmentskggdis 2010).

IL-17 has been implicated as a mediator of camrilagllagen breakdown in inflammatory
joint disease. Animal studies have suggested afoold.-17 in several models of arthritis

(Bush et al. 2001; Lubberts et al. 2001; Lubbettal.€2002). Similarly to OSM, IL-17 has

also been shown to act in synergy with other pflasmmatory cytokines such as IL-1 to

promote type Il collagen release from bovine naadilage in an MMP-dependent manner
(Koshy et al. 2002).
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1.5 Anti-inflammatory cytokines in arthritis

1.5.1 Interleukin-4
Several cytokines have been shown to antagoniseeffexts of pro-inflammatory

cytokines. These include IL-4 (Cawston et al. 1996)10 (van Roon et al. 1996) and IL-
13 (Cleaver et al. 2001). IL-4 is a cytokine thatable to exert either stimulatory or
suppressive effects on different cell types (Joosteal. 1999). It was originally identified
as a B cell growth factor (BCGF), but was subsetiyervealed to be a multifunctional
cytokine that interacts with cells of multiple lages, including T-cells, monocytes,
macrophages and fibroblasts. Consequently, BCGHevaamed B cell stimulatory factor,
and later IL-4. IL-4 is produced principally by CBZ cells, but also by basophils, B cells,
macrophages, monocytes, fibroblasts and endothedidd (Paul 1991). The IL-4 gene
resides on the long arm of chromosome 5 at q23A8lisaa 20 kDa glycosylated protein.
Several binding sites for transcription factors éndoeen identified in the IL-4 promoter,
including STAT6. IL-4 stimulates the proliferatiorifferentiation and activation of
multiple cell types but is known for its role aspatent anti-inflammatory cytokine,
inhibiting the synthesis of pro-inflammatory cyto&s such as TNE; IL-1 and IL-6 (Hart
et al. 1989; te Velde et al. 1990; DeKruyff et B995). In addition, IL-4 stimulates the
synthesis of a number of cytokine inhibitors inéhglIL-1Ra, IL-1-receptor type Il and
TNF receptors (Vannier et al. 1992; Colotta etl@P3; Cope et al. 1993). IL-4 suppresses
metalloproteinase production, whilst increasing PH#l production in cartilage explants,
suggesting that IL-4 functions to protect the EGBAWston 1998).

1.5.2 IL-4 in arthritis
It has been well documented that the destructivegss mediated by pro-inflammatory

cytokines can be limited by anti-inflammatory medria such as IL-4. Whilst upregulation
of anti-inflammatory cytokines and inhibitory metties does occur in chronic
inflammatory conditions such as RA, it occurs atels insufficient to prevent cartilage
degradation. This imbalance between pro- and afiimmatory cytokines is reflected by
an abundance of pro-inflammatory cytokines, butreual absence of anti-inflammatory
cytokines such as IL-4 in RA synovium. This is desghe presence of high levels of IL-4

in peripheral blood mononuclear cells of RA patse(Wiossec et al. 1990). Typically,
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anti-inflammatory cytokines counteract the effesftpro-inflammatory cytokines, therefore
promoting the synthesis of ECM components. It msutiht that IL-4 fulfils its role as an
anti-inflammatory cytokine, partly, by promotingettdifferentiation of T cells into Th2
cells rather than pro-inflammatory Thl cells. Ind#éidn to suppressing Thl cells and
upregulating IL-1Ra in synovial cells and chondtesy IL-4 also potently reduces
inducible NO (nitric oxide) synthase (INOS) expieas(Bogdan et al. 1994). This results
in a suppression of NO production, which is a sdeoy mediator in IL-1-mediated

inhibition of proteoglycan synthesis by chondrosyfean den Berg 1998).

IL-4 is characteristically absent from the RA jgirduggesting the disease is driven
exclusively via a Thl response, or is not drivenTbgells at all. This absence of IL-4
makes IL-4 administration or local enrichment of-4Lproducing cells a possible
therapeutic option (van den Berg 1998). A studylbgsten et al. (1999) demonstrated that
systemic IL-4 treatment ameliorates disease pregmesof established murine CIA, a
widely used model of arthritis that displays sel&atures of human RA. In the same year,
the first demonstration of the cartilage-protectaféects of local IL-4 gene therapy in
experimental arthritis were seen. Despite having armoderate effect on inflammation, 1
ug/day IL-4 strongly protected against cartilage dnde destruction (Joosten et al. 1999).
A later study by van Lent et al. (2002) showed thar-expression of IL-4 in an immune
complex (IC)-mediated arthritic knee joint protettthe cartiilage ECM from MMP-
mediated destruction, by preventing subsequentixmatosion. The same study suggested
that IL-4 does not inhibit MMP-mediated cartilagesttuction by preventing MMP release
into the cartilage, but possibly by inhibiting syral factors involved in the activation of
pro-MMPs.

Various cytokine-based therapies are being corsidén block the catabolic pathways
thought to be responsible for the cartilage danssgs in human OA. A large amount of
research has indicated the potential of IL-4 asitaré therapeutic agent. However, it is
important to note the pro-inflammatory role of ILbéfore considering its therapeutic use.
Inhibition of IL-4 in diseases where IL-4 has a+4mlammatory effect, such as asthma, has
shown promise. However, administration of IL-4 teat arthritis could cause potentially

disastrous side-effects due to its pro-inflammaiefifects on target cells in other parts of
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the body. It is also possible that any beneficiééas of IL-4 may be inhibited by other
agents. Aspirin, the most widely used non-steroatdl-inflammatory drug, is known to
inhibit IL-4-induced STAT6 activation (Perez et &002). It is very likely that
administration of IL-4 itself will prove too dangers for usdn vivo. Despite this, work
currently being carried out to elucidate the prowecmechanism of action of IL-4 has the
potential to identify a vast array of targets irnweal in the anti-inflammatory effect of 1L-4,

leading to alternative therapeutic agents.

1.5.3 Regulation of MMPs by IL-4
It is widely accepted that production of MMPs bynHrocytes and synovial fibroblasts is

regulated by various cytokines and growth facttirss therefore of no surprise that IL-4
has been implicated in the suppression of MMPsdidition to its role in the suppression
of pro-inflammatory mediators. IL-4 has been shdwmown-regulate MMP activity in a
number of cell types involved in arthritis. In 1996awston et al. demonstrated the
chondroprotective ability of IL-4, by showing th#t-4 specifically blocked bovine
cartilage collagen resorption. Inhibition of cokegrelease was accompanied by a decrease
in collagenase activity and an increase in TIMRelg\(Cawston et al. 1996). Previously, it
was demonstrated that IL-4 suppressed IL-1-stiradlaVMP-3 protein and enzyme
activity and was able to suppress IL-1-induced MBIRARNA in human articular
chondrocytes. In contrast, IL-4 did not alter tlewedl of TIMP-1 protein and mRNA
(Nemoto et al. 1997). The chondroprotective medrarof action of IL-4 has been further
elucidated by work carried out by the Salter groapthe effect of mechanical stimulation
on human articular chondrocytes. They have developetechnique that enables the
application of controlled forces to cultured ceiad so are able to demonstrate that
mechanical signals can be transmitted across EGM@etacts. This technique was used
to demonstrate that mechanical stimulation of huetaandrocytes induced the release of
IL-4 by human chondrocytes (Millward-Sadler et 4999). In 2000 it was shown that
chondrocytes from normal and osteoarthritic humditwdar cartilage show differential
responses to mechanical stimulation. Mechanicahwétion of normal human articular
chondrocytes in vitro resulted in an increase wele of aggrecan mRNA and a decrease in
levels of MMP-3 mRNA. This response was shown tal&eendent on IL-4. No changes in

aggrecan or MMP-3 mRNA expression were found in €@dndrocytes, suggesting a
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failure in the IL-4-dependent chondroprotectivepsse (Millward-Sadler et al. 2000). A
later study went on to show that autocrine andgrara activity of IL-4 plays a critical role

in the increased levels of aggrecan mMRNA and deetkéevels of MMP-3 mRNA seen
after mechanical stimulation of normal human atéicehondrocytes. This further adds to
the evidence that abnormalities in mechanical diigga may contribute to disease
progression in OA (Salter et al. 2001).

As mentioned previously, collagen release is carsil the key point in cartilage
degradation. Of the three known collagenases, MM#xd MMP-13 are considered to be
the most important in terms of the collagenolysiersin the arthritides. MMP-13 is thought
to be of greater importance in OA due to the faet it preferentially degrades type I
collagen (Knauper et al. 1996a) and because itesgjon is increased in OA (Tetlow et al.
2001). Previous data have consistently shown Ib-dampletely inhibit MMP-13 mRNA
expression (Cleaver 2000; Cleaver et al. 2001; P9@3), but to slightly increase MMP-1
MRNA expression (Cleaver 2000; Cleaver et al. 2001)

1.5.3.1 Epigenetic requlation

Epigenetics, literally meaning “beyond geneticsin e defined as stable and heritable (or
potentially heritable) changes in gene expresshat tlo not entail a change in DNA
sequence (Jiang et al. 2004). There are two kegeaptic modifications; DNA methylation
and histone modifications (such as acetylation,hglation and phosphorylation). The
methylated base 5-methylcytosine was first disoeddn the calf thymus 60 years ago
(Hotchkiss 1948). Generally, only cytosines thacede guanines can be methylated i.e.
cytosines within CpG dinucleotides. The CpG notafhere ‘p’ represents the phosphate
connecting the two nucleotides) is used to disistgietween a cytosine followed by a
guanine in the DNA sequence and a cytosine baseeptn a guanine (Dahl and Guldberg
2003).

Recent studies have examined the methylation stéitiosir degradative enzymes (MMP-3,
MMP-9, MMP-13 and ADAMTS-4) and have shown that mipas in the expression of
these enzymes in OA correlated with demethylatibrspecific CpG sites within their

promoters (Roach et al. 2005). In addition, it Heen shown that one of the genes
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upregulated in OA cartilage is leptin, a cytokiilelpeptide hormone thought to act as a
regulator of bone growth. A study by Iliopoulosagt (2007) has shown that leptin can be
regulated by epigenetic mechanisms in OA. Leptis Yeaind to be methylated in normal
chondrocytes and unmethylated in both mildly andessy affected OA chondrocytes.
Epigenetic regulation of leptin using siRNA was riduto affect MMP-13, with MMP-13

expression down-regulated.

Methylation of genomic DNA is clearly an importanechanism in the regulation of gene
expression. DNA methylation is heritable and so ahginges in methylation status are
transmitted to daughter cells. When aberrant clamgeDNA methylation occur, these
changes are also heritable because cells have nofweemembering” what their correct
methylation status should be. Initial experimergaidence indicates that aberrant DNA
methylation patterns could be responsible for astlesome of the changed MMP gene

expression patterns seen in OA.

1.5.4 IL-4 in other diseases
As mentioned previously, the effect of certain &ytes, in particular IL-4, depends greatly

on the target cell. Recent work has provided colmgeévidence that IL-4 produces a pro-
inflammatory environment via oxidative stress-mégtiaup-regulation of inflammatory
mediators in vascular endothelium. In addition4dllhas been demonstrated to induce the
apoptosis of human vascular endothelial cells Via taspase-3-dependent pathway.
Vascular endothelial cell injury has been implicai®@ the onset and progression of
cardiovascular diseases such as atherosclerossafhe Hirani 2006). IL-4 has been well
documented for its pro-inflammatory role in asthipassibly being involved in the airway
remodelling response seen in asthmatics by indu&@g production by fibroblasts
(Hashimoto et al. 2001).

To further complicate matters, IL-4 appears to hlbeth positive and negative effects on
the control of tumour growth. A number of studies/é assessed the impact of IL-4 on
tumour clearance by recombinantly expressing I4tumour cell lines. Using these
models, investigators found that IL-4 enabled theamnce of numerous tumour types

(melanoma, renal carcinoma, colon carcinoma, plagtoma) in mice that had been
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otherwise unable to clear the tumour (Tepper el@89; Tepper et al. 1992; Noffz et al.
1998). Other reports indicate that IL-4 impairs twm clearance. Vaccination with IL-4-
expressing mesothelioma cells resulted in accel@rgtowth of tumour cells (Olver et al.
2007). The same study suggests that the effedt-dfdn tumour growth is dependent on

the type of tumour model and the type of effectdlsamediating tumour clearance.

The growth of bone is a highly regulated process/olving bone-forming cells
(osteoblasts) and bone-resorbing cells (osteogldktd has been shown to be an inhibitor
of bone resorption (Watanabe et al. 1990) and siddoe of therapeutic benefit in bone-
resorbing diseases such as osteoporosis and iarthmitaddition to cartilage loss, bone
destruction is a major complication in arthriticese. The first report demonstrating the
bone protective effects of local IL-4 gene therajgyne in 2000 (Lubberts et al. 2000).
Local over-expression of IL-4 reduced tartratestsit acid phosphatase (TRAP) activity,
suggesting that IL-4 inhibits formation of ostemttike cells. IL-6 and IL-12 protein
production was also suppressed, as were mMRNA le¥dls17, IL-12 and cathepsin Kn
vitro studies using bone samples from arthritis patieat®aled suppression of type |
collagen breakdown by IL-4, but also enhanced ggishof type | procollagen, indicating
that IL-4 is able to promote tissue repair. Moreerdg work has further elucidated the
molecular mechanism of IL-4 action on osteocldsts. known that IL-4 dose-dependently
inhibits receptor activator of NdB ligand (RANKL)-induced bone resorption by mature
osteoclasts (Mangashetti et al. 2005). There i® asidence demonstrating how
constitutively active STAT6 can inhibit bone erosithrough blockade of JNK and NB
activation (Hirayama et al. 2005). Modulation okske systems could present a novel

approach to the alleviation of bone destructioarthritis.

1.5.5 IL-4 signalling
IL-4 induces cellular responses by binding to atmmdric receptor. IL-4 receptors consist

of two transmembrane proteins. IL-4 binds to the4Ra chain, leading to dimerisation
with one of two other proteins, to form either pdyl or type Il receptor. In haematopoietic
cells, type | receptors are formed by the recruitined a common gamma chainQ). In
cells of nonhaematopoietic lineage, the type Ieptor is formed by interaction of the IL-
4Ra with IL-13Ral (Kelly-Welch et al. 2003). The IL-4 signallingthavay downstream of
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the receptor involves the phosphorylation of twstidct proteins; STAT6 (Hou et al. 1994)
and insulin receptor substrate-1/-2 (IRS1/2) (Ké&Meglch et al. 2003) (Figure 1.10).
However, a number of other cytoplasmic signallingtgins have been demonstrated to be
phosphorylated in response to IL-4R stimulatioe|uding FRIP (IL-4 receptor interacting
protein), SHIP (SH2 domain-containing inositol-Begphatase) and Shp (small
heterodimer partner) (Hou et al. 1994; Sun et@5] Imani et al. 1997; Nelms et al. 1998;
Zamorano and Keegan 1998). Type | cytokine receptior contrast to other receptor
classes, do not have intrinsic kinase activity.ifimitial signalling steps rely on JAKs. The
binding of IL-4 to its receptor leads to the phasptation, and hence activation, of JAK1
and JAK3. The phosphorylation of JAKs is followbg phosphorylation of the IL-4
receptor components and cytoplasmic signallingegimst (Hebenstreit et al. 2006). IL-4
stimulation results in activation of JAK 1 and 8, turn leading to phosphorylation of
tyrosine residues in the cytoplasmic domain of ih&Ra chain. Once phosphorylated,
these tyrosine residues act as docking sites tpraling molecules (Kelly-Welch et al.
2003).

1.5.5.1 STAT6
STATG6 signalling is classically associated with4lLand IL-13 and the examination of

STATG6-deficient mice has shown that STAT6 is edaérfor IL-4-dependent gene
induction (Kuhn et al. 1991). STATG6 is one of semembers of the STAT protein family,
which consists of STAT1, STAT2, STAT3, STAT4, STAI5STAT5b and STATS6.
STATG is recruited to the activated IL-dRhrough its SH2 domain and becomes tyrosine
phosphorylated leading to its dimerisation and dl@cation to the nucleus, where the
homodimer activates transcription of IL-4 resporsipenes, in what is commonly referred
to as the JAK-STAT pathway of signal transductibegnard and O'Shea 1998). A number
of studies have demonstrated the importance oftite® central tyrosine residues (Y575,
Y603 and Y631) in the IL-4& chain for the activation of STAT6 (Pernis et &#9%; Wang

et al. 1996; Ryan et al. 1998). These three resichecome phosphorylated following
stimulation of the IL-4 receptor, thus providing citing sites for STAT6 monomers.
Furthermore, phosphorylation of any one of theseethyrosines is sufficient for STAT6

activation (Ryan et al. 1998).
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pS6-kinase

PROTEIN SYNTHESIS
CELL GROWTH

NUCLEUS

Figure 1.10 IL-4 signalling pathways.A, STAT6 is the only STAT protein activated and réeu to the
IL4ARa chain. Binding of IL-4 to the receptor complex prates the activation of JAK1 and JAK3. Activated
JAKs initiate intracellular signalling events bygsphorylating specific tyrosine residues in theopldsmic
domain of IL-4R.. Once phosphorylated, these tyrosine residueasadocking sites for signalling molecules.
STATSG is recruited to activated IL-4Rhrough its SH2 domain and becomes tyrosine plargfatied leading

to its dimerisation and translocation to the nus)ewhere the homodimer activates transcriptionlefl |
responsive gene8, IL-4 binding induces activation of JAKs and Ferdges. Fes in turn is responsible for
phosphorylation of IRS-1/2. Phosphorylation of IRZ- activates the PI3 kinase (PI3K) pathway by
interacting with p85 catalytic subunit. Activated3R appears to regulate the pS6K pathway, resuliting

promotion of translational process required fot gedwth. Adapted from Jiang et al. (2000).
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Although STAT®6 activation in response to IL-4 haeb well documented, the mechanisms
responsible for the regulation of STAT6 signalliage less well understood. Several
negative regulators of the JAK-STAT signalling pa#ly have been described. Suppressors
of cytokine signalling (SOCS) proteins form a negatfeedback loop whereby cytokine
stimulation induces SOCS genes, which subsequanitliit cytokine signalling. SOCS-1
has been shown to potently inhibit the activatibdAK1 kinase and STATG6 in response to
IL-4 (Losman et al. 1999). Protein inhibitors otimated STAT (PIAS) are thought to bind
specifically to phosphorylated STAT dimers and pravthem from binding DNA (Liu et
al. 1998). Chen et al. (2004) examined the effdcimethylation on STAT6. It was
discovered that in the presence of methylationbitbis, STAT6 methylation was reduced,
as was phosphorylation of STAT6 and STAT6 DNA bngdactivity. It therefore seems
that methylation is necessary for maximal STAT6 gtmrylation, nuclear translocation
and DNA-binding activity (Chen et al. 2004).

STAT6 binding to DNA alone is normally not sufficie to stimulate activation of
transcription. In order to initiate transcriptio®TAT6 must interact with the basal
transcription machinery via various transcriptiosatregulatory proteins. The molecular
mechanisms by which transcription is selectivelyivated by STAT6 represents a key
issue in the understanding of IL-4-mediated cetluésponses. STAT6 has been shown to
interact with NikB (Stutz and Woisetschlager 1999), PU.1 (Pesu @08i3), IRF-4 (Gupta
et al. 1999), BSAP (Thienes et al. 1997; Mikitaabt1998) and C/EBP (Mikita et al.
1998) transcription factors. The trans-activatiooteptial of a transcription factor is
dependent on the co-factors that it recruits; #this key mechanism by which transcription
factors mediate specificity for the promoters thagtivate. Various transcriptional co-
regulators for STAT6 have been identified, incligl@REB-binding protein (CBP), p300
and NcoAl (a member of the p1l60 family of coactvst CBP/p300 stimulates the
transcription of target genes by the regulatiorclmfomatin remodelling through intrinsic
histone acetyltransferase activity (Ogryzko efl@P6; Yang et al. 1996) and by associating
with p/CAF, another histone acetytransferase (Yangl. 1996). Work by Silvennoinen
and colleagues have identified several STAT6 tn@pisonal activation domain (TAD)
interacting nuclear proteins. The first of theseb® discovered was coactivator protein
p100, which regulates IL-4-induced transcription bgnnecting STAT6 with RNA
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polymerase Il (Yang et al. 2002). A subsequentystugjgested that p100 has an important
role in the assembly of the STAT6 transcriptosoraed that pl00 stimulates IL-4-
dependent transcription by mediating interactiotwken STAT6 and CBP and recruiting
chromatin modifying activities to STAT6-responspm®moters (Valineva et al. 2005). It is
now thought that p100 could also participate in MRplicing (Shaw et al. 2007; Yang et
al. 2007). mRNA splicing and transcription are twe key nuclear processes in eukaryotic
gene expression. RNA helicase A (RHA) has now disen described as a novel
component of the STATG6 transcriptosome. Whilst Riés found to not directly interact
with STAT6, p100 protein was found to mediate teseanbly of the ternary complex of
STAT6-p100-RHA. RHA was found to enhance IL-4-inddctranscription and the
participation of RHA in IL-4-regulated transcriptiavas supported by RNAi experiments
(Valineva et al. 2006). Goenka et al (2007) hawemdy identified an additional novel co-
factor of STAT6. Collaborator of STAT6 (CoaSt6) wiaand to associate with STAT6 and
enhance its transcriptional activity. Sequence Hogies have placed CoaSt6 within the
poly(ADP-ribosyl)polymerase (PARP)-like protein sufamily. This study also went on to
demonstrate that PARP enzymatic activity is assedieith CoaSt6 (Goenka et al. 2007).

1.5.5.2 IRS1/-2
The IRS proteins are cytoplasmic docking proteive function downstream of activated

cell surface receptors. They do not possess intrkisase activity, instead functioning as
adaptors; organising signalling complexes to itetiantracellular signalling cascades
(White 2006). Three IRS family members are exprasédumans; IRS1, IRS2 and IRS-4.
IRS1 and IRS2 are expressed ubiquitously and slearesiderable homology. The
expression of IRS-4 is much more restricted. Theortance of the activation of
IRS1/IRS2 in IL-4 signalling was first demonstratedthe 32D myeloid progenitor cell
line, which does not express endogenous IRS1 oP.IIR8constitution of these cells with
IRS1 allowed them to proliferate in response todl¥Wang et al. 1993). Following IL-4
stimulation, IRS1 and IRS2 are recruited to the4dR-complex by the phosphorylated
tyrosine residue Y497 in the IL-4Rand undergo tyrosine phosphorylation by JAK 1 {Che
et al. 1997) (Figure 1.10). The tyrosine-phosplaied IRS proteins subsequently act as
docking sites for SH2 domain-containing signallimgteins such as the p85 subunit of
PI3K (Backer et al. 1992) and growth factor recejtound protein 2 (Grb-2) (Skolnik et
al. 1993). PI3K has consistently been shown to ptaymportant role in IL-4-mediated cell
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proliferation (Kelly-Welch et al. 2003). The dowream effectors of activated PI3K
include Akt/protein kinase B (PKB), PKC and p70odslbmal protein S6 kinase (p70S6-K)
(Pesu et al. 2000).

1.5.6 Other anti-inflammatory cytokines
IL-10 is found at increased levels in both RA syiab¥luid and serum (Cush et al. 1995)

and a strong negative correlation has been foundeem IL-10 production and joint
damage in RA patients (Verhoef et al. 2001). Thelsssis of pro-inflammatory cytokines
such as IL-1, IL-8, IL-12, IL-6 and TNE-can be inhibited by IL-10 in monocytes (de
Waal Malefyt et al. 1991). It also is able to symee with IL-4 to inhibit cartilage
degradation induced by antigen-stimulated monomudells of RA patienté vitro (van
Roon et al. 1996). IL-10 is able to suppress estadadi CIA through the inhibition of pro-
inflammatory cytokine production (Walmsley et a@96). In summary, IL-10 appears to
the key in the regulation of inflammation howevés inhibitory effect appears to be

increased when in combination with IL-4 (Joostenlei997).

IL-13 strongly resembles IL-4, exhibiting many dfet same biological activities and
sharing approximately 30% homology at the protewel (Minty et al. 1993). IL-13 has

been demonstrated to inhibit the production ofregeaof other pro-inflammatory cytokines
including TNFe, IL-6 and IL-8. In a similar manner to IL-4, IL-18s been shown to act in
a chondroprotective manner by blocking collagereasé from bovine nasal cartilage
stimulated to resorb by IL-1 and OSM (Cleaver efabD1).

1.6 Summary and aims of this study

The degradation of articular cartilage and subseigasosion of subchondral bone in the
arthritides results in loss of joint function. Aiar cartilage is composed primarily of
collagens, proteoglycans and chondrocytes, howeisethe loss of collagen from articular
cartilage that is considered the key step in eaéildegradation. The imbalance of collagen
synthesis and degradation has been shown in hutnaasrelate with disease progression.

Pro-inflammatory cytokines, such as IL-1 and OSMe apregulated in arthritis and
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contribute to cartilage damage through the indactibMMPs. MMP-13, the major type Il
collagenase, is highly upregulated in arthriticedises and therefore strongly implicated in
the pathogenesis of OA.

Studies have shown that the synergistic collag@gmadiation in cartilage explants by IL-1
and OSM (Cawston et al 1995, 1998) can be amedidray the addition of IL-4. Further
studies demonstrated that IL-4 is able to compfatélibit MMP-13 mRNA expression in
both cartilage and cell culture models. The ainthaf PhD was to elucidate the mechanism
of action by which IL-4 suppresses MMP-13 exprassithereby inhibiting cartilage
collagen breakdown.

The aims of this work were to:

» Determine the effect of IL-4 on IL-1+OSM-inducedlagenase gene expression in
chondrocytes.

» Determine the time dependence of IL-4 additionloi+OSM-induced collagenase
gene expression in the bovine nasal cartilage model

» Examine IL-4 signalling in chondrocytes and théieet on MMP-13 expression.

» Perform genome-wide arrays to examine global geq@ession following IL-
1+OSM=IL-4 addition.

» Attempt to recover IL-1+OSM+IL-4-induced MMP-13 ergsion through gene

silencing experiments.

-41 -



Chapter 2

Chapter 2: Materials and Methods

2.1 Materials

2.1.1 Antibodies
All antibodies are rabbit polyclonal, unless othisev stated. Phospho-Akt (Ser473)

(#4060), phospho-Akt (Thr308) (#4056), phospho-SBA(Tyr641) (#9361), phospho-
GSK-3-beta (Ser9) (#9336), Histone H3 (#9717B), lra/C (#2032) and Caveolin 1
(#3267B) were purchased from Cell Signaling Tecbggl (Danvers, MA, USA). Trbl

polyclonal antibody (#09-126) was purchased fronllipire (MA, USA). Trb3 (#2488-1)

and MEK2 (#04-377) monoclonal antibodies gatlibulin polyclonal antibody (#1799-1)
were purchased from Epitomics (Insight Biotech, Wkay). STAT6 (#sc-981) polyclonal
antibody, mouse monoclonal Trb2 antibody (#sc-18)8&hd mouse monoclonal c-Myc
antibody (#sc-40) were purchased from Santa Crafif@@nia, USA).

2.1.2 Cell lines

The human chondrosarcoma cell line, SW1353, washaged from the American Type
Culture Collection (ATCC). Cells were cultured iulbecco’s Modified Eagle’s Medium
(DMEM) in a 1:1 ratio with Ham’s F-12 medium (DMEML2) as described in section
2.2.3.

2.1.3 Cell culture reagents

DMEM, DMEM-F12, and foetal bovine serum (FBS) werbtained from Invitrogen
(Paisley, UK). Phosphate buffered saline (PBS) Was Lonza (Wokingham, UK).
Penicillin-streptomycin solution (10 000 U/ml an@ ing/ml, respectively)L-glutamine
solution (200 mM), Nystatin suspension (10,000 UY/ml trypsin-EDTA
(ethylenediaminetetraacetic acid) solution (0.5 aycme trypsin and 0.2 g/L EDTA),
hyaluronidase (from bovine testes, 439 U/mg), tiryigsom porcine pancreas, 1020 U/mg)
and collagenase (from Clostridium histolyticum typ&ere obtained from Sigma-Aldrich

(Poole, UK). Tryptone, yeast extract and bacto-agare purchased from Difco
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Laboratories (Detroit, MI, USA). Syringe filters.@0um) were purchased from Pall Life
Sciences (Portsmouth, UK). Cell strainers (100 amgrwere from Scientific Laboratory

Supplies (Hessle, UK).

2.1.4 Commercially available kits

RNeasy Mini Kit, Qiaprep Spin Midi/Maxi Kit and Epite€t Bisulphite Kit were
purchased from Qiagen (Crawley, UK). Purel'fikGenomic DNA MiniPrep Kit and the
TOPO TA Clonin§ Kit with Dual Promoter pCRI-TOPO® vector were purchased from
Invitrogen. Subcellular Protein Fractionation Kitasvpurchased from ThermoScientific
(Loughborough, UK).

2.1.5 Biochemical Biology Reagents

Bovine serum albumin (BSA), chondroitin sulphatgfiom bovine trachea), collagenase
(type 1  from Clostridium histolyticurjy  L-cysteine  hydrochloride, p-
dimethylaminobenzaldehyde (DAB), 4-aminophenylmaocuacetate (APMA) and
ethylenediamine tetraacetic acid (EDTA) were ol@difrom Sigma-Aldrich. Chloramine T

and papain were purchased from BDH (Poole, UK).

2.1.6 Molecular Biology Reagents

Dharmafect” 1 lipid reagent and SMARTpdbkmall interfering RNA (siRNA) were from
Dharmacon (Cramlington, UK). Trb-1 MISSIGNLentiviral Transduction Particles and
hexadimethrine bromide were from Sigma-Aldrich. len& HD Transfection Reagent was
purchased from Roche (Burgess Hill, UK) and Liptdetdne 2000 Reagent from
Invitrogen (Paisley, UK). Trb1, Trb2 and Trb3 owpression plasmids (see appendix A
for plasmid maps) and GFP constructs were a kiftdrgim Dr Endre Kiss-Toth (Sheffield
University, UK). Sidestel’ Lysis and Stabilization Buffer was purchased frAgilent
Technologies, Stratagene Product Division (CA, USRgal-time reverse transcriptase
polymerase chain reaction (RT-PCR) primers and gsolere purchased from Sigma-
Genosys (Poole, UK). Superscfiptll reverse transcriptase, Moloney Murine Leukamiea
Virus (M-MLV) reverse transcriptase and RNaseOutddebinant Ribonuclease Inhibitor
were purchased from Invitrogen. SYBR Green andrliita’ ™ Tagq DNA Polymerase were
purchased from TaKaRa Bio Inc (Shiga, Japan). Jtartpfaq Ready Mix was purchased

from Sigma.EcoR1 was purchased from Fermentas Life Sciences (YOK). Agarose
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(electophoretic grade) and TRIzol® Reagent were claged from Invitrogen.
VECTASHIELD mounting medium with DAPI was purchasedm Vector Labs. RNase-

and DNase-free ¥© was from Sigma-Aldrich.

2.1.7 Immunoblotting reagents

Ammonium peroxodisulphate (APS) and gelatin weretaioed from BDH. (-
mercaptoethanol, N,N,N’'N’-tetramethylenediamine KHED), 1,10-phenanthroline and
polyoxyethylenesorbitan monolaurate (Tween 20) vedrtained from Sigma-Aldrich. 40%
(w/v) acrylamide/bis-acrylamide (37.5:1) solutioaswbtained from Amresco (Solon, OH,
USA). PageRulét" prestained protein ladder and GeneRlflet kb DNA ladder were
purchased from Fermentas Life Sciences. Enhancedhithminescence (ECL) western

blot detection reagents were obtained from AmersBarsciences (Little Chalfont, UK).

2.1.8 Inhibitors
LY294002 (selective PI3K inhibitor), TGX-221 (selie PI3K pll@ inhibitor) and

compound 15e (selective PI3K pbl0nhibitor) were purchased from Calbiochem
(Nottingham, UK). All inhibitors were reconstitutéd sterile filtered DMSO. All inhibitors
were screened for cytotoxicity using the ToxiLightBioassay Kit according to the
manufacturer’s instructions (Lonza). Briefly, th&say quantitatively measured the release
of adenylate cyclase (AK) from damaged cells. Geflernatant (2Ql) was transferred to a
luminescence compatible 96-well plate. AK DetectiReagent (10Ql) was added to each
well. After 5 minutes, a 1 second integrated regavas taken using a MicroLumatPlus LB
96V (Berthold Technologies UK Ltd, Hertfordshire).

2.1.9 Cytokines

Recombinant human ILelwas a kind gift from GlaxoSmithKline (StevenageK)Uand
was stored at -2C prior to formulation at the appropriate concetirain the relevant
culture medium. Recombinant OSM was prepared irs@oand stored at a stock
concentration of 8ug/ml at -86GC prior to formulation at the appropriate concetitrain
the relevant culture medium. Recombinant human a4 purchased from R&D Systems
(Abington, UK) and diluted from powder form in sterPBS containing 1% BSA (Sigma
Aldrich) to a stock concentration of 5@y/ml, aliquoted and stored at 8D prior to

formulation at the appropriate concentration inriglevant culture medium.
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All other standard laboratory chemicals and reageuhless otherwise indicated, were

commercially available from Sigma-Aldrich, Invitreg or BDH Chemicals.
2.2 Methods

2.2.1 Cartilage Sample Collection

Human articular cartilage samples were obtainedh frzatients undergoing whole joint
replacement surgery due to end-stage OA in accoedafith university ethical guidelines
(All subjects gave informed consent and the stuesfgpmed with Newcastle and North
Tyneside Research Ethics Committee 1 approval (Rete 09/H0906/72),
as well as Newcastle upon Tyne Hospitals NHS TRestearch and Development approval
(Reference 5044)). Cartilage was processed toaxtreondrocytes. Bovine cartilage was
obtained from a local abattoir.

2.2.2 Chondrocyte Extraction and Culture

Bovine nasal septum cartilage was used as a sair@gimary chondrocytes. Human
articular cartilage obtained from patients undemggbint replacement was also used as a
source of chondrocytes. A three-step enzymaticstligé cartilage was used to isolate

chondrocytes.

2.2.2.1 Bovine nasal chondrocyte extraction

Reagents:

* PBS containing 200 1U/ml penicillin, 200 ug/ml gitemycin and 40 1U/ml
Nystatin.

 DMEM culture medium containing 10% (w/v) FBS, 2 mMylutamine, 200 IU/ml
penicillin, 200 ug/ml streptomycin and 40 1U/ml Ng8sn.

» Hyaluronidase (1 mg/mL in PBS, 5 ml/g cartilage)

* Trypsin (2.5 mg/mL in PBS, 5 ml/g cartilage)

» Collagenase (2.5 mg/mL in DMEM containing 10% FB3$nl/g cartilage)
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Method:

Cartilage was removed from bovine nasal septurheeibn the day of slaughter or the
following day after storage af@, and cut into small pieces. Pieces were washed 3
minutes in PBS containing antibiotics. Samples vaeed in a pre-weighed 50 ml Falcon
tube. Cartilage was then incubated for 15 minutiéls yaluronidase at 8 with rotation.
Supernatant was removed and cartilage washed 3 itk PBS (+ antibiotics). Cartilage
was then incubated with trypsin for 30 minutes &C3with rotation. The supernatant was
removed and the cartilage was washed twice with DMEBS. Cartilage was then
incubated with collagenase for 15-20 hours d&C3With rotation. Falcon tubes were left
upright for 15 minutes to allow undigested cartdag settle at the bottom of the Falcon
tube. The supernatant (containing chondrocytes) neamved and passed through a cell
strainer (0.2um) and centrifuged at 112 x g for 10 minutes imiktd-alcon tubes to obtain
the cell pellet. Pellets were combined and washigd MBS, spun at 112 x g for 10 minutes
and the final pellet resuspended in 20 ml DMEM+FBS.

2.2.2.2 Human articular chondrocyte extraction

Residual, macroscopically normal cartilage was nezdofrom the subchondral bone and
washed in PBS. Cartilage was cut into small pieres sequentially digested as described
in section 2.2.2.1.

2.2.3 Cell culture

Reagents:

* For bovine nasal chondrocyte and human articulandtocyte culture: DMEM
culture medium containing 10% (w/v) FBS, 2 mMglutamine, 200 [U/ml
penicillin, 200ug/ml streptomycin and 40 IU/ml Nystatin.

* For SW1353 culture: DMEM:F12 culture medium conitagn10% (w/v) FBS, 2
mM L-glutamine, 200 IU/ml penicillin and 2Q@/ml streptomycin.

Method:

Cells were counted and seeded at a density of @0célls/cn? into 96-well plates, 6-well
plates or T75 chflasks. Cells were grown to 70-80% confluence ZC3in 5% (V/v)
COy/humidified air. SW1353 monolayers were washedh MBS before incubation with
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trypsin-EDTA solution to release cells. Cells wdren split into appropriate culture vessels

for experimentation or into further T75 éiitasks to continue the cell line.

2.2.4 Bovine nasal cartilage explant culture

As a model of cartilage degradation, bovine nasatilage in explant culture was
stimulated to resorb with the pro-inflammatory d¢ytes IL-1 and OSM. Serum was
excluded from cartilage explants as it has beemvsho increase cartilage metabolism in
the absence of exogenous cytokine(s) (Sah et 84)19he absence of serum has been
shown not to affect the viability of the tissue grdvious studies have shown that cartilage
in serum-free culture for 8-9 days can still regpda serum and other growth factors
(Hascall et al. 1983).

Reagents:
* For bovine nasal cartilage culture: DMEM culturedmen containing 2 mML-
glutamine 200 1U/ml penicillin, 200g/ml streptomycin, 40 1U/ml Nystatin and 100

pg/ml gentamicin.

2.2.4.1 Bovine nasal cartilage degradation assay

Bovine nasal cartilage in explant culture was statad to resorb with the cytokines IL-1 +
OSM. Bovine nasal septum was obtained from a labattoir after slaughter and stored at
4°C overnight. The cartilage from four separate tzgé samples was cut into 2 mm thick
slices. One slice was taken from each cartilagepkaind the four slices were cut into 2
mm X 2 mm pieces. These pieces of cartilage wexe thixed and divided between 4 wells
of a 6-well tissue culture plate. This process wegseated until all wells were filled. To
each well, 6 ml of bovine nasal cartilage culturediam were added and the plates were
incubated overnight at 3C. Media were removed from each well and replacegd & ml
fresh culture medium containing the appropriat®kiyie(s) (day 0). For RNA extraction,
cartilage and culture supernatants were harvestedpecific days, according to the
experiment. Harvested cartilage was placed in RiAIGAMbion), stored at’€ overnight
and stored at -8C until RNA extraction. At day 7, media were remdand replenished
with identical cytokine(s) to day 0. At day 14, themaining cartilage was digested with

papain to release any remaining proteoglycan atidgam. Cartilage was placed in capped
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bijoux tubes with 5.5 ml phosphate buffer (137 mlM NaH,PO, and 63 ml 0.1 M
NaHPQ, pH 6.5) containing papain (4.5 mg/ml), cysteinel&mM) and EDTA (5 mM).
Following overnight (20 hours) digestion at°65 cartilage digests were frozen at °Q0

until assayed.

2.2.4.2 Hydroxyproline assay

The amino acid sequence glycine-proline-hydroxypeobccurs frequently in collagen and
hydroxyproline is found in very few other proteiftherefore, hydroxyproline was assayed
as a measure of collagen. Protein was hydrolyséts tmonstituent amino acids. The assay
is based on the oxidation of hydroxyproline by catoine T to a compound related to
pyrrole, and the subsequent condensation of thesnrediate with DAB to produce a red
colour, which is measured atsgd nm. Hydroxyproline present in samples was assayed
using a microtitre modification of the assay ddsedi by Bergman and Loxley (1963).

Reagents:
» Acetate-citrate buffer: 420 mM sodium acetate, &8@ tri-sodium citrate, 26 mM
citric acid and 38.5% (v/v) propan-2-ol, pH 6.
* DAB: 4.5 M stock in 70% (v/v) perchloric acid, stor£C.
* Chloramine T: 250 mM in d§D, made fresh.

Method:

The media or cartilage digests (200 to be assayed were mixed with 2@0of 12 M HCI

in 2 ml capped Sarstedt tubes. Samples were thdrolyged in a hot-block overnight at
105°C. The hydrolysates were dried in a centrifugalpevator using an acid-resistant
integrated Savant Speed Vac (Life Sciences Intenmal{ Basingstoke, UK) for 1-2 hours.
The residue was resuspended in gDAH,O and stored at room temperature until assayed.
Standards (0-3Qg/ml) were produced by diluting hydroxyproline (g/ml) in dHO. On
the day of use, chloramine T (250 mM) was dilutetl ih acetate-citrate buffer and DAB
was diluted 1:3 in propan-2-ol. To a 96-well miaret plate, 40ul of sample or standard
was added in duplicate (neat or diluted in,@H Using a stopwatch, 2@ of 62.5 mM
chloramine T was added at time O minutes. Afteridutes, 150ul of 1.5 M DAB was

added in the same order. The plate was then inedldat 35 minutes at 88, allowed to
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cool and the absorbance measured at 560 nm (Summigi#label counter, TECAN,
Reading, UK). The standard curve was used to alethe hydroxyproline content of the
samples. The release of hydroxyproline from theilage was then calculated using the
following equation:

% hydroxyproline release =

[hydroxyproline in supernatants (ug/ml)]/[total hydroxyproline ( pg/ml)] x 100

Where total hydroxyproline is the amount of hydnprsoline in supernatants and cartilage
digests. The % release of hydroxyproline was cameiil to be representative of the %
release of collagen.

2.2.4.3 Collagenase assay

Collagenolytic activity present in supernatantsifrbovine nasal cartilage explant cultures
was determined using a 96-well plate modificatignghy et al.1999) of the diffuse fibril
assay (Cawston and Barrett, 1979). Collagen atralepitl and at temperatures abové@5
forms into fibrils where the individual collagen hacules associate to form a viscous gel.
In this assay, collagen, which has been acetylatéd[*H]-acetic anhydride, is allowed to
form fibrils. At the end of the assay, undigestedlagen fibrils are spun down in the
centrifuge and the amount ofH] in the supernatant gives a measure of the amofint
collagen digested. As well as measuring activeagelhase activity, a measure of total
collagenase activity can be obtained by adding AP{@%67 mM) to the assay, which
activates latent proMMPs.

Reagents:
» Tris assay buffer: 100 mM TrisHCI, pH 7.6, 15 mMGTaand 0.02% (w/v) Nah
* 10 mM stock solution APMA: 35.2 mg APMA was dissadvin 200pul DMSO and
diluted to 10 ml with 100 mM TrisHCI, pH 8.5. Thigas stored at°€ in a foil-
wrapped container for up to 3 months.
» Tris-APMA assay buffer: At the time of assay, APMAs diluted to 2 mM in Tris
assay buffer.
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» Cacodylate buffer: 25 mM sodium cacodylate, pH D.®5% (w/v) Brij-35 and
0.02% (w/v) NaN.

 [*H]-acetylated collagen: Acid-soluble type | collageras extracted and purified
from calf skin using the method previously desatil)€awston and Barrett, 1979).
The purified collagen was freeze-dried and stored2&C. When required the
collagen was thawed and redissolved in 0.2 M acatid at 4C. Collagen was
radiolabelled with JH]-acetic anhydride (925 MBq; Amersham Pharmaciatdih
Ltd. (Buckinghamshire, UK)) to a high specificity a@escribed (Cawston et al.
2001). For the assay, a 1 mg/ml solution (50 mMHEI| pH 7.6, containing 200
mM NaCl and 0.02% (w/v) Nad)l with a specific activity of approximately 1 x 10
dpm/mg was used.

* Trypsin: 100ug/ml trypsin in 1 mM HCI. Stored -2C.

» Bacterial collagenase: 1Q@/ml bacterial collagenase in cacodylate buffeor&t -
20°C.

Controls:
Total lysisof collagen was obtained by the addition of baateollagenase.

Negative contro{cacodylate buffer) was used to determine the dgrackd counts.

Trypsin controlwas used to determine maximum susceptibility efldbelled non-helical

telopeptides to non-specific proteolytic cleavagd o identify if denaturation of the triple
helix had occurred before the assay. Trypsin dgtigf between 10-20% lysis of total
collagen was acceptable. The linear range of teayawas between 10-80% lysis of total

collagen.

Method:

A measure of total collagenase activity was obthing adding APMA (0.67 mM) to the
assay. APMA activates the pro-form of MMPs by detiting the propeptide, making it
accessible to autolytic cleavage (Koshy et al. 1990 ul of Tris assay buffer (100 mM
Tris/HCl and 15 mM CagGJ pH 7.6 at room temperature)APMA was added to each well
of a V-bottomed 96-well plate. At the time of assAPPMA was diluted to 2 mM in Tris
assay buffer. This was followed by 40 cacodylate buffer (CCA) (25 mM sodium
cacodylate, 0.05% (w/v) Brij 35 and 0.02% (w/v)dezipH 7.5) + 1Ql sample or standard
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in duplicate (neat or diluted in cacodylate buff@firee sets of controls (in duplicate) were
also included 1) CCA (5Qud) (negative control to determine the backgroundints
obtained in the assay); 2) 10 trypsin (100ug/ml in 1 mM HCI) + 40ul CCA (used to
ensure the collagen has not been denatured andodwasne susceptible to non-specific,
non-collagenolytic proteolytic cleavage); 3) dacterial collagenase (1@@/ml in CCA)
(the total lysis control is used to determine tlweinds obtained if all the collagen is
cleaved). This was followed by the addition of B®f [*H]-acetylated collagen (1 mg/ml)
(50 mM TrisHCI, pH 7.6, 200 mM NacCl, 0.02% (w/v) Ng. The 96-well plate was
incubated at 3T (16-20 hours) then centrifuged at 1056 x Y; 4or 30 minutes in a
Sorvall RC5C Plus centrifuge. Supernatant (hOwas removed and placed in a flexible
96-well sample plate with 208 of Optiphase “Supermix” scintillation fluid. Cotswwere
read in a 1450 Micro-Beta Trilux liquid scintillafh and luminescence counter (Wallac).
Collagenase activity was measured in units/ml, whene unit can degrade (g of

collagen per minute at 3C.

Equation for calculating collagenase activity (unis/ml):

= 50/(total lysis-blank) x 1000/(sample volunm)) x 1/(time (minute)) x (sample - blank)
2.2.5 RNA isolation and real-time polymerase chaireaction

2.2.5.1 Extraction of RNA from bovine nasal cadiéa

During cartilage experiments, RNA was extractednfiwowdered cartilage using TRIZol
Reagent. This extraction procedure is a modificataf the single-step acid-phenol
guanidinium extraction method developed by (Chomskyand Sacchi 2006). Cartilage
stored in RNAlater at -8C was thawed and RNAlater removed. Cartilage wap-frozen

in liquid nitrogen and immediately ground (10 misitpre-cool, 5 cycles of 2 minutes of
grinding and 2 minutes of cooling, impact frequentyl0 Hz) in a SPEX CertiPrep 6750
freezer mill (Glen Creston, Stanmore, UK). 3 ml I8} Reagent was added to the
powdered cartilage, shaken vigorously, incubateatn temperature for 10 minutes and
centrifuged at maximum speed for 10 minutes ¥ 4o remove insoluble material.
Chloroform (450ul chloroform per 750ul TRIzol) was added to the supernatant, the

samples were vortexed and incubated at room temyperéor 10 minutes. Samples were
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then centrifuged at maximum speed for 15 minuteb@t The aqueous phase was allowed
to separate for up to 3 days 4€C4The aqueous phase was removed and mixed wilf a h
volume of 100% ethanol. Total cellular RNA was axted and purified using the RNeasy
kit. This included an on-column DNase step, astpermanufacturer’s instructions. Total
RNA (1 pg) was reverse transcribed in a gD reaction using superscript Il reverse
transcriptase (Invitrogen) according to the mantwiae’s instructions. cDNA was stored at

-20°C until use in downstream real-time RT-PCR.

2.2.5.2 Reverse Transcription

RNA extracted using RNeasy® Mini KRNA was quantified by spectrophotometry
(Nanodrop ND 1000 spectrophotometer) and complesmgntDNA (cDNA) was
synthesised from jig of total RNA. RNA was combined with|y of random hexamers (1
ug/ml) (GE Healthcare, Little Chalfont, UK) in a &hvolume of 12.5u and heated at
70°C for 10 minutes. Samples were chilled immediatelyice and the following was added
to each well: 4ul 5x First Stand Synthesis Buffer, 2 DTT (0.1 M), 0.5ul Superscript I
(200 Uf), 0.5 ul RNaseOut (40 W) and 0.5ul dNTPs (10 mM). Samples were then
incubated at £Z for 1 hour. cDNA diluted 1:100 in ¢ for target gene quantification or
1:500 for housekeeping gene quantification ancestat -26C until required.

RNA extracted using SideSt¥[Kit: Cells were seeded into 96-well plates at a demsity
10,000 cells per well and grown until 70-80% coefi After the desired period of
cytokine incubation, culture medium was removed eelts were washed once with ice-
cold PBS. 1Qu SideStep" Lysis and Stabilization Buffer was added to eaeti and the
plate was then vortexed for 2 minutes to ensurepteta cell lysis. Sul cell lystate was
transferred to a new 96-well plate and diluted viul dH,0. 4 ul of the diluted cell lysate
was transferred to a new 96-well plate for revéraescription. To each well of the 96-well
plate 1ul random hexamers (0i@/ml) and 3ul dNTPs (2.5 mM) were added and the plate
heated at 7T for 5 minutes. The plate was immediately placedce where 41l 5x First
Strand Synthesis Buffer, gl DTT (0.1 M), 0.125ul RNaseOut (40 W) and 0.5ul
MMLV (200 U/ul) were added to each well. The plate was incubatie8?C for 50
minutes, followed by AT for 15 minutes. Bovine cDNA was diluted 1:100 dndnan
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cDNA was diluted 1:20 for housekeeping gene quiaatibn. All cDNA was stored at -
20°C until required.

2.2.5.3 Tagman® Probe-Based Real-Time RT-PCR

Oligonucleotide primers and probes were designedguBrimer Express 1.0 (Applied
Biosystems, Warrington, UK) (Table 2.1) and wereduto measure mRNA expression in
human articular chondrocytes and SW1353. Relatistification of genes was performed
using the ABI prism 7900HT sequence detection sygtpplied Biosystems, Foster City,
Ca, USA). To a 96-well microtitre plate B of real-time RT-PCR mix containing the
following was added: 3.8l Jumpstart Taq Readymix, QuBMgCI; at a final concentration
of 2 mM, 0.3ul each of forward and reverse primer (final concaidn 300 nM), 0.1ul
probe (final concentration 150 nM) and @QIZROX reference dye. bl of cDNA was then
added to each well, to make a final volume ofull@er well. Conditions for real-time RT-
PCR were as follows: for 18S, MMP-1, MMP-13, Trhdalrb3, 2 minutes at 80, 10
minutes at 95°C, then 40 cycles of 15 seconds & @hd 1 minute at 60°C. To normalise
for different amounts of total RNA present in eadmple, 18S rRNA was used as an

endogenous control.

Gene Sequence (5’-3) Length (bp)
18S CGAATGGCTCATTAAATCAGTTATGG 26
TATTAGCTCTAGAATTACCACAGTTATCC 29
FAM-CAGAGAGTACAACTTACATCGTGTTGCGGCTC-TAMRA 32
MMP-1 AAGATGAAAGGTGGACCAACAATT 24
CCAAGAGAATGGCCGAGTTC 20
FAM-CAGAGAGTACAACTTACATCGTGTTGCGGCTC-TAMRA 32
MMP-13 AAATTATGGAGGAGATGCCCATT 23
TCCTTGGAGTGGTCAAGACCTAA 23
FAM-CTACAACTTGTTTCTTGTTGCTGCGCATGA-TAMRA 30
Trb2 CATACACAGGTCTACCCCC 19
TCCGCGGACCTTATAGAC 18
FAM-CTTCGAAATCCTGGGTTTT-TAMRA 19
Trb3 CTGCCCGCTGTCTGGTTC 18
GGGCATCGGGTCCTGTCG 18
FAM-TGCCTCCTTCGTCGGGAG-TAMRA 18

Table 2.1 Human Tagman® probe-based real-time PCRrpmers and probes
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2.2.5.4 SYBR Green Real-Time PCR

Oligonucleotide primers were designed using DNASRINASTAR, Inc, Madison, WI,
USA) (Table 2.2). Relative quantification of gengas performed using the ABI prism
7900HT sequence detection system (Applied Biosystdtoster City, Ca, USA). Bovine
MMP gene expression was determined using SYBR Gregkara SYBR Green mixtures
contained 50% SYBR Green PCR mix (Takara) and 1ll@mb each primer in a total
volume of 10ul. Conditions for real-time RT-PCR were as follovigt MMP-1 and 18S,
10 seconds at 96, then 40 cycles consisting of 5 seconds 8€%nd 30 seconds at €x)
followed by a dissociation plot; for MMP-13, 10 seds at 9%C, then 40 cycles consisting
of 5 seconds at 96, 15 seconds at %5 and 20 seconds at °r2 followed by a
dissociation plot; and for Trb1 and STAT6 10 ses0ati95C, then 40 cycles consisting of
15 seconds at 96 and 1 minute at 8@, followed by a dissociation plot. To normalise fo
different amounts of total RNA present in each dam@d8S rRNA was used as an

endogenous control.

Gene Sequence (5'-3’) Length (bp)
Bovine GATGCCGCTGTTTCTGAGGA 20
MMP-1 GACTGAGCGACTAACACGACACAT 24
Bovine TTAGAGAACATGGGGACTTTTTG 23
MMP-3 CGGGTTCGGGAGGCACAG 18
Bovine CCCTCTGGTCTGTTGGCTCAC 21
MMP-13 CTGGCGTTTTGGGATGTTTAGA 22
Bovine AGGCCGACATCATGATCTTCTTTG 24
MMP-14 CTGGGTTGAGGGGGCATCTTAGTG 24
Human TTCTCTGCCAGCTTCACACTT 21
STAT6 CACCAGGGGCAGAGACAG 18
Human CCCCAAAGCCAGGTGCCT 18
Trbl TACCCGGGTTCCAAGACG 18

Table 2.2 SYBF Green primers for real-time RT-PCR.
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2.2.6 Preparation of total cell lysates

Reagents:
* Lysis buffer (50 mM Tris, pH 7.4, 10% (v/v) glycérd mM EDTA, 1 mM EGTA,
1 mM NaVO,4, 5 mM NaF, 10 mM glycerol phosphate, 5 mM d&07, 1% (v/v)
Triton X-100, uM microcystin-LF and 1 Complete protease inhibitdini tablet
from (Roche Diagnostics, Burgess Hill, UK) for 50 ioffer).

Method:

Cells were plated in 6-well plates or 25%fiasks at a density of 25 000 cellsfcmAfter
the desired period of cytokine incubation, cultaredium was removed and cells rinsed
with ice-cold PBS. The PBS was then removed apthced with ice-cold Lysis buffer at
the following volumes: 15@l/well of a 6-well plate and 20QI/75 cnf flask. The cells
were scraped into the lysis buffer then transfetcedn Eppendorf tube on ice. Samples
were vortexed for 10 seconds and incubated on @e 20 minutes, followed by
centrifugation at 10,000 x & 4°C for 3 minutes. The supernatant was theoved) snap

frozen on dry ice and stored immediately at -80°C.

2.2.7 Subcellular protein fractionation

The Subcellular Protein Fractionation Kit from Tim&Scientific was used to separate the
cytoplasmic, membrane, soluble nuclear, chromabumd nuclear and cytoskeletal
fractions. The first reagent added to the cell gieltauses selective membrane
permeabilisation, releasing soluble cytoplasmicteots. The second reagent dissolves
plasma, mitochondria and ER/golgi membranes buts doet solubilise the nuclear
membranes. After recovering intact nuclei by cémgation, a third reagent yields the
soluble nuclear extract. An additional nuclear &stion with micrococcal nuclease is
performed to release chromatin-bound nuclear prstefhe recovered insoluble pellet is

then extracted with the final reagent to isolatmsleletal proteins.

Reagents:
* Ice-cold PBS
» Subcellular Protein Fractionation Kit containing:
« Cytoplasmic Extraction Buffer (CEB), stored at %20
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« Membrane Extraction Buffer (MEB) ), stored 4C4

» Nuclear Extraction Buffer (NEB) ), stored &4

» Pellet Extraction Buffer (PEB) ), stored at roomrmgeerature
¢ Micrococcal Nuclease 100 unitsjl), stored at -28C

« CaCh (100 mM), stored at’€

« Halt™ Protease Inhibitor Cocktail (100X), stored &4

Method:

SW1353 cells were cultured as described in se@i@rB8. Following cytokine stimulation,
cells were washed once with ice-cold PBS. Cellsevgeraped into 1 ml ice-cold PBS and
centrifuged at 500 x g for 3 minutes to pellet. Hupernatant was discarded. Protease

inhibitors were added to required volume of reageastper Table 2.3.

Packed cell CEB (nl) MEB (ul) NEB (ul) NEB (ul) + PEB (ul)
volume (ul) CacCl,,

MNase*
10 100 100 50 50 50
20 200 200 100 100 100
50 500 500 250 250 250

* MNase = Micrococcal nuclease

Table 2.3 Subcellular protein fractionation reagentvolumes for different packed cell volumes.

Ice-cold CEB buffer containing protease inhibitevas added to the cell volume (Table
2.3) and the tube incubated diC4for 10 minutes with gentle mixing. The tube was
centrifuged at 500 x g for 5 minutes diC4and the supernatant (cytoplasmic extract)
transferred to a clean pre-chilled tube on ice-clael MEB buffer containing protease
inhibitors was added to the pellet and vortexedSf@econds on highest setting. The tube
was then incubated af@ for 10 minutes with gentle mixing and centrifugatd3000 x g
for 5 minutes at «C. The supernatant (membrane extract) was traesféor a clean pre-
chilled tube on ice. Ice-cold NEB containing praeanhibitors was added to the pellet and
vortexed for 15 seconds on the highest setting) theubated at “€ for 30 minutes with
gentle mixing. The tube was centrifuged at 5000 fog 5 minutes at % and the

supernatant (soluble nuclear extract) transferce@ tlean pre-chilled tube on ice. The
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chromatin-bound extraction buffer was prepareddgireg 5ul 100 mM CaCl and 3ul of
Micrococcal Nuclease (300 units) per 1l0of room temperature NEB and added to the
pellet. The tube was vortexed for 15 seconds onhtbkest setting, incubated at room
temperature for 15 minutes and centrifuged at 1600@ for 5 minutes at °C. The
supernatant (chromatin-bound nuclear extract) wassferred to a clean pre-chilled tube
on ice. Room temperature PEB containing proteabitors was added to the pellet,
vortexed at the highest setting for 15 secondsiacubated at room temperature for 10
minutes. The tube was centrifuged at 16000 x ¢ofaminutes at 2T and the supernatant
(cytoskeletal extract) transferred to clean tub@ctons were snap frozen and stored at —
80°C until required.

2.2.8 SDS-Polyacrylamide gel electrophoresis (SDSBE)

Proteins were separated based on size by SDS-PA&G&med under reducing conditions
(Laemmli 1970). The polymerisation of acrylamidengiated by the addition of APS and
TEMED. TEMED catalyses the decomposition of thespgrhate ion to give a free radical
which initiates the polymerisation reaction. Sarapleere prepared by boiling if-
mercaptoethanol and SDEmercaptoethanol reduces any disulphide bridgesta&DS,

an anionic detergent, denatures proteins. The b&D1fl masks the charge of the proteins,
forming anionic complexes with constant net negativarge per unit mass. The purpose of
the stacking gel is to concentrate the protein $anmpo a sharp band before it enters the
main separating gel. This is achieved by utilistifferences in ionic strength and pH
between the electrophoresis buffer and the staayghgThe stacking gel has a large pore
size, allowing the proteins to move freely and lstander the effect of the electric field.
The band-sharpening effect relies on the fact nlegatively charged glycinate ions (in the
electrophoresis buffer) have a lower electrophorenobility than the protein-SDS
complexes, which, in turn, have lower mobility ththe chloride ions of the loading buffer
and the stacking gel. Proteins are separated by dfme, with smaller proteins moving
more easily through the pores of the gel and Iapgeteins moving more slowly. After the

tracking dye (bromophenol blue) reaches the botibthe gel, electrophoresis is stopped.
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Reagents:
* 4 x Lower gel buffer (LGB): 1.5 M TrisHCI pH 8.8,4% (w/v) SDS.

* 4 x Upper gel buffer (UGB): 0.5 M Tris HCI pH 6 8.4% (w/v) SDS.
» Stacking gel: 40% bis/acrylamide diluted to 4.5%wiater and 4 x UGB.

* 5 x Final sample buffer (FSB): 0.625 mM Tris HCI @B, 40% (v/v) glycerol,
10% (w/v) SDS, 0.5% (w/v) bromophenol blue, 5% J\Bvmercaptoethanol.

* 10 x Running Buffer: 250 mM Tris, 2 M glycine, 10%/v) SDS.

Method:

Electrophoresis was performed in a Bio-Rad MinitBao Il apparatus with 1.0 mm
spacers and combs. Polyacrylamide-bis-acrylamide puachased as a 40% (w/v) (37.5:1
acrylamide:bis) solution, diluted with water andnd of 4 x LGB to the required
percentage (Table 2.4). Gel mixture (12 ml) wasypearised by the addition of 20l
TEMED and 60ul APS (0.2% w/v) immediately before pouring the.géte lower gel was
overlaid with propan-2-ol to exclude oxygen andwakd to polymerise. Once set, propan-
2-ol was washed off the gel and a 4.5% bis/acrydanstacking gel laid on top, combs
inserted and the stacker allowed to set. Uppefgeil) was set with 1l TEMED and 30

ul 0.2% (w/v) APS. The gel kit was assembled aniédilwith 1 x Running Buffer. Cell
lysate samples were prepared as follows: 1 mlhos&mple buffer was mixed with 250
B-mercaptoethanol. Sample buffery(® was added to 20l of each cell lysate sample and
heated to 10%C for 5 minutes. Molecular weight markers were Hager pre-stained
protein standards (Fermentas). Proteins were ef@utresed at a constant 80 V in Running
Buffer for approximately 1 hour 30 minutes, unkietdye front had run to the end of the

separating gel.

Percentage gel 40% (w/v) acryl/bis solution | dH,0 4x LGB
(%) (37.5:1) (ml) (ml) (ml)
12.5 3.75 5.25 3.0
10 3.0 6.0 3.0
7.5 2.25 6.75 3.0

Table 2.4 Preparation of SDS-PAGE gels (volumes f& gels).
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2.2.9 Western blotting
Reagents:

» Transfer Buffer: 39 mM glycine, 48 mM Tris, 0.0375%/v) SDS and 20% (v/v)

methanol.

» Tris Buffered Saline (TBS): 10 mM TrisHCI pH 7.416 M NacCl.

Method:

Proteins were separated by SDS-PAGE (section 2&¢h8)semi-dry blotted onto PVDF
membrane essentially according to the method ofvfiim et al. 1979). Proteins were
transferred from SDS gels to PVDF membrane (@2pore size) (Millipore) using a semi-
dry transfer unit (Bio-Rad). The gel, PVDF membramal 4 sheets of filter paper were
soaked in transfer buffer. A sandwich was madeheranode plate consisting of 2 sheets of
filter paper followed by the PVDF membrane, the getl the remaining 2 sheets of filter
paper. The sandwich was rolled gently to remove a@nyubbles and the cathode plate
lowered on top. Transfer was allowed to proceedlftwlour 30 minutes at a current of 80
mA per gel (35 V, 200 W). Following transfer, thietbwas blocked with TBS containing
0.2% Tween 20 (TBS-T) containing 5% (w/v) non-fated milk in blocking buffer for 1
hour at room temperature. The blot was incubateslroght at room temperature with
primary antibody diluted in TBS-T (containing 5% B)S The blot was then washed three
times in 20 ml TBS/0.05% Tween for 5 minutes inraal dish on a rocking table. The blot
was incubated for 1-2 hours with a secondary adtilmnjugated with HRP. The blot was

then washed three times in TBS-T for 5 minutes.

Towards the end of this PhD, the above method epksced by the iBlot® Dry Blotting
System (Invitrogen), carried out according to masturer’s instructionsThe iBlot® Dry
Blotting System blots proteins from polyacrylamiglgs in 7 minutes, without the need for
additional buffers or an external power sup@yiefly, the iBlot” Gel Transfer Device is a
self-contained blotting unit with an integrated @owsupply that allows for fast, dry
blotting of proteins. The iBlot Gel Transfer Stacks are disposable stacks with an
integrated nitrocellulose transfer membrane to guerfdry blotting of proteins. Each

iBlot" Gel Transfer Stack contains a copper electrodeamptopriate cathode and anode
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buffers in the gel matrix to allow fast dry blotjirof proteins without the need to prepare

buffers.

Protein detection by enhanced chemiluminescent JBAds carried out according to the

manufacturer's instructions.

2.2.10 Gelatin zymography
Proteins were separated on an SDS-PAGE gel, conmiged with 0.1% w/v gelatine.

SDS was then washed from the gel to allow protensefold and become active. Gels
were incubated overnight in Tris/Triton/&&n?*" buffer to allow gelatin digestion to
occur. The gels were stained with Coomassie blekdastained. Clear bands on a blue

background indicated the presence of gelatin agtivi

Reagents:

» 5 x sample buffer: 10 ml 10 x Upper Gel Buffer (UGB g SDS, 8 ml glycerol, 2
ml bromophenol blue (0.1% (w/v) in ethanol).

* 10 x zymography buffer: 200 mM Tris pH 7.8.

» Tris/Triton buffer: 20 mM Tris pH 7.8, 2.5% (w/vyiton-X100.

«  Tris/Triton/C&*/Zn** buffer: 20 mM Tris pH 7.8, 10 mM CagI5 uM ZnCl,, 1%
Triton-X100.

» Coomassie stain: 2.5 g Coomassie G250, 400 ml meith#800 ml acetic acid, 500
ml H20.

* Destain: 800 ml methanol, 100 ml acetic acid, 140®,0.

Method:

Gelatin zymography was used to assay gelatinageitadin the culture supernatants.
Samples were electrophoresed under non-reducinditmors by SDS-PAGE in 7.5%
polyacrylamide gels copolymerised with 0.1% (w/Nélagin. To remove SDS, gels were
washed twice for 1 hour in Tris/Triton buffer, th@mcubated overnight (16 hours) in

Tris/Triton/C&*/Zn** buffer at 37C. Coomassie Brilliant Blue was used to stain gels.
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2.2.11 RNAi and over-expression plasmid assays

2.2.11.1 RNAI assays
Reagents:

« Dharmacon siGENOME' SMARTpool$’
* SICONTROL (non-targeting siRNA #2, Cat: 001210-02)

« Dharmafect" 1 lipid reagent
Method:
Primary human chondrocytes or SW1353 cells werpgresl and cultured as described in
sections 2.2.2.2 and 2.1.2, respectively. For siRidAsfections, cells were trypsinized and
re-seeded at approximately 50% confluency. Dharmat@ENOME™ SMARTpool$ of
4 specific sSIRNA duplexes (total of 100 nM siRNAgre used to transfect SW1353 cells
using Dharmafe&t 1 lipid reagent. siRNA pools were used to targdtlT(NM_025195,
Cat: 003633); Trb2 (NM_021643, Cat: 005391); TrhiBA( 021158, Cat: 003754), STAT6
(NM_003153, Cat: 006690); S100A8 (NM_002964, C4t1/0); S100A9 (NM_002965,
Cat: 011384); SNFT (NM_018664, Cat: 003633); IRSIM( 005544, Cat: 003015) and
IRS2 (NM_003749, Cat: 003554).

96-well plate formatSeveral hours prior to transfection, all mediunsweamoved from the
human articular chondrocytes or SW1353 cells apthced with 5Qul of FBS-containing
DMEM or DMEM-F12, respectively. For each well, 100 siRNA in a total volume of 15
ul FBS-free DMEM or DMEM-F12 and 0.26l Dharmafect" 1 lipid reagent in a total
volume of 15ul of FBS-free DMEM or DMEM:F12 was prepared. Théa®e mixes were
combined and incubated at room temperature for Rutes before addition to cells, to
allow complex formation. Cells were transfected 2& hours and serum starved for 20
hours prior to the addition of cytokines for a het 24 hours. Total RNA was isolated and
reverse-transcribed as described in section 2.2E¢pression of genes of interest was
measured by real-time PCR as described in secti®b.2.1. Changes in gene-specific
MRNA levels were calculated by comparison of exgoes levels with cells transfected
with 100 nM siCONTROL.
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6-well plate format:Several hours prior to transfection, all media wamoved from the
SW1353 cells and replaced with 5@Dof serum-containing DMEM-F12. For each well,
100 nM siRNA in a total volume of 250/ serum-free DMEM-F12 and 3.24l
Dharmafect” 1 lipid reagent in a total volume of 250 of DMEM:F12 was prepared.
These two mixes were combined and incubated at teamperature for 20 minutes before
addition to cells, to allow complex formation. Gellvere transfected for 28 hours and
serum starved for 20 hours prior to the additiorcyibkines for a further 24 hours. Total
cell lysates were prepared as described in se@&i2r® and proteins were separated by
SDS-PAGE as described in section 2.2.8. Proteintitnas were transferred to PVDF
membranes (as described in section 2.2.9) and ks probed with the relevant antibody

to confirm successful knock-down of genes by siRdAhe protein level.

2.2.11.2 Over-expression plasmid assays

Preparation of plasmid DNA:

Reagents:
» Luria broth (LB) containing 10 g NaCl, 10 g trypeoand 5 g yeast extract per litre
dH;0.
* LB Agar containing 10 g NaCl, 10 g tryptone, 5 gskeextract and 15 g agar per
litre dH.O.
* Qiaprep Spin Midi/Maxi Kit.

Reagents were autoclaved prior to use and ampieitided at a final concentration of 100
ug/ml in filter-sterilised water for selection. Sthmd aseptic technique was used

throughout the cloning procedure.

Mach1TM-T1® chemically competent E.coli (30) and 0.5ul plasmid (see appendix A for
plasmid maps) was added to a 1.5 ml Eppendorfandeswirled to mix. The tube was then
incubated on ice for 30 minutes and heat shocket?& for 30 seconds. The tube was
incubated on ice for 2 minutes before the additibB00ul pre-warmed LB (37C). Tubes
were incubated for 1 hour in a °€7 water bath. On pre-warmed agar plates containing
ampicillin (100ug/ml), 20ul and 50ul volumes were streaked out. Plates were allowed to

dry for 5 minutes before incubation at®@7overnight. One colony for each plasmid was
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picked and placed in a universal with 2 ml LB camteg 100ug/ml ampicillin. This was
shaken at 3C for 8 hours at 250 rpm before transferring thral Zulture to a conical flask
containing 250 ml LB (plus 100g/ml ampicillin). The conical flasks were shaker8#IC
overnight (16 hours) at 250 rpm. Overnight culsuveere centrifuged at 6000 x g for 15
minutes at 2C to pellet cells. The supernatant was discardetl the bacterial pellet
resuspended in 10 ml Buffer P1 (Qiagen) and vodexatil the pellet was fully
resuspended. Buffer P2 (Qiagen) (10 ml) was addeH iaverted 6 times to mix and
incubated for 5 minutes at room temperature. Bu#er(Qiagen) (10 ml) was added and
incubated on ice for 20 minutes before centrifugatd?0000 x g for 30 minutes atCt
The supernatant was transferred a clean bottlecantifuged again at 20000 x g for 30
minutes at 2C. Qiagen MaxiPrep columns were equilibrated bylyapg 10 ml Buffer
QBT. The supernatant was applied to the columnui@os were then washed with 2 x 30
ml Buffer QC and the plasmid DNA was eluted withrhbBuffer QF. Plasmid DNA was
precipitated by adding 10.5 ml propan-2-ol and Gfrging at 15000 x g for 30 minutes at
4°C. The supernatant was discarded and |858H,0 was added to resuspend pellet. This
was transferred to a 2 ml screw-cap tube,0dE150ul) was added to the original tube to
resuspend any remaining DNA and then transferredesame 2 ml tube. Ethanol (100%,
1125ul) was added to the 2 ml tube and centrifuged atimam speed for 10 minutes. The
supernatant was discarded and the pellets air-diiyelliets were resuspended in 300
dH,0 and plasmid DNA was quantified by spectrophotoyngtNanodrop ND 1000

spectrophotometer) and stored at’@@ntil required.

Over-expression plasmid assay:

Reagents:
* FuGene HD Transfection Reagent

» Lipofectamine 2000 Reagent

Method:
SW1353 cells were prepared and cultured as deskirbgection 2.1.2. For over-expression
plasmid transfections, cells were trypsinized amdseeded at approximately 50%

confluency. Trbl (c-Myc tagged), Trb3 (c-Myc tagyeahd STAT6 over-expression
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plasmids were used to transfect SW1353 cells uButgene HD Transfection Reagent or

Lipofectamine 2000 Reagent (see individual expemisje

96-well plate format:Several hours prior to transfection, all media we&woved from the
SW1353 cells and this was replaced with il08erum-containing DMEM:F12. Cells were
then transfected with 04g of plasmid DNA and 0.3l of transfection reagent in a total
volume of 3ul serum-free DMEM:F12. This mix was incubated f&r @inutes at room
temperature before addition to cells to allow fomplex formation. Cells were transfected
for 28 hours and serum starved for 20 hours pddhé addition of cytokines for a further
24 hours. Total RNA was isolated and reverse-trémst as described in section 2.2.5.2.
Expression of genes of interest was measured byimea RT-PCR as described in section
2.2.5.3.1. Changes in gene-specific mMRNA levelsewealculated by comparison of

expression levels with cells transfected with thgty vector, pcDNA3.1.

6-well plate format:Several hours prior to transfection, all media wa®oved from the
SW1353 cells and this was replaced with 1 ml secomtaining DMEM:F12. Cells were
then transfected with g of plasmid DNA and 3ul of transfection reagent in a total
volume of 20ul serum-free DMEM:F12. This mix was incubated f@ i2inutes at room
temperature before addition to cells to allow fomplex formation. Cells were transfected
for 28 hours before preparation of total cell lgsa(as described in section 2.2.6) and
separation of proteins by SDS-PAGE (as describesgt@tion 2.2.8). Protein fractions were
transferred to PVDF membranes (as described imose2t2.9) and blots were probed with

c-Myc or STAT6 antibody to confirm protein over-e@gpsion.

2.2.11.3 GFP-based protein fragment complementassay

To assess any physical interactions between thielés and MAPKKSs, a green fluorescent
protein (GFP)-based protein fragment complementadgsay was used. The venus variant
of GFP was used in this assay. MEK1, MKK4, MKK6 avi&kK7 were fused to the N-
terminal fragment of Venus GFP (V1) and Trbl ant3Twere fused to the C-terminal
fragment of Venus GFP (V2). Various combinationsegpression constructs were co-

transfected and the GFP signal was visualiseduxyrdscent microscopy. Plasmids for the
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GFP-based protein fragment complementation assag adind gift of Endre Kiss-Toth
(Sheffield University).

Reagents:

* FuGene HD Transfection Reagent

Method:

SW1353 cells were prepared and cultured as describesection 2.1.2. Cells were
trypsinized and re-seeded in 8-well chamber slidespproximately 50% confluency.
Several hours prior to transfection, all media wamoved and replaced with 25Dserum-
containing DMEM:F12. Cells were then transfectethvd.1ug of plasmid DNA and 0.8l

of FuGene HD Transfection Reagent in a total volai@ul serum-free DMEM:F12. This
mix was incubated for 20 minutes at room tempeeab@fore addition to cells to allow for
complex formation. After 28 hours incubation, cellsre washed twice with PBS and fixed
in 4% paraformaldehyde for 10 minutes. Cells weeshed a further 2 times in PBS and
slides mounted in VECTASHIELD with DAPI. All fluoseent images of cells were taken
using a Leica DM LB microscope (Leica Microsysteddfon Keynes, UK). Images were
captured using a RRE SPOT™ camera and SPOT™ Advanced imaging softwara f
Diagnostic Instruments Inc. (Sterling Heights, MISA). Cell fixing was performed by

Beth Gibson and microscopy was performed with 8sstance of Christos Gabrielides.

2.2.11.4 shRNA assays
Reagents:

« MISSION® Lentiviral Transduction Particles

* Hexadimethrine bromide

Method:

SW1353 cells were prepared and cultured in 96-plelles as described in section 2.1.2.
For shRNA transfections, cells were trypsinized ameseeded at approximately 50%
confluency. MISSION Lentiviral Transduction Particles for trbl (ClonéDs
TRCNO000001535,  TRCNO0O000001536, @ TRCNO0000001537, N®ID0001538,
TRCNO0000001539) were used to transduce SW1353. c8kwveral hours prior to

transduction, all media was removed from the SW1S8I3 and this was replaced with 100
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ul serum-containing DMEM:F12. Immediately prior toarisduction, hexadimethrine
bromide was added to the cells at a final conceatraf 8 ug/ml. The appropriate amount
of viral particles was then added at a suitabletiplidity of infection (MOI) (10 or 25),
where the MOI is the number of lentiviral transawgriparticles per cell. The volume of
lentiviral particles required for the desired M@p#nds on the number of transducing units
(TU) in the provided solution and is determinedngsthe calculation ((No. of cells x
M.O.1) / TU per mL reported). The cell-viral paie mix was then incubated at°g7for

28 hours. The cells were serum starved for 20 hpues to the addition of cytokines for a
further 24 hours. Total RNA was isolated and rexdranscribed as described in section
2.2.5.2. Expression of genes of interest was meddwy real-time RT-PCR as described in
section 2.2.5.3.1. Changes in gene-specific mRNAls&were calculated by comparison of

expression levels with untransduced cells.

2.2.12 Genome-wide Arrays

2.2.12.1 Affymetrix Bovine GeneChip Array
The GeneChiP Bovine Genome Array allows the gene expressionvef 23,000 bovine

transcripts to be analysed.

Preparation of RNA:

A 14-day bovine nasal cartilage degradation assas/performed to generate RNA for the
GeneChif Bovine Genome Array. Bovine nasal cartilage waswdated with control
media = IL-1 £+ OSM = IL-4 (added at day 7 of timecse only) for 14 days as described in
section 2.2.4.1. RNA was extracted from the bowagtilage as described in section
2.25.1.

Data normalisation:

Data normalisation was performed by Dr Daniel S\idewcastle University). Affymetrix
Bovine GeneChip CEL files were imported into Germa8p10 (Agilent). An experiment
was created where the chips were normalised wittfSBlAxpression algorithm to produce
Present, Marginal or Absent flag data. A list wda@sived where a probeset had to have a
present or marginal signal in 3/4 samples in otddye included, reducing the probeset list

to 15367 entities (reduced from 24128 entities)taDaere then renormalised in an
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independent experiment using GCRMA. A list of Affgtrix control probes (denoted by an
AFFX_ prefix) was generated. From the MASS5 geneldtst, the Affymetrix control
probesets were subtracted, leaving a final qualitytrolled list of probesets with 14928
entities for further analysis. Chips were then cared on a pairwise basis to generate lists

of probesets for each comparison which had a foéthge greater than 2.

2.2.12.2 Sentrix Human-6 Expression BeadChip
The Sentrix Human-6 Expression BeadChip contaiasr&ys on a single BeadChip, each

with >46,000 probes derived from human genes inNagonal Center for Biotechnology

Information (NCBI) Reference Sequence (RefSeq)dmiéGene databases.

Preparation of RNA:
Human articular chondrocytes and SW1353 cells werhured as described in 2.2.3.

Following 24 hour cytokine stimulation, RNA was edted as described in section 2.2.5.2.

Data normalisation:
Data normalisation was carried out by the CentreM@roarray Resources (Cambridge,
UK). The selection of the data removed non-expegsmes or data that were too close to

the background to be distinguished. Not removirggéhgenes would add noise to the data.

The selection was done using the following criteria
» Threshold for selection: detection p-value infei@r0.01 for a measurement to be
selected.
» The selection is applied so that a gene must sept®n all the samples used.

* The set is then use to generate the raw data p@eept in the archive.
Once the raw data plot has been generated, theadatae-selected using a less stringent

parameter:

* the genes must be present on at least one oftligsamples analysed.
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The data were then transformed using a variand®listdion algorithm (Lin et al. 2008)
and then normalised using quantile normalisatidhofthis was performed using the lumi
package (Du et al. 2008).

Analysis results:
Number of genes selected after normalisation: 15if8he 48804, which represents 31%

of the total genes.

2.2.13 DNA methylation analysis

Methylation is the most widely studied type of epigtic modifications of DNA. The
development of bisulphite sequencing PCR (BSP) bymimer et al. (1992) greatly
advanced the study of DNA methylation and is nove arfi the most frequently used
techniques in the field. This method begins wité bisulphite treatment of genomic DNA
(to convert unmethylated cytosine bases to urafllpwed by PCR amplification of the
region of interest within the modified DNA. Convimtal sequencing of the amplified
product can then be carried out to specifically lest® DNA methylation within a

particular DNA sequence (Reed et al. 2009).

2.2.13.1 Isolation of DNA from Primary Cells

Method: DNA was isolated from primary cells usirg tPureLink" Genomic DNA Kit
according to the manufacturer’s instructions. Byietells were harvested in PBS and
centrifuged at 250 x g for 5 minutes to pellet te#ls. PBS was removed and the cells
resuspended in 20d PBS. Proteinase K (20) (>600 mAU/ml) was added, followed by
20 yl RNaseA and the sample was mixed well by vortexamgl incubated at room
temperature for 2 minutes. PureLIfkGenomic Lysis/Binding Buffer (20(l) was added
and the sample mixed by vortexing to obtain a hanogs solution and incubated afG5
for 10 minutes to promote protein digestion. Ethaid®0%, 200ul) was added to the
lysate and vortexed for 5 seconds. The lysate ers added to a PureLif Spin Column
and centrifuged at 10,000 x g for 1 minute at rdemperature. The collection tube was

k'™ collection tube. Wash Buffer

discarded and the spin column placed into a cleaalin
1 (500ul) prepared with ethanol was added to the colunththa column was centrifuged
at room temperature at 10,000 x g for 1 minute. €Thleimn was placed into a clean

PureLink™ collection tube and 500l Wash Buffer 2 prepared with ethanol was added.
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The column was centrifuged at maximum speed forirutes at room temperature. The
column was then placed in a sterile 1.5 ml Eppefnmide and 10 PureLinK™ Genomic
Elution Buffer was added to the column, which wantincubated at room temperature for
1 minute. To recover the genomic DNA, the columrs wentrifuged at maximum speed for
1.5 minutes at room temperature. The purified DNasvstored at -2C until bisulphite

conversion.

2.2.13.2 Primer design and optimisation

Bisulphite conversion of bovine nasal chondrocytdAD Total DNA was isolated as
described in section 2.2.12.1. To provide DNA foimer optimisation, lug aliquots of
bovine nasal chondrocyte DNA were subject to bisitdpconversion using the Epit&ct
Bisulphite Kit according to manufacturer’s instiocis. Bisulphite reactions were prepared
by combining 1ug bovine nasal chondrocyte DNA, @8 bisulphite mix and 3ng DNA
protect buffer in a final volume of 14@. Bisulphite conversion was carried out using a
PTC-200 DNA Engine Thermal Cycler (Bio-Rad). Cyglisonditions were $& for 5
minutes, 66C for 25 minutes, & for 5 minutes, 61 for 85 minutes, $&C for 5 minutes
and 60C for 175 minutes. Clean up of bisulphite conver®dA was performed using
Epitecf spin columns according to manufacturers instrasti®®urified DNA was eluted in
20 ul dH,0 and stored at -2Q prior to analysis by PCR.

Primer design: Primers were designed to amplifggaon of the bovine MMP-13 promoter
containing 7 CpG sites. Primers were designed usiadgMethPrimer software (available at
www.urogene.org/methprimer), which identifies sbiearegions of DNA in a bisulphite
converted sequence against which primers can bigndes All primer sequences are

shown in Table 2.5.
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Primer name Sequence

Bovine MMP-13 Forward TAGTTGTTTTTTTGTAAAGGGGAAA
Bovine MMP-13 Reverse AAACCAACCAAAACCCTTAAAC
Pyrosequencing PCR bovine MMP-13 Forward GAGGTTGTTATGTAAGA
Pyrosequencing PCR bovine MMP-13 Reverse AACCAACBAECCTTA
Pyrosequencing sequencing primer 1 GTTGAAAGGAGAGAAG
Pyrosequencing sequencing primer 2 TTGTTTGGGAAAARET

Table 2.5 DNA methylation analysis primers.

Optimisation of cycling conditions: 6 identical g0reactions were prepared by combining
2 pl Titanium™ Taq buffer, 0.4u forward primer, 0.4 reverse primer, 0.4l Taq, 0.4ul
dNTPs (2.5 mM) and il bisulphite treated genomic DNA in a final reaatieolume of 20

ul in dH,O. Optimal annealing temperatures were determingdgua TaKaRa PCR
Thermal Cycler Dice (SANYO E&E Europe Ltd., Loughingh, UK). Cycling conditions
were: 95C for 1 minute, 40 cycles of [86 for 15 seconds, 50-85 gradient for 30
seconds, 6& for 1 minute], 68C for 7 minutes. A 5ul aliquot of each reaction was run
out on a 1.2% agarose gel to determine the optanakaling temperature required to

amplify the desired PCR product.

Once primer optimisation had been carried out, m®wiasal chondrocytes were grown to
80-90% confluency as described in section 2.2.8jnsestarved overnight and stimulated
with DMEM = IL-1 (1 ngfl) £ OSM (10 ngl) + IL-4 (20 ngful). Total DNA was isolated
as in section 2.2.12.1 and bisulphite conversiothisf DNA was carried out as in section
2.2.13.2.

2.2.13.3 Amplification and purification of PCR praxds

Bisulphite treatment of DNA from bovine DNA: DNA wabbtained from and extracted as
described in section 2.2.2.1. Approximatelyl DNA was subject to bisulphite conversion

as described in section 2.2.13.2.
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PCR analysis: PCR was performed using bovine MMPyir@ers (Table 2.5) to amplify a
369 base pair (bp) region of the MMP-13 promotdre PCR was carried as described in
section 2.2.13.2. Optimised PCR cycling conditidos bovine MMP-13 primers were:
95°C for 1 minute, 40 cycles of [96 for 15 seconds, 66 for 30 seconds, 68 for 1

minute], 68C for 7 minutes.

2.2.13.4 Cloning of PCR products

Reagents:
* Luria broth (LB) containing 10 g NacCl, 10 g trypeand 5 g yeast extract per litre
dH,0.
» LB Agar containing 10 g NaCl, 10 g tryptone, 5 @gkeextract and 15 g agar per
litre dH,O.

Reagents were autoclaved prior to use and ampieitided at a final concentration of 100
ug/ml in filter-sterilised water for selection. Sthmd aseptic technique was used

throughout the cloning procedure.

Method:

Ligation and transformation: Purified PCR produatsre cloned using the TOPO TA
cloning® kit and Dual Promoter pCR-TOPO® vector according to manufacturer’s
instructions. Briefly, ligation reactions were paepd by combining 4l PCR product, 1
salt solution and 0.5l pCR®II-TOPQ® in a final volume of @l in dH,O. Ligations were
incubated at room temp for 20 minutes then placeat® and 244 of the reaction added to
25 ul Mach1TM-T1® chemically competerf.coli. Reactions were incubated on ice for 10
minutes prior to transformation by heat shock atC4Zor 30 seconds followed by
immediate removal to ice. A 250 aliquot of SOC medium (Invitrogen) was added dacte
vial and cultures were shaken (200 rpm) atC37or 1 hour. A 100ul aliquot of each
transformation was spread onto a pre-warmed agée pbntaining 4Qg/ml 5-bromo-4-
chloro-3-indolyl-b-D-galactopyranoside (X-GAL) inndethylformamide (DMF) and 100
ng/ml ampicillin to allow blue/white screening. Riatwere incubated at %7 for 16 hours

for colonies to develop.
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Preparation of overnight cultures: White coloniesrevselected and added to 5 ml LB
containing 10Qug/ml ampicillin. Cultures were shaken at 200 rpn83&C for 16 hours in

an orbital shaker.

Quick MiniPreps of plasmid DNA: A 1.5 ml aliquot ofilture was transferred to a 1.5 ml
Eppendorf tube and centrifuged at 20 seconds & 95§ The supernatant was discarded
and cells resuspended in 1QDBuffer P1 (Qiagen) by vortexing. SubsequentlyQ 20
Buffer P2 (Qiagen) was added to cells and mixedotinghly by inverting 10 times. A 150
ul aliquot of Buffer P3 (Qiagen) was then added ariged immediately by inverting 10
times. Lysates were centrifuged for 3 minutes &09% gand the supernatant removed to a
new Eppendorf tube containing 1 ml 100% ethanam@as were vortexed for 10 seconds
to mix thoroughly and centrifuged for 10 minute®300 x g. All ethanol was removed and

pellets were air-dryed before resuspension inl%H,0.

Restriction digests: A 2l aliquot of each miniprep was digested using téstriction
enzymeEcoR1. Plasmid DNA was combined with 5EtdR1 (0.5ul), 1.5 ul 10x EcoR1
buffer and dHO in a final volume of 15ul and incubated at 8€ for 1 hour. A 10ul
aliquot of each digest was electrophoresed on % hgarose gel, as described in section

2.2.13.6 to determine if it contained an inserthef correct size.

2.2.13.5 Analysis of DNA methylation

The inserts of numerous colonies were sequencethgigAP6 promoter until 20 unique
clones from each treatment group were obtained. Did¢thylation analysis was performed
using BIQ analyzer software (available at httpgfanalyzer.bioinf.mpiinf.mpg.de/).
Sequences were required to be 80% identical totigegnal sequence and have >90% C-T
conversion (excluding CpG). Any potential sequetioees identified by the software were

also removed to ensure only unique sequences \nahgsad.

2.2.13.6 Agarose Gel Electrophoresis

Reagents:
» 1 x Tris-acetate-ethylenediamine tetraacetic atAH) containing 0.04 M Tris (pH
8), 5.7% (v/v) glacial acetic acid and 0.1 mM EDTA.
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* Loading buffer containing Tris 0.125 M (pH 6.8), 204/v) SDS, 10% (v/v)
glycerol and 0.001% (w/v) bromophenol blue.

Method:

Agarose gels were prepared at 1.2% (w/v) by digsglthe required amount of agarose in
1 x TAE buffer through boiling. Ethidium bromide ,8Diamino-5-ethyl-6-
phenylphenanthridinium bromide) solution was added cooled agarose at a final
concentration of 0.2g/ml. Gels were poured, allowed to set and theireduamount of
DNA loaded in loading buffer. Bands were separaaedlO0 V for approximately 40
minutes and visualised on a ChemiGenius Il Biolmgd&yngene, Cambridge, UK) using

GeneRulelM 1 kb DNA ladder to assess product size.

2.2.13.7 Pyrosequencing

Pyrosequencing was recently adapted to study DN#hytetion and is now an alternative
to conventional bisulphite-sequencing PCR (BSP)is Tiechnique also requires the
bisulphite treatment of genomic DNA and PCR amgdifion of the target sequence, but
this is followed by pyrosequencing rather than @ntiwnal sequencing methods (Reed et
al 2009). Pyrosequencing is a sequencing-by-syistinesthod that quantitatively monitors
the real-time incorporation of nucleotides throubke enzymatic conversion of released
pyrophosphate into a proportional light signal {Tesd Gut 2007). Incorporation of a
cytosine is indicative of a methylated residue, rghs the incorporation of a thymine
indicates an originally unmethylated cytosine. Efere, the methylation status of a CpG

site can be determined from the ratio of T and C.

Method:

2.2.13.7.1 Assay design and optimisation

Bisulphite conversion of bovine nasal chondrocyt¢AD Bovine nasal chondrocytes were
grown to 80-90% confluency as described in secBdh3, serum-starved overnight and
stimulated with DMEM =% IL-1 (1 ngd) £ OSM (10 ngil) £ IL-4 (20 ngfl). Total DNA
was isolated as in section 2.2.12.1 and bisulgluterersion of this DNA was carried out as
in section 2.2.13.2.
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Primer design: PCR primers and sequencing primersrew designed using
Pyrosequenciny’ Assay Design Software, which automatically designéoth
pyrosequencing PCR primers and pyrosequencing seipge primers. All primer
sequences are shown in table 2.4. The PCR primenes designed to amplify the region of
the bovine MMP-13 promoter containing 6 of the TCqtes analysed in section 2.2.13.5.
The reverse primer was biotinylated to facilitat@miobilization onto streptavidin-coated

beads and to render the PCR product single stranded

Positive and negative controls: Positive and nggationtrols were picked from clones
generated in section 2.2.13.4. The positive contra$ a clone in which all 7 CpG sites
were methylated and the negative control was aecionwhich all 7 CpG sites were

unmethylated.

Optimisation of cycling conditions: Primer cyclimgndition optimisation was carried out
as in section 2.2.13.2. Control bisulphite-treatsaine DNA was used for primer
optimisation. Optimised PCR cycling conditions pyrosequencing PCR bovine MMP-13
primers were: 9% for 1 minute, 40 cycles of [96 for 15 seconds, 66 for 30 seconds,
68°C for 1 minute], 68C for 7 minutes. A 5l aliquot of each reaction was run out on a
1.2% agarose gel to determine the optimal anneadingperature required to amplify the
desired PCR product.

2.2.12.7.2 Amplification and purification of PCRoducts

PCR analysis: PCR was performed using pyrosequgm@R bovine MMP-13 primers to
amplify a 240 bp region of the bovine MMP-13 prosrotThe PCR was carried as
described in section 2.2.13.2. Optimised PCR cygclonditions for MMP-13 primers
were: 95C for 1 minute, 40 cycles of [96 for 15 seconds, 66 for 30 seconds, 68 for

1 minute], 68C for 7 minutes.

2.2.13.7.3 Pyrosequencing

Reagents:
» Binding buffer: 10 mM Tris, 2 M NaCl, 1 mM EDTA, T% (v/v) Tween 20, pH 7.6
» Denaturing Solution: 0.2 M NaOH

-74 -



Chapter 2

* Wash buffer: 10 mM Tris, pH 7.6
* Annealing buffer: 20 mM Tris, 2 mM Mg-acetate, pts 7

» Streptavidin-coated sepharose beads

Preparation of single-stranded DNA template: Theglsi stranded DNA template was
prepared using immobilisation on streptavidin-cdagepharose beads. The following was
added to individual wells of a 96-well PCR platén¢bng mix): 10ul PCR product, 24

streptavidin-coated sepharose beads, and B&iding buffer made up to a total volume of

80 ul with dH,O. The plate was sealed and vortexed for 5 minutes.

Next, 0.5ul sequencing primer (14M) and 11.5ul annealing buffer was added to each

well of a 96-well pyrosequencing plate (annealing)m

A PyroMark Vacuum Prep Workstation (Qiagen) is mpgi preparation terminal designed
to batch process up to 96 DNA samples in parallleé Vacuum Prep Workstation consists
of a hand-held Vacuum Prep Tool and a Vacuum PregkiAble, connected to a vacuum
source, containing four solution troughs. The VaunuRrep Tool consists of a hand-grip
with 96 replaceable filter probes, which is coneddo a vacuum source. The binding mix
was aspirated from the wells of the PCR plate lagipg the hand-grip block into the PCR
plate resulting in the capture of the beads orfiliee probes. The hand-grip filter tips were
then immersed in three successive baths for 5 slsceach as follows: 70% (v/v) ethanol,
denaturing buffer and wash buffer. At this poirg ttacuum was switched off and the hand-
grip block immersed in the annealing mix of thegsgquencing plate and gently agitated
to release the beads. The pyrosequencing plateheasheated at 8G for 2 minutes. The
plate was then cooled to room temperature to aowealing of the primers to the PCR

product.

Pyrosequencing: The sequencing run was programmedhe pyrosequencer (PyroMark
Q96 MD, Qiagen) using the Pyro Q-CPGsoftware. The reagents (nucleotides, substrate
and enzyme mix (Qiagen)) were dispensed into th@ompiate wells of the cartridge
according to the volume calculation of the softwaree pyrosequencing plate and the

reagent cartridges were placed in the pyrosequemtkthe software run.
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Analysis of methylation: Analysis of methylationatis was performed by the Pyro Q-
CpG™ software.

2.2.14 Statistical analysis

The difference between sample group means wadtéstestatistical significance using
ANOVA (analysis of variance) with a posthoc Bonéerr multiple comparison test. For
hydroxyproline and collagenase assay data, valuesgaven as mean and standard
deviation (S.D.), where #0.05, **p<0.01 and ***p<0.001. Real-time RT-PCR data were
normalised against 18S rRNA, then plotted as tHd foduction of the target gene
expression over control levels. Levels of stat#tisignificance are shown as<@.05,
**p<0.01 and ***p<0.001. For clarity, only selected comparisons aesgnted in some
figures.
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Chapter 3: Investigations into the effects of IL-4on IL-
1+OSM-induced cartilage collagen release and
collagenase expression in chondrocytes and

cartilage

3.1 Introduction

Arthritic disease is characterised by the irre\®esloss of the cartilage matrix resulting in
the loss of normal joint function and disabilitye@adation of proteoglycan is rapid yet
reversible (Dingle et al. 1987); collagen loss ascmore slowly but this loss irreversibly
compromises the structural integrity of the tiséluigbb and Fell 1980). Cartilage collagen

loss is therefore regarded as being the key coptiok in cartilage breakdown.

The bovine nasal cartilage explant culture moded peovided a valuable system for
studying collagen loss and identifying factors tbatribute to the breakdown of the tissue
(Cawston et al. 1995). It has also facilitated itneestigation of chondoprotective agents
such as IL-4 and IL-13 (Cawston et al. 1996; Cleaateal. 2001). Addition of the pro-
inflammatory cytokine combination of IL-1 and OSM bovine nasal cartilage induces
collagen release through the increase in syntliésisllagenases. In 1996, Cawston et al.
reported that IL-4 acted as a protective factorspgcifically blocking the release of
collagen from bovine nasal cartilage stimulatedesorb with IL-1+OSM, preventing pro-
inflammatory cytokine-induced cartilage breakdownbsequent data from the department
have indicated that IL-4 mediates its protectiviectf by reducing the levels of active
collagenase and that this was most likely due tedaction in MMP-13 expression (Pyle
2003). Furthermore, these studies demonstrated MiMP-1 expression was seemingly
unaffected by IL-4 in stimulated cartilage. Thesy lobservations, firstly that IL-4 was
able to block pro-inflammatory cytokine-induced lagen release and secondly that IL-4
differentially regulated MMP-1 and MMP-13, formétktbasis of this PhD project.
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The bovine nasal cartilage model has been usedvastigate the chondroprotective effect
of IL-4 on cartilage as opposed to a human caeilagpdel because bovine tissue is
conveniently available in large quantities. Humaticalar cartilage is very difficult to
obtain in amounts large enough for such experimeResorption of human articular
cartilage in explant culture treated with IL-1 a@8M is variable with only approximately
50% of samples responding with the release of getlaand even in those samples the
levels of collagen release are low (Cawston e1288). The reasons for this low response
are currently unclear. However, the lack of respoinsterms of collagen release may be
explained by the fact that the majority of humaticatar cartilage samples are from elderly
patients, which are suspected to have low numblechandrocytes. Whilst the levels of
collagen release from the bovine nasal cartilagdehcan also be variable, the majority of

samples release typicaty0% of their collagen.

Pro-inflammatory cytokines are well understood tionslate the production of MMPs,
including the collagenases. IL-1 is a potent indwfedMMP-13 expression in chondrocytes
(Borden et al. 1996). The combination of IL-1 an8NDhas been shown to synergistically
promote the expression of MMP-1 mRNA in human atic chondrocytes (Cawston et al.
1998). It is also known that IL-1+OSM-induced cgka degradation in bovine nasal
cartilage is MMP-dependent (Cawston et al. 1995yefs that IL-4 acts as a protective
factor in the bovine nasal cartilage model by pnévg IL-1+OSM-induced collagen
breakdown, this chapter aims to elucidate the eff€dL-4 on collagenase expression at
the transcriptional level. Previous studies (Cle&@00, Pyle 2003) addressed the effect of
IL-4 on IL-1+OSM-induced MMP-1 and MMP-13 mRNA exgsion by Northern blot. IL-
4 was shown to increase IL-1+OSM-induced MMP-1 egpion in bovine nasal
chondrocytes, human articular chondrocytes and ®&/1&lls and decrease MMP-13
expression in human articular chondrocytes and S&t2lls. Data regarding the effect of
IL-4 on IL-1+OSM-induced MMP-13 expression in bogimasal chondrocytes was
inconclusive (Pyle 2003). This chapter will addréls effect of IL-4 on IL-1+OSM-
induced MMP-1 and MMP-13 mRNA expression using there sensitive technique of
real-time RT-PCR.
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The aims of this chapter were to:

» Confirm the original findings of Cawston et al. @8) demonstrating that IL-4 was
able to block IL-1+OSM-induced collagen releasethe bovine nasal cartilage
model.

» Determine the effect of delayed IL-4 addition tovime nasal cartilage stimulated to
resorb with IL-1+OSM.

* Investigate the effect of IL-4 on IL-1+OSM-inducedllagenase gene expression in
bovine nasal chondrocytes, human articular chorytiescand SW1353 cells.

* Profile collagenase expression in resorbing bowuemsal cartilage.

3.2 Results

3.2.1 The effect of IL-4 on the release of collagdrom bovine cartilage treated
with IL-1+OSM.

Experiments were performed using bovine nasallagégiin culture to recapitulate the
findings of Cawston et al. (1996) that originallyosved IL-4 specifically blocked collagen
release in this model. Cartilage stimulated witkllalone resulted in 14.8% total collagen
release over 14 days (Figure 3.1). In responsbe@to-inflammatory combination of IL-
1+OSM, 78.3% of the collagen was released. The tiaddiof IL-4 to IL-1+OSM
significantly inhibited collagen release, reducthg total collagen release to 3.7 %. These

data demonstrate that the previous results of @eawettal. (1996) are indeed reproducible.

3.2.2 The effect of delayed addition of IL-4 on IL1+OSM-induced collagen and

active collagenase levels in bovine nasal cartilage

Previous work in the department (Pyle 2003) haswvshthat IL-4 does not need to be
present for the full 14 days of culture in order gmtect against IL-1+OSM-induced
cartilage degradation. Experiments demonstratedattidition of IL-4 as late as day 8 of
culture still significantly inhibited IL-1+OSM (0.2and 2 ng/ml respectively)-induced
cartilage degradation. The concentrations of ILnti ®@SM were reduced from the normal

1 and 10 ng/ml, respectively, to allow resorptiorptoceed at a slower rate. This
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Figure 3.1 The effect of IL-4 on the release of dalgen from the bovine nasal cartilage model treated
with IL-1+OSM. Bovine nasal cartilage chips were cultured in med# IL-1 (1 ng/ml) £+ OSM (10 ng/ml)

+ IL-4 (20 ng/ml) for 14 days. At day 7, medium wasnoved and replenished with identical cytokines.
Media were harvested at days 7 and 14 and cartilege harvested at day 14. As a measure of collagen
release, the levels of hydroxyproline released théomedia were assayed as described in sectich£2.2he
cumulative levels (day 7 + day 14) of hydroxyprelireleased in the medium were expressed as a e of t
total collagen. Values are the mean * standardatiewi (n=4). *** = p < 0.001. This experiment is

representative of three separate cartilages.
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experiment aimed to confirm the findings that dethyiL-4 addition could still protect
against collagen release, but with IL-1 and OSMdustethe standard concentrations of 1
and 10 ng/ml, respectively, in order to enable tgreaverall % collagen release and to
standardise experiments. In this experiment, IL-3O(1 and 10 ng/ml respectively)
stimulated a 53% collagen release (Figure 3.2a¢. [&hels of collagen release induced by
IL-1+OSM is known to vary between experiments. $éstdetermine if this is due to a loss
of cytokine activity have shown that this is nag tieason behind reduced levels of collagen
release in certain experiments (data not showns. thought that these differences can be
explained by the cartilage explant model being aiabée biological system and
susceptibility to resorption is bound to vary betwelifferent cartilage samples, just as
susceptibility to OA differs between different humaThe addition of IL-4 to IL-1+OSM
from day O of the timecourse reduced the collagdsase to 1%. Delayed addition of IL-4
to IL-1+OSM until day 7 still dramatically reducemllagen release (2%) (Figure 3.2a).
Active collagenase (Figure 3.2b) was reduced teltethat were undetectable by the

collagenase assay following addition of IL-4 attbday O and day 7 of the timecourse.

3.2.3 The effect of IL-4 on IL-1+OSM-induced genexpression of MMP-1 and
MMP-13 in bovine chondrocytes.

This was the first opportunity to look at gene egsion in bovine chondrocytes using the
sensitive technique of real-time RT-PCR. Whilstvimas studies have looked at MMP
MRNA expression in bovine chondrocytes, gene esmrsn these studies was analysed
using Northern blots (Pyle 2003). Both MMP-1 and PI3 mRNA were synergistically
induced by IL-1+OSM when compared with IL-1 alogg(re 3.3). Addition of IL-4 to
the pro-inflammatory combination of IL-1+OSM waslalo substantially block the
induction of MMP-13 mRNA (Figure 3.3b), whilst thégldition of IL-4 to IL-1+OSM had
no significant effect on MMP-1 mRNA levels (FiguBe3a).
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Figure 3.2 The effect of delayed addition of IL-4 p IL-1+OSM-induced collagen and active collagenase
levels in bovine nasal cartilageBovine nasal cartilage chips were cultured in medi IL-1 (1 ng/ml) +
OSM (10 ng/ml) = IL-4 (20 ng/ml, added at day Odawy 7) for 14 days. At day 7, medium was removedl an
replenished. Media were harvested at days 7 arehdl4cartilage was harvested at day 14. As a mea$ure
collagen release, the levels of hydroxyproline asézl into the media were assayed as describedtiorse
2.2.4.4. The cumulative levels (day 7 + day 14hyifroxyproline released in the medium were exptssea
% of the total collagen. Day 14 medium was assdgedctive collagenase activity as described irtisac
2.2.4.5. Values are the mean * standard deviatied)( *** = p < 0.001 compared to IL-1+OSM in the
absence of IL-4. This experiment was performedetiimes with tissue from three different animalbeT

results shown are representative of all three éxyats.
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Figure 3.3 The effect of IL-4 on IL-1+OSM-induced gne expression of MMP-1 and MMP-13 in bovine

nasal chondrocytesBovine nasal chondrocytes were stimulated for @4r& with medium + IL-1 (1 ng/ml)

+ OSM (10 ng/ml) = IL-4 (20 ng/ml). Following treaent, total RNA was isolated from cells, reverse

transcribed and the cDNA was used in real-time FERReaction assays, as described in section 2@2.5,

examine MMP-1 and MMP-13 gene expression. Datapaeeented as fold induction relative to the basal

expression and represent mean + SEM (n=4). andepresentative of four independent experiments: ¥

<0.01; ns = not significant.
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3.2.4 The effect of IL-4 on IL-1+OSM-induced genexpression of MMP-1 and
MMP-13 in human articular chondrocytes and SW1353 ells.

The induction of MMP-1 and MMP-13 mRNA in both humarticular chondrocytes and
SW1353 by IL-1+OSM (Figure 3.4) and particularlyeteynergy observed, was not as
strong as that observed in bovine chondrocytesu(égy3.2 and 3.3). Consequently, the
inhibition of MMP-13 by IL-4 in both human cell tgp (Figure 3.4) was not as complete as
that observed in bovine nasal chondrocytes (Figug Whilst the inhibition of MMP-13
in SW1353 cells was not significant when comparéith W.-1+OSM-treated cells due to
the large standard error, the inhibition of MMPBIL-4 in human articular chondrocytes
was significant. The effect of IL-4 on IL-1+OSM-iaced MMP-1 expression in human
articular chondrocytes and SW1353 cells was cardistith the results observed in bovine
chondrocytes, where the addition of IL-4 to IL-1H@8ad no significant effect on MMP-1
MRNA expression.

3.2.5 The effect of different concentrations of IL4 on MMP-1 and MMP-13

MRNA expression in bovine chondrocytes.

A titration of IL-4 between 20 and 0.02 ng/ml wasrfprmed in bovine chondrocytes to
determine the concentration dependence for thetefté IL-4 on MMP-13 repression. The
data show that the repression of MMP-13 by IL-4 Wess complete at decreasing
concentrations of IL-4 (Figure 3.5b). Concentrasida@low 2 ng/ml of IL-4 were unable to
significantly repress IL-1+OSM-induced MMP-13 exgs®n. As observed in previous
experiments, the effect of IL-4 on IL-1+OSM-inducktMP-1 expression was generally
insignificant. However, IL-4 is often seen to slighncrease IL-1+OSM-induced MMP-1

MRNA expression, although this increase is lesguieatly significant. Figure 3.5a shows a
concentration-dependent decrease in MMP-1 expressgithh decreasing concentrations of
IL-4, although none of these decreases were staligtsignificant.
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Figure 3.4 The effect of IL-4 on IL-1+OSM-induced gne expression of MMP-1 and MMP-13 in human
articular chondrocytes and SW1353 cellsHuman articular chondrocytes were stimulated foh@urs with
medium % IL-1 (0.02 ng/ml) + OSM (10 ng/ml) £ IL{20 ng/ml). SW1353 were stimulated for 24 hourdwit
medium * IL-1 (0.5 ng/ml) + OSM (10 ng/ml) £ IL-2Q ng/ml). Following treatment, total RNA was
isolated from cells, reverse transcribed and th&lADQvas used in real-time RT-PCR reaction assays, as
described in section 2.2.5, to examine MMP-1 and MM gene expression. Data are presented as fold
induction relative to the basal expression andesgmt mean + SEM (n=4) and are representative of tw

independent experiments. *** =90.001; ns = not significant for IL-1+OSM vs [L-18M+IL-4.
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Figure 3.5 The effect of different concentrations olL-4 on MMP-1 and MMP-13 mRNA expression in
bovine nasal chondrocytesBovine nasal chondrocytes were stimulated for @dr& with medium + IL-1 (1
ng/ml) + OSM (10 ng/ml) £ IL-4 (0.02 - 20 ng/ml)ofowing treatment, total RNA was isolated fromlsgl
reverse transcribed and the cDNA was used in ne&-RT-PCR reaction assays, as described in section
2.2.5, to examine MMP-13 gene expression. Datapaesented as fold induction relative to the basal

expression and represent mean + SEM (n=4). =001, * = p< 0.05; ns = not significant.
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3.2.6 Profiling the effect of IL-4 on collagenase eme expression and
collagenolysis in resorbing cartilage.

Experiments performed in monolayer bovine chondexihave shown that IL-4 blocks IL-
1+OSM-induced MMP-13 expression, but not MMP-1 esgion. To confirm this, MMP
expression was examined in the bovine nasal ogetilexplant culture system, a more
biologically relevant model. The expression andutatipn of MMPs in response to pro-
inflammatory cytokines in chondrocytes have beadiled in two previous studies (Koshy
et al. 2002; Barksby et al. 2006). However, botsthstudies were restricted to examining
gene expression in isolated chondrocyte monolay®iek by (Milner et al. 2006) has
enabled the profiling of gene expression of mudtiMMPs in actively resorbing cartilage
by real-time RT-PCR.

Figure 3.2 demonstrated that IL-4 does not nedsktpresent for the full 14 days of culture
in order to protect against IL-1+OSM-induced cagé degradation. Previous work has
demonstrated that addition of IL-4 as late as day @ilture still significantly inhibited IL-
1+OSM-induced cartilage degradation. Experimentsewgerformed to confirm these
findings and to examine the effect of delayed aollitof IL-4 on collagenase mRNA
expression. Both MMP-1 and MMP-13 were markedly eapldly induced by IL-1+OSM,
as reported previously (Milner et al. 2006) (Figu86a and 3.6b). With IL-4 present in the
culture from day 0, MMP-13 gene expression was detaly inhibited. After day 3, the
expression of MMP-1 reaches a plateau and IL-4 agpe have no overall effect during
the remainder of the culture period. Following a&iddi of IL-4 at day 7 of culture, MMP-
13 gene expression was immediately down-reguldt®dP-1 gene expression remained
constant after addition of IL-4, with neither a rdgigcant increase nor decrease in
expression levels. Procollagenases were first tegtein the culture medium at day 3
(Figure 3.6e). However, active collagenase (Figu6el) was not detected until day 10 of
culture and collagenolysis (Figure 3.6c) was ndected until day 12 of culture. In the
presence of IL-4, procollagenases were detectéteiculture medium, although at reduced
levels compared to IL-1+OSM culture medium. Destiite presence of procollagenases,

active collagenases and collagenolysis were batiptaiely inhibited.
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Figure 3.6 Profiling the effect of IL-4 on collagease gene expression and collagenolysis in resorbing
cartilage. Bovine nasal cartilage pieces were cultured iniomad+ IL-1 (1 ng/ml) + OSM (10 ng/ml) + IL-4
(20 ng/ml) for 14 days. At day 7, medium was rentbaed replenished with identical cytokines. Eaafeti
point and condition were performed in quadruplic®BIA was extracted from the cartilage and collagen
gene expression determined by real-time RT-PCReasritbed in section 2.2.5. Data are presentedlds fo
induction relative to the basal expression (a ajpdAs a measure of collagen release, the levels of
hydroxyproline (OHPro) released into the media waseayed as described in section 2.2.4.3; cumelativ
OHPro is release is shown (c). Levels of activdagainase were measured (d) and APMA was used to
activate pro-collagenases to provide a measuretaf tollagenase activity (pro+active) (e) as iction
2.2.4.4. Values are the mean + standard erroreofrtban. *** = p< 0.001; ** = p< 0.01; * = p< 0.05 for IL-
1+OSM vs IL-1+OSM(+IL-4 at day 7). ### =90.001; ## = < 0.01; # = p< 0.05 for IL-1+OSM vs IL-
1+OSM+IL-4.
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3.2.7 Profiling the effect of IL-4 on gelatinolyticactivity in resorbing cartilage.

Previous work has shown IL-4 to have potent effectshe gelatinases MMP-2 and MMP-
9. IL-4 did not appear to have a significant effext either pro or active MMP-2
expression. Active MMP-9 however, was almost cotgbyeinhibited by the presence of
IL-4 and proMMP-9 was barely detectable (data maws). These observations appeared
to support the findings of Milner et al. (2006) th&MP-9 is the predominant gelatinase in
actively resorbing cartilage. Figure 3.7 shows #ffect of delayed IL-4 addition on
gelatinase activity. ProMMP-2 was expressed caristély, regardless of cytokine
treatment. In IL-1+OSM-treated cartilage, active MM was detectable from day 3 of
culture and increased thereafter. Both pro and/i@ddMP-2 were inhibited by IL-4, but
this inhibition was not complete. ProMMP-9 was iodd by IL-1+OSM and was
detectable by day 3 of culture, however the additblL-4 strongly inhibited proMMP-9
(Figure 3.7b and 3.7c). Active MMP-9 was first aeéel at day 7 of culture in IL-1+OSM-
treated cartilage (Figure 3.7a), but completely atectable in IL-1+OSM+IL-4-treated
cartilage (Figure 3.7b). The addition of IL-4 afyd&aof culture resulted in strong inhibition
of active MMP-9 (Figure 3.7c), however this inhibit was slightly less complete than in
cartilage in which IL-4 had been present from dagfOculture. The data presented in
Figure 3.7 support previous real-time RT-PCR datach showed a complete inhibition of
IL-1+OSM-induced MMP-9 mRNA by IL-4, but a lessahibition of IL-1+OSM-induced
MMP-2 mRNA.

3.2.8 Profiling the effect of IL-4 on IL-1+OSM-induced non-collagenolytic

MMP expression in resorbing cartilage.

MMP-3 is known to activate several proMMPs, inchglithe collagenases proMMP-1 and
13 (Murphy et al. 1987; Knauper et al. 1996b). llddwnregulated IL-1+OSM-induced
MMP-3 mRNA expression by day 8 of the bovine nasatilage timecourse, regardless of
whether IL-4 was present from day O or day 7 (Fég@r8). It has been suggested that
MMP-14 is able to degrade type Il collagen (Ohwathal. 1997), although to a much lesser
degree than either MMP-1 or MMP-13. Figure 3.8 destates that IL-4 does not
significantly alter the expression of IL-1+OSM-irmhd MMP-14 expression at any point in
the 14-day timecourse.
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Figure 3.7 Profiling the effect of IL-4 on gelatindytic activity in resorbing cartilage. Bovine nasal
cartilage chips were cultured in medium + IL-1 @/ml) + OSM (10 ng/ml) + IL-4 (20 ng/ml) for 14 day

At day 7, medium was removed and replenished wigintical cytokines. Cartilage and media were haedes
at days 1, 3, 7, 8, 10, 12 and 14. Each time paimt condition were performed in quadruplicate and

representative data is shown. Gelatin zymograpts/peaformed as in section 2.2.4.2.
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Figure 3.8 Profiling the effect of IL-4 on IL-1+OSM-induced non-collagenolytic MMP expression in
resorbing cartilage. Bovine nasal cartilage pieces were cultured iniorad+ IL-1 (1 ng/ml) + OSM (10
ng/ml) + IL-4 (20 ng/ml) for 14 days. At day 7, mieoh was removed and replenished with identical
cytokines. Each time point and condition were penfed in quadruplicate. RNA was extracted from the
cartilage and MMP-3 (a) and MMP-14 (b) gene expoessvere determined by real-time RT-PCR as
described in section 2.2.5. Data are presentedldsrduction relative to the basal expression eeptesent
mean + SEM (n=4). ** = £ 0.01; * = p< 0.05 for IL-1+OSM vs IL-1+OSM(+IL-4 at day 7). ##p< 0.01;

# = p<0.05 for IL-1+OSM vs IL-1+OSM+IL-4.
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3.3 Discussion

Collagen breakdown is considered to be a key stegaitilage destruction. This chapter
investigated the mechanism of IL-4 in the protectta bovine nasal cartilage from IL-
1+OSM-induced degradation, specifically its effeatthe two key collagenases, MMP-1
and MMP-13. Previous work demonstrated that bowiasal cartilage stimulated with IL-
1+OSM synergistically promoted cartilage collagereask, which was accompanied by a
large increase in collagenolytic activity (Cawstenal. 1995). IL-13, a related anti-
inflammatory cytokine, has likewise been shown rthibit IL-1+OSM-induced collagen

release from bovine nasal cartilage (Cleaver €2G01).

The first results in this chapter confirmed thedfilgs of Cawston et al. (1996),
demonstrating that IL-4 was able to act in a choprbtective manner by blocking the
release of collagen from bovine nasal cartilagengtted with the pro-inflammatory
combination of IL-#OSM. IL-4 was shown to be equally chondroprotectiteen addition

was delayed until day 7 of the 14 day timecourkelHOSM-induced active collagenase
was completely inhibited by the addition of IL-4pth at day O and day 7. This

demonstrates that the protective mechanism ofractidL-4 is extremely effective.

MMPs have been extensively studied in relationhe modulation of matrix function;
between them they are able to degrade all ECM coems. It is widely accepted that
production of MMPs by chondrocytes and synoviardiasts is regulated by various
cytokines and growth factors. It is therefore ofsupprise that IL-4 has been implicated in
the suppression of MMPs. IL-4 has been shown tondegulate MMP activity in a number
of cell types involved in arthritis. Nemoto et €1997) demonstrated that IL-4 suppressed
IL-1 stimulated MMP-3 protein and enzyme activitydavas able to suppress IL-1-induced
MMP-3 mRNA in human articular chondrocytes. As nmamed previously, collagen
release is considered a key point in cartilage atgggron. Of the three known collagenases,
MMP-1 and MMP-13 are considered to be the most mapd in terms of the
collagenolysis seen in the arthritides. MMP-13isught to be of greater importance in OA
due to the fact that it preferentially degradesetypcollagen (Knauper et al. 1996a) and

because its expression is increased in OA (Tetloal.€2001). A key aim of this chapter
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was to assess the effect of IL-4 on the regulabbNMMP-1 and MMP-13 in both human
and bovine chondrocytes. Due to the difficultie®ibtaining sufficient quantities of human
articular cartilage, it was necessary to use a muotendrocyte cell line in addition to
primary human articular chondrocytes. The humamdhmsarcoma SW1353 cell line is
frequently used as a model for primary OA chondregyBorden et al. 1996, Mengshol et
al. 2000). IL-4 was found to inhibit IL-1+OSM-inded MMP-13 in bovine nasal
chondrocytes and, albeit to a slightly lesser extenhuman articular chondrocytes and
SW1353 cells (although this did not reach signifmain the latter cell line). In contrast,
IL-4 appeared to have no significant effect on kGISM-induced MMP-1 expression in
any of the three cell types. If anything, a pattefrincreasing MMP-1 expression in the
presence of IL-4 was observed in all three celkesypalthough these increases were not
always statistically significant. The apparent ladkeffect of IL-4 on IL-1+OSM-induced
MMP-1 expression compared with the potent inhilyiteffect on IL-1+OSM-induced
MMP-13 expression demonstrates differential reguhatof the collagenases by IL-4.
Indeed, this observation also further supportsotheervations of differential regulation of
MMP-1 and -13 by IL-1+OSM (Litherland et al. 20@&)10).

The inhibitory effect of IL-4 on MMP-13 has beencdmented by other groups. El
Mabrouk et al. (2008) reported a strong inhibitioh OSM-induced MMP-13 gene
expression by IL-4 in chondrocytes. Doi et al. @0D@ound that IL-4 was able to
downregulate mechanical stress-induced MMP-13 iondlocytes. There have been
differing reports in the literature regarding thiéeet of IL-4 on MMP-1 expression. A
study by Chizzolini et al. (2000) found that IL-gegifically enhanced MMP-1 production
by mononuclear phagocytes at various stages of diffeatenwith the exception of freshly
isolated PBMC (peripheral blood mononuclear ceils)whichlL-4 was found to inhibit
MMP-1 activity. The type | IL-4 receptor consistélb-4Ra andyc chain. Bonder et al.
(1998) have already demonstrated that the cultwfmgonocytes in GM-CSF (granulocyte
macrophage colony-stimulating factor) results i libss of thgc chain and that this loss is
accompanied by decreased STAT6 activity. Therefo@hizzolini et al. (2000)
hypothesised that the ability of IL-4 to inhibit MML production is dependent oyt
expression angc-dependent intracellulargnalling. Whenyc is no longer expressed, IL-4

enhances rathénan suppresses MMP-1 production.
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Importantly, the data presented in this chapteratestrates that IL-4 has similar effects on
MMP expression in the SW1353 cell line as it doesprimary human chondrocytes,
supporting the use of SW1353 cells when large amsowf material are required.
Additionally, the effects of IL-4 on MMP expressiam primary bovine chondrocytes are
very similar to those observed in human chondracyfes human articular cartilage is
unavailable in quantities large enough to perfooplant culture experiments for RNA
extraction, these data suggest that the use ohbaasal cartilage in such experiments is a

biologically relevant alternative.

Experiments utilising the 14 day bovine nasal expptailture model have demonstrated that
strong down-regulation of MMP-13 mRNA by IL-4 ispid, occurring within 24 hours of
IL-4 addition. As collagen release does not ocautil &t least day 10 of culture in this
model, IL-4 is able to completely block cartilagellagen degradation when addition is
delayed until day 7 of culture. IL-1+OSM stimuldite production of active collagenases in
bovine nasal cartilage; previous data and resultshis chapter demonstrate that this
activity can be inhibited by IL-4. Activation of gatent proenzymes with APMA allows
total (pro + active) collagenolytic activity to beeasured. The presence of IL-4 throughout
all 14 days of culture significantly inhibits IL-DSM-induced levels of total collagenase,
however the levels of total collagenase are natifsogintly inhibited if addition of IL-4 is
delayed until day 7 of culture. Despite this, lsvelf active collagenase are virtually
undetecable throughout the 14 day culture regadies/hether addition of IL-4 is delayed
until day 7. Despite the presence of procollagenasé_-1+OSM+IL-4 conditioned media,
active collagenases and collagenolysis were bothpteiely inhibited. These data give
further support to the hypothesis Milner et al.q2Pthat activation of procollagenases is a
key control point in cartilage collagen degradatilbiis possible that IL-4 could function by
inhibiting the activation of procollagenases. Fartevidence supporting this hypothesis is
provided in a study by Cleaver et al. (2001), whettowed that addition of MMP-3, a
known activator of proMMPs, resulted in the recgvef collagen release in the presence
of IL-1+OSM+IL-4, demonstrating that sufficient kg of procollagenases are present to

promote extensive collagen loss if activated.
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Previous work in the department (Pyle 2003) ledthte hypothesis that IL-4 acts by
inhibiting the activation of procollagenases in thevine nasal cartilage system, in
particular, by blocking serine proteinase activityhas previously been shown that serine
proteinase inhibitors can block IL-1+OSM-inducedtitage collagenolysis, implicating
serine proteinases in the activation cascades Ildad to the generation of active
collagenases (Milner et al. 2003). These findinggehyet to be pursued further. Thus, IL-4
appears to be chondroprotective by two distinct, fmssibly inter-related mechanisms;
MMP-13 repression and blockade of serine proteinastvity. It could be that the
downregulation of MMP-13 mRNA by IL-4 is incidentand it is the inhibition of
proMMP-1 activation by IL-4 that explains the chomgrotective effects of IL-4. However,
data presented in this chapter and by other grsuggest this is probably not the case.
Previous data (Pyle 2003) had indicated that ILad be added as late as day 8 or 9 of
culture in the bovine nasal cartilage model anlll gtotect against cartilage degradation.
This could have been due to rapid repression of MI@Pr via the hypothesised ability of
IL-4 to prevent procollagenase activation. A kepexment in this chapter demonstrated
the effect of delayed addition of IL-4 on IL-1+OSkduced MMP-13 mRNA expression.
By day 7 of culture in the bovine nasal cartilagedel, MMP-13 expression had been
strongly induced. Addition of IL-4 at day 7 resudltén rapid repression of MMP-13,
providing a strong indicator of the protective magism of action of IL-4. Studies
involving selective MMP-13 inhibitors (Johnson €t2007, Jungel et al. 2010, Piecha et al.
2010) have demonstrated a reduction in collagemad@gon with these inhibitors. These
studies, along with the data presented in this temagmd the fact that MMP-13 is known to
cleave type Il collagen five times faster than Mi¥Pstrongly suggest that MMP-13 plays
an integral role in collagen degradation and sugpbe development of selective MMP-13

inhibitors to reduce cartilage destruction in dtibipatients.

Analysis of the effect of IL-4 on non-collagenotyfMMPs provided further evidence that
MMP-13 is central to the collagen degradation oleerin the bovine nasal cartilage
model. It has been suggested that both MMP-2 andPMMI possess collagenolytic activity
(Ohuchi et al. 1997). However, data presentedisidhapter demonstrated that whilst IL-4
appears to slightly inhibit both IL-1+OSM-inducedM®-2 (both pro and active) and

MMP-14 mRNA expression, this inhibition is by no ams complete and certainly not
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comparable to the level of inhibition of MMP-13. 84e data would suggest that neither of
these enzymes are responsible for the collageradation in this model as active MMP-2
and MMP-14 mRNA have been shown to be present enatbsay at timepoints where
collagenolysis was completed inhibited. Of morevahce is the inhibition of IL-1+OSM-
induced MMP-3 by IL-4. MMP-3 is a known activatdr mumerous MMPs, including the
collagenases (Murphy et al. 1987). IL-4 was showrsignificantly inhibit IL-1+OSM-
induced MMP-3 mRNA expression when present from day day 7 of the timecourse.
These findings support those of Nemoto et al. (J9@ho found that IL-4 was able to
suppress IL-1-induced MMP-3 expression in humaicwder chondrocytes. The inhibition
of MMP-3 mRNA by IL-4 could explain why MMP-1 mRN# present throughout the

timecourse and yet does not result in any collalysis

Despite the established chondroprotective effetis-d, the use of IL-4 as a therapeutic
agent would not be recommended. IL-4 is known teehstrong pro-inflammatory effects

in other diseases, in particular asthma. Therefine direct administration of I1L-4 would

undoubtedly result in unwanted side effects. Theeett is vitally important to establish the

exact protective mechanism of action of IL-4 sotttlas protective pathway may be

targeted at a more specific level. The most sigaift finding of this chapter is that IL-4 is

able to strongly and reproducibly downregulate #OEM-induced MMP-13 expression in

both primary chondrocytes and bovine cartilagesHuggests that MMP-13 could be the
key collagenase in IL-1+OSM-induced cartilage apdla breakdown and therefore an
important therapeutic target. The aim of the follogvstudies is to further elucidate the
mechanism by which IL-4 so effectively inhibits MMB.

3.4 Summary

Studies in this chapter have shown that:

* |L-4 specifically blocked collagen release from m@/nasal cartilage stimulated to

resorb with IL-#+OSM, in agreement with reports by Cawston et &96).

» Delayed addition of IL-4 until day 7 of culturelstompletely blocked IL-1+OSM-
induced cartilage collagen release.
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Prevention of collagen loss was accompanied byrecamitant reduction in active
collagenase levels. The presence of IL-4 througtiwauti4 days of culture significantly
reduced total collagenase levels and to a lesseniexhen addition of IL-4 was

delayed.
IL-4 differentially regulated IL-1+OSM-induced MMP- and MMP-13 mRNA

expression in bovine nasal chondrocytes, humanugati chondrocytes and SW1353
cells. IL-4 reproducibly down-regulated MMP-13 mRN&pression in all three cell
types, whereas MMP-1 mRNA expression remained urgdth

Addition of IL-4 to IL-1+OSM in the bovine nasalrtiéage model resulted in a rapid
down-regulation of MMP-13 mRNA but no overall effeon MMP-1 mRNA,

suggesting MMP-13 is the key collagenase in cageileollagen degradation.

Addition of IL-4 to IL-1+OSM in the bovine nasalrtidage model resulted in a strong

down-regulation of active MMP-9.

IL-1+OSM-induced MMP-2 and MMP-14 were only pafyahhibited by IL-4 in the
bovine nasal cartilage model, suggesting neithex agsponsible for cartilage

degradation in this model.

IL-1+OSM-induced MMP-3 mRNA expression was repredsbg IL-4 in the bovine

nasal cartilage model.
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Chapter 4: Assessment of epigenetic regulation of MP-13

by DNA methylation in bovine chondrocytes

4.1 Introduction

Data presented in Chapter 3 of this thesis dematestithat IL-4 is able to rapidly repress
IL-1+OSM-induced MMP-13 expression. One possibleplaxation for this rapid
repression is that IL-4 induces epigenetic changethe MMP-13 promoter, thereby

leading to reduced gene expression. This hypotlesssexamined in this chapter.

There is a growing awareness that individual charestics can be determined by factors
other than genetic sequences. Epigenetics, lyeraktaning “beyond genetics”, can be
defined as stable and heritable (or potentiallytalele) changes in gene expression that do
not entail a change in DNA sequence (Jiang et 8D4p Essentially, epigenetic
modifications provide information as to where andew a gene should be expressed as
opposed to altering the structure or function ofjeme. There are two key epigenetic
modifications; DNA methylation and histone moditicas (such as acetylation and
phosphorylation). Over recent years there has beensiderable progress in the
understanding of DNA methylation, the predominapigenetic modification of DNA in
mammalian genomes, and the importance of this psoreboth normal cellular function

and disease.

The methylated base 5-methylcytosine was firstadiseed in the calf thymus 60 years ago
(Hotchkiss 1948). It was subsequently discovered thethylcytosines are nonrandomly
distributed throughout the genome (Razin and C&€@@r). Unlike the other four bases in
the genome, 5-methylcytosine does not exist as ea fnucleotide in the cellular

environment. Instead, methylation of cytosine nesgdoccurs after DNA replication. With

few exceptions, only cytosines that precede guanoen be methylated i.e. cytosines
within CpG dinucleotides. The CpG notation (wheq@ trepresents the phosphate

connecting the two nucleotides) is used to disistgietween a cytosine followed by a
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guanine in the DNA sequence and a cytosine baseeptn a guanine (Dahl and Guldberg
2003). Low levels of DNA methylation correlate wilttive gene expression and high
levels of DNA methylation result in gene silenci@@@enisch and Bird 2003)he process
of DNA methylation is mediated by the DNA methylisfierases (DNMT), which catalyse
the transfer of a methyl group from the methyl-doSeadenosylmethionine (SAM) to the
cytosine residue (Pradhan and Esteve 2003) (F@gde

NH, NH,

H.C
N \ y

DNA methyltransferase

—
AN /\'
N O sam SHC \O
N
H H

Figure 4.1 The formation of 5-methylcytosine.A DNA methyltransferase catalyses the transfea ofethyl
group (CH3) from S-adenosylmethionine (SAM) to eje producing 5-methylcytosine and S-
adenosylhomocysteine (SHC). Adapted from Roachfagrder (2007).

CpG sites are not evenly distributed throughoutgt)eome and sequences containing CpG
sites can be divided into two groups: those whiegh@pG rich and those which are CpG
poor or sparse (McClelland and Ivarie 1982). Th&@jgh regions became known as CpG
islands and they constitute between 1 and 2% ofjémome and account for virtually all
the unmethylated CpG dinucleotides. Any remainipgsQlinucleotides are found outside
of CpG islands and the majority of these are matieg. CpG islands are defined as being
longer than 500 bp and having a GC content of graatin 55% (Takai and Jones 2002).
The promoter region of the collagenase MMP-13 3 &alled ‘sparse CpG’ promoter as it
contains only six CpG sites (Roach et al. 2005)hdalthy cells, CpG sparse regions are
generally methylated, whereas CpG islands are lystgpomethylated. During cancer
development, the converse occurs, with CpG isléedeming hypermethylated and sparse

CpG regions undergoing hypomethylation. This chamg®NA methylation ultimately
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resulting in, for example, the silencing of tumauppressor genes (Jones and Baylin
2002). Until recently, the methylation status opdsse CpG’ promoters has not been
examined because it was widely believed that théhyletion of many CpGs within a
promoter was required to repress gene transcripWdmist it is thought that this remains
true for promoters with enhancer elements, it i& tloought that silencing of genes with
sparse CpG promoters by DNA methylation is feasdnld that the chance of pathological

demethylation is in fact increased in sparse Cpigpters (Roach and Aigner 2007).

There are two methods available for the analysisnethylation status: cleavage with
specific methylation-sensitive restriction enzyniBksSRES) (Singer-Sam et al. 1990) and
bisulphite modification (Frommer et al. 1992). Ba@l restriction endonucleases with
varying sensitivities to 5-methylcytosine have bagdely used to analyse the methylation
status of cytosine at specific sites. If the cytesi of interest are methylated, then post-
restriction PCR amplification produces a band egjent to that of untreated control
samples. If the cytosines are unmethylated and/atgaby the restriction enzyme induces
DNA strand breaks, no band will be detected. MSREel analysis is limited because it
can only provide information about CpGs within theavage sites of specific enzymes and
is also prone to false positives due to incomptitestion. Bisulphite treatment has one
major advantage over the use of MSREs; it enablesrtethylation status of virtually all
CpGs in the genome to be determined (Dahl and @uidR003). Bisulphite treatment of
genomic DNA results in the conversion of unmethadatytosine residues to uracil, leaving
any methylated cytosines unchanged according toptb&col originally developed by
(Frommer et al. 1992). Hence, bisulphite treatnggwés rise to different DNA sequences
for methylated and unmethylated DNA (Figure 4.2).

Unmethylated DNA  N=-G-N-C-G-N-C-G-N N-U-G-N-U-G-N-U-G-N
—

Methylated DNA N-C-G-N-C-G-N-C-G-N Bisulphite N-C-G-N-C-G-N-C-G-N
treatment

Figure 4.2 Bisulphite treatment of DNA.Incubation of target DNA with sodium bisulphite u#s in the
conversion of unmethylated cytosines to uracilyileg methylated cytosines unchanged, hence, gingegto
different DNA sequences for methylated and unmetiey DNA.

Whilst the CpG methylation pattern within the gemom relatively stable and clonally

inherited (Leonhardt et al. 1992), pathologicaki@tions are known to occur in cells as
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they age (Richardson 2003). The examination of DBNA methylation status of
chondrocytic genes has not been extensively studmedvever several studies have
indicated that DNA methylation may play a part i\ @evelopment. During OA, it is
thought that increasing numbers of chondrocyteserga a phenotypic modulation,
producing ‘degradative’ chondrocytes or chondrogyteth hypertrophic characteristics.
As with all adult somatic cells, the phenotype dfordrocytes is stabilised by the
epigenetic status of the DNA within the cell. Itierefore likely that the destabilisation of
the chondrocyte phenotype in OA is at least paitlg to epigenetic changes (Aigner and
Dudhia 1997; Spector and MacGregor 2004). Recemk Was shown that various genes
are up- or down-regulated in OA chondrocytes cormgb&o normal chondrocytes (Burrage
et al. 2006; Eleswarapu et al. 2007), indicatingt tBA chondrocytes have a modulated
phenotype. One of the most recent studies examihi@gole of DNA methylation in OA
demonstrated that DNA methylation had been losts@cific CpG residues in the
ADAMTS-4 promoter. ADAMTS-4 is known to contributi® aggrecan degradation in
human OA. The results of this study indicate tiat apregulation of ADAMTS-4 in OA
involves loss of DNA methylation at these specilipG sites resulting in a permanent
expression of ADAMTS-4 in OA chondrocytes (Cheuhgle2008). OA chondrocytes that
have been shown to exhibit changes in gene expresgipear to be mainly confined in
clusters in the superficial zone of OA cartilagbe3e clusters of chondrocytes are thought
to result from the clonal expansion of a singleradrocyte in an attempt to repair cartilage
damage (Sandell and Aigner 2001). The presencdi clusters is indicative of gene
expression changes being under epigenetic coiRaagh and Aigner 2007). The first, and
currently only study to investigate whether abndrgeme expression seen in OA is due to
epigenetic “unsilencing” was by Roach et al. (2008)is study investigated whether the
abnormal expression of MMPs 3, 9 and 13 and ADAM®y human OA chondrocytes is
associated with demethylation. The methylationustaif the promoter regions of these
genes were analysed using MSREs and it was fouad ttie overall percentage of
nonmethylated sites was increased in OA patiel@$%4) compared with controls (20.1%).
It was also discovered that for each enzyme, the® one specific CpG site where the
demethylation in OA patients was significantly heghhan that in controls.

If alterations in DNA methylation are responsibde &berrant gene expression in OA, it is

possible that a random loss of methylation occurply with aging. In fact, binding of
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transcription factors to both promoter and nonpransequences is sufficient to cause
passive demethylation of nearby CpG dinucleotithesvever, it is also possible that active
demethylation mechanisms exist, which target spegénes. Active demethylation would
require a demethylase to remove the associatedymgtbup. However, whilst several
putative demethylases have been described, naihe clirrent candidates appear to exhibit
the required characteristics to explain demethytapatterns observeid vivo (Ooi and
Bestor 2008). DNA methylation is heritable and s§ ahanges in methylation status are
transmitted to daughter cells. When aberrant chamgeDNA methylation occur, these
changes are also heritable because cells have nofweemembering” what their correct
methylation status should be. Initial experimergaidence indicates that aberrant DNA
methylation patterns could be responsible for asttlsome of the changed gene expression
patterns seen in OA. Whether these DNA methylatpatterns can be influenced
therapeutically will undoubtedly be a major futuesearch interest, as although heritable,

DNA methylation is potentially reversible.

The aim of this chapter was to:

» Determine if IL-4 (in combination with IL-1+OSM) deeases IL-1+OSM-induced
MMP-13 mRNA expression by increasing MMP-13 promatethylation.

4.2 Results

4.2.1 MMP-13 promoter methylation in bovine nasal lsondrocytes

4.2.1.1 Optimisation of Primers for Bisulphite PCR
Preliminary experiments to determine if IL-4 (inntination with IL-1+OSM) decreased

MMP-13 mRNA expression by increasing MMP-13 promatethylation were performed
using bovine nasal chondrocytes. The predictedngoMMP-13 promoter sequence was
obtained by performing a BLAST search with the han@MP-13 promoter (U52692.1)
against the Bos Taurus genome. The PCR was igitdlformed on control bisulphite

treated bovine nasal chondrocyte DNA using primarsl conditions as described
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previously (section 2.2.12). Methprimer was usedlésign primers to amplify a 369 bp
region of the MMP-13 promoter between - 325 and €14 and Dahiya 2002) (Figure 4.3).
Primer pairs 4 and 5 (Figure 4.3) were tested ubisglphite-treated control bovine nasal
chondrocyte DNA (as described in section 2.2.12baAd of the correct size was observed
with both primer pairs (data not shown). In ordeamplify the longest possible section of
the MMP-13 promoter (369 bp), primer F5 (from thmnt referred to as bovine MMP-13
F) and R4 (from this point referred to as bovine RFH#3 R) were used (Figure 4.3). The
annealing temperature was optimised using bisidgh#tated control bovine nasal
chondrocyte DNA over a temperature gradient of 66°C (described in section 2.2.12.2).
The optimum annealing temp for the MMP-13 primeeswghown to be 86 (Figure 4.4).
The 369 bp region of the MMP-13 promoter was shaaibe specifically amplified at

these temperatures with no contaminating non-spdefR products.

4.2.1.2 Bisulphite sequencing of MMP-13 promotetr@ated DNA
The MMP-13 primers were used to amplify the -325-4@ region of the bovine MMP-13

promoter in bisulphite treated DNA samples isoldteth bovine nasal chondrocytes. The

PCR products were then transformed into chemicadiyjmpetentE.coli and the resultant
colonies sequenced until twenty non-clonal sequeneere obtained for each treatment
group as described in section 2.2.12. The bisudpbgiquence data were then analysed to
compare the methylation status of control, IL-1;1HOSM and IL-1+OSM+IL-4-treated
bovine nasal chondrocytes (after a 24 hour cytoktiraulation). Fisher’'s exact test was

used to determine any significant difference inhylkttion pattern.

Sequencing of twenty non-clonal sequences for ewehtment group showed no
statistically significant difference in methylatistatus between different treatment groups.
However, a pattern of altered methylation status al@served in five out of the seven (CpG
sites 2 and 4-7) CpG sites analysed (Figure 4.bleT&1). IL-1+OSM increased the level
of demethylation compared with control and IL-1+O8M4 decreased the level of

demethylation compared with IL-1+OSM. Despite thekl of statistical differences in this
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experiment, it was felt that the pattern of alteradthylation observed, albeit limited,

warranted further investigation.

4.2.2 Analysis of DNA methylation by pyrosequencing

As described previously, pyrosequencing is a sexqogfby-synthesis method that
guantitatively monitors the real-time incorporatiofi nucleotides through the enzymatic
conversion of released pyrophosphate into a prmat light signal (Tost and Gut 2007).
After bisulphite treatment and PCR, the percentagghylation at each CpG site in a
sequence is determined from the ratio of T andi@ &bility of pyrosequencing to reliably
detect differences in DNA methylation across cedpylations without requiring the
cloning of bisulphite-treated DNA into bacterialpegssion vectors gives pyrosequencing a
major advantage over the bisulphite-treated PCRniqae.

Bovine nasal chondrocytes were treated with contiel, IL-1+OSM or IL-1+OSM+IL-4
for 24 hours. The DNA was then extracted and blstgptreated (as described in section
2.2.12). The pyrosequencing bovine MMP-13 primeee(Table 2.5) were then used to
amplify the -234 to +46 region of the bovine MMP-faBomoter in these samples. The
reverse pyrosequencing primer was biotinylatedsab’i terminus. The biotinylated primer
is required for the PCR product to be immobilised streptavidin-coated beads, which
renders the PCR product single-stranded. A seqgugng@rimer (see Table 2.5)
complementary to the single-stranded template was hybridised to the single-stranded
template. The pyrosequencing reaction was thenopedd as described in section
2.2.12.7.3.

The results from the pyrosequencing reaction faitedhow any significant difference in
methylation status between the different cytokiombinations at any of the six CpG sites
analysed (Figure 4.7). Due to the greater statispower of the pyrosequencing method, it
was therefore concluded that there was no evideh@erole for alterations in MMP-13
promoter methylation in the regulation of MMP-13hgeexpression by IL-1, IL-1+OSM or
IL-1+OSM+IL-4.
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1500
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369 —»
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Figure 4.4 Optimisation of primers designed to amply a 369 bp region of the MMP-13 promoter in
bisulphite treated bovine DNA: agarose gel analysisf PCR products generated using bovine MMP-13
F and bovine MMP-13 R.Lane A shows the 1 kb ladder, lanes B to G showptteelucts amplified in
bisulphite treated BNC DNA over a temperature gratbf 50-65C. The optimal annealing temperature and

corresponding PCR product is indicated by a blawk bane H shows the water control.
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Figure 4.5 The effect of IL-1, IL-1+OSM and IL-1+OSM+IL-4 on bovine MMP-13 promoter
methylation. DNA methylation analysis of a 369 base pair regibithe bovine MMP-13 promoter in DNA
isolated from bovine nasal chondrocytes. DNA fraowibe nasal chondrocytes treated with control, JILEE
1+OSM or IL-1+OSM+IL-4 was analysed to determine thethylation status of the 7 CpG sites within the
sequenced section. For each treatment group, 2@looal sequences were sequenced. Each dot refgesen
CpG site from one clone with black dots representimethylated CpG sites and white dots representing
unmethylated CpG sites.

Table 4.1 The effect of IL-1, IL-1+OSM and IL-4 onthe percentage of unmethylated CpG sites.
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GATAGT CTTATCAGAAAAAAAAAAAAAAAGT AGT TGCTCTCCTGCAAAGGGGAAAGTI TTT

R RN R R RN a AR RN
GATAGTTTTATTAGAAAAAAAAAAAAAAAGT AGTTGTTTTTTTGTAAAGGGGAAAGT TTT

SSSS5S53353335555555555>

1
TTTGCCAAGTGAAGT GAAAAT TTTACT CTCTGGTTTTTCOCACAATAGCCATAAATACEC
NN R R NN N R SR RN R R NN s
TTTGTTAAGTGAAGTGAAAATTTTATTTTTTGGTTTTTTTTATAATAGT TATAAATACGT
2
TGAGGCTGTTATTTTGCAAGATGGTTTTTGAGACCCT GCTGAAAGGAGAGAAGCCCTEET
N A R AR RN AR A AR AR A AR AN AR AR Bt
TGAGGTTGT TATTTTGTAAGATGGT TTTTGAGATTTTGT TGAAAGGAGAGAAGT TTTCGT
Z>>>>>>>>>>>>>>>>> S1
3 4
ATTAGATTTCCCTCAAATTCTACCACAAACCACACT TCTCBGGAGGAAAAAAAAAGGEEC
N N N N e R N R AN AR R AR AR AR s
ATTAGATTTTTTTTAAATTTTATTATAAATTATATTTTTCGGGAGGAAAAAAAAAGGCGT

AATGTAAGCATGI TTACCTTTAACTGACTAGGAAGT TGAAACTTGTCCATAACTGATGAC

AN R AR A AR NN RN AN
AATGTAAGTATGT TTATTTTTAATTGAT TAGGAAGT TGAAATTTGTTTATAATTGATGAT

TCACCACAGTAGGTCTATAAAAGTAAAGGT ACTTGT CTGGGAAAAGACAGCT GI—(;T CCAG

R AR AN AR AR N AR AN Ay
TTATTATAGTAGGTTTATAAAAGTAAAGGT ATTTGT TTGGGAAAAGATAGTTGTTTTTAG

S2
5 6 7

GCGGATCGT CCAAGAT GBBCCCAAGGGT CCTGECTGGCTT
el ERt AN ARt AR AR RS N R NAREN

GCGGATCGT TTAAGATGCGTTTAAGEGT TTTGGTTGGTTT
<<<LKLKLLLKLKLKLLLKLKLKLLLKLKLLKL

Figure 4.6 The bovine MMP-13 promoter.The DNA sequence is numbered with respect to the

predicted transcription start site (+1). >>> highlied green shows the positions of bovine MMP-13 F

and bovine MMP-13 R (as designed by Methprimery> highlighted red show the positions of F and

R primers used for pyrosequencing. Underlined sestishow the positions of the two sequencing

primers (S1 and S2) used for pyrosequencing. Bigigighted areas show the positions of CpG sites.

-108 -



Chapter 4

CIPLIGS O ALIEO
[§

[oauos aaqnsa N

jonuo sy

# = oF r
NSO 7T %
IWNSOH=TTT )
|I"I.I[|.Iﬂ:]
[ONUOD DALISO ]
[oauog aanuiaN

- . e L¥=]
oINS O LT %
WSO+L-7TI 4]
Qo)
[IFUOD aANIS0 ]
|11_||LI|'|.'1 ﬂ;\l]l‘.ﬁﬂN

¥ i o W
oINS O =71 g
WSO+1-"11 4]
|oauo
[OdUOD aANIRO]
]1|_I|Ll|lﬁ ﬂA!]\‘.ﬁﬁN’
NSO+ T {é
WSO+1-711 4]
!Ll_lll]n"']
|OIj LGS ﬁﬂl]l.‘:llf{
[oayuas aaneiapn
FIHNSOH-TT
NSO+L=TI &
|y
[0 BARISO,]
[oajtos aaneTaN
NSO+ I 1
NSO+=TI 5

T T T T T T T T
= =) =2 L= L= L= L= L= =
=] - L= Wy -+ oy ] -

100 -
90 -

uonelAylew %

-109 -

Figure 4.7 The effect of IL-1, IL-1+OSM and IL-1+OSM+IL-4 on bovine MMP-13 promoter methylation. DNA methylation analysis of a 280 base pair regbthe

bovine MMP-13 promoter in DNA isolated from bovinasal chondrocytes. DNA from bovine nasal chondsescireated with control, IL-1, IL-1+OSM or IL-1+@8IL-

4 was analysed to determine the methylation stdtthee 6 CpG sites within the sequenced sectiorcePéage DNA methylation was determined by pyrosedgug.
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4.3 Discussion

Methylation is the most widely studied type of epigtic modification of DNA. The
development of bisulphite sequencing PCR by Fromehed. (1992) greatly advanced the
study of DNA methylation and is now one of the mivsetjuently used techniques in the
field. The aim of these experiments was to deteenminlL-4 (in combination with IL-
1+OSM) decreased MMP-13 mRNA expression by incrgasMMP-13 promoter
methylation in bovine nasal chondrocytes. Priordigtsl of DNA methylation within
cartilage are very limited. Until recently, the imgation status of ‘sparse CpG’ promoters
has not been examined because it was widely belithat the methylation of many CpGs
was required to repress gene transcription. Howgwediminary evidence has suggested
that changes in DNA methylation with age not onffe@ transcription of genes that
contain CpG islands, but also genes that are cereiddCpG poor (such as MMP-13)
(Richardson 2002).

Recent studies have shown that changes in the ssipneof MMP-13 correlated with
demethylation of specific CpG sites within its pater (Roach et al. 2005). This study
examined the methylation status of four degradagiveymes (MMP-3, MMP-9, MMP-13
and ADAMTS-4) in human OA chondrocytes and normahan chondrocytes. The 600 bp
of the human MMP-13 promoter examined in this repeais found to contain six CpG
sites. Loss of methylation was detected in OA chocytes at sites -134 and -110. This
provided the first evidence that changes in theaesgon of the matrix-degrading enzyme
MMP-13 may occur as a result of changes in DNA wiation. The induction of MMP-13
expression by the pro-inflammatory cytokine combora of IL-1+OSM and the rapid
repression (within 24 hours) of IL-1+OSM-induced MM.3 mRNA expression by IL-4
was clearly demonstrated in this chapter. Low vl DNA methylation correlate with
active gene expression and high levels of DNA mlation result in gene silencingj.was
therefore hypothesised that the pro-inflammatoryokipes IL-1+OSM could cause
demethylation of the MMP-13 promoter, thereby resgl in active MMP-13 gene
expression and IL-4 may act by preventing this dégiation or causing unmethylated
CpG sites to be re-methylated, hence preventingesspn of MMP-13. Due to the ease in

obtaining bovine nasal cartilage for bovine nasandrocyte extraction and the difficulty
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in obtaining normal human articular cartilage, thegperiments were carried out in bovine
nasal chondrocytes with the view to repeating aogitwe results in human articular

chondrocytes.

Bisulphite sequencing is one of the best availabd¢hods currently available for detailed
studies of DNA methylation as it allows analysisatif CpGs in a specific sequence. The
bisulphite conversion generally produces a C-T egsion rate of over 95%, indicating that
the results obtained in this chapter were an ateureeasure of the methylation status of
MMP-13. Other methods such as cleavage with MSRE&sestricted to a specific number
of sites within the genome. The study by RoacH.gR805) employed the use of MSREs.
In contrast to the bisulphite sequencing technigged in this chapter, the MSRE method is
only able to provide information about CpGs withie cleavage sites of the restriction
enzymes. In addition, false positives are commatelin MSRE-based analysis due to
incomplete digestion, resulting in the false coemuo that some CpGs in the target
sequence were methylated (Dahl and Guldberg 2608yever, the paper by Roach et al.
(2005) acknowledges the problem of false positaed addressed this by comparing the
intensity of the PCR band with the no-enzyme cdntro

Use of the bisulphite sequencing PCR techniqueetence twenty non-clonal sequences
for each treatment group (control, IL-1, IL-1+OSMdalL-1+OSM+IL-4) showed no
significant difference in methylation status betwedlifferent treatment groups.
Unfortunately, the -110 CpG site in the human MMPgromoter (where a statistically
significant loss of methylation was detected in E#ndrocytes when compared to normal
chondrocytes (Roach et al. 2005)) is not presetiterbovine MMP-13 promoter, therefore
it is impossible to compare the results with theagaesented in this chapter. However, the
CpG located at position -134 is present in bothhilmman and bovine MMP-13 promoters.
Data presented in this chapter show a decreaseethyfation at this site in the bovine
MMP-13 promoter following IL-1+OSM stimulation, wth is in concordance with the loss
of methylation detected at this site in OA chongtes by the Roach study (Roach et al.
2005). As the pro-inflammatory cytokine combinatioinlL-1+OSM is used to mimic the
degradation that would occur in an arthritic jothis is not an unexpected result. However,

treatment with IL-1+OSM+IL-4 failed to result in yame-methylation at this site, implying
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that IL-4 does not repress MMP-13 gene expressirnbreasing MMP-13 promoter
methylation.

The bisulphite sequencing method of analysing matioy status is very laborious,
therefore in order to obtain statistically sigréfid data, pyrosequencing was used to
analyse methylation status on a larger scale. Byguencing enables the reliable detection
of differences in DNA methylation across cell paiidns without requiring the cloning of
bisulphite-treated DNA into bacterial expressiortees. The limitation of the read-length
is the main disadvantage of the pyrosequencinght#doly for DNA methylation analysis.
This means that multiple sequencing primers musdésigned and multiple reactions
performed in order to analyse the whole sequencatefest (in the case of the bovine
MMP-13 promoter, two sequencing primers had to beighed in order to analyse the
methylation status of the desired number of CpGis¢ methylation status of the CpG sites
was further analysed by pyrosequencing, howeveradlso failed to show any significant
difference in methylation status between the dsifércytokine treatments. Both positive
and negative controls were included in the pyrosagung experiment to ensure the
method was working as expected. These controls welected from clones produced
during the bisulphite sequencing experiment. Thgatiee control consisted of a control in
which, following sequencing, all seven CpG sitesrev&nown to be unmethylated.
Similarly, the positive control consisted of a aom which all seven CpG sites were
known to be methylated. Due to the greater staéispower of the pyrosequencing method,
it was concluded from the results that there wasewmwdence of a role for MMP-13
promoter methylation in the regulation of MMP-1Ghgeexpression by IL-1, IL-1+OSM or
IL-1+OSM+IL-4.

Whilst there was no literature available at theetiof writing on the role of IL-4 in

epigenetic modifications in the MMP-13 promoteritrarthritis generally, IL-4 has been
implicated in epigenetic changes in other cell syp& 2009 study found that continuous
IL-4 treatment led to decreased histone H3 lysiner2thylation in activated macrophages
(Ishii et al. 2009). In relation to the epigenatgulation of MMP-13, it has been shown
that one of the genes upregulated in OA cartilageptin, a cytokine-like peptide hormone

thought to act as a regulator of bone growth byanly osteoblast proliferation, collagen
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synthesis and bone mineralisation. A study by Oidps et al. (2007) has shown for the
first time that leptin can be regulated by epigenetechanisms in OA. Leptin was found to
be methylated in normal chondrocytes and unmethglah both mildly and severely
affected OA chondrocytes. Epigenetic regulatiofepfin using siRNA was found to affect
MMP-13, with MMP-13 expression down-regulated. tattingly, this had no effect on the
expression levels of other MMPs. Studies have shdwat promoter methylation is
important in the regulation of other MMPs. For exden the treatment of lymphoma cells
with a DNA methylation inhibitor was found to dease MMP-9 promoter methylation and
increase MMP-9 messenger RNA and protein secref@nicoine et al. 2002). The
expression of MMP-2, -7 and -9 and has been demaigdtto be associated with DNA
methylations in pancreatic adenocarcinoma cell$o(8tal. 2003). DNA hypomethylation
of normal synovial fibroblasts has been found tduire changes resulting in them
resembling RA synovial fibroblasts (RASFs). RASKe &nown to exhibit aggressive
behaviour resulting in the upregulation of matregdading enzymes and cytokines. This
study suggests that DNA hypomethylation may plagla in the pathogenesis of RA by
resulting in the activation of normally silencedhgs, explaining the aggressive nature of
RASFs (Karouzakis et al. 2009). Therefore, whitet preliminary data presented in this
chapter imply that changes in MMP-13 gene expressiaesponse to IL-4 are not caused
by epigenetic modifications, there is evidence tmgest that changes in genomic

methylation play a role in the pathogenesis ofréishin general.

The data presented in this chapter are by no mesfigient to completely exclude
possible epigenetic regulation of IL-1+OSM-indudediiP-13 expression by IL-4. The
MMP-13 promoter contains relatively few CpG sitasproperty that could well favour a
loss of methylation in disease and studies indith&¢ epigenetic mechanisms will no
doubt be found to play an important role in thehpligy of OA. Preliminary data would
suggest that the chondroprotective nature of Is-#at due to it inducing any changes in
the methylation status of the MMP-13 promoter. Hogre given more time, multiple
experiments to assess the methylation status oMi®-13 promoter would need to be
performed in bovine chondrocytes, and more impdistan human chondrocytes to fully
rule out the epigenetic regulation of MMP-13 aseaplanation for the chondroprotective
abilities of IL-4.
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4.4 Summary

» Data presented in this chapter found no evidencerole for changes in MMP-13
promoter methylation in the regulation of MMP-13ngeexpression by IL-1, IL-
1+OSM or IL-1+OSM+IL-4 in bovine chondrocytes.
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Chapter 5: The effect of IL-4 on PI3K-dependent sigalling

In chondrocytes

5.1 Introduction

The chondroprotective effect of IL-4 in IL-1+OSMduced cartilage collagen degradation
is strongly thought to be due to the repressioMbP-13 mRNA expression and/or the
inhibition of activation of latent MMPs. Data presed in Chapter 3 strongly suggests that
it is the rapid repression of MMP-13 by IL-4 thatresponsible for the protective effect of
IL-4 on cartilage. Chapter 4 investigated changeshe DNA methylation status of the
MMP-13 promoter by IL-4 as a possible mechanisnaaifon for the rapid repression of
MMP-13 mRNA. These data failed to show any role dpigenetic regulation by IL-4 in
the regulation of MMP-13 mRNA expression, therefotbe next logical line of

investigation was to examine the effect of IL-4aatl signalling in chondrocytes.

The binding of IL-4 to its receptor leads to theogphorylation, and hence activation, of
JAK1 and JAK3. The phosphorylation of JAKs is de¥ed by phosphorylation of the IL-4
receptor components and cytoplasmic signallingegmmet (Hebenstreit et al. 2006). Once
phosphorylated, these tyrosine residues act asimpcdites for signalling molecules.
STATG6 signalling is classically associated with 4Land the examination of STAT6-
deficient mice has shown that STAT6 is essentiallfed-dependent gene induction (Kuhn
et al. 1991). STATG6 is recruited to the activateedRa through its SH2 domain and
becomes phosphorylated on tyrosine 641 by JAKsingado its dimerization and
translocation to the nucleus, where the homodimeivates transcription of IL-4
responsive genes (Leonard and O'Shea 1998). ILadses known to signal through IRS2,
resulting in the activation of PI3K and its dowestm target Akt. However, the role of this
pathway in IL-4-induced gene expression is stiltlear. This chapter details investigations
of the involvement of PI3K in IL-4-induced Akt acdtion.
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Previous work in the group (Litherland et al. 200685 demonstrated that OSM stimulates
Akt phosphorylation at both Thr308 and Ser473 inmhan articular chondrocytes,
indicating Akt activation. In addition, the samedt showed that PI3K inhibition was able
to block both IL-1+OSM-induced cartilage degradaticand IL-1+OSM-induced
collagenase expression. Stimulation with IL-1 does$ result in Akt activation and so
experiments in this chapter have focused on thecefif OSM alone as opposed to the
usual combination of IL-1+OSM. As mentioned prewlyy IL-4 has been shown to signal
via the PI3K/Akt pathway, in addition to the JAK/&T pathway (Kaminski et al. 2010).
However, the effect of IL-4 on the PI3K/Akt pathway chondrocytes has yet to be

examined. This is therefore one of the key ainthisfchapter.

Activation of the PI3K signalling pathway is nowdwin to be one of the central pathways
by which cellular functions are controlled. The R$3are a group of enzymes that catalyse
the phosphorylation of the 3’-position of the inokring in phosphoinositides. They have
been classified into three major classes on thes bafstheir structural and functional
homologies: I, Il and Il (Hawkins et al. 2006). th@tion of class | PI3Ks, in particular, is
known to be very important in the control of vasocellular processes by cytokines and
growth factors. The Class | PI3Ks consist of folosely related approximately 110 kDa
catalytic subunits and two distinct families of uégory subunits, which form the basis of
their further subdivisions into Class IA and IB.a€$ IA PI3Ks comprise heterodimers
consisting of a p110 catalytic subunit (p&1p or 8), associated with a p50, p55 or p85
regulatory subunit. The class IB PI3Ks consist whets of the pl1p catalytic subunit
paired with either a p84 or p101 regulatory subulikt is a serine/threonine kinase that
acts downstream of PI3K and is known to be of viportance to PI3K signalling
pathway events. The Akt kinase family is compriséthree highly homologous isoforms:
Aktl, Akt2 and Akt3 (Gonzalez and McGraw 2009). Yhare regulated by
phosphoinositide-dependent kinase-1 (PDK1), a PHekg§frin homology) domain-
containing kinase downstream of PI3K, which phosplates all three Akt isoforms
(Franke 2008). Maximum activation of Akt requirdsopphorylation at two different sites,
Thr308 (by phosphoinositide-dependent kinase 1 (PPlkind Ser473 (by PDK2) (Liang
and Slingerland 2003). Many findings have pointeduinctional differences between the

Akt isoforms and it is widely suspected that diéietr Akt isoforms are associated with
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different disease processes (Franke 2008). Anadlo@mstream substrate of the PI3K
signalling pathway is GSK-3 (glycogen synthase &&ad), a serine/threonine kinase.
GSK-3 is unusual in that it is active in unstimetatcells and its activity is reduced during
cellular responses. GSK-3 is negatively regulatgdPiBK-mediated activation of Akt
(Doble and Woodgett 2003). Two homologous isofolmhsGSK-3 exist, GSK-@ and
GSK-33. Whilst they both have similar functions, gene ékmut studies have shown they
are not functionally redundant (Rayasam et al. 2009

The PI3K/Akt signalling pathway has been implicatethe pathogenesis of many diseases
and the modulation of specific PI3K isoform actvits already a well-established
therapeutic target. Many mutations in the PI3K/Addthway have been found to be
common in human malignancies (Carnero 2010). Gfquéar relevance to this thesis, was
the finding that blockade of PI3Kcan ameliorate joint damage in mouse models of RA
(Camps et al. 2005).

This chapter aimed to further investigate the mema of MMP-13 repression by IL-4 by

examining the role of the PI3K/Akt pathway in ILsignalling. Data presented in Chapter 3
of this thesis demonstrated that bovine nasal alvaytes appear to behave very similarly
to human articular chondrocytes. For this reasowjng nasal chondrocytes were used in

the majority of the experiments in this chapter tugheir availability and plentiful supply.

The aims of this chapter were to:
* Determine the optimum timepoint for examinationS¥AT6 phosphorylation by
IL-4 in bovine nasal chondrocytes.
» Assess Akt involvement in IL-4 signalling, by deténing the effect of IL-4 on
OSM-stimulated Akt and GSK-3 phosphorylation in im@nasal chondrocytes.
» Determine if IL-4-mediated Akt phosphorylation i$3R-dependent and if so,
which isoform(s) of PI3K are involved in IL-4-depant Akt phosphorylation.
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5.2 Results

5.2.1 The effect of different concentrations of ILl4 on STAT6 and Akt

phosphorylation in bovine chondrocytes

STATG6 signalling is classically associated with 4Land the examination of STAT6-
deficient mice has shown that STAT6 is essentiallfed-dependent gene induction (Kuhn
et al. 1991). Previous investigations into IL-grsilling in chondrocytes used IL-4 at a
concentration of 50 ng/ml (Pyle 2003). However, gtba3 in this thesis demonstrated that
IL-4 could be used at 20 ng/ml in chondrocytessfaress MMP-13 mRNA expression. The
purpose of this experiment was to examine if thisrelated with the concentration
dependence of cell signalling experiments. Figurd %learly demonstrates the
phosphorylation of both STAT6 and Akt (Ser473) athb5 ng/ml and 20 ng/ml, however
the phosphorylation was stronger when IL-4 was wge®0 ng/ml. Therefore, in further

signalling experiments, IL-4 was used at 20 ng/ml.

5.2.2 Timecourse to investigate the effect of IL-on STAT6 activation in

primary bovine and human articular chondrocytes

The examination of IL-4-induced STAT6 phosphoryati over a timecourse was
performed twice. Previous work in the departmerst $teown latent STAT6 to be present at
all timepoints (Pyle 2003). Both bovine nasal (Feggu5.2a) and human articular
chondrocytes (Figure 5.2b) demonstrated weak tyeoghosphorylation of STAT6 after a
5 minute stimulation with IL-4. In bovine nasal citvocytes, this increased to a maximum
at 20 minutes and decreased thereafter. The maxintumepoint of STAT6
phosphorylation by IL-4 in human articular chondres was more sustained, but reached

a maximum around 10-20 minutes.
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Figure 5.1 The effect of different concentrations lL-4 on STAT6 and Akt phosphorylation in bovine
nasal chondrocytes, as determined by Western bloRrimary bovine nasal chondrocytes were treated wit
medium containing IL-4 (0-20 ng/ml) for 20 minutas37C. Total cell lysates were prepared and separated
by SDS-PAGE on a 10% polyacrylamide gel with a roolar weight marker. Protein fractions were
transferred to PVDF membranes. Blots were probed plospho-STAT6 (Tyr641), phospho-Akt (Ser473)
and B-tubulin followed by goat anti-rabbit HRP. The Isdotvere visualised using ECL. Results are

representative of two independent experiments.
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Figure 5.2 Timecourse to investigate the effect df-4 on STAT6 activation in primary bovine nasal

and human articular chondrocytes, as determined byWestern blot. Primary bovine nasal chondrocytes
(@) and human articular chondrocytes (b) were égbatith medium containing IL-4 (20 ng/ml) for 0-120
minutes at 37C. Total cell lysates were prepared and separate8$-PAGE on a 10% polyacrylamide gel
with a molecular weight marker. Protein fractionsre/transferred to PVDF membranes. Blots were probe
with phospho-STAT6 (Tyr641) angttubulin followed by goat anti-rabbit HRP. The dovere visualised
using ECL. Results are representative of two inddpet experiments.
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5.2.3 The effect of IL-4 on OSM-stimulated Akt andGSK-3 phosphorylation in

bovine chondrocytes

One potential mechanism to explain the effectsLed in negating IL-1+OSM-dependent
MMP-13 induction (which is dependent on Akt (Litteerd et al. 2008)) is that IL-4
stimulation of Akt may lead to a state of resis@ont Akt to further stimulation by OSM.
To test this possibility, the effect of IL-4 on OS¥mulated Akt and GSK-3
phosphorylation was examined. As already demomstrat Figures 5.1 and 5.2, IL-4
induced tyrosine phosphorylation of STAT6. It hasvously been reported that OSM
stimulates Akt phosphorylation in human chondrosye both Thr308 and Ser473
(Litherland et al. 2008) and Figure 5.3 confirmbdttthe same was true in bovine nasal
chondrocytes. Interestingly, the effects of IL-4 Akt phosphorylation was much weaker
than that of OSM but the combination of IL-4 and MDSvas seen to enhance Akt
phosphorylation. Pretreatment of bovine nasal ctmoydes with IL-4 was shown to reduce
phosphorylation of Akt and GSK-3 in response to4h©OSM, suggesting that pre-
incubation with IL-4 in some way inhibits the OSMrsulated phosphorylation of Akt and
GSK-3. This interference is a common phenomenorhasdeen observed for stimuli such

as insulin in other systems (Litherland et al. 2007

5.2.4 Stimulation of Akt and GSK-3 by IL-4 is PI3K-dependent in bovine

chondrocytes

Previous data presented in this chapter have shiwan stimulation of bovine nasal
chondrocytes with IL-4 resulted in both Akt and GSKbohosphorylation. Therefore, the
next aim was to determine if this phosphorylatioasw13K-dependent as is the case for
OSM-dependent Akt phosphorylation (Litherland e28l08). Experiments were performed
using the selective PI3K inhibitor, LY294002. Figub.4 clearly shows that the PI3K
inhibitor inhibited IL-4-stimulated phosphorylatioof both Akt and GSK-3 in a
concentration-dependent manner, therefore shoviaaiglL-4-stimulation of Akt/GSK-3 is
dependent on PI3K. STAT6 phosphorylation, whicima$ thought to be PI3K-dependent
was unaffected by LY294002.
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Figure 5.3 The effect of IL-4 on OSM-stimulated Aktand GSK-3 phosphorylation in bovine nasal

chondrocytes, as determined by Western blotPrimary bovine nasal chondrocytes were treatedh wit
medium containing + OSM (10 ng/ml) + IL-4 (20 ngjnfbr 20 minutes at 37°C. Total cell lysates were
prepared and separated by SDS-PAGE on a 10% pylgatde gel with a molecular weight marker. Blots
were probed with phospho-STAT6 (Tyr641), phospha-@kr308), phospho-Akt (Ser473), phospho-GSK-
3B (Ser9) andp-tubulin followed by goat anti-rabbit HRP. Protéfractions were transferred to PVDF
membranes. The blots were visualised using ECLuUlReare representative of two independent experisne
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Figure 5.4 Stimulation of Akt and GSK-3 by IL-4 isPI3K-dependent in bovine nasal chondrocytes, as
determined by Western blot.Primary bovine nasal chondrocytes were treateld mi¢dium containing IL-4
(20 ng/ml) £ LY294002 (1-1@M) for 20 minutes, with a 30 minute pretreatmenttmiY294002 at 37C.
Total cell lysates were prepared and separated8+BAGE on a 10% polyacrylamide gel with a molecula
weight marker. Protein fractions were transferred®¥DF membranes. Blots were probed with phospho-
STAT6 (Tyr641), phospho-Akt (Thr308), phospho-Al@e¢473), phospho-GSKB3(Ser9) andp-tubulin
followed by goat anti-rabbit HRP. The blots wersudlised using ECL. Results are representativavof t

independent experiments.
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5.2.5 The effect of selective PI3K 1P0inhibition on IL-4- and OSM-induced

Akt and phosphorylation in bovine chondrocytes

Given that the phosphorylation of Akt and GSK-3 baen shown to be PI3K-dependent
(Figure 5.4), the next step was to determine i hihosphorylation was dependent on a
particular isoform of PI3K. Treatment with TGX-223 uM) partially blocked OSM- and
IL-4-dependent Akt phosphorylation (Ser473), sugjiggsthat phosphorylation by either
stimulus is partly PI3K p1I3dependent (Figure 5.5). The effects of PI3K Elibdibition

on Akt308 were not reproducible and so are not shdw3K pll1@ inhibition had no
effect on IL-4-induced STAT6 phosphorylation.

5.2.6 The effect of PI3K pl11@ inhibition on IL-4- and OSM-induced Akt

phosphorylation in bovine chondrocytes

This experiment demonstrated a concentration-depgntut incomplete, inhibition of IL-
4-stimulated Akt (Ser473) phosphorylation by compbd5e (Figure 5.6). The pldGs
thought to be the major PI3K isoform involved in i@$duced Akt activation in human
chondrocytes (Litherland et al. 2008). The strongibition of OSM-stimulated Akt
(Serd473) phosphorylation by compound 15e at allcentrations supports this. IL-4-
dependent Akt phosphorylation can be inhibited eappound 15e, but was less sensitive to
compound 15e than OSM-dependent Akt phosphorylatidrich remained inhibited at
lower concentrations of compound 15e. This suggesist I[L-4-stimulated Akt
phosphorylation is only partially dependent on pidQx isoform in bovine chondrocytes.
PI3K p11@ inhibition had no effect on IL-4-induced STAT6 phorylation.
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Figure 5.5 The effect of TGX-221, a selective PI3I§110p inhibitor, on IL-4- and OSM-induced Akt
phosphorylation in bovine chondrocytes, as determied by Western blot. Primary bovine nasal
chondrocytes were treated with medium containing (20 ng/ml) or OSM (10 ng/ml) for 20 minutes, ki

30 minute pretreatment with TGX-221 (0.1+®1) at 37C. Total cell lysates were prepared and separated b
SDS-PAGE on a 10% polyacrylamide gel with a molacweight marker. Protein fractions were transtérre
to PVDF membranes. Blots were probed with phosph&i® (Tyr641), phospho-Akt (Serd73) arfd
tubulin followed by goat anti-rabbit HRP. The bletsre visualised using ECL. Results are represeatat

two independent experiments.
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Figure 5.6 The effect of compound 15e, a PI3K pl&Ospecific inhibitor, on IL-4- and OSM-induced
Akt phosphorylation in bovine chondrocytes, as deteined by Western blot. Primary bovine nasal
chondrocytes were treated with medium containing (20 ng/ml) or OSM (10 ng/ml) for 20 minutes, lw#

30 minute pretreatment with compound 15e (0.iN) at 37C. Total cell lysates were prepared and
separated by SDS-PAGE on a 10% polyacrylamide gl & molecular weight marker. Protein fractions
were transferred to PVDF membranes. Blots were gutolwith phospho-STAT6 (Tyr641), phospho-Akt
(Thr308), phospho-Akt (Ser473) afetubulin followed by goat anti-rabbit HRP. The tdaotere visualised

using ECL. Results are representative of two inddpet experiments.
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5.2.7 The effect of PI3K p11Qx, p and é silencing on OSM- and IL-4-induced
Akt phosphorylation in SW1353 cells

Following experiments into the effect of PI3K plirhibitors on IL-4-dependent Akt
phosphorylation, siRNA was used in order to vabd#tese results and investigate a
possible role for PI3K p1B) for which there were no inhibitors available coeroially.
Previous work within the group meant that siRNAgafic for the humam, B andd
isoforms of PI3K p110 had been validated (Lithedlah al. 2008) and were available. This
work was performed in the chondrocyte cell line B3 as SW1353 cells are transfected
more readily than human articular chondrocytesalpaesented in Chapter 3 demonstrated
that SW1353 appeared to be an appropriate alteen&ti primary human chondrocytes.

This experiment was performed only once and theeefannot be interpreted robustly.

As expected, transfection with siCon had no effeat OSM- or IL-4-induced Akt
phosphorylation. Both cytokines stimulated an iaseein Akt phosphorylation, with the
increase in phosphorylation stronger in the preseridOSM (Figure 5.7). As mentioned
previously, the plil®is thought to be the major PI3K isoform involved®SM-induced
Akt activation in human chondrocytes (Litherlandaét2008). Figure 5.7 shows a slight
reduction in OSM-induced phosphorylation followifi3K pl11@ silencing. However,
silencing of PI3K p11® would have been expected to have a more pronousféect on
Akt phosphorylation and so this result could suggesme inefficiency in pli0
knockdown or differences in the involvement of marar p110 isoforms between primary
chondrocytes and the SW1353 cell line. In conttasthe results shown in Figure 5.6,
silencing of PI3K pll@ appears to have no apparent effect on IL-4-indudéd
phosphorylation. Unexpectedly, silencing of PI3KLAA strongly reduced both OSM- and
IL-4-induced Akt phosphorylation, which is in cosst to the results obtained in Figure 5.5,
where only OSM-induced Akt phosphorylation was etiée by inhibition of PISK p11®
Silencing of PI3K p118 was shown to strongly inhibit both OSM- and ILatluced Akt
phosphorylation, suggesting that tlee isoform of PI3K p110 is important in Akt
phosphorylation by both OSM and IL-4. Overall, #aegsults do not highlight one specific
PI3K isoform as being crucial for IL-4-induced Aghosphorylation; instead the data
suggest interplay between several isoforms, butia@aushould be exercised as this

experiment was performed only once.
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Figure 5.7 The effect of PI3K pll0e, p and & silencing on OSM- and IL-4-induced Akt
phosphorylation in SW1353 cellsSW1353 cells were stimulated with media + OSM (g0ml) * IL-4 (20
ng/ml) for 20 minutes at 3 following a 48 hour transfection with siRNA spfacito PI3K p11@;, PI3K
p11@, PI3K p11G or siCon (100 nM). Total cell lysates were prefdaaed separated by SDS-PAGE on a
10% polyacrylamide gel with a molecular weight markProtein fractions were transferred to PVDF

R —— . — -

membranes. Blots were probed with phospho-Akt (T8y3phospho-Akt (Ser473) afietubulin followed by

goat anti-rabbit HRP. The blots were visualisechg$tCL. Data are from a single experiment only.
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5.2.8 The effect of PI3K p110 isoform silencing otL-1+OSM = IL-4-induced
MMP-13 expression in SW1353 cells

Given that siRNA specific to the PI3K isoforms vedieady available, a logical experiment
was to assess the effect of PI3K pl110 isoform sifgnon IL-1+OSM + IL-4-induced
MMP-13 expression in SW1353 cells by real-time RIR? Data presented in Figure 5.7
suggest that thé isoform of PI3K pl110 plays an important role in-4kinduced Akt
phosphorylation. The aim of this experiment wasdétermine if the repression of IL-
1+OSM-induced MMP-13 expression is dependent onpanticular PI3K isoform. It has
already been shown that the specific PI3K inhibitofr294002, significantly inhibits IL-
1+OSM-induced MMP-1 and MMP-13 expression in humanmicular chondrocytes
(Litherland et al. 2008). The same study suggestatip11@ and pl11@ are involved in
IL-1+OSM-stimulated collagenase induction in hunchondrocytes. Figure 5.8 shows that
silencing of the pll® isoform significantly reduces IL-1+OSM-induced MMB
expression. Unfortunately, as silencing of pd}®evented the induction of MMP-13 by
IL-1+OSM, it is impossible to tell whether p1d & important in the repression of MMP-13
by IL-4. Silencing of the plX0isoform did not reduce IL-1+OSM-induced MMP-13
expression, as was reported in human articular aroaytes (Litherland et al. 2008). This
could suggest a difference in signalling mechanismisveen primary chondrocytes and
SW1353 cells. However, silencing of ptl@id significantly reduce the ability of IL-4 to
suppress IL-1+OSM-induced MMP-13 expression, sugggs possible role for pl&QGn
the chondroprotective effect of IL-4. As reporteceypously (Litherland et al. 2008),

silencing of p11P had no significant effect on the induction of MMB-
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Figure 5.8 The effect of PI3K p110 isoform silencigmon IL-1+OSM = IL-4-induced MMP-13 expression

in SW1353 cells.SW1353 were stimulated with control, IL-1+OSM (@Bd 10 ng/ml, respectively) or IL-
1+OSM+IL-4 (0.5, 10 and 20 ng/ml, respectively) & hours following a 28 hour transfection with NiR
specific to p11a, p11@, p11® or siCon (100 nM). Real-time RT-PCR of the isataRRNA was performed
for MMP-13 72 hours after the start of transfectibata are presented as fold induction relativeéhéosiCon
basal expression (mean + S.E.Mz= 6). ** = p< 0.01; * = p< 0.05; ns = not significant. Data are from a

single experiment only.
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5.3 Discussion

Little is currently known about the possible fuocti of PI3K/Akt signalling in
chondrocytes and cartilage degradation in arthiRecent data published by this laboratory
(Litherland et al. 2008) demonstrated a requirenfentPI3K/Akt signalling in ECM
catabolism via a role in IL-1+OSM-induced collagem@ene expression in human articular
chondrocytes. This study indicated a role for pl&fAd Aktl in collagenase (MMP-1 and
MMP-13) gene induction by IL-1+OSM. In additionyoivement of p118 and Akt3 were
implicated in MMP-13 induction.

This chapter has confirmed the rapid tyrosine phosgation of STAT6 in response to IL-

4 stimulation in chondrocytes. Maximal phosphoiglatof STAT6 was shown to occur at
20 minutes in bovine nasal chondrocytes and as sushimepoint was used to examine
STAT6 phosphorylation in further experiments. Poesi work within the department had
already established that 20 minutes was the mgsbppate timepoint for examination of

OSM-induced Akt phosphorylation.

The role of STAT6 in IL-4 signalling has been wedicumented. Whilst it has been known
for some time that IL-4 can also signal throughRi@K/Akt pathway, the effect of IL-4 on
Akt and GSK-3 phosphorylation had yet to be exanhimechondrocytes. Data presented in
this chapter demonstrate the phosphorylation, asmtén activation, of Akt at both the
Thr308 and Ser473 sites in response to IL-4. OSMaw strongly indicated in the
pathological destruction of cartilage (Cawston let1898; Hui et al. 2003; Rowan et al.
2003), in particular when in combination with oth@o-inflammatory mediators such as
IL-1. The report by Litherland et al. (2008) stronguggested a role for OSM-mediated
PI3K/Akt signalling in the synergistic induction abllagenase genes. OSM is known to
stimulate Akt phosphorylation in human chondrocyts both Thr308 and Ser473
(Litherland et al. 2008) and the combination ofdland OSM was seen to enhance Akt
phosphorylation. Pretreatment of bovine nasal chmrydes with IL-4 was shown to reduce
phosphorylation of Akt and GSK-3 in response to4H©OSM, suggesting that pre-
incubation with IL-4 in some way inhibits the suggent OSM-stimulated phosphorylation
of Akt and GSK3. One possible explanation for thmay be that IL-4 effects the
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localisation of certain signalling molecules, réisig in them being unavailable for use by
OSM in the phosphorylation of Akt. In many casés PI3K/Akt signalling pathway has
been shown to be responsible for GSK-3 phosphaoylabnusually, phosphorylation of

GSK-3 by Akt results in the inactivation of GSK@iven that the phosphorylation of other
proteins by GSK-3 often results in their inactieati phosphorylation of GSK-3 by Akt

results in the activation of many downstream patsnaormally blocked by active GSK-3
(Doble and Woodgett 2003). Very few studies hawestigated the cytokine-mediated
phosphorylation of GSK-3 and only one other stu@g lexamined (and reported) the
phosphorylation of GSK-3 by IL-4 (Vilimek and Duiior2006). The data presented in this
chapter have demonstrated that the phosphorylatiosh,hence inactivation, of GSK-3 by
IL-4 is PI3K dependent. This would suggest that4llstimulation, via the PI3K/Akt

signalling pathway, results in the activation ofieas signalling pathways downstream of
GSK-3 that would be kept inactivated by a normabystitutively active GSK-3. GSK-3 is

known to participate in the insulin signalling patty and Wnt signalling pathway, with its

downstream targets including glycogen synthasefacatenin (Rayasam et al. 2009).

At the time of writing, there was no literature dable on the effect of IL-4 on the
PI3K/Akt pathway in chondrocytes or in relationaxthritis. However, several reports have
investigated the role of IL-4 in this signallingthaay in other cell types or in relation to
other biological pathways. A recent report demaistt an increased phosphorylation of
Akt in pancreatic beta-cells following IL-4 incub@at (Kaminski et al. 2010). Another
study has shown that IL-4 protects the B-cell lympla cell line CH31 from anti-IgM-
induced growth arrest and apoptosis, with the Alkthway thought to play a major role in
the suppression of the apoptotic pathway activatethM (Carey et al. 2007). Treatment
with the Akt inhibitor, Aktl, blocked the IL-4-meatied protection of CH31 cells from anti-
IgM-induced apoptosis, indicating that Akt playsemtral role in the signals generated by
IL-4 that protect these cells from apoptosis.

Having established that stimulation of bovine nasabndrocytes with IL-4 results in
phosphorylation of Akt and GSK-3, the next aimluktchapter was to investigate whether
this phosphorylation was PI3K-dependent. Experisieperformed in bovine nasal
chondrocytes using the selective PI3K inhibitor,29%002, clearly showed that the PI3K
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inhibitor inhibited IL-4-stimulated phosphorylatioof both Akt and GSK-3 in a
concentration-dependent manner, therefore shoviatglL-4-stimulation of Akt/GSK-3 is

dependent on PI3K in bovine chondrocytes. Inhihitd the PI3K signalling pathway was
shown to have no effect on STAT6 phosphorylati@mficming that IL-4 signals through

at least two independent pathways.

Whilst LY294002 is a selective PI3K inhibitor, ibées not distinguish between the four
Class | PI3Ks. As discussed previously, the ClaB$3Ks consist of four closely related
approximately 110 kDa catalytic subunits, name)y3, & andy. To date there is little
evidence that there are any significant preferef@especific catalytic subunit/regulatory
subunit pairs. For that reason, the classificatiba PI3K isoform in the literature generally
refers only to the catalytic subunit present in tler. No doubt as our knowledge of
PI3K signalling increases, specific functions oé ttegulatory subunits will be revealed
(Hawkins et al. 2006). PI3K pl&Oand 3 are known to be ubiquitously expressed in
mammalian tissues wheredsandy expression was thought to be localised to leulascyt
(Rommel et al. 2007). The study by Litherland e{2008) was the first to find evidence of
pll® expression in primary human chondrocytes. Expoessif all four class | PI3K
isoforms has been reported in the pre-chondrogmtitine ATDC5S (Fujita et al. 2004).

Experiments using p110 isoform-specific inhibitersre performed to investigate the roles
of specific p110 isoforms in IL-4-mediated Akt ppbsrylation. These experiments
demonstrated that IL-4-dependent Akt activatiolargely not PI3K pl118-dependent, but
may be partially dependent on ptd @ order to investigate the role, if any, of PIBK1®

in IL-4-dependent Akt phosphorylation an siRNA apgeh was used as no Paigelective
inhibitors were commercially available at the tiofethis study. Silencing of the, B ands
isoforms of p110 has been shown previously to beceve &75 % mMRNA reduction) and
selective in human chondrocytes (data not shovwEyperiments utilising siRNA against
the PI3K p110 isoforms in SW1353 cells demonstraked silencing of both pl1B0and
p1l1® reduced both OSM- and IL-4-induced Akt phosphdigta This was in contrast to
inhibitor data presented earlier in the chaptet thdicated IL-4-dependent Akt activation
was not pl1@-dependent in bovine nasal chondrocytes. Data predén Chapter 3 of this
thesis demonstrated that the effect of IL-1+OSM Bn@i+OSM+IL-4 on collagenase gene
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expression was very similar in bovine nasal chooytes, human articular chondrocytes
and SW1353 cells. However, these results coulccatdisubtle differences in PI3K p110
isoform involvement in OSM-induced Akt phosphorigat in different types of

chondrocytes.

Previous reports have indicated a role for plafd p110 in the induction of MMP-13 by
IL-1+OSM (Litherland et al. 2008) in human chondras. Data presented in this chapter
show a significant reduction in MMP-13 induction Iby-1+OSM in SW1353 cells
following pl1® silencing, but not following pl10 silencing. Again, this could be
indicative of differences in PI3K signalling in prary chondrocytes and the SW1353 cell
line. Interestingly, silencing of pl&Gappeared to reduce the ability of IL-4 to repriéss
1+OSM-induced MMP-13 expression. Unfortunately, tuéme constraints, SiRNA work
was not extended to bovine chondrocytes. In additibe siRNA experiments were only
performed once. In order to confirm the resultsaot®d in this chapter, it would be
necessary to perform several repeats of these imgmEs. As optimisation of p110
silencing was originally performed in human chomgtes, it would also be necessary to
perform optimisation experiments in SW1353 cells canfirm the effectiveness and

selectivity of gene knockdown.

The data presented in this chapter further highligie complexity of the PI3K/Akt
signalling pathway. Further work is needed to aitederstand the importance of specific
isoforms in IL-4-induced Akt phosphorylation. Untimnately, given that the induction of
MMP-13 by IL-1+OSM has been shown to be PI3K-dependLitherland et al. 2008),
investigating the effect of PI3K inhibition on IL+OSM+IL-4-mediated MMP-13

repression will clearly be problematic.

Whilst the results presented in this chapter arstipjgreliminary, an important finding
was that stimulation of chondrocytes with the prffammatory cytokine OSM and the
chondroprotective cytokine IL-4, both resulted ikt Aphosphorylation, indicating Akt
activation. The study by Litherland et al. (20083oasuggested that Akt activation in
chondrocytes may mediate different downstream #iggaevents, depending on the nature

of the stimulus. As mentioned previously, the thdderent Akt isoforms are suspected of

- 134 -



Chapter 5

having different biological functions, suggestitgtt additional mechanisms exist to fine-
tune the downstream effects following Akt phospletign. Numerous Akt-interacting
proteins have been identified, some of which appedack any intrinsic kinase activity,
suggesting they modulate the activity of Akt byeating enzymatic activity or cellular
localisation and distribution (Franke 2008). Onehaf aims of the remainder of this PhD is
to investigate candidate Akt-interacting proteirfsatt could be responsible for the

dramatically different downstream effects of OSMl &i-4 following Akt activation.

5.4 Summary

* IL-4 induces the tyrosine phosphorylation of STAT® bovine and human
chondrocytes.

* Phosphorylation of Akt and GSK-3 by IL-4 is PI3Kp#ndent in bovine nasal
chondrocytes.

» Phosphorylation of Akt by IL-4 is partially depemdeon pl11@ in bovine nasal
chondrocytes.

* Preliminary results suggest that silencing of bpfti® and pl116 appears to
inhibit IL-4-induced Akt phosphorylation in SW13%2lls, and silencing of p1&0
inhibits the induction of MMP-13 by IL-1+OSM in S\8%3 cells.
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Chapter 6: Assessment of altered gene expressiorildaving
IL-4 stimulation of cartilage and chondrocytes

by genome-wide microarray analysis

6.1 Introduction

IL-4 has been shown to act as a protective fact@atrtilage, preventing pro-inflammatory
cytokine-induced cartilage breakdown (Cawston et18196). Data indicate that IL-4
mediates its effect by reducing levels of activBaggenase, in particular MMP-13. In order
to provide clues to the protective mechanism obacof IL-4, whole genome-wide arrays
were performed to assess the effect of IL-4 angtbanflammatory cytokines IL-1+OSM

on global gene expression in cartilage and chorytiesc

Genome-wide microarray analysis is an extremely ggéw technique that enables the
examination of the gene expression of thousandsaaoEcripts in one single experiment.
Several research groups have used this technigiret®ase understanding regarding the
molecular changes observed in OA (Aigner et al.62(&ato et al. 2006; Appleton et al.
2007; Fukui et al. 2008; Geyer et al. 2009; Kamssbal. 2010). These studies compared
gene expression levels in normal cartilage to OAilage as well as in cartilage from
animals with experimentally-induced arthritis. Tthata presented in this chapter are the
first to examine the effect of pro- and anti-inflasatory cytokine treatment in the context

of arthritis on a genome-wide basis.

In this chapter, global gene expression followingokine stimulation was examined in
bovine nasal cartilage, primary human articularnchiocytes and SW1353 cells. Analysis
of three independent systems was performed to assagarity in gene expression profiles

between the three different systems and to aidlaadin and the robustness of results.
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The aim of this chapter was to:
» Perform genome-wide microarray analyses of stiredl@artilage and chondrocytes
(control, IL-1, IL-1+OSM and IL-1+OSM+IL-4) in ordeto identify genes
potentially involved in the chondroprotective aatiof IL-4 and hence the

repression of MMP-13.

6.2 Results

6.2.1 Preliminary data

6.2.1.1 Preliminary data from the bovine nasalilesy@ model used to generate RNA for

use on the GeneChip® Bovine Genome Array.

The GeneChiP Bovine Genome Array allows the gene expressionvef 23,000 bovine
transcripts to be analysed. A 14-day bovine nasatilage degradation assay was
performed to generate RNA for the Gene€hRovine Genome Array. Bovine nasal
cartilage was stimulated with control medium = [l+10SM + IL-4 (added at day 7 of
timecourse only) for 14 days. Figure 6.1 shows aetsa of preliminary data from the
bovine nasal cartilage experiment that was usedetterate RNA for the genome-wide
microarray. Due to the quantity of RNA required the array, it was not possible to
perform replicates in this experiment (the sizéhef experiment was limited by the size of
the bovine nasal septum used) and so all the dasemed in Figure 6.1 are representative
of a single data set only. A hydroxyproline assas\werformed to confirm that IL-4 had
effectively protected the bovine nasal cartilagenfriL-1+OSM-induced collagen release.
Figure 6.1a shows that IL-1+OSM stimulated a 54%agen release and the protective
effect of IL-4 reduced this collagen release to%2.®rdinarily in a 14-day timecourse,
cartilage is harvested and RNA extracted at regidaepoints throughout the 14-days in
order to provide an overall view of collagen rekeasid gene expression during cartilage
degradation. However, due to cost, it was only jpdesso perform genome-wide arrays on
four samples. As four different cytokine treatmemisre included in the experiment
(control, IL-1, IL-1+OSM and IL-1+OSM+IL-4), it wasiecessary to select only one
timepoint for genome-wide analysis. Collagen redeascurs during a very short timeframe

and so a “snapshot” of the gene profile immediatelceding this collagen release was
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judged to be the most appropriate use of the arRrgvious experiments using the bovine
nasal cartilage model have reproducibly demonsgtrtitat collagen release occurs between
day 11 and day 12 of the 14-day timecourse andics the experiment was performed so
that cartilage was harvested at days 10, 11, 1214raf the timecourse. Figure 6.1b clearly
shows that collagen release began between daydHan 12 of the timecourse and so

RNA from the cartilage harvested on day 11 of tseag was selected for use in the array.

Before the RNA from day 11 of the timecourse wasdusn the genome-wide array, it was
important to perform several other preliminary dteeto act as internal controls. Active and
total collagenase levels were examined to confivat tL-4 had suppressed levels of active
collagenase, as previously observed in data pregentChapter 3 of this thesis. IL-4 was
shown to completely inhibit IL-1+OSM-induced actieellagenase levels (Figure 6.1c) and
strongly reduce the levels of total collagenasegyfé 6.1d). Real-time RT-PCR was
performed to confirm the effect of IL-4 on the @génases was as expected i.e. to confirm
that IL-1+OSM-induced MMP-13 was completely repegsy IL-4 and MMP-1 was
slightly up-regulated (Figure 6.1e and f). All theliminary experiments performed on the
RNA produced the expected results and so the fampkes of bovine RNA from day 11 of

the assay were sent to Geneservice (Nottingham,farkgompletion of the array.

6.2.1.2 Preliminary data from human articular chroggites and SW1353 cells used to

generate RNA for the Sentrix Human-6 ExpressiondBdwp.

The majority of the work presented in this thesas Involved either bovine cartilage or
bovine chondrocytes, hence the decision to perfgemome-wide screening in the bovine
model. However, a human genome-wide array woulanbes relevant to human disease
and so it was decided to also generate human RNAde on an lllumina Array. The

Sentrix Human-6 Expression BeadChip contains siyaron a single BeadChip, each with
>46,000 probes derived from human genes in theoNailti Center for Biotechnology

Information (NCBI) Reference Sequence (RefSeq) dnifsene databases. Again, due to
cost, only six RNA samples could be selected fax #mray. RNA generated from a
combination of both human articular chondrocyted 81353 cells was used. Due to the

inherent variability in cultures of primary humast@oarthritic chondrocytes, if a genome-
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wide array showed a similar gene expression prbileveen human articular chondrocytes
and SW1353 cells, this would increase the confidewgh which highlighted potential
targets could be pursued. As only six samples cd@dchosen, it was necessary to
eliminate one of the four cytokine treatments thad been included on the bovine array,
for both human articular chondrocytes and SW1353s.ced~or human articular
chondrocytes, control, IL-1+OSM and IL-1+OSM+IL-/edtments were selected. It was
decided not to select a control sample for the $%81cells as well, but instead to select
IL-1, IL-1+OSM and IL-1+OSM+IL-4 as this might prale additional data regarding the
mechanism of synergy between IL-1+OSM in a modetnetthis feature is more robust.
Human articular chondrocytes and SW1353 cells veiraulated with the appropriate
cytokines for 24 hours, at which point they wergely and the RNA extracted. As with the
bovine RNA, several preliminary checks were perfednto assess the effect of IL-4 on the
collagenase genes prior to it being sent for mitegaanalysis. For both human articular
chondrocytes and SW1353 cells, cells were seedbdtinT25 flasks (to provide sufficient
RNA for the array) and 96-well plates (to enablaltene RT-PCR to be performed).
Figure 6.2 confirms that in the RNA used for theags IL-4 was able to significantly
inhibit IL-1+OSM-induced MMP-13 expression in humarticular chondrocytes (Figure
6.2c and d), but had no significant effect on ILGISM-induced MMP-1 expression
(Figure 6.2a and b). Figure 6.3 confirmed the s&ankee true in the RNA extracted from
SW1353 cells to be used in the array. As all pnelary experiments produced the
expected results, the RNA was sent to the Centré/iforoarray Resources (Cambridge,

UK) for completion of the lllumina array.
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Figure 6.1 Preliminary data from the bovine nasal artilage model used to generate RNA for use on the
GeneChip® Bovine Genome Array.Bovine nasal cartilage chips (n=1) were culture®MEM =+ IL-1 (1
ng/ml) £ OSM (10 ng/ml) + IL-4 (20 ng/ml, added @ddy 7 of culture) for 14 days. At day 7, medium was
removed and replenished. Cartilage and media waneekted at days 10, 11, 12 and 14. As a measure of
collagen release, the levels of hydroxyproline (@bjReleased into the media were assayed; peraentag
collagen release at day 14 and cumulative OHPeasel are shown (a and b). Levels of active colkgen
were measured (c) and APMA was used to activatepllagenases in order to measure the total collagge
activity (pro+active) (d). RNA was extracted frorhet cartilage and collagenase gene expression was
determined by real-time RT-PCR (e and f). The teaé RT-PCR data are presented relative to 18S rRNA
Key: ¢ =control,m =IL-1, A = IL-1+OSM, ¢ = IL-1+OSM+IL-4.
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Figure 6.2 Preliminary data from human articular chondrocytes used to generate RNA for the Sentrix
Human-6 Expression BeadChip.Human articular chondrocytes were seeded in 96-plates and T25
flasks according to section 2.2.3 of Materials Methods and stimulated for 24 hours with DMEM +1L-
(0.02 ng/ml) £ OSM (10 ng/ml) £ IL-4 (20 ng/ml). kFawing treatment, total RNA was isolated from sell
reverse transcribed and the cDNA was used in ne@-RT-PCR reaction assays, as described in Miteria
and Methods section 2.2.5, to examine MMP-1 and MI8Pgene expression. RNA was extracted from
human articular chondrocytes in 96-well plates gistre SideStel! Kit to confirm the expected MMP-1 and
MMP-13 expression (n=6) and from human articulasrzirocytes in T25 flasks using the RN&asgini Kit

to prepare RNA for the Sentrix Human-6 ExpressieadiChip (n=1). Results from 96-well plate experitaen
were normalised to 18S rRNA and expressed as m&iM: (n=6). *** = p< 0.001; ** = p< 0.01; ns = not

significant.
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Figure 6.3 Preliminary data from SW1353 cells usedo generate RNA for the Sentrix Human-6

Expression BeadChip.SW1353 cells were seeded in 96-well plates andflB2%s according to section 2.2.3
of Materials and Methods and stimulated for 24 bawith DMEM:F12 + IL-1 (0.5 ng/ml) + OSM (10 ng/ml)

+ IL-4 (20 ng/ml). Following treatment, total RNAaw isolated from cells, reverse transcribed andBbi¢A

was used in real-time RT-PCR reaction assays, asribed in Materials and Methods section 2.2.5, to
examine MMP-1 and MMP-13 gene expression. RNA wdgsaeted from SW1353 cells in 96-well plates
using the SideSté} Kit to confirm the expected MMP-1 and MMP-13 exgsi®n (n=6) and from SW1353
cells in T25 flasks using the RNe&swlini Kit to prepare RNA for the Sentrix Human-6 fEession

BeadChip (n=1). Results from 96-well plate experiteewere normalised to 18S rRNA and expressed as

mean £ SEM (n=6). ** = £ 0.01; ns = not significant.
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6.2.2 Analysis of genome-wide microarray results

Gene expression analysis was carried out using &@img GX software. Due to the vast
amount of data generated by the microarrays, tbidslof fold change were set to produce
more manageable sized gene lists. For unknown meagdfymetrix arrays (GeneChip®
Bovine Genome Array) characteristically producehbigfold changes than lllumina arrays
(Sentrix Human-6 Expression BeadChip) (personal mamcation, Dr Daniel Swan,
Newcastle University). As such only genes with fold change in the bovine array were
examined (see appendix B for full gene lists). Tihieshold was lowered tel.5 fold
change for the lllumina array data (human articelawndrocytes and SW1353 cells) (see
appendices C and D for full gene lists). Figure$, &.5 and 6.6 show the gene trees
generated by the GeneSpring software, with redibdisating up-regulated genes and blue

bars indicating down-regulated genes.

One of the aims of the microarray analysis wasxtmrene the similarity in gene profiles
between the three different models used in thisishenamely, bovine nasal cartilage,
human articular chondrocytes and SW1353 cells. \diagrams were used to show the
number of overlapping up- or down-regulated geredw/den the different models (Figures
6.7 and 6.8) The lack of similarity between up dogvn-regulated genes shown in th&
fold change Venn diagram (Figure 6.7) was not ueetgd and highlights the difference
between 3D tissue and cells in monolayer. Wherfdlitechange threshold was lowered to
include all genes which were up or down-regulatgdb.5 fold, the number of common

genes between human articular chondrocytes and S3\dls increased (Figure 6.8).

Following examination of the gene profiles produtgdGeneSpring, a thorough literature

search was performed to shortlist genes for furshedty.
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g

IL-1 IL-1 +OSM IL-1+OM+IL-4

Figure 6.4 Gene tree: GeneChip® Bovine Genome Arrayoloured according to expression versus control
samples, with red bars indicating up-regulated gebtie bars indicating down-regulated genes anitewh

bars representing genes with no change in expressisus control.

- 144 -



Chapter 6

IL-1 +OSM IL-1+OSM+IL-4

Figure 6.5 Gene tree: Human articular chondrocyte 8ntrix Human-6 Expression BeadChip.Coloured
according to expression versus control sampled) watl bars indicating up-regulated genes, blue bar
indicating down-regulated genes and white genesesepting a gene with no change in expression sersu

control.
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I I INH

IL-1+OSM IL-1+OSM+IL-4

Figure 6.6 Gene tree: SW1353 cells Sentrix Human-Expression BeadChip.Coloured according to
expression versus IL-1-treated samples, with red [radicating up-regulated genes, blue bars ingtigat
down-regulated genes and white bars representingsg@ith no change in expression versus IL-1-tckate

samples.
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a) Up-regulated22 fold

Human articular chondrocytes

Bovine nasal cartilage SW1353 cells
b) Down-regulated22 fold
Human articular chondrocytes
Bovine nasal cartilage SW1353 cells

Figure 6.7 Venn diagrams showing the overlap of ges up- or down-regulated> 2 fold in IL-
1+OSM+IL-4-stimulated bovine cartilage, human artiallar cartilage and SW1353 cells compared to

IL-1+OSM-stimulated bovine cartilage, human articular chondrocytes and SW1353 cells.
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a) Up-regulated21.5 fold

Human articular

chondrocytes SW1353 cells
b) Down-regulated21.5 fold
Human articular SW1353 cells

chondrocytes

Figure 6.8 Venn diagrams showing the overlap of ge&s up- or down-regulated> 1.5 fold in IL-
1+OSM+IL-4-stimulated human articular cartlage and SW1353 cells compared to IL-1+OSM-
stimulated human articular chondrocytes and SW1358ells.
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6.2.3 Candidate genes selected for further study

The primary aim of this study was to increase thdewstanding of the chondroprotective
mechanism of action of IL-4 and in particular, htiw4 is able to strongly repress IL-
1+OSM-induced MMP-13 expression. Therefore, thigisa focuses on the differences in
gene expression profiles between IL-1+OSM-stimualatartilage/cells and IL-1+OSM+IL-
4-stimulated cartilage/cells. After examinationtbé most highly up- or down-regulated
genes (IL-1+OSM+IL-4 vs IL-1+OSM) and a thorougiedature search, the genes listed in
section 6.2.3.1 and Table 6.1 were selected asdatedjenes in the protective mechanism
of action of IL-4 and therefore shortlisted forther study (Figures 6.9, 6.10 and 6.11).

6.2.3.1 Reasoning behind selection of shortlisenkg

Genes up-requlated by IL-1+OSM+IL-4 vs IL-1+OSM

A newly induced gene, and thus a gain of functamuld help to explain the mechanism of

MMP-13 repression following inclusion of IL-4.

Chemokine ligand 26 (CCL26)
» CCL26, also known as eotaxin-3, is a small cytokmedonging to the CC
chemokine family.
» Highest up-regulated gene in both human articutawsndrocytes and SW1353
cells.
* CCL26 contains two STAT6 binding sites (through ethiL-4 is known to signal)
(Blanchard et al. 2005).
* Polymorphisms of CCL26 may be associated with qugmbty to RA (Chae et al.
2005).
Protein kinase C zeta (PKT
» PKC( is a serine/threonine kinase involved in the ragoih of various signalling
pathways, including the NdB pathway.
* Indicated in previous literature (Hussain et aD20and current studies in the lab to

be important in collagenase expression.

- 149 -



Chapter 6

Regulator of G-protein signalling 4 (RGS4)

RGS4 belongs to the RGS family of proteins, whichas negative regulators of G-
protein mediated signalling by increasing the mdic GTPase activity of
heterotrimeric G proteins (Bansal et al. 2007).

Up-regulated in both human articular chondrocytes @W1353 cells.

Involvement of G proteins such as PAR is suspetttdge important in collagenase

gene expression.

Basic leucine zipper transcription factor (BATF3FSIN

BATF3 is a small nuclear factor originally isolatdtbm T cells, the over-
expression of which leads to the repression ofstaption from several AP-1-
driven promoters (Bower et al. 2004).

Up-regulated in both human articular chondrocytes @W1353 cells.
Over-expression of p21SNFT had been shown to repMBIP-1 expression
(Bower et al. 2004).

Tribble 1 (Trb1l)

Trbl is one of three members of a newly identifi@ohily of proteins, thought to
play a role in regulating cell signalling pathwdi#egedus et al. 2007).
Up-regulated in human articular chondrocytes, SV81&8|s and bovine cartilage.
Trb3 is a known regulator of Akt (Matsumoto et 2006), which is involved in

collagenase expression and Akt is known to be atetd/by IL-4.

Genes down-requlated by IL-1+OSM+IL-4 vs IL-1+OSM

A newly down-regulated gene, and thus a loss o€tfan, could also help explain the

mechanism of MMP-13 repression following inclusafriL-4.

Autotaxin (ENNP2)

ENPP2 is a secreted glycosylated enzyme that dghigsophospholipase D
activity, hydrolyzing lysophosphatidylcholine teslyphosphatidic acid.
Over-expressed in RA patients (Kehlen et al. 2001).

Important in the generation of lysophosphatididadiPA), which plays a critical
role in the induction of COX-2 in collaboration wiinflammatory cytokines in RA

synovial cells (Nochi et al. 2008).
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Growth arrest-specific 1 (GAS1)

GASL is an integral membrane protein.

Down-regulated in both human articular chondrocyied SW1353.

Chondrocytes over-expressing GAS1 are unable tocyate in cartilage formation
(Lee et al. 2001) therefore down-regulation of GAB4y be part of the protective

mechanism of action of IL-4.

Phosphodiesterase 5 (PDEDS)

PDES5 belongs to a family of enzymes that degrade pthosphodiester bond in
cAMP and cGMP, thereby acting as important regutataf signal transduction
mediated by these molecules.

PDES5 specific inhibitors suppress IL-1-induced ioitoxide (NO) release and
inducible nitric oxide synthase (iINOS) mRNA expreas(Geng et al. 1998) and
NO has previously been linked to collagenase espres(Zaragoza et al. 2002;

Zaragoza et al. 2006).

S100A8/S100A9

S100A8 and S100A9 are calcium binding proteins the¢ important pro-
inflammatory mediators in acute and chronic inflaation.

Inflammatory cytokines such as IL-1 have been showmn upregulate
S100A8/S100A9, which are both found in and aroumshdrocytes in experimental
models of arthritis. Stimulation of chondrocytestwS100A8 has been shown to
significantly upregulate various MMPs, including NBVL3 (van Lent et al. 2008).
RAGE (receptor for advanced glycation end produetsiliated signalling cascades
are known to lead to increased production of MMP{Yammani et al. 2006).
S100A8 and S100A9 have been shown to interact RAGE (Boyd et al. 2008)
and therefore a decrease in S100A8/S100A9 coult east partly responsible for
the repression of MMP-13 by IL-4.

Syndecan 1 (SDC1)

SDCL1 is a transmembrane heparan sulphate protesgiggortant in cell binding,
cell signalling and cytoskeletal organisation.
Down-regulated in human articular chondrocytes, 389&l cells and bovine

cartilage.
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» SDC1 is up-regulated in articular cartilage duriegrly stages of cartilage
degeneration suggesting it is involved in attemptgghir (Salminen-Mankonen et
al. 2005).

» Expression of SDC1 is higher in chondrocytes derifrem OA cartilage than in
those from normal cartilage (Barre et al. 2000).

Thrombospondin 1 (THBS1)

« THBS1 is a large glycoprotein that is secretecesponse to cell injury and various
growth factors.

» Down-regulated in human articular chondrocytes, SB8l cells and bovine
cartilage.

* Increased plasma levels of THBS1 correlate withreased levels of pro-

inflammatory cytokines in RA patients (Rico et2008).

Genes up-regulated by Genes down-regulated by
IL-1+OSM+IL-4 vs IL-1+OSM IL-1+OSM+IL-4 vs IL-1+OSM
Gene Fold Change Gene Fold Change
HAC SW Bovine HAC SW Bovine
CCL2¢ 88 21 N/A ENPP: 2.1 1.z N/A
PKCC 2 N/A N/A GAS1 4 1.€ N/A
RGS¢ 8.€ 4.7 N/A PDEE 2 N/A N/A
SNFT 15.2 4.7 N/A S100A¢ 1.1 3.7 1.¢
TRIB1 1.z 1.€ 3.¢ S100A¢ 1.1 4.¢ 3.7
SDC1 2.€ 1.t 2
THBS1 2.2 2.t 2

Table 6.1 List of genes selected for further studyrom microarray data. HAC = human articular
chondrocyte array results, SW = SW1353 cells aresylts and bovine = bovine articular cartilageaarr
results. N/A refers to a gene either not beinggmesn the array or to a gene failing to pass threnalisation

process.
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IL-1+OSM

Figure 6.9 Scatter plot showing genes up- or dowregulated >2 fold (IL-1+OSM+IL-4 versus IL-
1+OSM) on the GeneChip® Bovine Genome ArrayColoured according to expression versus control
samples, with red dots representing up-regulatettge@and blue dots representing down-regulated genes
Genes of interest have been circled.
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IL-1+OSM+IL-4
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IL-1+OSM

Figure 6.10 Scatter plot showing genes up- or dowregulated >1.5 fold (IL-1+OSM+IL-4 versus IL-
1+OSM) on the Sentrix Human-6 Expression BeadChiphuman articular chondrocytes). Coloured
according to expression versus IL-1+OSM+IL-4 sampieith red dots representing up-regulated gends an

blue dots representing down-regulated genes. G#rieterest have been circled.
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IL-1+OSM+IL-4

12 00 1203 18l e

IL-1+OSM

Figure 6.11 Scatter plot showing genes up- or dowregulated >1.5 fold (IL-1+OSM+IL-4 versus IL-
1+OSM) on the Sentrix Human-6 Expression BeadChip SW1353 cells). Coloured according to
expression versus IL-1+OSM+IL-4 samples, with redsdrepresenting up-regulated genes and blue dots

representing down-regulated genes. Genes of intea®e been circled.
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6.3 Discussion

In this chapter the genome-wide effects of varioyokine combinations (control, IL-1,
IL-1+OSM and IL-1+OSM+IL-4) were compared in thré#ferent systems; bovine nasal
cartilage, human articular chondrocytes and SW18&&. In order to identify genes
potentially involved in the repression of MMP-13 Hy4, this chapter focused on the
differences in gene expression profiles betweed40SM-treated cells/cartilage and IL-
1+OSM+IL-4-treated cells/cartilage. However, theadgenerated by this screen have also

provided information regarding the genes involvedynergy between IL-1 and OSM.

Whilst several groups have examined differenceg@ne expression profiles between
normal and OA cartilage, this is the first genomdenarray to examine the specific effects
of certain cytokine combinations (known to be relavto arthritic disease) on global gene
expression. One problem encountered by groups exagngene profiles from both OA

and normal cartilage has been the high variabihtygene expression levels between
different donors. This is perhaps not surprisin@if tissue; however the large difference
in gene expression in normal donors indicates #hatide range of gene expression is
compatible with normal joint function. Unfortunatelhis also suggests that complicated
networks of genes are responsible for abnormalt jaimanges, rather than single
components (Aigner et al. 2006). As no replicateseamperformed in the genome-wide
screens performed in this chapter, it is impossibleomment on any variation between
different bovine or human cartilage donors. Howg\as three different systems were
examined, it is acceptable to presume that anylagityi in up- or down-regulation of

particular genes found in all three models reprissan accurate result.

Previous genome-wide analyses have identified nd#fifgrentially expressed genes in OA
cartilage. Many of these genes, such as thoseviestoh matrix synthesis, were expected to
be differentially expressed. Some of the newly idied differentially expressed genes
include those involved in oxidative stress defer(dewn-regulation of superoxide
dismutases (SOD) 2 and 3 and glutathione peroxidgseandicating that continuous
oxidative stress to the cells and the matrix is wr@gor underlying pathogenic mechanism

in OA (Aigner et al. 2006). As the major featureaathritic disease is cartilage destruction,
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many proteases (DKFZP586H21ZDAMTS6, ADAM12, andPRSS11) are known to be
up-regulated in damaged vs intact cartilage (Sat.€2006). The same study also found
the expression levels of three genes known to intddgradation of the ECM (TNFAIR6
SERPINE1, andlTIMP3) to be increased in damaged vs intact cageilandicating an
attempt by the body to halt cartilage destructi®averal serpin peptidase inhibitors were
shown to be dramatically up-regulated in IL-1+OSM4l vs IL-1+OSM cells/cartilage in
the data presented in this chapter. Appleton et(2007) identified dysregulation of
members of the insulin-like growth factor (IGF) fiym including increased levels of
expression of IGF binding proteins, which seques$@Fs and prevent their anabolic
influences in chondrocytes. This study also regbttee modulation of oxidative defense
genes (e.g. SOD2). Another study examined the rdifteal gene expression profile of
damaged vs intact cartilage areas within the same ¢f patients with OA of the knee and
found several genes to be up-regulated in all p&tidGF binding protein 3 (IGFBP-3),
wnt-1-inducible signalling protein 1 (WISP-1), agoan 1 (AQP-1), delta/notch-like EGF-
repeat containing (DNER), decay accelerating fa¢i@AF), complement factor | (IF))
(Geyer et al. 2009). In agreement with this stu@;BP-3 was up-regulated in both bovine
cartilage (5.99 fold) and SW1353 cells (2.28 fald}the data presented in this chapter. In
addition, DAF was up-regulated 2.81 fold in bovicegtilage. These similarities indicate
that the cytokine treatments used in this arrayaplaropriately mimic then vivo action of
cytokines in OA.

The most recent genome-wide analysis identifieceisdvgenes that had not previously
been associated with OA (Karlsson et al 2010). &hasluded an up-regulation in OA
cartilage of TFPI2 (tissue factor pathway inhibi®); a gene previously demonstrated to
reduce the ability of MMP-1 and -13 to degrade agdin and also reduce the activity of
MMP-2 and -9. This finding again suggests the presen OA cartilage of a mechanism to
counteract matrix degradation. TFPI2 was up-regdlat.69 fold in bovine cartilage (IL-
1+OSM+IL-4 vs IL-1+OSM), indicating the presence afimilar mechanism. Increased
expression of SGPP1 was also observed in OA agetilompared to normal. SGPP1
regulates sphingolipid biosynthesis and is knowbeadnvolved in programmed cell death
(Johnson et al. 2003).
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After examination of the genome-wide array data amtensive literature searches, a
number of genes that were differentially regulatestween IL-1+OSM+IL-4- vs IL-
1+OSM-treated cells/cartilage were selected asnpatecandidates for further study. The
decision as to whether a gene warranted furthelysuias based on a number of factors; (1)
the fold change up or down regulation of a paricigene, (2) if existing literature had
identified a particular gene as playing a rolernthitic disease or MMP regulation, and (3)
whether a particular gene was up or down regulizted least two out of the three systems
examined. Unlike previous genome-wide studies (Aigat al. 2006; Sato et al. 2006;
Appleton et al. 2007; Fukui et al. 2008; GeyerleR@09; Karlsson et al. 2010) that were
interested in genes differentially expressed in @Anormal cartilage, the more specific
aim of this chapter (to identify genes involvedhe repression of MMP-13 by IL-4) made
selection of genes for further study more compéidatMany of the most highly up or
down-regulated genes were not selected for furshedly because there was no evidence
that they played a role in the repression of MMP4 IL-4 and therefore the
chondroprotective mechanism of action of IL-4. bid#&ion, many genes involved in, for
example, the general inflammatory process (sudB-esactive protein) or genes involved
in matrix synthesis (such as the collagens) weseadinted from further study. Instead,
genes that were potentially involved in cell sigingl pathways (such as Trbl) were
selected as being more likely to be involved in tepression of MMP-13 by IL-4.
Moreover, relatively subtle changes in cell signgllmolecules could have significant
effects on MMP expression (Litherland et al. 200&)erland et al. 2010).

All genome-wide screens in relation to arthritis date have utilised OA cartilage or
cartilage from animal models. This analysis of dgse ‘end-point’ may not reflect gene
expression patterns during the initiation of cagé destruction. An advantage of the screen
performed in this chapter is that the stimulatidncartilage with cytokines enabled a
snapshot of gene expression changes immediatebegireg collagen loss and cartilage
degradation, and for isolated chondrocytes at agomt during which MMP-13 expression

was marked.

One of the reasons behind performing genome-widaysrin three different systems

(bovine cartilage, human articular chondrocytes &W1353 cells) was to assess the
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similarity in gene expression profiles. A strongsarity would validate the use of bovine
cartilage and the cell line SW1353 cells as anradté/e to primary human chondrocytes
when the latter was unavailable. At the time oftwg, a large proportion of the genes
included on the bovine Affymetrix array had yebmtranscribed and this explains the lack
of similarity in gene profiles between the Affymgtand Illumina array data. lllumina
arrays are known to produce smaller fold changaa thffymetrix arrays so; again, this
goes some way as to explaining the lack of comnereg between the three models. The
Venn diagrams presented in this chapter may agtuatiderestimate the number of
common genes, as they do not include genes encatiifegent protein isoforms (for
example IGFBP-3 was up-regulated in SW1353 cells laovine cartilage and IGFBP-5
was up-regulated in human articular chondrocytes layvine cartilage). Therefore, these
genes do not count as common genes, despite theth&csimilar processes are obviously
occurring in all three models, albeit by slightlijferent mechanisms. Despite the lack of
similarity between the bovine and human gene espasdata (for reasons explained
previously), the data presented in this chaptegssigthat human articular chondrocytes
and SW1353 cells are appropriate complementary hsydéems as their gene expression
profiles are very similar. This in agreement witludses by another group, which also
demonstrated similarity between SW1353 cells andndwu articular chondrocytes
(following IL-1p treatment) (Gebauer et al. 2005).

Unfortunately due to the cost of performing genomide arrays, it was not possible to
include replicates on any of the arrays. As nastteal analysis could be performed on the
resulting data, these arrays acted as a basicnstyadentify genes that could be involved
in the chondroprotective action of IL-4. Despitéstbbvious drawback to the study, the
extensive preliminary experiments performed onRhNA used for the arrays does increase
the confidence in the gene expression data. Additip, the expression levels of genes that
have been extensively studied previously in respaoghese cytokine combinations acted
as positive internal controls. The gene expresgiariile of these internal controls was
found to follow the same pattern of up- or downula@gon in the array results as in
previous data (Chapter 3 of this thesis). For exapnidMP-13 was down-regulated by IL-
1+OSM+IL-4 compared with IL-1+OSM in bovine cartgk human articular chondrocytes
and SW1353 cells (-10.5, -2.1 and -2.63 fold, respely). These results correlate strongly
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to those presented in Chapter 3 of this thesisyethelL-4 repressed IL-1+OSM-induced

MMP-13 expression in all systems, but to a greastent in the bovine system. The fact
that the gene expression data for MMP-13 fromlakké arrays corresponds so closely to
data obtained from numerous previous experimentengthens the confidence in the
results for other genes on the array, despiteabk of replicates and therefore statistical
power. Furthermore, the genome wide arrays weroqmeed in three different models.

Therefore any up- or down-regulation of genes oleskin two or three of the models can

confidently be viewed as an accurate observation.

The remainder of this study will examine the rofecandidate genes identified in this
chapter, in the repression of MMP-13 by IL-4. RNAerference-mediated knockdown of
up-regulated genes in IL-1+OSM+IL-4 treated cedlgitage will be used to determine if
this recovers MMP-13 expression. In down-regulagedes, siRNA will be used in IL-
1+OSM treated cells/cartilage to determine if kramkn of these genes mimics the effect
of IL-4 (i.e. blocks MMP-13 expression).

The data presented in this chapter provide a Wasiduture studies on the function of
certain genes in the chondroprotective mechanisractbn of IL-4. Many of the genes
highlighted in this chapter have not before beeplicated in arthritic disease and so any

involvement will be a novel finding.

6.4 Summary

» Genome-wide microarray analysis of bovine cartijageuman articular
chondrocytes and SW1353 cells provided data ongeéme expression profile
differences between IL-1+OSM+IL-4 vs IL-1+OSM.

» These data, along with an extensive literaturecbeanabled a shortlist of genes,
with a possible involvement in the repression of RHU3 by IL-4, to be selected for

further study.
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Chapter 7: The role of the Tribbles family of protans in

MMP-13 expression in chondrocytes

7.1 Introduction

Data presented in this thesis have demonstratédLtfaprevents cartilage destruction via
MMP-13 repression. Transcriptome analyses of saed cartilage and chondrocytes to
provide clues to the mechanism of action of IL-deaded numerous genes with potential
involvement in the chondroprotective action of ILAn RNA interference approach was
used to further investigate the involvement of gehighlighted in Chapter 6 as having a
potential role in the mechanism of action of ILwas hypothesised that silencing (via
siRNA) of genes up-regulated by IL-4 might rescled4imediated repression of IL-
1+OSM-induced MMP-13. In genes down-regulated by HOSM+IL-4, gene silencing
would mimic the effect of IL-4 (i.e. block MMP-13xpression by IL-1+OSM). This
approach was used against several genes and pralymesults indicated a role for Trbl in
the repression of MMP-13 by IL-4. This chapter ekas the role of the tribbles (trb)
family of proteins in MMP-13 expression in chondytes.

Regulators of cellular signalling have evolved egulate and integrate the huge variety of
extracellular signals, ultimately determining tledlalar response. The recent identification
of tribbles as regulators of cell signalling patlywéas generated a large amount of interest
in this family of proteins. An expanding literatuom tribbles indicates that the proteins
encoded by these genes play an important role énrégulation and modulation of
numerous signalling pathways and transcriptionoiagtperhaps affecting the balance of
activation between key signalling pathways. Thegpilatory mechanisms usually involve
enzymes with catalytic activity. However, this unak family of signalling regulatory
proteins appear to be catalytically inactive, diespsembling Ser/Thr kinases. Instead, it is
thought that tribbles evolved as adaptor proteiitb w scaffold-like regulatory function. It

is widely believed that these proteins do havenaportant physiological function, despite
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their apparent lack of kinase activity, however thelecular basis of tribbles function is
still poorly understood (Hegedus et al. 2007).

In mammals, three tribbles proteins have been destto date. The three human tribbles
share 45% sequence similarity and bear a strorgmtglance taribbles a Drosophila
proteinthat inhibits mitosis early in development (Mataatt 2000; Seher and Leptin
2000).

Trbl

Trbl, originally named c8fw, was first identified @ homologue of Trb2 (first called
c5fw). In a yeast two-hybrid screen, LOX-12 (anyane that metabolises arachidonic acid)
was found to be a Trbl interacting protein (Tangle2000). Trbl was subsequently found
to regulate the activity of stress kinase pathwdy®ugh interaction with MAPKKs
(mitogen-activated protein kinase kinase) (KisshTet al. 2004). Activation of MAPK
pathways can occur in response to a wide rangenofils such as stress, pro-inflammatory
cytokines and growth factors. MAPKs are subdividetd 3 groups, namely Jun kinases
(INK), p38 and extracellular signal-regulated proténases (ERK) and are activated by
upstream kinases called MAPKKs. Co-immunopreciitatexperiments in Hela cells
with over-expressed Trbl, MAPKs, MAPKKs and MAPKHKn&ses revealed specific
interactions of Trbl with MEK1 and MKK4/SEK1 (a Jactivator kinase) (Sung et al.
2007). This study evaluated the importance of fimtteins in the cellular responses of
vascularsmooth muscle cells to inflammatory stimuli. TrbassMfound to control vascular
smooth muscle cell proliferation and chemotaxisotigh the JNK pathway via direct
interactions between Trb1l and MKK4/SEK1.

Trb2

Trb2 has been identified as a candidate autoanfigeutoimmune uveitis (Zhang et al.
2005). Several studies have investigated the bindartners of Trb2. The first reported the
interaction of Trb2 with over-expressed Akt in coanunoprecipitation assays (Du et al.
2003). The second showed that Trb2 appears to &ev@dipogenic effects (Naiki et al.
2007). Both Trb2 and Trb3 were shown to exhibiti-adipogenic effects through

inhibition of Akt activation. However, Trb2 only gally inhibited Akt phosphorylation
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suggesting that Trb2 inhibits adipogenensis throaghadditional mechanism to Akt
inhibition. Trb2 was shown to also interact withEBP3 (CCAAT-enhancer-binding
protein B, a transcription factor required for an early stayf adipogenesis) and block
adipogenesis through proteosome-dependent degradati C/EBF. A later study
demonstrated that Trb2 associated with and inldbd@&EBRy. Trb2 expression was found
to be elevated in a subset of human acute myelogelsaukemia (AML) patient samples
suggesting that Trb2 is an oncogene that induces ANough a mechanism involving
inactivation of C/EBR (Keeshan et al. 2006). Trb2 has been also beamilded as a pro-
apoptotic molecule, inducing the apoptosis of celEnly of hematopoietic origin (Lin et
al. 2007). In 2009, Trb2 was identified as a highgulated gene in vulnerable
atherosclerotic lesions (Deng et al. 2009). Infobitof macrophage IL-10 biosynthesis
appeared to be a potential consequence of high &péssion, which the authors suggest
may contribute to plaque instability. Trb2 has beeéentified as a novel regulator of
inflammatory activation of monocytes (Eder et aD0&). Most recently, anti-Trb2

antibodies have been associated with narcolepsyoieet al. 2010).

Trb3

Trb3 is the most studied member of the mammaliam family. Two separate groups
reported the identification of Trb3 in 1999. MayuMatsuda et al. (1999) identified a
kinase-like protein involved in neuronal cell deahd designated this protein NIPK
(Neuronal cell death Inducible Putative Kinase)edecond study by Klingenspor et al.
(1999) analysed the altered pattern of gene express the fatty liver of fld (fatty liver
dystrophy) mice and found a novel Ser/Thr kinadackvthey calledfld2.

In 2003, Trb3 was reported to be a negative regulait Akt (Du et al. 2003). In order to
identify additional proteins that modulate Akt adiy, a yeast two-hybrid assay was used to
screen for proteins from preadipocyte F422A cDNA library that interactethva GAL4-
Akt APH construct lacking the N¥terminal pleckstrin homology domaih Aktl. Twenty-
five independent transformarftom a screen of 2 x 2&DNAs were found to encode a
protein recently identified as Trb3. Interactiontvibeen endogenous Trb3 and Akt was
confirmed by co-immunoprecipitation assays usingp®2 cell extracts. To determine
whether the association of Akt with Trb3 modulatége activity of Akt, Akt
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phosphorylation in response to IGF-1 was monitof&F-1 induced phosphorylation of
Akt at ThP® and Set®in human embryonikidney 293 (HEK293) cells within Ifinutes,
however expression of Trb3 inhibited Aphosphorylation at both sites without altering
total amount®f Akt protein. This study therefore demonstrateat fTrb3 appears to block
Akt activity by disruptingits phosphorylation without reducing the abundaotethe
protein (Du et al. 2003). The same study investigjgtossible mechanisms by which Trb3
inhibits Akt phosphorylation. A phosphorylation-defive T308A mutant Akt was shown
to associate more efficiently with Trb3 when congohto wild-type protein. Conversely,
substitution of Thi”® with Asp to mimic Thi®® phosphorylatiorwas shown to strongly
inhibit the interaction between Trb3 and Astiggesting that Trb3 preferentially binds to
the unphosphorylatéddrm of Akt. Akt is a principal target of insulingnalling that inhibits
hepatic glucose output when glucose is availaldenffood and so the conclusion of this
study was that Trb3 may contribute to insulin tasise by interfering with Akt activation.
Trb3 has also been shown to inhibit the phosphtoylaof Akt at Thr308 in FGC-4 cells, a
highly differentiated rat hepatoma cell line (Heakt2006). However, a contradictory study
by lynedjian (lynedjian 2005) failed to find anyiéence of a role for Trb3 as an inhibitor
of Akt-mediated insulin signalling in primary raepatocytes. These opposing findings
could suggest that the function of Trb3 varies deljpgy on experimental procedures and/or
cell type. A 2006 study identified Trb3 as a trafmnal target of PI3K (Schwarzer et al.
2006). Inhibition of PI3K in the prostate cancelt tre, PC-3, reduced Trb3 expression.

To date, only one study has looked at the roleibbles in the context of OA (Cravero et
al. 2009). As mentioned previously, Trb3 has bebows to inhibit IGF-1-mediated
activation of Akt in HEK 293 cells (Du et al. 2003} is known that the chondrocyte
response to IGF-1 is reduced both with ageing an®A chondrocytes. The study by
Cravero et al. (2009) first confirmed the expressiof Trb3 in human articular
chondrocytes. It went on to demonstrate that aifsigntly higher level of Trb3 was found
in OA chondrocytes when compared to age-matchettaarnondrocytes. Over-expression
of Trb3 in normal chondrocytes was found to blo&11 stimulation of proteoglycan
synthesis and reduce cell survival by almost 40%F-1-mediated production of
proteoglycan by chondrocytes has previously beawshto be dependent on the PI3K

signalling pathway (Starkman et al. 2005). Crawral. (2009) suggest that an increase in
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the level of Trb3 in OA chondrocytes may be paréigponsible for the decreased response
of OA chondrocytes to IGF-1 and the cell death esllmatrix loss that occurs during OA
progression. Cravero et al. (2009) also found #ratincrease in endoplasmic reticulum
(ER) stress resulted in increased chondrocyte Tevds. Yang et al. (2007) demonstrated
that ER stress in chondrocytes decreases the sxmmesf cartilage matrix genes. Taken
together, it appears Trb3 could play a role in capghe imbalance between anabolic and
catabolic activity associated with the developnw@rdA.

Tribbles structure

The kinase-like domain of tribbles proteins is kechin the middle of the protein, flanked
by relatively short N- and C-terminal sequences Whterminal segment of human tribbles
proteins is approximately 60—-80 residues long (ldageet al. 2007). A notable feature of
the N-terminal portion of tribbles is a very higbrige (7-24%) and proline (6-23%)
content, predominantly in the section of sequentjacant to the kinase-like domain. This
is of note because a high level of these particalamo acids is an important feature of
PEST regions (a polypeptide sequence that is ediah proline (P), glutamic acid (E),
serine (S) and threonine (T)). The presence okthegions is thought to result in the rapid
intracellular degradation of the proteins contagnthem (Rogers et al. 1986; Rechsteiner
and Rogers 1996). This observation corroboratesfititgngs of a previous report that
demonstrated Trb2 to be an unstable protein (Wikial. 1997). It also adds weight to the
growing hypothesis that tribbles are regulatorgadf division and cell signalling, both of
which often involve proteins with a rapid turnover.addition, the presence of a proline-
rich region is potentially associated with othendtions such as the anchoring of SH3 or
WW domains of other proteins (Macias et al. 2002a® substrates for proline-dependent
phosphorylation (MAP and CDK-like proteins phosptiated a Ser/Thr residue preceding

a Pro residue).

The importance of tribbles in various physiologigalbcesses is now well accepted;
however the cellular and molecular basis for tlaeition is poorly understood. The three
tribbles proteins have been implicated in the aintf stress response, cell viability and

metabolic processes, and have been linked to medboditions such as insulin resistance
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and diabetes. Therefore, the understanding of nmésaing that regulate tribbles expression

is of considerable importance.

The aims of this chapter were to:

» Determine the involvement of the tribbles proteamfly in IL-1+OSM- and IL-
1+OSM+IL-4-induced MMP-13 expression/repressiorotigh gene silencing and
over-expression experiments.

» Determine the subcellular localisation of tribbpesteins under basal conditions in
chondrocytes and examine the effect of cytokinagtion on this localisation.

» Examine the physical interactions of tribbles piregavith MAPKKS.

7.2 Results

7.2.1 The effect of various gene silencing on IL-1+OSM-gduced MMP-13
expression in SW1353 cells

Of the genes selected in Chapter 6 as being paligritivolved in the repression of MMP-
13 by IL-4, several were selected for preliminarfM/R interference experiments using
SsiRNA (S100A8, S100A9 and Trbl). Along with thesengs, three other targets were
selected for RNA interference due to their knowvolgement in IL-4 signalling pathways;
namely, STAT6, IRS1 and IRS2. Of the genes invagd in these experiments, silencing
of STAT6 and Trbl appeared to rescue IL-4-mediatguession of IL-1+OSM-induced
MMP-13 (Figure 7.1). IL-1+OSM-induced S100A8 and0BA9 expression was down-
regulated by IL-4 in the microarray performed inapter 6. Therefore, silencing of
S100A8 and S100A9 would have been expected tosbdli1+OSM-induced MMP-13
expression if these genes were involved in the ar@sim of action of IL-4. Surprisingly,
silencing of S100A9 was found to rescue IL-4-meztiatepression of IL-1+OSM-induced
MMP-13 (Figure 7.1a). Silencing of neither IRS-1Ir mBS-2 significantly interfered with
the ability of IL-4 to repress IL-1+OSM-induced MM (Figure 7.1b). As IL-4 signalling
is known to involve either STAT6 or IRS-1/-2, theseservations would suggest that the
repression of MMP-13 by IL-4 is solely mediatedbiingh the STAT6 signalling pathway.
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Figure 7.1 The effect of various gene silencing dh-1+OSM-induced MMP-13 expression in SW1353
cells. SW1353 cells were stimulated with control, IL-14®S0.5 and 10 ng/ml, respectively) or IL-
1+OSM+IL-4 (0.5, 10 and 20 ng/ml, respectively) & hours following a 28 hour transfection with NiR
specific to STAT6, S100A8, S100A9, IRS1, IRS2, TrixlsiCon (100 nM). Real-time RT-PCR of the
isolated RNA was performed for MMP-13 72 hours raftee start of transfection. Data are presenteflds
induction relative to the basal siCon-transfectepression (mean + S.E.Nh, = 8) and are representative of

two independent experiments. * =<{@.05; ns = not significant.
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7.2.2 The effect of Trbl and STAT6 gene silencingnoMMP-13 expression in

SW1353 cells and human articular chondrocytes

The significant involvement of STAT6 and Trbl irethepression of MMP-13 by IL-4
demonstrated in Figure 7.1 warranted further expenis to investigate the reproducibility
of these findings. A further experiment in SW135dIs (Figure 7.2a) and in human
articular chondrocytes (Figure 7.2b), again, denrated that silencing of Trb1 rescued IL-
4-mediated repression of IL-1+OSM-induced MMP-1iBr®ing of STAT6 did not appear
to rescue IL-4-mediated repression of IL-1+OSM-icell MMP-13 in these experiments.
However, the repression of MMP-13 observed with itietusion of IL-4 was no longer
observed when compared to IL-1+OSM-treated celloviing STAT6 SiRNA treatment.
Alternatively, this could be due to the fact thepression of IL-1+OSM-induced MMP-13
expression by IL-4 was not as strong as observgaewous experiments. Interestingly, in
both cell types (Figure 7.2a and b) MMP-13 expasdollowing Trbl silencing was
greater than that induced by IL-1+OSM. This suggedterations in Trbl levels regulate

the magnitude of the resultant pro-inflammatorgnsius in terms of MMP expression.

7.2.3 IL-4-induced Trb1 expression is STAT6-depenah

Examination of Trbl gene expression via real-tim&-HCR demonstrated that IL-4-
induced Trbl expression is STAT6-dependent in 81353 cells and human articular
chondrocytes (Figure 7.3). STAT6 gene silencingnificantly inhibits IL-1+OSM+IL-4-
induced Trbl expression in both cell types. Bioinfatic examination of the Trbl
promoter region revealed a STAT6-binding elemerdT{BC(N)2.4GAA-3’). These data
suggest that the Trbl-dependent MMP-13 repressipnilb4 is STAT6-dependent
suggesting STATG6 is upstream of Trbl, with increa3ebl transcription occurring via
STATG6-binding to the Trbl promoter.

7.2.4 The effect of STAT6 and Trbl gene silencingnoSTAT6 and phospho-
STATG6 abundance

Silencing of STAT6 via siRNA is shown to virtualgliminate STAT6 protein levels
(confirming that the gene silencing is effectiveigure 7.4). IL-4 stimulated the
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Figure 7.2 The effect of Trb1l and STAT6 gene sileivtig on MMP-13 expression inSW1353 cells (a) and
human articular chondrocytes (b). SW1353 cells were stimulated with control, IL-14@%0.5 and 10
ng/ml, respectively) or IL-1+OSM+IL-4 (0.5, 10 an20 ng/ml, respectively) and human articular
chondrocytes were stimulated with control, IL-1+O8M02 and 10 ng/ml, respectively) or IL-1+OSM+IL-4
(0.02, 10 and 20 ng/ml, respectively) for 24 hdiafowing a 28 hour transfection with siRNA specifio
STAT6, Trbl or siCon (100 nM). Real-time RT-PCRtbé isolated RNA was performed for MMP-13 72
hours after the start of transfection. Data arsgmted as fold induction relative to the basal si@ansfected
expression (mean = S.E.M,= 8). Data are representative of two independgpegments in SW1353 cells

and human articular chondrocytes. * =0.05; ns = not significant.
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Figure 7.3 The effect of STAT6 gene silencing on B expression in SW1353 cells (a) and human
articular chondrocytes (b). SW1353 cells were stimulated with control, IL-1H4@50.5 and 10 ng/ml,
respectively) or IL-1+OSM+IL-4 (0.5, 10 and 20 ndymespectively) and human articular chondrocytesen
stimulated with control, IL-1+OSM (0.02 and 10 n@y/mespectively) or IL-1+OSM+IL-4 (0.02, 10 and 20
ng/ml, respectively) for 24 hours following a 28undransfection with siRNA specific to STAT6 or siIC
(100 nM). Real-time RT-PCR of the isolated RNA waerformed for Trbl 72 hours after the start of
transfection. Data are presented as fold inducatatetive to the basal siCon-transfected expres@itean *

S.E.M,n = 8) and are taken from a single experiment. 1¥<0.01.
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phosphorylation of STAT6 as expected and silenagh§TAT6 reduced phospho-STAT6

protein expression. However, silencing of Trbl dot prevent the phosphorylation of

STATG6 by IL-4. This, along with the data presentedrigure 7.3, suggests that Trbl acts
downstream of STATG.

7.2.5 The effect of STAT6 and Trbl gene silencingno MMP-1 mRNA

expression in SW1353 cells

Data presented in this thesis have consistentlyodstrated a differential regulation of
MMP-13 and MMP-1 by IL-4. IL-4 appears to increadel+OSM-induced MMP-1

expression in many experiments, therefore the effeETAT6 and Trbl gene silencing on
IL-1+OSM-induced MMP-1 expression was examined.ufég7.5 demonstrates that
increased MMP-1 expression with IL-1+OSM+IL-4 appedo be STAT6-dependent.
Whilst Trbl gene silencing significantly reduces-1+OSM+IL-4-induced MMP-1

expression, MMP-1 expression remains greater irptesence of IL-4 than in the absence

of IL-4 (as has been consistently observed before).

7.2.6 The effect of tribbles protein family gene Encing on IL-1+OSM-induced

collagenase gene expression in SW1353 cells

Trbl is one of three members of the tribbles profemily and so it was important to
assess the effect of Trb2 and Trb3 (in additiomrtml) gene silencing on MMP-13 mRNA
expression. Further attempts to replicate the pieéry findings of the effect of Trb1l gene
silencing on MMP-13 gene expression (Figures 7d AR) yielded inconsistent results.
For unknown reasons, Trbl gene silencing did notsistently rescue IL-4-mediated
repression of IL-1+OSM-induced MMP-13 (Figure 7.68)lencing of Trb2 consistently
had no significant effect on IL-1+OSM or IL-1+OSM+#-induced MMP-13 expression,
suggesting that Trb2 is not involved in either tmeluction of MMP-13 by pro-

inflammatory cytokines or the repression of MMP-A§ anti-inflammatory cytokines.

Despite problems with the reproducibility of thescae of IL-4-mediated repression of IL-
1+OSM-induced MMP-13 following Trbl gene silencingribbles-regulated MMP

expression is further supported in that Trb3 sileg@bolished IL-1+OSM-induced MMP-
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13 expression (Figure 7.6a and b). This finding wigbly reproducible (representative of
four independent experiments) and suggests thatidugl tribbles may have opposing

roles in MMP regulation. These preliminary dataupa pro-inflammatory role for Trb3.

In order to extend these initial observations, Fegw.7 confirms that other pro-
inflammatory stimuli (TNl+OSM) are also Trb3-dependent for MMP-13. Takeretoer,
these preliminary data are suggestive of a modefr&ldy Trb1l and Trb3 regulate MMP-13
gene expression during pro-inflammatory signalliwgh a pro-inflammatory role for Trb3
and a possible anti-inflammatory role for Trb1.

7.2.7 Transfection timecourse to determine the effiency of Trbl and Trb3
gene silencing in SW1353 cells

After problems with the reproducibility of the rescof IL-4-mediated repression of IL-
1+OSM-induced MMP-13 following Trbl gene silencing, Trbl and Trb3 siRNA
transfection timecourse was performed in SW1358&.c&he purpose of this experiment
was to determine, not only if the Trb1l gene silagaivas effectively reducing Trb1 protein
expression but also to examine the most appropiratpoint for examination of the effect
of Trb1l gene silencing on MMP-13 expression. Figiu& clearly shows that whilst Trb3
gene silencing via siRNA was effective at reducifidp3 protein expression (at all
timepoints tested). Trbl silencing was less eféectialthough appeared to reduce Trbl
protein expression at 48 hours by approximately 50%s experiment suggests that the
problems encountered in reproducing the prelimirfargings of Trb1l gene silencing on
IL-4-mediated repression of IL-1+OSM-induced MMP-a8 due to the Trbl siRNA

producing only a partial knock-down, thereby resglin poor reproducibility.
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SiRNA con STAT6 Trbl

IL-4 - + - + - +

STAT6

phospho-STAT
(Tyr641)

B-tubulin

Figure 7.4 The effect of STAT6 and Trbl gene sileintgy on STAT6 and phospho-STAT6 abundance.
SW1353 cells were stimulated with control or IL2D (hg/ml) for 20 minutes following a 48 hour tragxtfon
with siRNA specific to STAT6, Trbl or siCon (100 pMrotal cell lysates were prepared and separaged b
SDS-PAGE on a 10% polyacrylamide gel with a molacweight marker. Protein fractions were transférre
to PVDF membranes. Blots were probed with STAT@&gpo-STAT6 an@-tubulin followed by goat anti-

rabbit HRP. The blots were visualised using ECL aredrepresentative of two independent experiments.
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Figure 7.5 The effect of STAT6 and Trbl gene sileimy on MMP-1 mRNA expression in SW1353 cells.
SW1353 cells were stimulated with control, IL-1+O%85 and 10 ng/ml, respectively) or IL-1+OSM+IL-4
(0.5, 10 and 20 ng/ml, respectively) for 24 howthofving a 28 hour transfection with siRNA specifiz
STAT6, Trbl or siCon (100 nM). Real-time RT-PCRtbé isolated RNA was performed for MMP-1 72
hours after the start of transfection. Data arsgmted as fold induction relative to the basal si@ansfected
expression (mean + S.E.M,= 8). Data are representative of two independgpégments. *** = p< 0.001;

** =p <0.01.
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Figure 7.6 The effect of Trb protein family gene $encing on IL-1+OSM-induced collagenase gene
expression in SW1353 cellsSW1353 cells were stimulated with control, IL-1H4®%0.5 and 10 ng/ml,
respectively) or IL-1+OSM+IL-4 (0.5, 10 and 20 nd¢yrmespectively) for 24 hours following a 28 hour
transfection + siRNA specific to Trb1, Trb2, Trb8 siCon (100 nM). Real-time RT-PCR of the isolated
RNA was performed for MMP-13 (a) and MMP-1 (b) 7@ubs after the start of transfection. Data are
presented as fold induction relative to the bagabis-transfected expression (mean + S.EN; 6) and are

representative of four independent experiments.2< 0.001; * = p< 0.05.
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Figure 7.7 The effect of Trb protein family gene $éncing on TNFe+OSM-induced collagenase gene
expression in SW1353 cellsSW1353 cells were stimulated with control, T MOSM (10 and 10 ng/ml,
respectively), TNE+OSM+IL-4 (10, 10 and 20 ng/ml, respectively) fo4 hours following a 28 hour
transfection + siRNA specific to Trb1, Trb2, Trb8 siCon (100 nM). Real-time RT-PCR of the isolated
RNA was performed for MMP-13 (a) and MMP-1 (b) 7@ubs after the start of transfection. Data are
presented as fold induction relative to the bagabis-transfected expression (mean + S.EnM; 6) and are

taken from a single experiment. *** =90.001; ** = p< 0.01; ns = not significant.
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7.2.8 Investigations into the efficiency of Trbl gee silencing

7.2.8.1 The effect of Trbl gene silencing usind\g8bn MMP-13 expression in SW1353

cells

The siRNA used to silence Trbl in Figures 7.1 - W& SMARTpod! small interfering
RNA (siRNA) from Dharmacon. This SMARTpJokiRNA consists of a mixture of four
siRNA provided as a single reagent, so whilst th@ltTrbl siRNA concentration in
experiments was 100 nM, the actual concentratioeach individual siRNA was only 25
nM. The first theory tested as to why Trbl SMARTP0GIRNA was ineffective in
reproducibly silencing Trbl gene expression was pleahaps only one of the four SIRNAs
provided in the SMARTpo8Iwas effectively silencing Trb1. To test this hypegis, the
four single siRNAs were purchased individually fradharmacon and used separately in
SW1353 cells at four times the concentration theyl lbeen present at in previous
experiments. However, none of the four individugbT' siRNAs were able to rescue IL-4-
mediated repression of IL-1+OSM-induced MMP-13 (ifey7.9).

7.2.8.2 The effect of Trb1l gene silencing using$ARN MMP-13 expression in SW1353

cells

The failure to observe consistent knockdown of Tudsing SiRNA purchased from
Dharmacon led to the use of Trb1l shRNA in an attemproduce efficient knockdown of
Trbl and reproducible rescue of IL-4-mediated regiom of IL-1+OSM-induced MMP-13.
MISSION shRNA clones were purchased from Sigma-8kdrEach clone was constructed
within the lentivirus plasmid vector pLKO.1-Purdl@wed by transformation int&. coli.

All five clones available from Sigma-Aldrich weraighased, each of which targeted a
different region of the Trb1l gene sequence. Previsark in the department (Scott, 2009)
had determined that the optimal multiplicity of esfion (M.O.l.) for human articular
chondrocytes was 15. As SW1353 cells are charatitaily transfected more efficiently
than primary chondrocytes, the initial experimemtSW1353 cells used an M.O.l of 10
(Figure 7.10a). Out of the five clones tested, amig (Trbl 1535) produced promising
results in the rescue of IL-4-mediated repressidh-d+OSM-induced MMP-13 (p=0.08).
Whilst this result was not statistically significant was felt that the finding warranted

further investigation. A second experiment was qgraned using an M.O.l of 25 (Figure
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7.10b). The M.O.I was increased from 10 to 25 ikeorto try and maximise any effects of
the Trb1l shRNA. Unfortunately the first ShRNA expent (Figure 7.10a) used the entire
stock of Trb1l 1539 and so this clone was not inetlich the second experiment (Figure
7.10b). Figure 7.10b showed a statistically sigaifit rescue of IL-4-mediated repression of
IL-1+OSM-induced MMP-13 by Trb1 1535. Again, norietloe other clones were able to
rescue IL-4-mediated repression of IL-1+OSM-indudédP-13. IL-1+OSM-stimulated
levels of MMP-13 were reduced following transdustiwith some shRNA clones. This
made the effect of the shRNA clones on IL-1+OSM#Hnrduced MMP-13 expression
difficult to interpret. Despite this, the prelimimyawork with shRNA identified one
commercially available Trbl shRNA clone that appdato successfully rescue IL-4-
mediated repression of IL-1+OSM-induced MMP-13. tker work would be needed to
assess the reproducibility of this finding.

Taken together, the preliminary experiments invodvsiRNA and shRNA would suggest
that effective silencing of Trbl is much more coexpthan silencing of Trb3. However, the
data suggest that when Trbl is effectively silen¢bid knockdown is able to effectively
rescue IL-4-mediated repression of IL-1+OSM-indus#dP-13. Further work is needed

to understand the reproducibility issues conceriiirid. gene silencing.

-178 -



Chapter 7

Hours 24 84 72
siCon + - + - + -

siTrbl - + - + - +

Trbl

B-tubulin

siCon + - + - + -

siTrb3 - + - + - +

Trb3

B-tubulin —

Figure 7.8 Transfection timecourse to determine theefficiency of Trbl and Trb3 gene silencing in
SW1353 cells, as determined by Western bloEollowing transfection with siRNA specific to TrpIrb3 or
siCon (100 nM) for 24, 48 or 72 hours, total cgldtes were prepared and separated by SDS-PAGE on a
10% polyacrylamide gel with a molecular weight naarkProtein fractions were transferred to PVDF
membranes. Blots were probed with Trb1, Trb3 Addbulin followed by goat anti-rabbit HRP. The ot
were visualised using ECL and are representativewofndependent experiments.
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Figure 7.9 The effect of Trb1l gene silencing on MMR3 expression in SW1353 cell§W1353 cells were
stimulated with control, IL-1+OSM (0.5 and 10 ng/méspectively) or IL-1+OSM+IL-4 (0.5, 10 and 20
ng/ml, respectively) for 24 hours following a 28undransfection with siRNA specific to Trb1l (Dharcoa
SMARTpool), individual Dharmacon Trbl siRNA (07-16) siCon (100 nM). Real-time RT-PCR of the
isolated RNA was performed for MMP-13 72 hours raftee start of transfection. Data are presenteflds
induction relative to the basal siCon-transfectegression (mean + S.E.M,= 4). *** = p < 0.001; ** = p<

0.01; * = p< 0.05, ns = not significant. Data are from a siregperiment only.
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Figure 7.10 The effect of shRNA Trbl gene silencingn MMP-13 expression in SW1353 cellSW1353
cells were stimulated with control, IL-1+OSM (0.6da10 ng/ml, respectively) or IL-1+OSM+IL-4 (0.50 1
and 20 ng/ml, respectively) for 24 hours followiag28 hour transduction with various shRNA spedific
Trb1 (1535 - 1539) (MOI 10 (a) or 25 (b)). RealiiRT-PCR of the isolated RNA was performed for MMP-
13 72 hours after the start of transduction. Dak @esented as fold induction relative to the mock
transduced expression (mean * S.Ervs 4). ** = p < 0.001; ** = p< 0.01; * = p< 0.05; ns = not

significant.
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7.2.9 The effect of over-expression of Trbl, 2 or 8n MMP-13 expression in
SW1353 cells

Gene silencing data presented in this chapter halieated a potential anti-inflammatory
role for Trbl (rescue of IL-4-mediated repressioh Ib-1+OSM-induced MMP-13
following Trbl silencing) and a pro-inflammatoryledor Trb3 (inhibition of IL-1+OSM-
induced MMP-13 expression following Trb3 silencingxperiments were performed using
over-expression plasmids for the tribble protemssgsess the effect of over-expression of
these proteins on MMP-13 expression. It was hopatldver-expression of tribbles might
result in converse effects to siRNA, thereby vadlathe interpretation. However, over-
expression of Trb1l and Trb2 had no significantaffen IL-1+OSM+IL-4-induced MMP-
13 expression. Over-expression of Trb3 was showentance IL-1+OSM-induced MMP-
13 expression when compared to pcDNA3.1 transfeSi&1353 cells (Figure 7.11). The
data presented here, along with those presentédyime 7.6, support a pro-inflammatory
role for Trb3 as over-expression resulted in a supiiction of MMP-13 (by IL-1+OSM)
and silencing of Trb3 abolished IL-1+OSM-induced MM3 expression. Whilst this
experiment was repeated three times, over-expressiolrb3 at the protein level (as
demonstrated by Western blot) was only demonstratea single experiment (data not
shown) and so it was assumed the over-expressia imeffective in the other two

experiments. For this reason, the data from therdtho experiments were not included.

7.2.10 The effect of IL-1+OSM and IL-1+OSM+IL-4 on the subcellular

localisation of Trb1l and Trb3

At the time of study, no information existed on thabcellular localisation of tribbles
proteins in chondrocytes. These experiments aimegtermine the subcellular localisation
of tribbles proteins under basal conditions in SBA8ells. In addition, they examined the
effect of IL-1+OSM and IL-1+OSM+IL-4 treatment ohet localisation of tribbles. Only
one Trb2 antibody was available commercially attiime of study and this was ineffective
in my experiments (data not shown). Various con&malibodies were used to assess the
purity of each fraction, for example MEK-2 was usasl a marker of the cytoplasmic
fraction, lamin A/C for the soluble nuclear fractiand histone H3 for the chromatin-bound

nuclear fraction. The localisation of Akt was exaed in order to provide another control
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Figure 7.11 The effect of over-expression of Trb12 or 3 on MMP-13 expression in SW1353 cells
SW1353 cells were stimulated with control, IL-1+O%85 and 10 ng/ml, respectively) or IL-1+OSM+IL-4
(0.5, 10 and 20 ng/ml, respectively) for 24 houwBofving a 28 hour transfection with over-expressio
plasmids specific to Trbl, Trb2, Trb3 or pcDNA3Real-time RT-PCR of the isolated RNA was performed
for MMP-13 following stimulation. Data are presehias fold induction relative to the pcDNA3.1-transdd

basal expression (mean + S.EMgs 6) and are taken from a single experiment. 1¥<0.01.
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for the experiment. Akt is known to be mainly ldsatl to the cytoplasmic fraction, which
is demonstrated in Figure 7.12. In addition, datasented in Chapter 3 of this thesis
showed that both OSM and IL-4 increase phosphaoylaif Akt when compared to basal.
This is also shown in Figure 7.12, indicating ttybkine stimulations worked as expected.
Figure 7.12 demonstrates that Trbl is principaiffoplasmic under basal and stimulated
conditions. However, IL-1+OSM was shown to slighdgrich Trbl in the membrane-
bound fraction and IL-1+OSM+IL-4 increased thisielmment even more so. Trb3 was
shown to be localised to the soluble-nuclear foactinder all conditions, but was also
present in the cytoplasmic fraction under all ctinds and to a lesser extent in the
membrane-bound fraction. IL-1+OSM+IL-4 also incedsrb3 in the membrane-bound

fraction, as was the case with Trbl.

7.2.11 MKK-Trb1l and —Trb3 interactions in SW1353 cls

The tribbles family of proteins has been identifedregulators of MAPK pathways (Kiss-
Toth et al. 2006). They have been shown to intesgitt MAPK activators, MAPKKs and,

in turn, modulate the activity of these MAPKKs (Ki%oth et al. 2004; Kiss-Toth et al.
2006). To assess any physical interactions betwsetribbles and MAPKKs in SW1353
cells, a green fluorescent protein (GFP)-basedeprdragment complementation assay
(PCA) was used (as described in section 2.2.10\8)ltiple controls (MEK1 V1-
pcDNA3.1, MKK4 V1-pcDNA3.1, MKK6 V1-pcDNA3.1, MKK7V1-pcDNA3.1, Trbl
V2-pcDNA3.1, Trb3 V2-pcDNA3.1 and pcDNA3.1-pcDNA3.Wvere included in the
experiment to exclude false positive results. Alhtcols were negative, however, for clarity
only one example is shown in each figure (Figude&@and 7.14). Data presented in Figure
7.13 demonstrate a physical interaction betweerl Ebd MEK1, MKK4, MKK6 and
MKK7. These data demonstrated that the MKK6-Trbtl &KK7-Trb1l complexes are
primarily located in the nucleus, whereas the MEKh1 and MKK4-Trbl complex are
primarily cytoplasmic. Given that subcellular Idsation data in Figure 7.12 indicated that
Trbl is primarily cytoplasmic, data in Figure 7.%8ggests that Trbl relocates to the
nucleus when complexed with MKK6 and MKK7. Trb3 vwadso shown to form complexes
with MEK1, MKK4, MKK6 and MKK7 (Figure 7.14). All te MKK-Trb3 complexes
appeared to be nuclear, with the exception of MKKB3, which may be partially

cytoplasmic.
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Figure 7.12 The effect of IL-1+OSM and IL-1+OSM+IL-4 on the subcellular localisation of Akt, Trbl

and Trb3, as determined by Western blotSW1353 cells were stimulated with control, IL-1+O$045 and

10 ng/ml, respectively) or IL-1+OSM+IL-4 (0.5, 16ch20 ng/ml, respectively) for 20 minutes. A suhdef
protein fractionation kit was used to separatedyteplasmic, membrane, soluble nuclear, chromabimabl
nuclear and cytoskeletal fractions. These lysat®weparated by SDS-PAGE on a 10% polyacrylametie g
with a molecular weight marker. Protein fractionsrevtransferred to PVDF membranes. Blots were grobe
with phospho-Akt (Thr308), phospho-Akt (Ser473)bTr Trb3,B-tubulin, lamin A/C, Mek-2 and histone H3
followed by goat anti-rabbit HRP. The blots weresualised using ECL and are representative of three
independent experiments.
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Figure 7.13 MEK1- and MKK-Trb1 interactions in SW1353 cells.Physical interaction between Trbl and
MKKs was investigated by GFP-based protein fragnoemiplementation assay. MEK1, MKK4, MKK6 and
MKK?7 were fused to the N-terminal fragment of Ven@&P (V1) and Trbl was fused to the C-terminal
fragment of Venus GFP (V2). Various combinationsegpression constructs were co-transfected and the
GFP signal was visualised by fluorescence microgc®epresentative cells show the interaction betwee
Trbl and MKKs.
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MEK1 V1-Trb3 V2 MKK4 V1-Trb3 V2
MKK6 V1-Trb3 V2 MKK?7 V1-Trb3 V2

Negative control
(Trb3 V2-pcDNA3.1)

Figure 7.14 MEK1- and MKK-Trb3 interactions in SW1353 cells.Physical interaction between Trb3 and
MKKs was investigated by GFP-based protein fragnoemiplementation assay. MEK1, MKK4, MKK6 and
MKK?7 were fused to the N-terminal fragment of Ven@&P (V1) and Trb3 was fused to the C-terminal
fragment of Venus GFP (V2). Various combinationsegpression constructs were co-transfected and the
GFP signal was visualised by fluorescence microgc®epresentative cells show the interaction betwee
Trb3 and MKKs.
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7.3 Discussion
Genome-wide microarrays described in Chapter @isfthesis highlighted numerous genes

that were differentially expressed in IL-1+OSM+ILt#ated cells/cartilage compared to
IL-1+OSM-treated cells/cartilage, one of which Wab1. This initial screen demonstrated
Trbl induction following IL-1+OSM stimulation of muan chondrocytes and bovine
cartilage, and this induction was further augmeritdidwing the inclusion of IL-4. This
suggested that “anti-inflammatory” agents, suchllad, may mediate their repressive
effects on MMP gene expression via increased TxptessionPreliminary gene silencing
experiments using siRNA specific to Trb1 providedrenevidence that Trb1l may indeed
be an important protein in mediating the chondrtgmiive effects of IL-4. Silencing of
Trbl was found to rescue IL-4-mediated repressibniLel+OSM-induced MMP-13
expression, suggesting an anti-inflammatory role Tobl. STAT6 is a major IL-4
signalling molecule and further experiments conéidnlL-4-mediated repression of IL-
1+OSM-induced MMP-13 was STAT6-dependent. Thisdatkd that STAT6 is upstream
of Trbl, with increased Trbl transcription resutifrom STAT6-binding to the Trbl
promoter (bioinformatics confirmed there is a STABBding element within the Trbl

promoter sequence).

In many instances MMP-13 expression following Tdiléncing was found to be equal to,
or greater than, that induced by IL-1+OSM. Thisngreenon suggests that alterations in
tribbles levels regulate the magnitude of the tasilpro-inflammatory stimulus in terms of
MMP expression. This hyper-inducement of MMP expi@s has been observed
previously. The IL-1+OSM+IL-4 stimulus consistentigsults in increased MMP-1 gene
expression when compared to IL-1+OSM-induced MMé&xfiression. This IL-1+OSM-IL-
4-induced increase in MMP-1 expression has alsm lséewn to be STAT6-dependent.
Previously, the potential mechanism for the obgewa that suggest pro-inflammatory
stimuli are regulated in terms of the magnitud®MP expression was unknown. The data

presented here indicate that alterations in tribtdgels may impact upon this.
A recent study had suggested a role for Trbl inctharol of adipose tissue inflammation
(Ostertag et al. 2010). Trbl was found to be smadiy up-regulated during acute and

chronic inflammation in the white adipose tissuemate. In adipocytes, Trb1l was found to
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act as a nuclear transcriptional coactivator fer B subunit RelA, thereby promoting
the induction of pro-inflammatory cytokines. Itnet without precedent that this reported
pro-inflammatory role for Trbl is in apparent cactflwith the anti-inflammatory role of
Trbl in chondrocytes. Indeed, IL-4 itself is knovmnbe both pro- and anti-inflammatory
depending on the circumstances and cell-type. Bsarcies in the function of mammalian
and Drosophila tribbles have been reported (Kiss-Toth et al. 2004is thought that
tribbles function inDrosophila is cell-type specific (Seher and Leptin 2000) anhds
speculated that the same applies to the mammaildotets (Kiss-Toth et al. 2004).

Trbl belongs to a family of three tribbles protearsl further gene silencing identified a
novel role for Trb3 in IL-1+OSM-induced MMP-13 exgsssion. Knockdown of Trb3 gene
expression was shown to reproducibly abolish IL-SM3induced MMP-13 expression,
indicating a possible pro-inflammatory role for BriExperiments involving TN&+OSM,
another pro-inflammatory cytokine combination knotensynergistically induce cartilage
degradation, extended these initial observationslby proving to be Trb3-dependent for
MMP-13 induction. This suspected pro-inflammataoierfor Trb3 was further confirmed
by over-expression experiments, demonstrating dliat-expression of Trb3 enhanced IL-
1+OSM-induced MMP-13 expression. This apparentbripflammatory role for Trb3 is in
agreement with the study by Cravero et al. (2008)ch demonstrated that a significantly
higher level of Trb3 was found in OA chondrocytdsew compared to age-matched control
chondrocytes. Taken together, these novel findswgggest individual tribbles may have

opposing roles in MMP regulation.

The effects of Trb3 gene silencing on IL-1+OSM-indd MMP-13 expression were highly
reproducible. However, problems were encountereth Wirbl gene silencing. Data
presented in this chapter found that silencing dflTwas not always effective, leading to
differing results when examining the effects of Tinockdown on MMP-13 expression.
Attempts to rationalise this ineffective silencittgough the use of several different gene
silencing reagents proved unsuccessful. It seendemvthat extensive optimisation of the
Trbl silencing protocol is necessary in order tdawb reproducible gene knockdown.
Despite problems with reproducibility, preliminadata suggest that when Trbl gene

silencing is effective, IL-4-mediated repressiorlofl+OSM-induced MMP-13 is rescued.
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This finding has been replicated in both SW1353scahd primary human articular
chondrocytes, indicating that this is a valid resul

The function(s) of the tribbles proteins is stitignly understood. They have been identified
as regulators of MAPK pathways (Kiss-Toth et al0O@0and are known to interact with
MAPK activators and MAPKKSs, to modulate the acyvitf MAPKKSs. Tribbles have also
been shown to interact with components of the Rid@kway (including Akt) as well as the
transcription factors C/EBP, ATF4 and p65, thusbéing them to regulate the level of
activation within these signalling systems (Hegeetual. 2006). However, many aspects of
the molecular basis of tribbles action remain uacl®revious data revealed that in OA
chondrocytes, specific Akt3 silencing repressedkiyie-induced MMP-13 expression but
not MMP-1 (Litherland et al. 2008). Furthermoreb3has been shown to bind to Akt and
inhibit its phosphorylation in hepatocytes (Du &t2003), and Trb3 expression appears
elevated in OA chondrocytes when compared to nocmahdrocytes (Cravero et al. 2009).
These findings, in addition to the data presente,hsuggest a definite role for tribbles in
MMP regulation. It is possible that the apparemutation by tribbles of the magnitude of
specific MMP induction demonstrated in this chapteay be related to their ability to
regulate MAPK cascades. Previous work by the KiggiTgroup (Kiss-Toth et al. 2004)
investigated the physical interactions of Trb1l/3d ararious members of the MAPK
signalling pathway in HelLa cells. This study fouét MEK-1 interacts with both Trbl
and Trb3, whereas MKK7 specifically interacted withb-3 and MKK4 specifically
interacted with Trb1. No interactions between Tdo13 were detected between MEKK-1,
MLK-3, ERK-2, JNK-1 or p38. In contrast to the 208tudy by Kiss-Toth et al., data
presented in this chapter demonstrated that pHystesiactions could be detected between
both Trb1 and Trb3 and MEK1, MKK4, MKK6 and MKK7 BW1353 cells. Although not
all cells exhibited fluorescence in this assay,qbaite nuclear staining was indicative of the
predicted localisation of these complexes. Duénte ttontraints, this assay was completed
only once and so repeats are necessary to corfienfindings reported here. However,
multiple controls were included in the experimentexclude false positive results and
fluorescence can only occur when two proteins @i interact within the same cell, and
so the findings can be viewed with some confideft® demonstration of these physical

interactions in chondrocytes suggests that triblegact on pro-inflammatory MMP
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regulation by controlling the balance of key sidingl pathways through interactions with
central components in the MAPK and PI3K pathwagefiactions between tribbles and Akt

have been previously documented (Cravero et aB00

Subcellular localisation data presented in thigptérafound Trbl to be mainly cytoplasmic
in SW1353 cells, which is in contrast to data pnése by other groups. Kiss-Toth et al.
(2006) found Trb1l to be localised to the nucleubleLa cells. However, it is quite possible
that the subcellular localisation of tribbles pmoseis cell-type dependent. Trb3 was shown
to be predominantly localised to the soluble-nucfeaction in SW1353 cells, which is in
agreement with previous reports (Ord and Ord 2608s-Toth et al. 2006). Indeed, some
tribbles have been shown to possess nuclear latialis sequences (personal
communication, Endre Kiss-Toth, Sheffield Univeykit All the studies that have
investigated the subcellular localisation of trégb(to date) have been based upon the use
of over-expression plasmids, therefore their casiols should be regarded with some
caution. The majority of signalling molecules ad jpart of a multiprotein complex,
therefore higher than normal levels of a particydestein can lead to non-physiological
intracellular localisation (Hegedus et al. 2007)haN expressed as GFP fusion proteins,
both Trbl and Trb3 were localised to the nucleusieLa cells (Kiss-Toth et al. 2006).
Trb3-GFP fusion protein has also been shown touotear in GT1-7, Cos-7 and CHO cells
(Ord and Ord 2003). Conversely, studies investiggtine cellular localisation of Trb2 have
suggested that Trb2 is found mainly in the cytaplg8Vilkin et al. 1997; Saka and Smith
2004). A more recent paper agreed with these fgel{Kiss-Toth et al. 2006).

Data presented in Chapter 5 of this thesis clestiywed the phosphorylation, and hence
activation, of Akt by both OSM and IL-4. This fimdj posed the question of how two
cytokines with opposing effects on cartilage (OSMinlg catabolic and IL-4 being
anabolic), can both activate the same signallinteoube. The finding that tribbles proteins
appear to play an important role in the regulatdrcytokine-induced MMP expression
may explain the activation of Akt in both OSM- ahid4-signalling pathways. The
important physiological function of tribbles prateiis now widely accepted; however, the
molecular basis of tribbles function is still pgotnderstood. The presence of a kinase-like

domain in tribbles proteins that appears to belgatally inactive suggests that tribbles are
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‘kinase-dead’ proteins. One hypothesis put forwlayda recent review (Hegedus et el.
2007) suggests that tribbles may function as dgmoyeins, by competing with active
protein kinases for binding partners, thereby diifigc the activation of downstream
signalling pathways. One hypothesis that may erplae activation of Akt by both OSM

and IL-4 could be that following either OSM-medthigkt activation or IL-4-mediated Akt

activation, tribbles proteins act to sequestereeithctivated Akt or signalling molecules
downstream of Akt, thereby altering downstream aligmg events. This could mean that
relatively subtle changes in tribbles expressiandamonstrated for Trbl in this thesis,
may still result in marked alterations in downsinesignalling events and resultant MMP

expression.

The observation that the magnitude of specific MiMéuction appears to be regulated by
tribbles suggests that alterations in functionalele of specific tribbles proteins may
protect against aberrant MMP gene expression imafoeytes. Future work should
concentrate on identifying how individual tribblesediate their effects. As tribbles are
thought to be pseudo-kinases, protein interactwasikely to be their mechanism of action
for regulating MMP-13 expression. In fact, it ikdly that tribbles regulate signalling cross-
talk, especially within an inflammatory environmehhe consequences of specific tribbles
over-expression or deletion in animal models ohrétis would need to be examined, in
addition to molecular approaches to identify thechamism by which tribbles regulate
MMP-13. The data presented in this chapter reptdsghly novel data, which could lead
to the development of a therapy to specificallygearMMP-13, potentially ameliorating

joint damage in arthritis.

7.4 Summary

* Individual tribbles may have opposing roles in Mk&gulation
» Data indicate a possible anti-inflammatory role Tob1l as gene silencing of
Trbl results in the rescue of IL-4-mediated repogs®f IL-1+OSM-induced
MMP-13.
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» Data indicate a possible pro-inflammatory role Twb3 as gene silencing of
Trb3 abolishes IL-1+OSM-induced MMP-13 expressiad aver-expression of
Trb3 enhances IL-1+OSM-induced MMP-13 expression.

Under basal conditions Trbl appears to be primamipplasmic, whereas Trb3

appears to be predominantly nuclear.

Both Trb1 and Trb3 interact with MEK1, MKK4, MKK6nd MKK7 in SW1353

cells.
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Chapter 8: General discussion

Cartilage degradation in arthritic disease is cti@résed by irreversible collagenolysis. Of
the enzymes capable of hydrolysing native collafienls, MMP-13 is considered the

major collagenolytic MMP in OA, whilst MMP-1 is thight to be the major destructive
collagenase in RA. Inhibiting the action of theseynes to prevent cartilage destruction is

a highly sought after aim in arthritis research.

OA has historically been considered a ‘wear and’ fe@cess involving an imbalance
betweendegradation and repair of the articular cartilagd aubchondrabone favouring
gradual catabolism. OA was originally thought of asprimarily non-inflammatory
condition as opposed to RA where both local andesy& inflammation is a central
feature. However, this theory is now being recom®d as inflammatory cytokines and
mediators produced by joint tissues are increagibgling shown to play a role in the
pathogenesis of OA, perpetuating disease progressid therefore representing potential
therapeutic targets (Goldring and Goldring 2007,rahlson and Attur 2009). The
destructive process mediated by pro-inflammatoryoldges can be limited by anti-
inflammatory mediators such as IL-4. Whilst up-ragion of some anti-inflammatory
cytokines and inhibitory mediators does occur irooft inflammatory conditions such as
RA, it occurs at levels insufficient to preventtdage degradation. This imbalance between
pro and anti-inflammatory cytokines is reflected &y abundance of pro-inflammatory
cytokines, but a virtual absence of anti-inflammgtaeytokines such as IL-4 in RA
synovium. This is despite the presence of high I¢&eved IL-4 in peripheral blood
mononuclear cells of RA patients (Miossec et ab@9 In 1996, Cawston et al. reported
that IL-4 acted as a protective factor by spedifychlocking the release of collagen from
bovine nasal cartilage stimulated to resorb withlHOSM, preventing pro-inflammatory
cytokine-induced cartilage breakdown. However, diradministration of IL-4 to treat
arthritis would undoubtedly result in potentialljsastrous side-effects due to its known

pro-inflammatory effects on target cells in othartp of the body. The aim of this PhD was
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to further understand the protective mechanismctiba of IL-4 in order to identify more

specific therapeutic targets.

A bovine nasal cartilage explant model was usedntestigate the effect of IL-4 on
cartilage degradation and collagenase expressiba. adldition of the pro-inflammatory
combination of IL-1+OSM to bovine nasal cartilageeixplant culture induced an increase
in the synthesis of procollagenases and a releéseoltagen fragments. This study
corroborated the original findings of Cawston et(H#96) demonstrating that IL-4 was
able to prevent IL-1+OSM-mediated cartilage collaggeakdown. Expanding on this
original finding, data presented in Chapter 3 destrated that IL-4 was equally
chondroprotective when addition of IL-4 was delayeatil day 7 of the 14 day bovine nasal
cartilage timecourse. IL-4 was shown to strongly aeproducibly down-regulate IL-
1+OSM-induced MMP-13 expression in both primary rdirocytes and bovine nasal
cartilage. For the first time, data presented ima@ér 3 demonstrated that complete
repression of IL-1+OSM-induced MMP-13 expressiouwed within 24 hours of IL-4
addition to bovine nasal cartilage. It has beenpected for some time that the
chondroprotective effect of IL-4 in IL-1+OSM-induteartilage collagen degradation was
due to the strong repression of MMP-13 mRNA expoessand/or the inhibition of
activation of latent MMPs. Data presented in tliesis strongly suggest that it is the
repression of MMP-13 that is responsible for thetgutive effect of IL-4 on cartilage
degradation. The specific repression of MMP-13Ib¥i lis an important finding in relation
to possible future therapies. Understanding the ham@ism by which MMP-13 is
specifically repressed could lead to a therapy wmihimal side effects. Also reported in
Chapter 3 was the finding that IL-4 differentiallggulated MMP-1 and MMP-13
expression in bovine cartilage, primary chondrogyé®d the chondrosarcoma cell line
SW1353. IL-4 reproducibly inhibited IL-1+OSM-induteMMP-13 in bovine nasal
chondrocytes and, albeit to a slightly lesser extenhuman articular chondrocytes and
SW1353 cells. In contrast, IL-4 appeared to havesigmificant effect on IL-1+OSM-
induced MMP-1 expression in any of the three cgfles. If anything, a pattern of
increasing MMP-1 expression in the presence of Wa$ observed in all three cell types,
although these increases were rarely statisticatipificant. This differential expression

had been previously reported after examination MRvVexpression by Northern blot (Pyle
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2003), however this was the first study to exanNtMP expression by real-time RT-PCR.

These findings of differential collagenase generession in chondrocytes indicate that the
signalling that drives collagenase transcriptioaativation and subsequent production,
especially of MMP-13, represents a therapeuticetatigat could have significant benefits
for OA.

As IL-4 was shown to rapidly repress IL-1+OSM-indddVIMP-13 expression, Chapter 4
sought to investigate the possibility that IL-4 uieds epigenetic changes in the MMP-13
promoter, thereby leading to reduced gene expmes&pigenetic modifications provide
information as to where and when a gene shouldxpeessed as opposed to altering the
structure or function of a gene. The predominarigepetic modification of DNA in
mammalian genomes is DNA methylation. Previous wiylRoach et al. (2005) suggested
that the increase in MMP-13 expression observedOi cartilage correlated with
demethylation at specific sites within the MMP-I8®mpoter. It was therefore hypothesised
that IL-4 (in combination with IL-1+OSM) could dease IL-1+OSM-induced MMP-13
MRNA expression by increasing MMP-13 promoter migttign. However, examination of
the methylation status of the MMP-13 promoter v tdifferent methods (bisulphite
sequencing and pyrosequencing) found no evidenca afle for changes in MMP-13
promoter methylation in the regulation of MMP-13hgeexpression by IL-1, IL-1+OSM or
IL-1+OSM+IL-4 in bovine chondrocytes.

IL-4 is known to signal through IRS2, resulting the activation of PI3K and its
downstream target Akt. However, the role of thithpay in IL-4-induced gene expression
is still unclear. Previous work in the group (Litlaad et al. 2008) has demonstrated that
OSM stimulates Akt phosphorylation in human ar@écuthondrocytes, indicating Akt
activation. Studies into PI3K signalling in chondytes in Chapter 5 confirmed that both
OSM and IL-4 stimulation of chondrocytes resultedthhe phosphorylation and hence
activation of Akt. Due to the completely opposinffeets of these two cytokines on
cartilage destruction, this finding posed an irgérgy question. That is, how do the
signalling pathways induced by two cytokines witlpposing effects on cartilage
degradation, both result in Akt activation? Thisesfion was further investigated in

Chapter 7 of this thesis. Following the confirmatiof PI3K-dependent Akt activation by
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IL-4 in chondrocytes, Chapter 5 sought to examimeerples of PI3K p110 isoforms in IL-
4-dependent Akt phosphorylation. The study by Lidned et al. (2008) indicated a role for
pl1lGx and Aktl in MMP-1 gene induction by IL-1+OSM. lmdition, involvement of
pl1l® and Akt3 were implicated in MMP-13 induction. Narpcular PI3K p110 isoform
was found to have a clear role in IL-4-dependent #&dtivation. In fact, data presented in
Chapter 5 highlighted possible differences in P{8KLO isoform involvement in different
cell types. The involvement of specific PI3K p1%06forms was difficult to interpret due to
the same molecules (i.e. Akt) apparently beingsetdl by OSM (pro-inflammatory) and IL-
4 (anti-inflammatory). Despite the uncertainty hetinvolvement of any specific PI3K
p110 isoform in IL-4-dependent Akt activation, dptasented in Chapter 5 did corroborate
the findings of Litherland et al. (2008), indicairthat p11@ is required for MMP-13
induction by IL-1+OSM in chondrocytes. In suppofttbis apparently pro-inflammatory
role for PI3K p110 in chondrocytes, a 2006 study demonstrated afoolPI3K p11@ in

allergic airway inflammation in a murine asthma mlod.ee et al. 2006).

Chapter 6 presented the findings of genome-wideess following cytokine-treatment of
bovine nasal cartilage, human articular chondracyed the chondrosarcoma cell line
SW1353. The aim of this study was to identify cadati genes involved in the repression
of MMP-13 by IL-4, and therefore the chondroprotextaction of IL-4. A number of
similarities were observed in the gene expressiofilgs of the three different systems and
this, along with an extensive literature searchmfed the basis of the selection of genes for
further study. The results of this genome-wide gtueere limited due to the lack of
replicates. However, the inclusion of numerousrimdécontrols strengthened the reliability
of the results. Indeed, the intention here wasetoegate new leads for investigations into
the mechanism of action of IL-4, rather than geteepablishable data.

One of the genes selected for further study follgMihe genome-wide screen was Trbl.
Preliminary studies into the role of tribbles in NPMMegulation in chondrocytes revealed
several novel findings. Gene silencing of Trb1l siRNA resulted in the rescue of IL-4-
mediated repression of IL-1+OSM-induced MMP-13 esgion, indicating an anti-
inflammatory role for Trbl in the context of MMPgu@ation in chondrocytes. As the

tribbles family of proteins are a relatively newdiscovered family of proteins, there is
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currently no literature available on the role obTrin chondrocytes. However, a recent
paper identified Trbl as a tumour suppressor genacute myeloid leukaemia, with
reduced Trbl activity resulting in enhanced celivsal, thereby contributing to the
pathogenesis of the disease (Gilby et al. 2010)wv€sely, Trbl has been shown to be up-
regulated in acute and chronic inflammation inwvHete adipose tissue of mice (Ostertag et
al. 2010). The genome-wide analysis described iap@r 6 of this thesis reported an up-
regulation of Trb1l by the pro-inflammatory cytokind.-1+OSM, in agreement with the
findings of Ostertag et al. (2010). However, thdiadn of the anti-inflammatory cytokine
IL-4 to IL-1+OSM was shown to further increase Texpression, indicating that Trb1 can
dictate both pro- and anti-inflammatory responsegedding on the functional levels of
Trbl within a cell. Expanding on the initial findjrof Trb1l involvement in repression of
MMP-13 by IL-4, further gene silencing experimergsealed a completely novel role for
Trb3 in the pro-inflammatory induction of MMP-13 Ibly-1+OSM. In support of a pro-
inflammatory role for Trb3, experiments demonsulatdat over-expression of Trb3
enhanced IL-1+OSM-induced MMP-13 expression. Trla® Hbeen linked to various
pathological conditions including insulin resistanaiabetes and cardiovascular disease
(Ord et el. 2009) and therefore a potentially pgéroc role for Trb3 in chondrocytes is not
unexpected. Moreover, Trb3 is known to be expressdiigher levels in OA chondrocytes
than in normal chondrocytes (Cravero et al. 20fi8jher supporting a pathogenic role for
Trb3 in the development of OA.

These novel findings suggest that tribbles famignmbers are integral to MMP regulation
in chondrocytes. IL-4-mediated repression of IL-BNDinduced MMP-13 was shown to
be STAT6-dependent. Previous work indicated thatdhondroprotective nature of 1L-4
was due to the expression of a STAT6-reponsive gegle 2003). The data presented in
Chapter 7 appear to confirm this. The tribbles arelatively newly discovered family of
proteins and so their role in cell signalling amhg regulation in response to inflammatory
stimuli has not been well investigated. Therefdiee model proposed in this thesis
whereby Trbl and Trb3 regulate MMP-13 gene expoesgiuring pro- and anti-
inflammatory signalling is speculative and furtheork is required to confirm this

hypothesis.
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As tribbles have been previously implicated in tdoatrol of MAPK signalling pathways
(Kiss-Toth et al. 2004), further work examined phbgs interactions between tribbles
proteins and MAPKKs. A GFP-based PCA assay dematestr physical interactions
between Trbl/Trb3 and MEK-1, MKK4, MKK6 and MKK7 ichondrocytes. The
involvement of MAPKs in MMP signalling is well e&tigshed, although not clearly
understood (Rowan and Young 2007). For examplayamn of the JNK and ERK
pathways by IL-1 is known to result in the phosptetion and activation of the activating
protein-1 (AP-1) family member c-Jun, which subsagly dimerizes with c-Fos to drive
transcription of various MMP genes, including MMRxid -13 (Vincenti and Brinckerhoff
2002). For that reason, the demonstration of theseractions between tribbles and
MAPKKs is an important finding in relation to MMPegulation in chondrocytes.
Following on from these preliminary findings, thespected involvement of tribbles in the
regulation of MAPK signalling pathways would needbe assessed in relation to pro- and
anti-inflammatory stimuli. The phosphorylation sttof various signalling molecules
within the MAPK signalling pathway would be asseksdlowing tribbles gene silencing,
to identify any altered phosphorylation eventsdaiing tribbles interaction. However, it
may well be that phosphorylation events are uradteby tribbles and instead the
intracellular sequestration of signalling molecutesild be responsible for the alteration of
downstream signalling events following Akt actiwatj resulting in either the enhancement
or abolishment of MMP expression. Co-immunprectpta experiments using tribbles
antibodies, combined with mass spectrometry, cbaldsed to identify tribbles-interacting
proteins in stimulated chondrocytes. Following thige subcellular localisation in which
tribbles and identified binding partners are lodateould be determined under both basal
and stimulated conditions.

One of the questions posed by data presented ipt&@ha of this thesis was how do two
cytokines (namely, OSM and IL-4) both activate Aktd yet have completely opposing
effects on cartilage degradation and MMP regulafidre finding that the tribbles family of
proteins appear to play an important role in MMButation in chondrocytes could partly
explain this. It has been suggested that tribblag function as decoy proteins (Hegedus et
el. 2007), affecting the outcome of signalling pedlygs by competing with active protein

kinases for binding partners. Trb3 is known to loithAkt in chondrocytes (Cravero et al.
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transcription

Figure 8.1 Diagram summarising the possible involwaent of Trb proteins in MMP-13 expression and
repression. Gene-silencing of Trbl (via siRNA) has been shawmescue IL-4-mediated repression of IL-
1+OSM-induced MMP-13. This repression has been shimibe STAT6-dependent, suggesting STAT6 is
upstream of Trbl, with increased Trbl transcriptioan STAT6-binding to the Trbl promoter. Tribbles-
regulated MMP expression is further supported iat tlirb3 silencing abolishes MMP-13 expression,
supporting a pro-inflammatory role for Trb3. OSMdah.-4 signalling are both known to result in Akt
activation and Trb proteins are known Akt-bindirgrtpers. It is hypothesised that IL-4 functiongdpress
MMP-13 expression via an upregulation of Trbl. Trislthen thought to (a) sequester activated Akt
molecules, thereby preventing downstream signadimg inhibiting MMP-13 transcription and/or (b) ast a

decoy protein for protein kinases downstream of, Again inhibiting MMP-13 transcription.
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2009), and previous work within the department pesvided compelling evidence that
Akt-dependent signalling is critical for MMP expsé&s in chondrocytes (Litherland et al.
2008). As Trb3 appears to play an important rolethe pro-inflammatory cytokine
induction of MMP-13, it could be hypothesised tHatlowing OSM-mediated Akt
activation, tribbles proteins act to sequestervattid Akt or signalling molecules
downstream of Akt, thereby altering downstream ailgmy events in favour of MMP
activation and therefore matrix catabolism. Datspnted in Chapters 6 and 7 of this thesis
have shown levels of Trbl to be up-regulated inpoase to IL-4 in chondrocytes.
Therefore, downstream signalling events followihgdtmediated Akt activation could be
hypothesised to be altered by the involvement dflT¢as opposed to Trb3), thereby
preventing the induction of MMPs and resulting lire inhibition of cartilage degradation
observed in the presence of IL-4. Given more tiegeriments using a Trb3-deficient
mouse model could be used to further examine the ab Trb3 in IL-1+OSM-induced
MMP-13 induction in cartilage. The hypothesis ddsat here would predict that Trb3-
deficiency would protect against IL-1+OSM-inducedhstis following inter-articular
over-expression of IL-1+OSM via adenoviral genengfar. Previous studies have
successfully used adenoviral gene transfer to express murine IL-1 and murine OSM
intraarticularly in the knees of C57BL/6 mice rasy in increased MMP expression and
cartilage destruction (Rowan et al. 2003). In addjta Trb1l over-expression mouse model
could be used to test the hypothesis that cartépgeific Trbl over-expression would
result in fewer arthritic changes. Both transgeaigmals are now available for these
studies (A D Rowan and E Kiss-Toth, personal comuoation). C-myc tagged Trb1l and
Trb3 over-expression constructs are available amdhe hypothesised modulation of
PI3K/Akt signalling pathways by tribbles would bexaenined using co-
immunoprecipitation.

There are currently no treatments for OA that bloaKilage destruction, and treatments for
RA are expensive and ineffective in some patiefite increasing ageing population is
resulting in a mounting disease burden that regulte development of new therapies. The
success of current biological therapies indicates targeting key mediators is a viable and
important therapeutic strategy. Data presentediigithesis have demonstrated that IL-4 is

able to specifically inhibit MMP-13 expression,iading which opens up the possibility of
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designing a drug to mimic this action. Howevere#tdr understanding of the mechanisms
by which MMP genes are regulated is required toimmse potential side effects. The
highly novel observations presented in this thelgmonstrating the involvement of the
tribbles family of proteins in both pro- and amtflammatory MMP-13 regulation could
provide a detailed understanding of the moleculecimanisms by which a key MMP gene
is regulated in disease. Further work to unravelrttechanism of action by which tribbles
regulate MMP expression could result in new thexspArthritic disease results in severe
and prolonged disability and so any new therapyirtot cartilage destruction would
dramatically reduce the escalating burden on tladtiheervices.

Summary of possible future studies:

» Characterise the impact of Trbl over-expression @rB deletion in arthritis
models.

» Determine what factors regulate tribbles expressaod identify their binding
partners in chondrocytes.

* Investigate the molecular mechanisms of tribblesioded MMP-13 gene
expression.

» Determine what other, if any, genes (including MMRse also regulated in a
similar manner by tribbles.

» Examine which signalling pathways tribbles regulatel, to what extent tribbles
impact on these signalling pathways in pro-inflartona cytokine-stimulated
chondrocytes.

* Investigate the binding partners of individual tids; and whether re-
compartmentalisation of signalling molecules expaitribbles function in

regulating MMP expression.

The most significant finding of this thesis is tHat4 appears to prevent IL-1+OSM-
induced cartilage destruction by specifically regieg MMP-13. Genome-wide
microarrays identified Trb1l as a potential geneolmed in the repression of MMP-13 by
IL-4. Gene silencing experiments in chondrocytesficmed that transfection with Trbl

specific siRNA resulted in the rescue of IL-4 meelihrepression of IL-1+OSM-induced
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MMP-13 expression, indicating an anti-inflammatooje for Trb1. Trb1 belongs to family
of three tribbles proteins and additional studiednivestigate the roles of other tribbles
family members in MMP regulation identified Trb3 dsmving a potentially pro-
inflammatory role in MMP regulation in chondrocyt&ilencing of Trb3 was reproducibly
shown to abolish IL-1+OSM-induced MMP-13 expressidihe novel preliminary data
presented in this thesis indicate that tribblesging act as key regulators of catabolic and
anabolic responses in chondrocytes. From thesen{iadit could be hypothesised that
alterations in functional levels of specific tribbl proteins may protect against aberrant
MMP gene expression in chondrocytes. The identiboaof this potentially important
regulatory mechanism of signalling pathways impartea MMP-13 gene expression in

chondrocytes could be translated into a tractdi@eapy for arthritis.
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Genome-wide microarray results

Bovine nasal cartilage: IL-1+OSM+IL-4 vs IL-1+OSM

Affymetrix ID

Bt.958.1.A1_at
Bt.19204.1.S1_at

Bt.9202.1.S1

Bt.5362.1.S1_at

Bt.4321.1.S1_at
Bt.13556.2.A1_x_at
Bt.13556.2.A1_at

Bt.3307.1.A1_at
Bt.17331.1.A1_at
Bt.13556.1.51_a_

Bt.25478.1.A1_at
Bt.25236.1.A1_at
Bt.13892.1.51 _:

Bt.26538.1.51_at

Bt.17780.1.A1_at

Bt.23514.1.51 _;
Bt.28182.1.A1_at

Bt.22545.2.S1_
Bt.26803.1.A1_at
Bt.8124.1.52_at
Bt.1929.1.51_at

Bt.9062.1.51_at
Bt.14209.1.A1_at
Bt.15488.1.A1 ¢
Bt.17517.1.S1_at

Bt.19231.1.51_at
Bt.4063.1.S1_at
Bt.7176.1.S1_at

Bt.2017.1.S1_at

Bt.17036.1.A1_s_at
Bt.2236.1.S1_at

Fold
change

157.97
44.89

29.0¢

24.17

23.31
18.60
18.27

17.83
17.74
16.9¢

16.84
12.06
11.71

11.02

10.34

9.8¢
9.82

9.7z
9.31
9.18
9.16

9.13

9.08
8.71

8.60

8.39
8.12
7.84

7.69

7.69
7.57

Regulation

up
up

up

up
up
up

up
up

up
up

up

up

up
up

up
up
up
up

up

up
up

Symbol

Gene name

Transcribed sequence with strong similarity to @rosp:P98066
(H.sapiens) TSG6_HUMAN Tumor necrosis factor-indleiprotein
TSG-6 precursor

Transcribed sequences

Transcribed sequence with strong similarity to @irosp:Q14314
(H.sapiens) FGL2_HUMAN Fibroleukin precur

serine (or cysteine) proteinase inhibitor, cladakiia-1

SERPINA3 antiproteinase, antitrypsin), member 3

HF1
HF1

HF1

COL1A2

PLA2G7
SPON1
TFPI2
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Transcribed sequence with strong similarity to @rosp:QINSE2
(H.sapiens) CISH_HUMAN Cytokine-inducible SH2-cantag
protein

H factor 1 (commaih
H factor 1 (completpen

Transcribed sequence with strong similarity to @ropir:A57005
(H.sapiens) A57005 Norrie disease candidate preteirman

Transcribed sequence
H factor 1 (complemer
Transcribed sequence with strong similarity to girot
ref:NP_066025.1 (H.sapiens) CEGP1 protein [Honmieses]
Transcribed sequences
Transcribed sequent

Transcribed sequence with moderate similarity taepn sp:Q15884
(H.sapiens) X123_HUMAN Putative protein X123

Transcribed sequence with weak similarity to progp:P14784
(H.sapiens) IL2B_HUMAN Interleukin-2 receptor betaain
precursor

Transcribed sequence with moderate similarity tigin sp:P01023
(H.sapiens) A2MG_HUMAN Alph-2-macroglobulin precurs

Transcribed sequences

Transcribed sequence with strong similarity to @iropir:B36346
(H.sapiens) B36346 fibulin 1 precursor, spform B - humar

Transcribed sequences
collagen, typephal2
Transcribed sequences

Transcribed sequence with weak similarity to grote
ref:NP_071420.1 (H.sapiens) secreted modularwaltiinding
protein 1 [Homo sapiens]

Transcribed sequences
Transcribed sequer
Transcribed sequences

Transcribed sequence with strong similarity to @irosp:Q99574
(H.sapiens) NEUS_HUMAN Neuroserpin precursor

phospholipase A2, group VII (platelet-activatingtac
acetylhydrolase, plasma)

spondin 1, (f-spgreditracellular matrixprotein

tissue factor pathwhipitor 2
Transcribed sequence with strong similarity to @iropir:A41706
(H.sapiens) A41706 tryptophan--tRNA ligase

Transcribed sequences
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Bt.19866.1.A1_at
Bt.8124.1.S1_at

Bt.13482.1.S1_at

Bt.1736.1.A1_at
Bt.2841.1.51_at
Bt.5530.1.S1_at
Bt.4209.2.S1_a_at
Bt.13526.1.S1_at

Bt.982.1.S1_at
Bt.17881.1.S1_at
Bt.4209.2.S1_at
Bt.15298.1.A1_at
Bt.3595.1.51_at
Bt.12440.1.A1_at
Bt.422.1.S1_at
Bt.9421.1.S1_at
Bt.26813.1.S1_at
Bt.28209.1.S1_at
Bt.3100.1.A1_at
Bt.20745.1.A1_at
Bt.24212.1.S1_at

Bt.3247.1.S1_at

Bt.16048.1.S1_at
Bt.22699.2.A1_at
Bt.5598.1.S1_at
Bt.719.1.A1_at
Bt.27202.1.A1_at
Bt.390.1.S1_at
Bt.23864.1.A1_at
Bt.24898.1.S1_at

Bt.2638.1.S1_at

Bt.4939.1.S1_at

Bt.5861.1.S1_at

Bt.982.1.S1_a_at
Bt.1855.1.51_at

7.44
7.23

7.03

6.90
6.77
6.76
6.73
6.58

6.46
6.40
6.39
6.37
6.27
6.13
5.99
5.99
5.86
5.81
5.77
572
5.60

5.56

5.32

5.26

5.25

5.23

521

5.14

512

5.09

5.02

5.02

5.00

4.99
4.97

up
up

up

up
up
up
up
up

up
up
up
up
up
up
up
up
up
up
up
up
up

up

up

up

up

up

up

up

up

up

up

up

up

up
up

COL1A2

WARS
SDR1
C3

Transcribed sequence with strong similarity to @irosp:Q9P2J9
(H.sapiens) PDP2_HUMAN [Pyruvate dehydrogenasediipide]]-
phosphatase 2, mitochondrial precursor

collagen, typeghal2

Transcribed sequence with moderate similarity tigin sp:P48745
(H.sapiens) NOV_HUMAN NOV protein homolog precursor

Transcribed sequence with strong similarity to girot
ref:NP_003736.1 (H.sapiens) JAK binding proteimfitb sapiens]

tryptophanyl-tRNA &wtase
short-chain dehydraggneductase 1
component 3

Transcribed sequences

serine (or cysteine) proteinase inhibitor, cladekdifa-

SERPINAL lantiproteinase, antitrypsin), member 1

C3

MGP

IGFBP-3
VIT

CALB3

Transcribed sequences
component 3
Transcribed sequences
matrix Gla protein
Transcribed sequence
insulin-like grovightor binding protein-3
vitrin

Transcribed sequences
Transcribed sequences
Transcribed sequence
Transcribed sequences
Transcribed sequences

Transcribed sequence with moderate similarity tigin pir:T46488
(H.sapiens) T46488 hypothetical protein DKFZp434J06 human

Transcribed sequence with weak similarity to progp:P10124
(H.sapiens) PGSG_HUMAN Secretory granule proteaglycore
protein precursor

Transcribed sequence with strong similarity to @irosp:Q12857
(H.sapiens) NFIA_HUMAN Nuclear factor 1 A-type

Transcribed sequence with strong similarity to @irot
ref:NP_064515.1 (H.sapiens) chromosome 8 operimg&ame 4;
C8ORF4 protein [Homo sapiens]

Transcribed sequences
Transcribed sequences
calbindin 3, (vitarBirdependent calciumbinding protein)
Transcribed sequences

Transcribed sequence with weak similarity to grote
ref:NP_076973.1 (H.sapiens) hypothetical protel@@®2731 [Homo
sapiens]

serine (or cysteine) proteinase inhibitor, clad@pt{a-2 antiplasmin,

SERPINF1 pigment epithelium derivedfactor), member 1

Transcribed sequence with strong similarity to @iropir:JE0174
(H.sapiens) JE0174 frizzled protein-2 - human

Transcribed sequence with moderate similarity tdein
ref:NP_005935.3 (H.sapiens) OX-2 membrane glycegmo
precursor; MRC OX-2 antigen; antigen identifiedrbgnoclonal
antibody MRC OX-2

serine (or cysteine) proteinase inhibitor, cladekdifa-

SERPINAL lantiproteinase, antitrypsin), member 1

CST3
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cystatin C (amylogi@wathy and cerebralhemorrhage)
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Bt.17865.1.A1_at

Bt.25733.1.A1_at

Bt.23354.1.S1_at

Bt.4627.1.S1_at

Bt.4844.1.S1_at

Bt.28162.3.51_at
Bt.5847.1.S1_at
Bt.555.1.S1_at
Bt.1319.1.51_at

Bt.21284.2.S1_at
Bt.26774.1.S1_at
Bt.4209.1.S1_a_at
Bt.6321.1.S1_at
Bt.11679.1.S1_at
Bt.18634.2.S1_at

Bt.12694.1.S1_at
Bt.27778.1.A1_at
Bt.272.1.S1_at
B.9379.1.S1_at
Bt.25009.1.S1_at

Bt.24211.1.A1_at
Bt.4627.1.S2_at
Bt.6802.1.51_at
Bt.28583.1.S1_s_at
Bt.27543.1.A1_at
Bt.376.1.52_at

Bt.9412.1.S1_at
Bt.23575.1.A1_at

Bt.24452.1.S1_at
Bt.28651.1.S1_at
Bt.15939.1.A1_at

Bt.6408.2.A1_at

Bt.24904.1.A1_at

Bt.15828.2.51_at

Bt.15908.1.S1_at
Bt.4394.1.51_at

4.90

4.82

477

4.72

4.71

4.70
4.66
4.58
4.54

453
450
4.47
4.44
4.37
4.36

4.24
4.23
4.23
4.22
4.21

4.21
4.18
4.17
4.16
4.15
4.10

4.10
4.08

4.07

4.05

4.04

4.01

3.97

3.94

3.94
3.93

up

up

up

up

up

up
up
up
up

up
up
up
up
up
up

up
up
up
up
up

up
up
up
up
up
up

up
up

up

up

up

up

up

up

up
up

SLC6A8

PTN

CA4

C3

PIM1
MAOA

SLC6A8

Transcribed sequence with moderate similarity tigin
ref:NP_443178.1 (H.sapiens) hypothetical protel@@20702
[Homo sapiens]

Transcribed sequence with moderate similarity tigin
ref:NP_000203.1 (H.sapiens) integrin beta chata I8 precursor;
platelet glycoprotein llla precursor [Homo sapiens]

Transcribed sequence with moderate similarity tagin pir:A29939
(H.sapiens) A29939 epoxide hydrolase

solute carrier family 6 (neurotransmittertransporeeeatine), member
8

pleiotrophin [heparin binding growth factor 8,néergrowth-
promoting factor 1]

Transcribed sequence with strong similarity to @iropir:A40424
(H.sapiens) A40424 phospholamban - human

Transcribed sequence

carbonic anhydrase IV

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_057525.1 (H.sapiens) cysteine-rich motarae 1; cysteine-
rich repeat-containing protein S52 precursor, [H@apiens)]

Transcribed sequences

component 3

Transcribed sequences

Transcribed sequences

Transcribed sequences
Transcribed sequence with strong similarity to girot
ref:NP_055267.1 (H.sapiens) death receptor 6 [Heapiens]

Transcribed sequences

pim-1 oncogene

monoamine oxydase A

Transcribed sequences

Transcribed sequence with strong similarity to girot
ref:NP_060150.2 (H.sapiens) asporin

solute carrier family 6 (neurotransmitter transenrtreatine),
member 8

Transcribed sequences

LOC404102 similar toghpba 1(I) collagen

NPR3

GUCY1B3
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Transcribed sequences

natriuretic peptidepéar C [atrionatriureticpeptide receptor C]
Transcribed sequence with moderate similarity tigin pir:S46657
(H.sapiens) S46657 collagen alpha 1

Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_004782.1 (H.sapiens) integrin, beta-like 1

Transcribed sequence with strong similarity to @irot
ref:NP_443083.1 (H.sapiens) similar to RhoGAP [ldxsapiens]

Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to @irosp:Q9H324
(H.sapiens) AT10_ HUMAN ADAMTS-10 precursor

Transcribed sequence with strong similarity to @irot
ref:NP_079471.1 (H.sapiens) G-protein-coupledptmanduced
protein [Homo sapiens]

Transcribed sequence with moderate similarity tigin pir:T08785
(H.sapiens) T08785 hypothetical protein DKFZp5862P3 - human

guanylate cyclassluble, beta 3
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Bt.18264.1.A1_at

Bt.632.1.51_at
Bt.22974.1.S1_at
Bt.14369.1.A1_at

Bt.13780.1.A1_at
Bt.27990.1.S1_at
Bt.24328.1.S1_at
Bt.8549.1.S2_at

Bt.29718.1.A1_a_at
Bt.23042.1.S1_at

Bt.24881.1.S1_at
Bt.16382.1.A1_at

Bt.29718.1.S1_a_at
Bt.13306.2.S1_at
Bt.17518.1.51_at

Bt.13290.1.S1_at
Bt.12606.1.S1_a_at

Bt.22538.1.A1_at
Bt.6483.1.A1_at
Bt.3964.1.51_at

Bt.632.1.S1 s_at
Bt.8549.1.S1_at

Bt.15828.1.S1_at
Bt.18581.1.A1_at
Bt.8486.1.51_at
Bt.7393.1.S1_at
Bt.1807.1.A1_at
Bt.20404.1.S1_at

Bt.27976.1.51_at
Bt.16381.1.S1_at

Bt.6556.1.S1_at
Bt.11599.1.S1_at
Bt.4653.1.52_at
Bt.20979.1.S1_at

Bt.21284.1.A1_at

Bt.13849.1.S1_at
Bt.13306.1.S1_at

Bt.26053.1.A1_at
Bt.8948.1.51_at

3.92

3.90
3.90
3.86

3.85
3.84
3.83
3.83

3.83
3.81

3.78
3.78

3.78
3.76
3.75

3.73
3.72

3.72
3.66
3.61

3.60
3.59

3.55
3.55
3.50
3.47
3.47
3.46

3.44
3.43

3.43
341
3.41
3.40

3.38

3.38
3.37

3.37
3.36

up

up
up
up

up
up
up
up

up
up

up
up

up
up
up

up
up

up
up
up

up
up

up
up
up
up
up
up

up
up

up
up
up
up

up

up
up

up
up

TIMP1
SYNE1

Shtr2a

Transcribed sequences
tissue inhibitor of metalloproteinase 1[erythromtentiating activity,
collagenase inhibitor]

spectrin repeatdoing, nuclear envelope 1

Transcribed sequences
Transcribed sequence with strong similarity to @irosp:043609
(H.sapiens) SPY1_HUMAN Sprouty homolog 1

5-hydroxytryptaméeeptor 2A

Transcribed sequences

LOC404067 similar to pphall(l) collagen

MT-1A

SLC2A3

TIMP1

Clone bghrmv3 growth hormone receptor mRNA, varari TR and
partial cds

metallothionein-1A

Transcribed sequence with moderate similarity tdein
ref:NP_036204.1 (H.sapiens) complement componggtr€ceptor
[Homo sapiens]

Transcribed sequences
Clone bghrmv3 growth hormone receptor mRNA, vararid TR and
partial cds

Transcribed sequences

Transcribed sequences
Transcribed sequence with moderate similarity tigin pir:138891
(H.sapiens) 138891 hypothetical protein - human

Transcribed sequences
Transcribed sequence with strong similarity to girot
ref:NP_114072.1 (H.sapiens) frizzled homolog Ezled

Transcribed sequences

solute carrier fpi(facilitated glucosetransporter), member 3

tissue inhibitor of metalloproteinase 1[erythromtentiating activity,
collagenase inhibitor]

LOC404067 similar to pphall(l) collagen

PECAM1

LOX
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Transcribed sequence with strong similarity to @irot
ref:NP_079471.1 (H.sapiens) G-protein-coupledptmeanduced
protein [Homo sapiens]

Transcribed sequence

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences
MRNA for similar to tissue inhibitor of metallopminhases, partial
cds, clone: ORCS11139

Transcribed sequences
Transcribed sequence with weak similarity to groef:2208449A
(H.sapiens) 2208449A eotaxin [Homo sapiens]

Transcribed sequences

platelet/endothetdlladhesion molecule [CD31 antigen]

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_057525.1 (H.sapiens) cysteine-rich motarae 1; cysteine-
rich repeat-containing protein S52 precursor, [H@apiens]

Transcribed sequence with moderate similarity tdein
ref:NP_067017.1 (H.sapiens) solute carrier faddy

Transcribed sequences
Transcribed sequence with moderate similarity tagin pir:A40970
(H.sapiens) A40970 undulin 1 - human

lysyl oxidase
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Transcribed sequence with strong similarity to girot
ref:NP_115755.2 (H.sapiens) synaptotagmin-likis&orm b;

Bt.22735.1.51_at 335 up chromosome 11 synaptotagmin [Homo sapiens]

Transcribed sequence with strong similarity to @iropir:A40424
Bt.28162.1.S1_at 334 up (H.sapiens) A40424 phospholamban - human

Transcribed sequence with weak similarity to grogp:P05156
Bt.13387.1.51_at 3.33 up (H.sapiens) CFAI_HUMAN Complement factor | precurso
Bt.21540.1.S1_at 331 up FGFR2 FGF-receptor
Bt.26971.1.S1_at 331 up Transcribed sequences
Bt.16284.1.A1_at 3.30 up Transcribed sequences

Transcribed sequence with strong similarity to girot
Bt.3216.1.A1_at 329 up ref:NP_057692.1 (H.sapiens) ALEX1 protein [Hompisas]

Transcribed sequence with moderate similarity tdein
ref:NP_066925.1 (H.sapiens) serine protease itunjt{unitz type,

Bt.5075.1.S1_at 3.29 up 2; placental bikunin
Bt.4552.4.A1_at 3.28 up PLCB4 phospholipase C beta
Bt.8131.1.S1_at 3.27 up ALCAM activated leucocy# adhesion molecule
Bt.22063.1.A1_at 3.26 up Transcribed sequences
Bt.13566.1.A1_at 3.26 up Transcribed sequence
Bt.6504.1.S1_at 3.26 up Transcribed sequences

Transcribed sequence with strong similarity to @rosp:014786
Bt.20373.1.S1_at 325 up (H.sapiens) NRP1_HUMAN Neuropilin-1 precursor
Bt.22974.1.A1_at 3.20 up SYNE1 spectrin repeataioittg, nuclear envelope 1
Bt.23791.1.A1_at 3.20 up Transcribed sequence
Bt.9724.1.S1_at 3.18 up Transcribed sequences
Bt.16012.1.S1_at 3.18 up GHR growth hormone recepto
Bt.8897.1.S1_at 3.17 up C20o0rfl14 von Ebner miabivary gland protein
Bt.29378.1.A1_at 3.16 up Transcribed sequence
Bt.24997.1.51_at 3.16 up Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_005777.2 (H.sapiens) serologically definelbn cancer
Bt.20064.2.51_at 3.16 up antigen 33 [Homo sapiens]

Bt.24434.1.A1_at 3.16 up Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_005777.2 (H.sapiens) serologically definelbn cancer

Bt.20064.1.S1_at 3.12 up antigen 33 [Homo sapiens]
Bt.20295.1.A1_at 312 up Transcribed sequences
Bt.12765.1.S1_at 311 up RDH10 retinol dehydrogerds(all-trans)

Transcribed sequence with moderate similarity tagin sp:P57059
(H.sapiens) SN1L_HUMAN Probable serine/threoniragin kinase

Bt.29350.1.A1_at 311 up SNF1LK

Transcribed sequence with strong similarity to @iropir:S27332
Bt.20532.1.S1_at 3.10 up (H.sapiens) S27332 proteasome chain LMP2 - human
Bt.13039.1.A1_at 3.10 up ITGB3 integrin, beta &fplet glycoprotein llla, antigen CD61)

Transcribed sequence with weak similarity to grote
Bt.19508.1.A1_at 3.09 up ref:NP_005699.1 (H.sapiens) glypican 6 precursimnfio sapiens]

Bt.26426.1.A1_at 3.09 up Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_062529.1 (M.musculus) ecotropic viral imt@n site 27;

Bt.24532.1.A1_at 3.06 up IL-17B receptor [Mus musculus]
Bt.26095.1.A1_at 3.05 up Transcribed sequences
Bt.22076.1.A1_at 3.05 up Transcribed sequences
Bt.10442.2.S1_a_at 3.05 up COL12A1 collagen, tyfleatpha 1
Clone bghrmvé growth hormone receptor mRNA, vararid TR and
Bt.29806.1.A1_at 3.05 up partial cds
Bt.27091.2.51_at 3.04 up Transcribed sequences
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Bt.4167.1.S1_at
Bt.26328.1.A1_at

Bt.23276.1.S1_at
Bt.17606.1.A1_at
Bt.28659.1.A1_at

Bt.28162.2.A1_at
Bt.4263.1.51_at
Bt.21924.1.A1_at

Bt.13482.2.S1_at
Bt.347.1.S1_at
Bt.19834.1.A1_at

Bt.16857.1.A1_at

Bt.10565.1.A1_at
Bt.4586.1.S1_at
Bt.20226.1.A1_at

Bt.20490.1.S1_at
Bt.2519.1.S1_at

Bt.23276.2.51_at
Bt.17738.1.A1_at

Bt.6279.1.A1_at
Bt.3732.1.A1_at
Bt.22953.1.S1_at
Bt.13330.1.S1_at
Bt.13039.1.S1_at

Bt.7130.1.S1_at
Bt.18689.1.51_at
Bt.1433.1.S1_at
Bt.15939.2.S1_at
Bt.16510.1.A1_at

Bt.11017.1.S1_at

Bt.28393.1.S1_at
Bt.26445.1.A1_at
Bt.3913.1.S1_at

Bt.15692.1.A1_at
Bt.21924.2.S1_at
Bt.16769.1.A1_at

3.04
3.03

3.03
3.03
3.02

3.02
3.01
3.00

3.00
2.97
2.97

2.97

2.95
2.95
2.95

2.94
2.92

2.92
291

291
291
2.88
2.88
2.88

2.87
2.86
2.86
2.85
2.84

2.83

2.81
2.80
2.79

2.78
2.77
2.77

up
up

up
up
up

up
up
up

up
up
up

up

up
up
up

up
up

up
up

up
up
up
up
up

up
up
up
up
up

up

up
up
up

up
up
up

GPRK5

CHAD

GNG2

PLAU

TYRP2

ITGB3

VEGFC
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Transcribed sequence with strong similarity to @ropir:S55272
(H.sapiens) S55272 DNA-binding protein NEFA precarshuman

Transcribed sequence

Transcribed sequence with strong similarity to @irosp:Q9Y4K1
(H.sapiens) AIM1_HUMAN Absent in melanoma 1 protein

Transcribed sequence

Transcribed sequences
Transcribed sequence with strong similarity to @ropir:A40424
(H.sapiens) A40424 phospholamban - human

G protein-coupleeptar kinase 5

Transcribed sequences

Transcribed sequence with moderate similarity tagin sp:P48745
(H.sapiens) NOV_HUMAN NOV protein homolog precursor

chondroadherin
Transcribed sequence

Transcribed sequence with weak similarity to grote
ref:NP_077024.1 (H.sapiens) hypothetical protdid1d 354 [Homo
sapiens]

Transcribed sequence with moderate similarity tagin pir:T12520
(H.sapiens) T12520 hypothetical protein DKFZp434&17 human

guanine nucleotiddibgprotein (G protein), gamma 2
Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_036253.2 (H.sapiens) binder of Rho GTP4s€xic42
effector protein 4 [Homo sapiens]

plasminogen activatakinase

Transcribed sequence with strong similarity to @irosp:Q9Y4K1
(H.sapiens) AIM1_HUMAN Absent in melanoma 1 protein

Transcribed sequences
Transcribed sequence with strong similarity to girot
ref:NP_004990.1 (H.sapiens) myosin VI [Homo sagjen
Transcribed sequences
tyrosinase-relatetem-2
Transcribed sequences
integrin, beta atglet glycoprotein Illa, antigen CD61)

Transcribed sequence with strong similarity to @rosp:Q9Y520
(H.sapiens) BAE2_HUMAN Beta secretase 2 precursor

Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences

Transcribed sequence with moderate similarity tigin pir:T12520
(H.sapiens) T12520 hypothetical protein DKFZp434&17 human

Transcribed sequence with weak similarity to grogp:P08174
(H.sapiens) DAF_HUMAN Complement decay-acceleratatgor
precursor

Transcribed sequence
vascular endothgt@ivth factor C
Transcribed sequence with weak similarity to grogp:Q9NV58
(H.sapiens) RN19_HUMAN RING finger protein 19
Transcribed sequences
Transcribed sequence
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Bt.17324.1.A1_at
Bt.10150.1.S1_at
Bt.22349.2.S1_at
Bt.10340.1.S1_at
Bt.10442.2.A1_at

Bt.4901.1.S1_at
Bt.20706.1.A1_at
Bt.10222.1.S1_at
Bt.22000.1.A1_at
Bt.19097.2.S1_at

Bt.28780.2.A1_a_at

Bt.19355.1.A1_at

Bt.13553.2.51_at
Bt.27769.1.A1_at

Bt.19517.1.51_at
Bt.10076.1.S1_at
Bt.11315.1.A1_at

Bt.11324.1.A1 s_at

Bt.23770.1.A1_at
Bt.20393.1.S1_at
Bt.663.1.S1_at
Bt.5878.1.A1_at
Bt.1974.1.51_at
Bt.8486.2.S1_at
Bt.9594.1.S1_at
Bt.24342.1.A1_at
Bt.24941.1.S1_at
Bt.6449.1.S1_at

Bt.21762.2.51_at
Bt.19217.1.A1_at

Bt.20430.1.A1_at
Bt.12964.1.A1_at

Bt.25099.1.A1_at

Bt.8803.1.A1_at

Bt.3580.1.A1_at
Bt.19295.1.51_at

2.76
2.76
2.74
2.74

2.72

2.72
271
2.71
271
2.70

2.70

2.70

2.70
2.69

2.69
2.69
2.68
2.67
2.66

2.66

2.65

2.65

2.65

2.65

2.65

2.65

2.64

2.64

2.62
2.62

2.62
2.61

2.60

2.60

2.59
2.59

up
up
up
up
up

up
up
up
up
up

up

up

up
up

up
up
up
up
up

up

up

up

up

up

up

up

up

up

up
up

up
up

up

up

up
up

COL12A1
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Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences
collagen, type, ¥lpha 1

Transcribed sequence with strong similarity to @iropir:B46619
(H.sapiens) B46619 Ca2+/calmodulin-dependent prddeiase

Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences

Transcribed sequence with weak similarity to proper:A55380
(H.sapiens) A55380 faciogenital dysplasia-assodiptetein FGDL1 -
human

Transcribed sequence with moderate similarity tigin pir:S41819
(H.sapiens) S41819 nucleoporin p62 - human

Transcribed sequence with strong similarity to girot
ref:NP_068747.1 (H.sapiens) hypothetical proteid22649 similar
to signal peptidase SPC22/ [Homo sapiens]

Transcribed sequence

Transcribed sequence with moderate similarity tagin sp:P21860
(H.sapiens) ERB3_HUMAN Receptor protein-tyrosinease erbB-3
precursor

Transcribed sequences
Transcribed sequences
Transcribed sequence

Transcribed sequences

Transcribed sequence with strong similarity to @roprf:2121279A
(H.sapiens) 2121279A protein disulfide isomerasated protein
[Homo sapiens]

Transcribed sequences
Transcribed sequence with moderate similarity tigin sp:P20132
(H.sapiens) SDHL_HUMAN L-serine dehydratase

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_066969.1 (H.sapiens) angiopoietin-like da§Homo sapiens]
Transcribed sequence with weak similarity to grogp:P08910
(H.sapiens) HPS1_HUMAN Protein PHPS1-2
Transcribed sequence with strong similarity to @irosp:Q9UBX5
(H.sapiens) FBL5_HUMAN Fibulin-5 precursor

Transcribed sequences

Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_478144.1 (H.sapiens) HEAT-like repeat-curitg protein,
isoform 1; MGC4163 protein [Homo sapiens]

Transcribed sequence

Transcribed sequence with strong similarity to girot
ref:NP_004568.1 (H.sapiens) phosphoserine phaasghditiomo
sapiens]

Transcribed sequence with moderate similarity tagin sp:P00736
(H.sapiens) CIR_HUMAN Complement C1r component ymsar

Transcribed sequence with weak similarity to grogp:Q99538
(H.sapiens) LEGU_HUMAN Legumain precursor

Transcribed sequences
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Bt.13912.1.S1_at
Bt.21294.1.A1_at
Bt.12912.1.52_at
Bt.3034.1.51_at

Bt.29411.2.A1_at

B.9789.1.S1_at
Bt.26560.1.A1_at

Bt.3699.1.51_at
Bt.448.1.S1_at

Bt.624.1.S1_at
Bt.11704.1.S1_at
Bt.23651.1.A1_at

Bt.24928.1.S1_at
Bt.26204.1.A1_at
Bt.27091.1.S1_at
Bt.19845.1.S1_at
Bt.20569.3.S1_at
Bt.19978.1.A1_at
Bt.9026.1.S1_at

Bt.9966.2.51_a_at
Bt.13912.2.A1_at
Bt.3797.1.51_at
Bt.27379.1.A1_at

Bt.725.1.S1_at
Bt.18689.2.A1_at
Bt.13871.1.S1_at

Bt.20596.1.S1_at

B.9412.3.S1_at
Bt.19100.3.A1_at

Bt.29411.1.S1_at
Bt.23672.1.A1_at
Bt.8463.1.51_at

Bt.19541.1.A1_at

Bt.5656.1.S1_at

Bt.12455.1.51_at

Bt.29806.1.S1_at
Bt.20162.1.S1_at

2.58
2.57
2.56
2.56

2.56

2.56
2.55

255
255

254
2.54
2.54

254
2.53
2.53
2.53
252
2.52
251

251
2.50
2.50
2.50

2.49
2.48
2.48

2.47

2.46
2.46

2.46
2.45
2.44
2.44

242

242

242
2.42

up
up
up
up

up

up
up

up
up

up
up
up

up
up
up
up
up
up
up

up
up

up
up

up
up
up

up

up
up

up
up
up
up

up

up

up
up

COL4A1
COMP

PLCB1

ITPR2

FMOD
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Transcribed sequences
Transcribed sequences
collagen, typediha 1
cartilage oligomeradrin protein

Transcribed sequence with strong similarity to @iropir:T00352
(H.sapiens) T00352 hypothetical protein KIAAO7wman

Transcribed sequence with strong similarity to @rosp:014640
(H.sapiens) DVL1_HUMAN Segment polarity proteintiselled
homolog DVL-1

Transcribed sequences

Transcribed sequence with strong similarity to girot

ref:NP_004402.1 (H.sapiens) dynein, cytoplasmitgrimediate

polypeptide 1 [Homo sapiens]
phosphoinositide-$iggaiospholipase C betal

Transcribed sequence with strong similarity to @irot
ref:NP_055398.1 (H.sapiens) LIM and cysteine-domains 1;
dyxin [Homo sapiens]

Transcribed sequences

Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_055705.1 (H.sapiens) downregulated in avacancer 1
[Homo sapiens]

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

inositol 1,4,5-trighloate receptor, type 2
Transcribed sequence with strong similarity to @iropir:CGHU2V
(H.sapiens) CGHU2V collagen alpha 2

Transcribed sequences

fibromodulin

Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_006198.1 (H.sapiens) platelet-derived ghdlattor receptor-
like protein; platelet-derived growth factor-beiteeltumor suppressor
[Homo sapiens]

Transcribed sequences
Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_005788.1 (H.sapiens) epithelial V-like gati 1 precursor
[Homo sapiens]

Transcribed sequence with moderate similarity tagin pir:S46657
(H.sapiens) S46657 collagen alpha 1
Transcribed sequences

Transcribed sequence with strong similarity to @iropir:T00352
(H.sapiens) T00352 hypothetical protein KIAAO7uman

Transcribed sequences
Transcribed sequences
Transcribed sequence

Transcribed sequence with strong similarity to @irosp:Q99689
(H.sapiens) FEZ1_HUMAN Fasciculation and elongapooiein zeta
1

Transcribed sequences

Clone bghrmv6 growth hormone receptor mRNA, varari TR and
partial cds

Transcribed sequences
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Bt.17309.2.A1_at
Bt.11081.1.S1_at
Bt.4110.1.51_at
Bt.4594.1.51_at
Bt.121.1.S1_at

Bt.26885.1.S1_at
Bt.25075.1.A1_at
Bt.22857.1.S1_at
Bt.126.1.S2_at

Bt.24026.1.A1_at

Bt.19533.1.A1_at

Bt.5599.1.S1_at
Bt.14249.1.A1_at

Bt.29717.1.S1_a_at

Bt.16195.2.A1_at

Bt.29696.1.S1_at
Bt.6778.1.S1_at

Bt.9966.1.51_at

Bt.10861.2.51_at
Bt.28159.1.S1_at
Bt.22165.1.51_at

Bt.19024.1.A1_at
Bt.24255.1.S1_at

Bt.6087.2.51_a at

Bt.15712.1.51_at
Bt.17195.1.A1_at

B.9286.2.S1_at

Bt.13651.2.A1_at
Bt.16555.1.A1_at

Bt.22082.1.S1_at
B.9412.2.S1_at

Bt.4552.1.51_a at
Bt.19167.1.A1_at

Bt.23171.2.51_at

2.42
242
2.42
2.42
241

241
2.40
2.39
2.39
2.39

2.37

2.37

2.37

2.37
2.36

2.35
2.34

2.34
2.33
2.33
2.32

2.32
2.32

231

231
231

231

231
231

2.30
2.30

2.30
2.30

2.29

up
up
up
up
up

up
up
up
up
up

up

up

up

up
up

up
up
up
up
up
up

up
up

up

up
up

up

up
up

up
up

up
up

up

HRH1
NB25
FRZB

TRB2
KCNJ2
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Transcribed sequences
Transcribed sequences
histamine H1 receptor
MHC class Il (BoLA-DQB
frizzled-related protei

Transcribed sequence with weak similarity to prote
ref:NP_060416.1 (H.sapiens) hypothetical protdid20731 [Homo
sapiens]

Transcribed sequences

TRB-2 protein

potassium inwardlyiyog channel, subfamilyJ, member 2

Transcribed sequences

Transcribed sequence with weak similarity to progp:P11369
(M.musculus) POL2_MOUSE Retrovirus-related POL podyein
[Contains: Reverse transcriptase ; Endonuclease]

Transcribed sequence with strong similarity to @irot
ref:NP_071738.1 (H.sapiens) 17kD fetal brain profgomo
sapiens]

Transcribed sequences
Clone bghrmv8 growth hormone receptor mRNA, vararid TR and
partial cds

Transcribed sequences
Partial MRNA for fibroblast growth factor recep®(FGFR2 gene),
isoform Ilic

Transcribed sequences
Transcribed sequence with strong similarity to @iropir:CGHU2V
(H.sapiens) CGHU2V collagen alpha 2

Transcribed sequences

Transcribed sequences

Transcribed sequences
Transcribed sequence with strong similarity to @rosp:P46934
(H.sapiens) NED4_HUMAN NEDD-4 protein

Transcribed sequences

Transcribed sequence with moderate similarity tagin pir:A42926
(H.sapiens) A42926 L6 surface protein - human

Transcribed sequence with moderate similarity tagin sp:P08236
(H.sapiens) BGLR_HUMAN Beta-glucuronidase precursor

Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_004853.1 (H.sapiens) LPS-induced TNF-afphtor [Homo
sapiens]

Transcribed sequence with moderate similarity tdein
ref:NP_003390.2 (H.sapiens) X-prolyl aminopepteldsmembrane-
bound; aminoacylproline aminopeptidase; aminopegtd®; X-prolyl
aminopeptidase 2

Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_064629.1 (H.sapiens) choline phosphotraaséel;
cholinephosphotransferase 1; cholinephosphotraassdet alpha
[Homo sapiens]
Transcribed sequence with moderate similarity tagin pir:S46657
(H.sapiens) S46657 collagen alpha 1

phospholipase C

Transcribed sequences

Transcribed sequence with strong similarity to @irosp:P80095
(H.sapiens) PHS_HUMAN Pterin-4-alpha-carbinolandedydratase



Appendix B

Bt.23351.1.S1_at
Bt.10341.1.S1_at
Bt.19390.1.S1_at

Bt.2505.2.S1_at
Bt.9289.1.51_at
Bt.7310.1.S1_at
Bt.20803.1.A1_at
Bt.11599.2.S1_at

Bt.1998.1.S1_at
Bt.13906.1.S1_at

Bt.21164.1.S1_at
Bt.15540.1.A1_at
Bt.10077.1.S2_at
Bt.20226.2.A1_at
Bt.19329.1.A1_at

Bt.20327.1.S1_a_at

Bt.6127.2.S1_at

Bt.6592.1.S1_at

Bt.4105.2.A1_at
Bt.9124.1.A1_at

Bt.9286.1.51_at
Bt.702.1.S1_at
Bt.4275.2.S1_at

Bt.20428.2.S1_a_at

Bt.22390.2.51_at

Bt.13336.2.51_at
Bt.27081.1.S1_at

Bt.12285.3.S1_a_at

Bt.2726.1.51_at
Bt.19811.1.A1_at
Bt.14370.1.A1_at
Bt.10043.1.S1_at
Bt.12728.3.S1_at
Bt.5576.1.51_at

2.29
2.29
2.29

2.29
2.28
2.28
2.28
2.28

2.27
2.26

2.26
2.26
2.26
2.25
2.25

2.25

2.25

2.25

2.24
2.24

2.24
2.23
2.23

2.23

2.23

2.22
2.22

2.22
2.22
221
221
221
221
2.20

up
up
up

up
up
up
up
up

up
up

up
up
up
up
up

up

up

up

up
up

up
up
up

up

up

up
up

up
up
up
up

up
up
up

IRF1
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Transcribed sequence with strong similarity to @roprf:2117157A
(H.sapiens) 2117157A oligosaccharyltransferase [¢lsapiens]

Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_079434.1 (H.sapiens) hypothetical protdid22251 [Homo
sapiens]

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequence with strong similarity to @iropir:C35826
(H.sapiens) C35826 hypothetical 13K protein A - ham

Transcribed sequences

Transcribed sequence with moderate similarity tdein
prf:1001205A (H.sapiens) 1001205A c-myc gene [Ha@ewpiens]

Transcribed sequences
interferon responfsivior 1
Transcribed sequences
Transcribed sequences

Transcribed sequence with weak similarity to grofer:JC4343
(H.sapiens) JC4343 uridine phosphorylase

Transcribed sequence with moderate similarity tigin pir:B32688
(H.sapiens) B32688 beta-galactosidase-relatediproteiman

Transcribed sequence with strong similarity to @rosp:P55290
(H.sapiens) CADD_HUMAN Cadherin-13 precursor

Transcribed sequence with moderate similarity tigin
ref:NP_112230.1 (H.sapiens) G protein coupledpirenteracting
protein, complement-c1q tumor necrosis factor-eeldHHomo
sapiens]

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_004853.1 (H.sapiens) LPS-induced TNF-afpbtor [Homo
sapiens]

Transcribed sequences

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_003972.1 (H.sapiens) protein regulatorypbkinesis 1;
protein regulating cytokinesis 1 [Homo sapiens]

Transcribed sequence with moderate similarity tagin pir:KUHU
(H.sapiens) KUHU ferroxidase

Transcribed sequence with strong similarity to @ropir:T46486
(H.sapiens) T46486 chromosomal protein CAPC homolog
DKFZp434F205.1 [similarity] - human

Transcribed sequences
Transcribed sequence with moderate similarity taepn sp:Q13287
(H.sapiens) NMI_HUMAN N-myc-interactor

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences
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Bt.13506.1.A1_at

Bt.20846.1.A1_a_at
Bt.10816.1.S1_s_at
Bt.22664.1.A1_at

Bt.12285.2.S1_a_at
Bt.4095.1.A1_at
Bt.7804.1.51_at
Bt.2388.1.S1_at

Bt.18325.2.A1_at
Bt.8894.1.51_at

Bt.21482.3.A1_at
Bt.2220.2.A1_a_at

Bt.17792.1.51_at

Bt.24405.1.51_at

Bt.10398.1.S1_at
Bt.23394.1.S1_at
Bt.198.1.S1_at

Bt.1976.1.51_at
Bt.4275.1.S1_at

Bt.3125.1.S1_at

Bt.27811.1.51_at
Bt.10111.1.S1_at

Bt.3580.2.S1_at
Bt.22270.1.S1_at

Bt.29696.1.A1_at
Bt.25101.1.S1_at

Bt.6302.1.51_at
Bt.27971.1.S1_at

Bt.3198.2.S1_at
Bt.20654.1.A1_a_at
Bt.28614.1.A1_at
Bt.22869.1.S1_at

2.20

2.20
219
2.19

219
2.18
2.18
2.18

2.18
2.18

2.17
2.17

2.17

2.16

2.16
2.16
2.16

2.16
2.16

2.16

2.16
2.16

2.15
214

2.14
214

2.14
214

214
214
2.13
2.13

up

up
up
up

up
up
up
up

up
up

up
up

up

up

up
up
up

up
up

up

up
up

up
up

up
up

up
up

up
up
up
up

GYG

selp

ASPH

CB11

FABP5
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Transcribed sequence with weak similarity to prote
ref:NP_490719.1 (C.elegans) Y48G1A.3.p [Caenortisbelegans]

Transcribed sequence with strong similarity to @irosp:015194
(H.sapiens) NIF1_HUMAN Nuclear LIM interactor-ingating factor
1

Transcribed sequences

Transcribed sequences
Transcribed sequence with moderate similarity tigin sp:Q13287
(H.sapiens) NMI_HUMAN N-myc-interactor

Transcribed sequences

glycogenin

Transcribed sequences

Transcribed sequence with moderate similarity tagdn pir:137356
(H.sapiens) 137356 epithelial microtubule-assodateotein, 115K -
human

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_001189.1 (H.sapiens) B-lymphocyte-induceduration
protein 1; positive regulatory domain I-bindingtiacl [Homo
sapiens]

selenoprotein P

Transcribed sequence with weak similarity to prote
ref:NP_065984.1 (H.sapiens) zinc finger proteii;3RAB-
containing zinc finger protein 317 [Homo sapiens]

Transcribed sequence with strong similarity to girot
ref:NP_570139.1 (H.sapiens) similar to uroplak) tietraspan
[Homo sapiens]

Transcribed sequence with strong similarity to @iropir:A44323
(H.sapiens) A44323 pentaxin PTX3 precursor - human

Transcribed sequences
aspartate beta-hydasgyl

Transcribed sequence with strong similarity to @iropir:A49013
(H.sapiens) A49013 tumor cell suppression proteli$H[imported] -
human

Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_036395.1 (H.sapiens) tubulin tyrosine legéike 1; tubulin-
tyrosine ligase; chromosome 22 open reading frafiioimo sapiens]

Transcribed sequence with strong similarity to @ropir:137904
(H.sapiens) 137904 c-myc promoter-binding protelid  human
Transcribed sequences
Transcribed sequence with weak similarity to progp:Q99538
(H.sapiens) LEGU_HUMAN Legumain precursor
Transcribed sequences
Partial mRNA for fibroblast growth factor recep®(FGFR2 gene),
isoform Ilic
Transcribed sequences
Transcribed sequence with moderate similarity tigin
ref:NP_003795.1 (H.sapiens) receptor
cyanogen bromide
Transcribed sequence with strong similarity to @irosp:Q01082
(H.sapiens) SPCO_HUMAN Spectrin beta chain, brain 1
Transcribed sequences
Transcribed sequences
fatty acid bindingtgin 5
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Transcribed sequence with moderate similarity tigin
Bt.1286.1.S1_a_at 213 up ref:NP_002880.1 (H.sapiens) retinoic acid recepeponder

Transcribed sequence with weak similarity to grofer:T31613
(C.elegans) T31613 hypothetical protein Y50E8A&enorhabditis
Bt.2129.1.S1_at 213 up elegans

Transcribed sequence with weak similarity to prote
ref:NP_055164.1 (H.sapiens) apolipoprotein L, BfFFinducible

Bt.22204.1.A1_at 212 up protein CG12-1 [Homo sapiens]
Bt.22139.1.S1_at 211 up Transcribed sequences
Bt.21390.1.S1_at 211 up LOC404065 pro-alpha bfRNA
Bt.18642.1.A1_at 211 up Transcribed sequences

Transcribed sequence with weak similarity to prote
Bt.24687.1.A1_at 211 up ref:NP_112203.1 (H.sapiens) exonuclease NEF-spnpHsapiens]

Bt.17883.1.51_at 211 up Transcribed sequences

Transcribed sequence with strong similarity to @irot

ref:NP_002950.3 (H.sapiens) sortilin 1 preprogmteeurotensin

receptor 3; neurotensin receptor, 100-kD; 100 kDa@teptor;
Bt.23586.1.S1_at 210 up glycoprotein 95 [Homo sapiens]

Transcribed sequence with moderate similarity tdgn sp:Q92561

Bt.12714.1.A1_at 210 up (H.sapiens) Y273_HUMAN Hypothetical protein KIAA027
Transcribed sequence with weak similarity to progp:Q9UBCS
Bt.979.1.A1_at 210 up (H.sapiens) MYHL_HUMAN Brush border myosin |

Transcribed sequence with strong similarity to girot
ref:NP_055104.2 (H.sapiens) calpain 6; calpaie-pkotease;
Bt.25052.1.S1_at 209 up calpamodulin [Homo sapiens]

Transcribed sequence with moderate similarity tagin pir:T34522
Bt.27957.1.A1_at 2.09 up (H.sapiens) T34522 hypothetical protein DKFZp566824 human

Transcribed sequence with strong similarity to @irot
ref:NP_060369.1 (H.sapiens) hypothetical protdid20607;

Bt.18080.2.S1_at 2.08 up tescalcin; likely ortholog of mouse tescalcin [Hosapiens]
Bt.355.1.51_at 2.08 up CALD1 caldesmon, smooth teusc

Transcribed sequence with strong similarity to @irosp:043623
Bt.4565.1.S1_at 2.08 up (H.sapiens) SLUG_HUMAN Zinc finger protein SLUG
Bt.15839.1.51_at 2.08 up Transcribed sequences
Bt.7156.1.S1_at 2.08 up SLC4A4 solute carrier fadhjlsodium bicarbonatecotransporter, member 4
Bt.21956.2.A1_at 2.08 up Transcribed sequences

Transcribed sequence with weak similarity to grogp:Q92889
(H.sapiens) XPF_HUMAN DNA-repair protein compleniegtXP-F

Bt.21150.1.A1_at 2.08 up cell
Bt.28702.1.S1_at 2.07 up Transcribed sequences
Bt.1552.1.S1_at 2.07 up SARS seryl-tRNA synthetase
Bt.21085.1.S1_at 2.07 up Transcribed sequences
Transcribed sequence with moderate similarity tagin pdb:1DVM
Bt.28530.1.A1_at 2.07 up (H.sapiens) A Chain A, Active Form Of Human Pai-1

Transcribed sequence with weak similarity to grote
ref:NP_079268.1 (H.sapiens) hypothetical protdid12547 [Homo
Bt.26317.1.A1_at 2.06 up sapiens]

Bt.18094.1.A1_at 2.06 up Transcribed sequences

Transcribed sequence with weak similarity to progp:Q99536
(H.sapiens) VAT1_HUMAN Synaptic vesicle membranetgin

Bt.27884.1.51_at 2.06 up VAT-1 homolog

Transcribed sequence with strong similarity to @irosp:P00722 (E.
Bt.22822.1.S1_at 2.06 up coli) BGAL_ECOLI Beta-galactosidase

Transcribed sequence with strong similarity to @rosp:000141
Bt.16891.1.A1_at 2.06 up (H.sapiens) SGK_HUMAN Serine/threonine-protein ka&gk

- 236 -
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Bt.19583.1.A1_at
Bt.19845.2.A1_at
Bt.6374.1.51_at
Bt.5120.1.S1_at

Bt.4818.1.51_at
Bt.3278.1.A1_at

Bt.20479.1.S1_at

Bt.23000.2.S1_a_at
Bt.28566.1.51_at

Bt.727.2.51_at
Bt.17212.1.A1_at

Bt.23127.1.S1_at
Bt.5203.1.S1_at

Bt.6377.1.S1_at
Bt.2765.1.51_at
Bt.9325.1.A1_at
Bt.23779.1.A1_at
Bt.29306.1.A1_at

Bt.426.1.51_at

Bt.10543.1.S1_at
Bt.26444.1.A1_at
Bt.24228.1.S1_at

Bt.21800.1.S1_at
Bt.1422.1.S1_at

Bt.19548.1.A1_at
Bt.10077.1.S3_at

Bt.16514.1.S1_at
Bt.21543.2.S1_at

Bt.4855.1.51_a_at
B.11832.2.A1_at
Bt.22251.1.A1_at
B.9667.2.51_at
Bt.2600.1.A1_at

Bt.29686.1.S1_at
Bt.231.1.S1_at
Bt.2052.2.S1_at

Bt.9004.1.S1_at
Bt.24778.1.S1_at
Bt.2046.1.S1_at
Bt.16142.3.A1_at

2.06
2.06
2.06
2.05

2.05
2.05

2.05

2.05
2.05

2.05
2.05

2.05
2.05

2.04
2.03
2.03
2.03
2.03

2.03
2.03
2.02
2.02

2.02
2.02
2.02
2.02

2.02
2.02

2.02
2.02
2.01
2.01
2.01

2.01
2.01
2.01

2.01
2.00
2.00
2.00

up
up
up
up

up
up

up

up
up

up
up

up
up

up
up
up
up
up

up
up
up
up

up
up
up
up

up
up

up
up
up

up
up

up
up
up

up
up
up
up

NNT

PRDX4

DBT

IRF1

SLC6A9

TXN

extl
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Transcribed sequences
Transcribed sequences
Transcribed sequences
nicotinamide nucleotidashydrogenase
Transcribed sequence with moderate similarity tdein
ref:NP_116010.1 (H.sapiens) X-linked protein [Hosapiens]
Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_057314.1 (H.sapiens) flavohemoprotein b&f3omo
sapiens]

Transcribed sequence with weak similarity to proper:-T48686
(H.sapiens) T48686 hypothetical protein DKFZp7612R8.8 - human

Transcribed sequences
Transcribed sequence with strong similarity to @rosp:Q9Y3CO0
(H.sapiens) AD16_HUMAN Protein AD-016

Transcribed sequences

Transcribed sequence with moderate similarity tigin sp:P42785
(H.sapiens) PCP_HUMAN Lysosomal Pro-X carboxypegstél
precursor

peroxiredoxin 4

Transcribed sequence with weak similarity to prote
ref:NP_005813.1 (H.sapiens) Down syndrome critieglon gene 1-
like 1 protein; thyroid hormone-responsive

Transcribed sequences

Transcribed sequences

Transcribed sequence

Transcribed sequences
component of branched chain keto aciddehydroges@selex;
maple syrup urine disease]

Transcribed sequences

Transcribed sequence

Transcribed sequences
Transcribed sequence with strong similarity to @irosp:094855
(H.sapiens) S24D_HUMAN Protein transport proteicZBD

Transcribed sequences

Transcribed sequence

interferon responfsiveor 1

Transcribed sequence with weak similarity to prote
ref:NP_076433.1 (H.sapiens) cytochrome P450 iso#F12 [Homo
sapiens]

Transcribed sequences
solute carrier family 6 (neurotransmittertransporigycine), member
9

Transcribed sequences

Transcribed sequence

Transcribed sequences

Transcribed sequences
Partial mRNA for fibroblast growth factor recep®(FGFR2 gene),
isoform Illb

thioredoxin

Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_001181.1 (H.sapiens) branched chain ang@nsferase 2,
mitochondrial [Homo sapiens]

Transcribed sequences
sushi repeat-conigipiiotein
Transcribed sequences
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Bt.22265.1.S1_at
Bt.20934.1.S1_at

Bt.29794.1.A1_at
Bt.16538.2.A1_at

Bt.24678.1.A1_at

Bt.29423.1.A1_at
Bt.7912.1.A1_at
Bt.16018.1.52_at

Bt.21944.1.S1_at

Bt.4544.1.S1_at
Bt.13278.1.51_at

Bt.11276.2.A1_at
Bt.28644.1.A1_at

Bt.28208.1.S1_at
Bt.23786.1.A1_at

Bt.24424.1.51_at

Bt.18203.1.A1_at
Bt.5301.2.51_a_at
Bt.8335.1.51_at
Bt.15732.1.S1_at
Bt.20692.1.A1_at

Bt.27591.1.S1_at

Bt.16340.1.A1_at

Bt.26901.1.S1_at
Bt.9193.1.S1_at
Bt.28558.1.S1_at

Bt.25112.1.S1_at
Bt.28382.1.S1_at

Bt.7236.1.S1_at
Bt.303.1.S1_at

Bt.13608.1.A1_at
Bt.22010.1.S1_at

Bt.546.3.S1_a_at
Bt.86.1.S1_at

2.00
2.00

2.00
2.00

2.00

2.00
2.00
2.00

2.01

2.01
2.01

2.01
2.01

2.02
2.02

2.02

2.02
2.02
2.03
2.03
2.03

2.04

2.04

2.05
2.05
2.05

2.05
2.06

2.06
2.06
2.07
2.07

2.07
2.08

up
up

down
down

down

down
down
down

down

down
down

down
down

down
down

down

down
down
down
down
down

down

down

down
down
down

down
down

down
down
down
down

down
down

CASP4

THBS

PIK3R1
P2RY1

Transcribed sequence with strong similarity to @irosp:P18146
(H.sapiens) EGR1_HUMAN Early growth response profei

Transcribed sequences
Glucose induced gene {clone 2C} [cattle, thoracid@smooth
muscle cells, mRNA Partial, 162 nt]

Transcribed sequences

Transcribed sequence with weak similarity to prote
ref:NP_008994.1 (H.sapiens) vascular Rab-GAP/TBfaining
[Homo sapiens]

Transcribed sequence with weak similarity to progp:P01876
(H.sapiens) ALC1_HUMAN Ig alpha-1 chain C region
Transcribed sequences
caspase 4, apepatated cysteine protease

Transcribed sequence with moderate similarity tigin sp:P18827
(H.sapiens) SDC1_HUMAN Syndecan-1 precursor

Transcribed sequence with moderate similarity tigin pir:B36429
(H.sapiens) B36429 integrin alpha-6 chain form &qursor - human

Transcribed sequences

Transcribed sequence with weak similarity to grote
ref:NP_079345.1 (H.sapiens) hypothetical protdia1d299 [Homo
sapiens]

Transcribed sequences

Transcribed sequence with strong similarity to @irosp:000757
(H.sapiens) F16Q_HUMAN Fructose-1,6-bisphosphaitass/me 2

Transcribed sequences

Transcribed sequence with weak similarity to propef:2124399A
(H.sapiens) 2124399A transposase-like protein [Heapens]

Transcribed sequence with strong similarity to @rosp:P57087
(H.sapiens) JAM2_HUMAN Junctional adhesion molec@ile
precursor

thrombospondin
Transcribed sequences
Transcribed sequences
Transcribed sequences

Transcribed sequence with moderate similarity tdein
ref:NP_079230.1 (H.sapiens) hypothetical protdid1A807 [Homo
sapiens]

Transcribed sequence with weak similarity to grote
ref:NP_055886.1 (H.sapiens) GTPase regulator &gedowith the
focal adhesion kinase pp125 [Homo sapiens]

Transcribed sequence with moderate similarity tdein
ref:NP_067541.1 (M.musculus) junctophilin 2 [Mussoulus]
Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_057192.1 (H.sapiens) androgen induced iprdi1-103
protein [Homo sapiens]

Transcribed sequences
phosphoinositide-3-kinase, regulatory subunit,pepte 1 (p85
alpha)

purinergic recepy1

Transcribed sequence

Transcribed sequences

potassium large conductance calcium-activated aasabfamily M,

KCNMAL alpha member 1

SERPINF2

- 238 -

alpha-2-plasntiibitor
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Bt.27433.2.A1_at

Bt.4375.1.S1_at

Bt.17939.1.S1_at

Bt.20880.1.S1_at

Bt.1969.1.S1_at

Bt.16521.2.A1_at
Bt.27425.1.A1_a_at
Bt.8328.1.S1_at
Bt.17230.1.A1_at
Bt.18631.1.A1_at

Bt.5789.1.S1_at
Bt.5301.2.A1_at

Bt.11276.1.A1_at

Bt.5432.3.S1_at
Bt.514.1.S1_at
Bt.7901.3.S1_at
Bt.25294.1.A1_at
Bt.5038.1.S1_at
Bt.22747.1.S1_at

Bt.15970.1.A1_at
Bt.19462.1.A1_at

Bt.6963.1.A1_at
Bt.236.1.S1_at

Bt.11061.1.S1_at
Bt.4763.1.S1_at

Bt.16521.1.S1_at
Bt.18444.2.A1_at

Bt.29880.1.A1_at
Bt.5110.1.A1_at
Bt.3405.1.S1_at
Bt.10922.1.A1_at

Bt.19482.1.A1_at
Bt.2318.1.A1_at

2.08

2.09

2.09

2.09

2.10

2.10
2.10
2.10
211
211

211
211

211

211
2.12
212
212
2.12
212

2.13
2.14

2.14
2.14

2.14
2.15

2.15
2.16

2.16
2.17
2.17
2.17

2.18
2.18

down

down

down

down

down

down
down
down
down
down

down
down

down

down
down
down
down
down
down

down
down

down
down

down
down

down
down

down
down
down
down

down
down

THBS

DNAJC6

FGF1

BTC

CD3z
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Transcribed sequence with strong similarity to girot
ref:NP_071732.1 (H.sapiens) RAB38; Rab-related ®if@ing
protein [Homo sapiens]

Transcribed sequence with strong similarity to girot
ref:NP_003770.1 (H.sapiens) UDP-Gal:betaGIcNA@let-
galactosyltransferase 3

Transcribed sequence with strong similarity to @rosp:P20700
(H.sapiens) LAM1_HUMAN Lamin B1

Transcribed sequence with weak similarity to grote
ref:NP_003719.2 (H.sapiens) unc5

Transcribed sequence with weak similarity to grote
ref:NP_066921.1 (H.sapiens) calcium channel, gekdependent,
alpha 1H subunit [Homo sapiens]

Transcribed sequence with weak similarity to prote
ref:NP_476946.1 (D.melanogaster) lio-P1; pigeorofdphila
melanogaster]

Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to girot
ref:NP_076201.1 (M.musculus) spinster-like proféius musculus]

thrombospondin

Transcribed sequence with weak similarity to grote
ref:NP_079345.1 (H.sapiens) hypothetical protdid1d299 [Homo
sapiens]
Transcribed sequence with weak similarity to prote
ref:NP_005436.1 (H.sapiens) chondroitin sulfatetgmglycan 6
DnaJ (Hsp40) homadabfamily C, member 6
Transcribed sequences
Transcribed sequence
fibroblast growthidg acidic [endothelial growth factor]
Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_006527.1 (H.sapiens) calcium activated riddochannel 2
precursor [Homo sapiens]

Transcribed sequence

Transcribed sequence with moderate similarity tigin pir:A38445
(H.sapiens) A38445 EV12B protein precursor - human

betacellulin
Transcribed sequence with moderate similarity tigin pir:A32160
(H.sapiens) A32160 tenascin-C - human

antigen CD3Z, zetgeptide

Transcribed sequence with weak similarity to prote
ref:NP_476946.1 (D.melanogaster) lio-P1; pigeorofdphila
melanogaster]

Transcribed sequences
Epidermal growth factor receptor precursor (EGFRN®A, partial
cds

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequence with moderate similarity tigin sp:P02786
(H.sapiens) TFR1_HUMAN Transferrin receptor protein

Transcribed sequences
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Bt.11030.1.51_at

Bt.7641.1.S1_at
Bt.7468.1.51_at
Bt.18843.1.A1_at
Bt.16311.1.A1_at
Bt.2304.1.A1_at

Bt.22475.1.51_at
Bt.3532.1.A1_at
Bt.3891.1.S1_at

Bt.24157.1.A1_at

Bt.18083.1.S1_at
Bt.22339.2.51_at

Bt.6771.1.S1_at
B.9832.1.S1_at

Bt.9542.1.S1_at
Bt.7784.1.51_at
Bt.5943.2.S1_at
Bt.18130.1.A1_at
Bt.10604.1.A1_at
Bt.19213.1.A1_at
Bt.13546.1.A1_at
Bt.18820.1.S1_at

Bt.11462.1.S1_at
Bt.21319.1.A1_at
Bt.546.2.51_at

Bt.5432.2.51_at
Bt.12936.1.S1_at
Bt.4053.1.S1_at

Bt.3533.1.S1_at
B.9925.1.S1_at

Bt.9833.1.S1_a_at
Bt.352.5.51 a_at
Bt.13026.1.A1_at
Bt.5336.1.A1 a_at
Bt.29724.1.S1_at
Bt.25403.1.A1_at
Bt.26316.1.A1_at

Bt.5432.1.S1_at

2.19

2.19
2.19
2.20
2.20
2.20

2.21
2.22
2.22

2.22

2.23
2.23

2.23
2.24

2.24
2.24
2.24
2.24
2.24
2.25
2.25
2.26

2.26
2.26
2.27

2.27
2.27
2.28

2.28
2.28

2.28
2.28
2.28

2.28
2.29
2.29
2.29

2.30

down

down
down
down
down
down

down
down
down

down

down
down

down
down

down
down
down
down
down
down
down
down

down
down
down

down
down
down

down
down

down
down
down

down
down
down
down

down

CATHLS
TBXA2R

FP
DAX-1
TF
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Transcribed sequence with weak similarity to grogp:QI9NLAG
(D.melanogaster) OAF_DROME Out at first protein fi@ons: Out at
first short protein]

Transcribed sequence with moderate similarity tagin sp:000764
(H.sapiens) PDXK_HUMAN Pyridoxine kinase

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequence with strong similarity to girot
ref:NP_005867.1 (H.sapiens) nuclear protein, nrdide
differentiated aortic smooth muscle [Homo sapiens]

Transcribed sequences
Transcribed sequences

Transcribed sequence with weak similarity to grofer:T12458
(H.sapiens) T12458 hypothetical protein DKFZp56428& - human

Transcribed sequence with weak similarity to grote
ref:NP_057479.1 (H.sapiens) butyrate-induced tnapisl;
hypothetical protein; butyrate-induced transcrifitbmo sapiens]

Transcribed sequences

Transcribed sequence with weak similarity to prote
ref:NP_116256.1 (H.sapiens) hypothetical protdid1966 [Homo
sapiens]

Transcribed sequences

Transcribed sequence with strong similarity to @irosp:P18031
(H.sapiens) PTN1_HUMAN Protein-tyrosine phosphatasa-
receptor type 1

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequence

Transcribed sequences

Transcribed sequences

Transcribed sequences
Transcribed sequence with moderate similarity tagin pir:A33880
(H.sapiens) A33880 syndecan 2 - human

Transcribed sequences

BK potassium ion charsoébrm B
Transcribed sequence with weak similarity to grote
ref:NP_005436.1 (H.sapiens) chondroitin sulfatetgmglycan 6

cathelicidin 5

thromboxane AZptor

Transcribed sequence with strong similarity to @rosp:P43268
(H.sapiens) ETV4_HUMAN ADENOVIRUS E1A ENHANCER
BINDING PROTEIN

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_077276.1 (H.sapiens) hypothetical protel@®2217 [Homo
sapiens]

prostaglandin F2akpteptor isoform-epsiron

orphan nucleaepgor DAX-1

transferrin

6-phosphofructo-2-lerfaattle, brain, mMRNA Partial, 1428 nf]

Transcribed sequence

Transcribed sequences

Transcribed sequence with weak similarity to prote
ref:NP_005436.1 (H.sapiens) chondroitin sulfateemwglycan 6
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Bt.546.1.S1_at
Bt.16311.2.51_at

Bt.8031.2.51_a_at

Bt.10124.1.S1_at
Bt.1546.1.51_at
Bt.15905.1.S1_at

Bt.13466.1.S1_at
Bt.18444.1.A1_at
Bt.5313.1.S1_at

Bt.26440.1.A1_at
Bt.26969.1.A1_at

Bt.18251.2.A1_at
Bt.18845.1.A1_at
Bt.21981.2.S1_at
Bt.13071.4.S1_at
Bt.26284.1.A1_at
Bt.10921.1.S1_at

Bt.22987.1.A1_at
Bt.3996.1.S1_at
Bt.2903.1.S1_at
Bt.17654.1.A1_at

Bt.21252.2.S1_at
Bt.15958.3.51_at
Bt.17330.1.A1_at
Bt.27573.1.A1_at

Bt.25850.1.S1_at
Bt.18623.1.A1_at

Bt.27228.1.A1_at

Bt.1087.1.S1_at
Bt.4506.1.S1_at
Bt.2494.2.S1_a_at
Bt.29129.1.S1_at
Bt.16740.1.A1_at

Bt.17585.1.51_at

Bt.16088.1.A1_at

Bt.5078.1.S1_at

2.30
231

231

2.32
2.32
2.32

2.32
2.33
2.34
2.34
2.34

2.36
2.36
2.36
2.36
2.36
2.37

2.37
2.37
2.38
2.38

2.39

2.40

2.40

241

242
243

2.43

2.44

2.44

2.44

2.45

2.46

2.46

2.47

2.48

down
down

down

down
down
down

down
down
down
down
down

down
down
down
down
down
down

down
down
down
down

down

down

down

down

down
down

down

down

down

down

down

down

down

down

down

KCNMA1

MMP2

CACNALA

PRG4

CXADR

MYO10

ST3GAL-V
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potassium large conductance calcium-activatedchasutefamily M,
alpha member 1

Transcribed sequences

Transcribed sequence with strong similarity to @irosp:Q99687
(H.sapiens) MEI3_HUMAN Homeobox protein Meis3

Transcribed sequence with moderate similarity tagin pir:T46910
(H.sapiens) T46910 hypothetical protein DKFZp7612404 - human

Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to girot
ref:NP_115912.1 (H.sapiens) oxysterol-binding @irelike protein
6; OSBP-related protein 6 [Homo sapiens]

Transcribed sequences
matrix metallopnodsie 2 (72 KDa type IVcollagenase)
Transcribed sequences
Transcribed sequences

Transcribed sequence with moderate similarity tigin pir:T46364
(H.sapiens) T46364 hypothetical protein DKFZp434R)1 - human

Transcribed sequence

Transcribed sequences

calcium chanweltage-dependent, P/Q type, alpha 1A subunit
Transcribed sequence

Transcribed sequences

proteoglycan 4, (megakaryocyte stimulating facaoticular
superficial zone protein, camptodactyly, arthrogatioxa vara,
pericarditis syndrome)

Transcribed sequences
coxsackie virus adenovirus receptor
Transcribed sequence

Transcribed sequence with moderate similarity tigin sp:Q02846
(H.sapiens) CYGD_HUMAN Retinal guanylyl cyclaseregursor

Transcribed sequence with strong similarity to @irosp:P21439
(H.sapiens) MDR3_HUMAN Multidrug resistance prot&in
Transcribed sequence
Transcribed sequence
Transcribed sequences
Transcribed sequences

Transcribed sequence with weak similarity to grote
ref:NP_056982.1 (H.sapiens) HIV-1 inducer of sti@hscripts
binding protein [Homo sapiens]

Transcribed sequence with strong similarity to girot
ref:NP_004661.1 (H.sapiens) 3-prime-phosphoadaadsprime-
phosphosulfate synthase 2 [Homo sapiens]

myosin X

Transcribed sequences

Transcribed sequence with strong similarity to girot
ref:NP_006399.1 (H.sapiens) anterior gradientidiog

Transcribed sequence with moderate similarity tagin sp:Q13751
(H.sapiens) LMB3_HUMAN Laminin beta-3 chain preaurs

alpha2,3-stedyisferase

Transcribed sequence with strong similarity to @rosp:QINQX4
(H.sapiens) MY5C_HUMAN Myosin Vc

Transcribed sequence with moderate similarity tigin sp:Q9UNF1
(H.sapiens) MGD2_HUMAN Melanoma-associated antip@n
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Bt.26198.1.A1_at
Bt.3857.1.S1_at

Bt.13570.1.S1_at
Bt.6838.1.A1_at
Bt.22637.1.S1_at

Bt.7641.2.51_a_at
Bt.18009.1.A1_at

Bt.7012.1.S1_at

Bt.2359.1.A1_at
Bt.16567.1.A1_at
Bt.28773.1.A1_at

Bt.24477.1.S1_a_at
Bt.13071.3.S1_at

Bt.13570.1.A1_at
Bt.13071.1.S1_at

Bt.5011.1.S2_at

Bt.7346.1.51_at
Bt.22854.1.S1_at
Bt.6879.1.51_at
Bt.21685.1.A1_at

Bt.14098.1.51_at
Bt.27441.1.51_at
Bt.26735.1.S1_at
Bt.13878.1.51_at

Bt.21224.1.S1_at
Bt.28708.1.S1_at

Bt.22987.2.S1_at

Bt.28728.1.A1_at
Bt.4802.1.51_at

Bt.18073.1.A1_at
Bt.19072.1.A1_at
Bt.13027.1.A1_at

Bt.15675.1.51_at

Bt.8667.1.S1_at

Bt.22050.1.S1_at

2.48
2.48

2.48
2.48
2.49

2.49
2.49

2.49

251
251
2.52

2.53
2.53

2.54
2.55

2.56

2.57
257
2.58
2.60

2.61
2.62
2.63
2.64

2.66
2.67

2.68

2.68
2.69
2.69
2.70
2.70

2.70

2.75

2.76

down
down

down
down
down

down
down

down

down
down
down

down
down

down
down

down

down
down
down
down

down
down
down
down

down
down

down

down
down
down
down
down

down

down

down

Transcribed sequences

ENDOG endonuclease G

protein kinase, interferon-inducible double strah&NA dependent
activator

Transcribed sequence

Transcribed sequences

PRKRA

Transcribed sequence with moderate similarity tagin sp:000764
(H.sapiens) PDXK_HUMAN Pyridoxine kinase

Transcribed sequences

Transcribed sequence with moderate similarity tigin sp:075363
(H.sapiens) BCAS_HUMAN Breast carcinoma amplifiedsence 1

Transcribed sequence with moderate similarity tagin sp:P06241
(H.sapiens) FYN_HUMAN Proto-oncogene tyrosine-piroténase
FYN

Transcribed sequences

Transcribed sequences
Transcribed sequence with strong similarity to @rosp:060704
(H.sapiens) TPS2_HUMAN Protein-tyrosine sulfotramage 2

CACNALA calcium channeltage-dependent, P/Q type, alpha 1A subunit

protein kinase, interferon-inducible double strahBNA dependent
activator

calcium chanweltage-dependent, P/Q type, alpha 1A subunit

PRKRA
CACNALA

latent transforming growth factor beta binding piot2
LTBP2 (NOTE:redefinition of symbol)

Transcribed sequence with moderate similarity tigin sp:P19012
(H.sapiens) K1CO_HUMAN Keratin, type | cytoskelet&l

CA2 carbonic anhydrase |
Transcribed sequences
Transcribed sequences

Transcribed sequence with strong similarity to @irot
ref:NP_055083.1 (H.sapiens) microtubule-associptetkin, RP/EB
family, member 2; T-cell activation protein, EBInfdy; APC-
binding protein EB1 [Homo sapiens]

Transcribed sequences
Transcribed sequences
GCH1 GTP cyclohydrolagdopa-responsive dystonia)

Transcribed sequence with weak similarity to prote
ref:NP_083061.1 (M.musculus) RIKEN cDNA 1200017 AR4s
musculus]

Transcribed sequences

proteoglycan 4, (megakaryocyte stimulating facaoticular
superficial zone protein, camptodactyly, arthropatoxa vara,
PRG4 pericarditis syndrome)

Transcribed sequence with strong similarity to @irot
ref:NP_116179.1 (H.sapiens) hypothetical protdid18466 [Homo
sapiens]
LTF lactoferrin [lactosgerrin]
Transcribed sequences
Transcribed sequences
11 beta-hydroxystedatlydrogenase type 1

a disintegrin-like and metalloprotease(reprolygive) with
ADAMTS4 thrombospondin type 1 motif, 4

Transcribed sequence with weak similarity to prote
ref:NP_569999.1 (D.melanogaster) EG:BACH48C10r&egeroduct
[Drosophila melanogaster]

Transcribed sequence with strong similarity to @ropir: TVHUHC
(H.sapiens) TVHUHC protein-tyrosine kinase
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Bt.21102.1.S1_at
Bt.20748.1.A1_at
Bt.13071.2.S1_at
Bt.3513.1.A1_at
Bt.15554.1.A1_at
Bt.4199.1.51_at

Bt.13125.1.S1_s_at

Bt.29066.1.A1_at
Bt.26926.1.S1_at
Bt.13071.3.A1_at
Bt.13159.1.A1_at
Bt.15188.1.S1_at
Bt.15808.1.S1_at

Bt.20512.1.S1_at
Bt.28195.1.S1_at
Bt.18298.1.A1_at
Bt.2318.2.S1_at

Bt.15037.1.S1_at
Bt.18618.1.A1_at

Bt.20512.2.S1_at
Bt.12757.1.S1_at
Bt.20942.1.S1_at

Bt.546.3.A1_at
Bt.26040.1.A1_at

Bt.16049.1.51_at

Bt.24592.1.S1_at

Bt.24231.2.51_at

Bt.4137.1.A1_at

Bt.20636.1.A1_at
Bt.11570.1.A1_at
Bt.155.1.51_at

Bt.24231.1.A1_at

Bt.22322.1.S1_at
Bt.26110.1.A1_at
Bt.5403.1.51_at
Bt.8790.1.51_at
Bt.23325.1.A1_at
Bt.21962.1.S1_at
Bt.15579.1.A1_at
Bt.352.2.51_at
Bt.29152.1.S1_at
Bt.26365.1.A1_at
Bt.29208.1.S1_at

2.76
2.77
2.77
2.78
2.78
2.79
2.79
2.80
2.80
2.80
2.80
2.81
2.81

2.84
2.84
2.85
2.87
2.90
2.90

2.92
2.93
2.93

2.93
2.94

2.95

3.01

3.01

3.02

3.04
3.04
3.05

3.06

3.06
3.06
3.07
3.08
3.09
3.09
311
311
3.11
3.12
3.12

down
down
down
down
down
down
down
down
down
down
down
down
down

down
down
down
down
down
down

down
down
down

down
down

down

down

down

down

down
down
down

down

down
down
down
down
down
down
down
down
down
down
down

CACNALA

ILIRN
BNBD-5

CACNALA
PTPRZ1

NGFB

KCNMA1L

IL8

XDH

FP
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Transcribed sequences
Transcribed sequences
calcium chanmeltage-dependent, P/Q type, alpha 1A subunit
Transcribed sequences
Transcribed sequences
interleukin 1 reoe@ntagonist
neutrophil fokttensin 5
Transcribed sequence
Transcribed sequences
calcium channelfage-dependent, P/Q type, alpha 1A subunit
protein tyrogihesphatase, receptor-type, Z polypeptide 1
Transcribed sequences
Transcribed sequences
Transcribed sequence with moderate similarity tigin pir:A53317
(H.sapiens) A53317 collagen alpha 1
Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequence with moderate similarity tagin pir:A53317
(H.sapiens) A53317 collagen alpha 1
nerve growth fadieta polypeptide
Transcribed sequences
potassium large conductance calcium-activated aasabfamily M,
alpha member 1
Transcribed sequence

Transcribed sequence with moderate similarity tigin sp:Q13571
(H.sapiens) LAM5_HUMAN Lysosomal-associated
multitransmembrane protein

Transcribed sequence with moderate similarity tagin pir:A32160
(H.sapiens) A32160 tenascin-C - human

Transcribed sequence with weak similarity to prote
ref:NP_068509.1 (R.norvegicus) IP63 protein [Ratiarvegicus]

Transcribed sequence with weak similarity to grogp:P27469
(H.sapiens) G0S2_HUMAN Putative lymphocyte GO/Gltew
protein 2

Transcribed sequence with weak similarity to grote
ref:NP_493307.1 (C.elegans) F22G12.5.p [Caenoitisletegans]

Transcribed sequences
interleukin 8 [neutribpctivating peptide 1]

Transcribed sequence with weak similarity to prote
ref:NP_068509.1 (R.norvegicus) IP63 protein [Ratiarvegicus]

Transcribed sequence with moderate similarity tigin sp:P02735
(H.sapiens) SAA_HUMAN Serum amyloid A protein presr

Transcribed sequence

xanthine dehydrogenas

Transcribed sequences

Transcribed sequences

Transcribed sequences

Transcribed sequences

prostaglandin F2alpbeptor isoform-aplpha
Transcribed sequences

Transcribed sequences

Transcribed sequences
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Bt.19095.1.51_at

Bt.23809.1.A1_s_at

Bt.4013.1.S1_at

Bt.17910.2.S1_at
Bt.4688.1.S1_a_at
Bt.11515.1.A1_at

Bt.5011.1.S1_at

Bt.26847.1.S1_at
Bt.27339.1.A1_at
Bt.23776.1.A1_at

Bt.10865.1.51_at
Bt.24124.1.A1_at

Bt.28243.1.S1_a_at

Bt.22339.1.A1_at
Bt.25307.1.A1_at

Bt.21798.1.S1_at
Bt.22080.1.S1_at

Bt.27240.1.A1_at

Bt.22987.2.A1_at

Bt.23664.1.S1_at

Bt.1756.1.S1_at

Bt.352.1.S1_at

Bt.26847.2.51_at

Bt.19423.2.S1_at

Bt.13071.2.A1_at

Bt.611.1.S2_at

Bt.16201.1.51_at

Bt.20148.1.S1_at

Bt.3681.1.S1_at

Bt.132.1.S1_at

Bt.28243.2.51_at
Bt.1647.1.S1_at

Bt.3590.1.A1_at
Bt.17766.1.S1_at
Bt.24919.1.S1_at

3.14
3.16
3.18

3.19
3.20
3.21

3.22
3.23
3.25
3.26
3.30
3.32
3.34

3.36
3.37

3.37
3.40

3.42

3.43

3.45

3.46

3.48

3.50

3.51

3.59

3.65

3.68

3.69

3.72

3.73

3.73
3.76

3.79
3.79
3.84

down
down
down

down
down
down

down
down
down
down
down
down
down

down
down

down
down

down

down

down

down

down

down

down

down

down

down

down

down

down

down
down

down
down
down

LTBP2

PRG4

PTGFR

CACNALA
CXCL1

DEFB1

CRYGS
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Transcribed sequences
Transcribed sequences
platelet-activatingdaetcetylhydrolase 2

Transcribed sequence with moderate similarity tigin
ref:NP_003380.2 (H.sapiens) coronin, actin-bingingtein, 2A;
coronin 2A; coronin-like protein B; WD-repeat priot@; WD protein
IR10 [Homo sapiens]

Transcribed sequences

Transcribed sequence

latent transforming growth factor beta bindingpiro@
(NOTE:redefinition of symbol)

Transcribed sequence with weak similarity to progp:043561
(H.sapiens) LAT_HUMAN Linker for activation of T tie

Transcribed sequence with strong similarity to @irosp:P08473
(H.sapiens) NEP_HUMAN Neprilysin
Transcribed sequences
Transcribed sequences
Transcribed sequences
Transcribed sequence with moderate similarity tigin sp:095497
(H.sapiens) VNN1_HUMAN Pantetheinase precursor
Transcribed sequences
Transcribed sequence

Transcribed sequence with weak similarity to prote
ref:NP_570115.1 (H.sapiens) immunity associatedegr 1; ortholog
of mouse imap38 [Homo sapiens]

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_057438.1 (H.sapiens) organic anion trartsp@ATP-E
[Homo sapiens]

proteoglycan 4, (megakaryocyte stimulating facaoticular
superficial zone protein, camptodactyly, arthropatoxa vara,
pericarditis syndrome)

Transcribed sequence with strong similarity to @ropir:T47142
(H.sapiens) T47142 hypothetical protein DKFZp761RDY - human

Transcribed sequence with strong similarity to @ropir:BMHU7
(H.sapiens) BMHU7 bone morphogenetic protein 7 yrgar - human
prostaglandin Fatece

Transcribed sequence with weak similarity to grogp:043561
(H.sapiens) LAT_HUMAN Linker for activation of T tie

Transcribed sequences
calcium chanrelfage-dependent, P/Q type, alpha 1A subunit
chemokine (C-X-Cifpdgand 1
Transcribed sequence with weak similarity to progp:P06702
(H.sapiens) S109_HUMAN Calgranulin B

Transcribed sequence with weak similarity to prote
ref:NP_114424.1 (H.sapiens) MSTPO031 protein [Haaoiens]

Transcribed sequence with moderate similarity tdgn sp:Q99542
(H.sapiens) MM19_HUMAN Matrix metalloproteinase-fi@cursor

defensin, beta fefin)
Transcribed sequence with moderate similarity tagin sp:095497
(H.sapiens) VNN1_HUMAN Pantetheinase precursor

crystallin, gamwolgpeptide 8 [crystallin,gamma S]
Transcribed sequence with weak similarity to grofer:B34087
(H.sapiens) B34087 hypothetical protein

Transcribed sequences

Transcribed sequences
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Bt.26847.1.S1_a_at
Bt.19423.1.S1_at
Bt.2452.1.51_at
Bt.20649.2.S1_at
Bt.8031.1.S1_at
Bt.18111.1.A1_at

Bt.8031.3.51_a at

Bt.27339.2.S1_at

Bt.28752.1.A1_at

Bt.23093.1.S1_at
Bt.23126.1.S1_at
Bt.16058.2.51_at

Bt.643.1.S1_at
Bt.16058.1.A1_at
Bt.16201.2.A1_at

Bt.4374.1.S1_at

Bt.3540.1.S1_at
Bt.13744.1.A1_at
Bt.9774.1.51_a at
Bt.17752.1.A1_at
Bt.15731.1.A1_at
Bt.8945.1.51_at
Bt.357.1.S1 at
Bt.15802.2.S1_at
Bt.3774.1.A1_at
Bt.19272.1.A1_at

Bt.15802.1.S1_at

Bt.13108.1.S1_at

B.9633.1.S1_at

Bt.1756.2.S1_at

Bt.6261.1.S1_at

Bt.13108.1.A1_at

3.84
3.86
3.88
3.88
3.97
3.98
3.99

4.00

4.02

4.04
4.06
4.07

4.07

4.11

4.11

4.13

4.20

4.20

4.24

4.28

4.30

4.35

4.35

4.41

4.55

4.57

4.73

4.79

4.83

4.95

4.97

5.07

down
down
down
down
down
down

down

down

down

down
down
down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

down

LUM

NOS2A

TLR2
S100A12

Transcribed sequence with weak similarity to grogp:043561
(H.sapiens) LAT_HUMAN Linker for activation of T tie

Transcribed sequences
lumican
Transcribed sequences

Transcribed sequence with strong similarity to @irosp:Q99687
(H.sapiens) MEI3_HUMAN Homeobox protein Meis3

Transcribed sequence with moderate similarity tigin pir:B34087
(H.sapiens) B34087 hypothetical protein

Transcribed sequence with strong similarity to @irosp:Q99687
(H.sapiens) MEI3_HUMAN Homeobox protein Meis3

Transcribed sequence with strong similarity to @rosp:P08473
(H.sapiens) NEP_HUMAN Neprilysin

Transcribed sequence with weak similarity to prote
ref:NP_077816.1 (H.sapiens) ATPase, Class V, ifjie; ATPase
type IV, phospholipid transporting

Transcribed sequence with moderate similarity tigin sp:P19875
(H.sapiens) MI2A_HUMAN Macrophage inflammatory pgiot-2-
alpha precursor

nitric oxide sgsth2A (inducible, hepatocytes)
Transcribed sequences

Transcribed sequence with weak similarity to progp:P55773
(H.sapiens) SY23_HUMAN Small inducible cytokine A@fcursor

Transcribed sequences
Transcribed sequence with weak similarity to progp:P06702
(H.sapiens) S109_HUMAN Calgranulin B

Transcribed sequences
Transcribed sequence with strong similarity to @irot

ref:NP_003005.1 (H.sapiens) secreted frizzlectedlgprotein 4;
secreted frizzled-related protein 4 [Homo sapiens]

Transcribed sequences

Transcribed sequence with moderate similarity tigin
ref:NP_115789.1 (H.sapiens) normal mucosa of esghspecific 1
[Homo sapiens]

Transcribed sequence with weak similarity to proper:B34087
(H.sapiens) B34087 hypothetical protein

Transcribed sequence with moderate similarity tdein
ref:NP_009199.1 (H.sapiens) lg superfamily profeiamo sapiens]

toll-like receptor 2

S100 calcium himg@rotein A12 (calgranulinC)
Transcribed sequence with strong similarity to @irosp:Q13887
(H.sapiens) KLF5_HUMAN Krueppel-like factor 5

Transcribed sequences

Transcribed sequence
Transcribed sequence with strong similarity to @irosp:Q13887
(H.sapiens) KLF5_HUMAN Krueppel-like factor 5

a disintegrin-like and metalloprotease (reprolygjpe) with

ADAMTSS5 thrombospondin type 1 motif, 5 (aggrecanase-2)

ADAMTSS
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Transcribed sequence with weak similarity to grote
ref:NP_113630.1 (H.sapiens) brain cell membrawéepr 1 [Homo
sapiens]

Transcribed sequence with strong similarity to @ropir:BMHU7
(H.sapiens) BMHU7 bone morphogenetic protein 7 yrgar - human

Transcribed sequences

a disintegrin-like and metalloprotease (reprolygpe) with
thrombospondin type 1 motif, 5 (aggrecanase-2)
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Bt.310.1.S1_at

Bt.366.2.52_a_at

Bt.4714.1.S1_at

Bt.27605.1.A1_¢
Bt.562.1.S1_at

Bt.11904.1.S1_
Bt.14191.1.A1_at
Bt.493.1.S1_at
Bt.29580.1.S1_at
Bt.26268.1.A1_¢

Bt.16077.1.S1_at

Bt.8479.1.A1_at

Bt.5136.1.51_
Bt.4417.1.51_at
Bt.10870.1.S1_at
Bt.13046.1.A1_at

Bt.12283.1.A1_at
Bt.21197.1.A1_at
Bt.39.1.S1_¢
Bt.23126.2.51_at
Bt.2537.2.S1_at
Bt.23126.2.A1_at
Bt.26231.1.S1_
Bt.13046.1.S1_at
Bt.26157.1.A1_at
Bt.3686.1.51_at
Bt.262.1.S1
Bt.27152.1.A1_at
Bt.9560.1.S1_at

5.10 down
5.75 down
5.85 down
6.0¢ dowr
6.35 down
6.3¢ dowr
6.65 down
6.79 down
7.07 down
7.8C dowr
7.94 down
8.04 down
8.61 dowr
9.58 down
9.80 down
9.95 down
10.25 down
10.31 down
10.5¢ dowr
10.63 down
10.93 down
11.04 down
12.02 dowr
14.36 down
15.09 down
20.08 down
21.1¢ dowr
27.60 down
66.77 down

CATHL1
M-CSF
alpha

MMP9

PFKFB1

LIF

TIMP3
CDH2

AHR

MMP13
NOS2A
CHRNA3
NOS2A
AHR

IL6
TKDP3

CCL20
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cathelicidin 1

macrophage-colony stimulating factor alpha

matrix metalloproteinase 9 (gelatinase B, 92kDamatr
metalloproteinase 9 (gelatinase B, 92kDagelatir@®idDa type IV
collagenase)

Transcribed sequence with weak similarity to grofgr:A55119
(H.sapiens) A55119 potassium channel protein 1 - humar
6-phosphofructin2de/fructose-2,6-biphosphatase 1

Transcribed sequence with strong similarity to @rosp:Q9UKUO
(H.sapiens) LCFF_HUMAN Lor-chair-fatty-acic--CoA ligase |

Transcribed sequence
leukemia inhibitorgttar [cholinergicdifferentiation factor]
Transcribed sequences

Transcribed sequenc

Transcribed sequence with weak similarity to progp:060896
(H.sapiens) RMP3_HUMAN Receptor activity-modifyipgptein 3
precursor

Transcribed sequence with moderate similarity tigin
prf:2019232A (H.sapiens) 2019232A NO synthase [Heajens]

tissue inhibitor of metalloproteinase 3 (Sorsbyfumdystrophy,
pseudoinflammator

cadherin 2 [N-caidhéX-cadherin 1]

Transcribed sequences

aryl hydrocarboregsor

Transcribed sequence with weak similarity to grogp:095661
(H.sapiens) RHOI_HUMAN Rho-related GTP-binding gintRhol

Transcribed sequences
matrix metalloproteinase 13 (collagenas
nitric oxide bgse 2A (inducible, hepatocytes)
cholinergic régemicotinic, alpha polypeptide 3
nitric oxide $yse 2A (inducible, hepatocytes)
Transcribed sequenc
aryl hydrocarbareptor
Transcribed sequences
interleukin 6 [iféeon, beta 2]
trophoblast Kunitz domain proteit
Transcribed sequences
chemokine (C-Ofjriand 20
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Genome-wide microarray results

Human articular chondrocytes: IL-1+OSM+IL-4 vs IL-1 +OSM

Fold

Symbol Change Gene name
CCL26 88.98 Homo sapiens chemokine (C-C motif)iiya6 (CCL26), mRNA.
SNFT 15.27 Homo sapiens Jun dimerization proteltSdFT (SNFT), mRNA.

Homo sapiens alanyl (membrane) aminopeptidase ¢(aptidase N, aminopeptidase M,
ANPEF 10.07 microsomal aminopeptidase, CD13, p150) (ANPEP), vif
RGS4 8.64 Homo sapiens regulator of G-protein dignad (RGS4), mMRNA.
SELP 6.83 Homo sapiens selectin P (granule memimantein 140kDa, antigen CD62) (SELP), mRNA.

5.9t Homo sapiens clone 25194 mRNA sequ

ILIRL1 5.57 Homo sapiens interleukin 1 receptoelik(IL1RL1), transcript variant 2, mMRNA.
CSN1Ss1 5.51 Homo sapiens casein alpha s1 (CSNtt&i3cript variant 2, mRNA.
POSTN 5.03 Homo sapiens periostin, osteoblast pé&actor (POSTN), mRNA.
NPPE 5.02  Homo sapiens natriuretic peptide precursor B (NPRIRNA.

Homo sapiens immunoglobulin superfamily containewgine-rich repeat (ISLR), transcript
ISLR 495 variant 1, mRNA.

Homo sapiens immunoglobulin superfamily containewgine-rich repeat (ISLR), transcript
ISLR 4.7C variant 2, mRNA
SOCS1 4.56 Homo sapiens suppressor of cytokinal@ignl (SOCS1), mRNA.
CCL13 4.54 Homo sapiens chemokine (C-C motif) ldyaB (CCL13), mRNA.
IGFBP5 454 Homo sapiens insulin-like growth fadiording protein 5 (IGFBP5), mRNA.
ILL3RA2 4.5 Homo sapiens interleukin 13 receptor, alpha 2 (RA3), mRNA
POSTN 4.45 Homo sapiens periostin, osteoblast péaitor (POSTN), mMRNA.
LPL 4.25 Homo sapiens lipoprotein lipase (LPL), RN
IGFBP5 3.98 Homo sapiens insulin-like growth fadiording protein 5 (IGFBP5), mRNA.
FGL2 3.6t Homo sapiens fibrinogelike 2 (FGL2), mMRNA

Homo sapiens monoamine oxidase A (MAOA), nuclearegencoding mitochondrial protein,
MAOA 3.54 mRNA.

SPON1 3.53 Homo sapiens spondin 1, extracellularxarotein (SPON1), mRNA.
C1QTNFI] 3.3¢  Homo sapiens C1q and tumor necrosis factor refatetein 1 (C1QTIF1), mMRNA
PCDH18 3.36 Homo sapiens protocadherin 18 (PCDHABNA.
CH25H 3.33 Homo sapiens cholesterol 25-hydroxy{&€¢25H), mMRNA.
CCL11 3.26 Homo sapiens chemokine (C-C motif) lyad (CCL11), mRNA.
ILIRL1 3.21 Homo sapiens interleukin 1 recer-like 1 (ILLRL1), transcript variant 2, mRN
ISG20 3.05 Homo sapiens interferon stimulated egl@ase gene 20kDa (ISG20), mRNA.
RRS1 3.04 Homo sapiens RRS1 ribosome biogenesitateghomolog (S. cerevisiae) (RRS1), mRNA.
HAPLN1 2.95 Homo sapiens hyaluronan and proteoglyick protein 1 (HAPLN1), mRNA.
CHST 2.8z Homo sapiens carbohydrate-acetylglucosamine-O) sulfotransferase 7 (CHST7), mRP
SPINT2 2.77 Homo sapiens serine peptidase inhjbftonitz type, 2 (SPINT2), mRNA.
Homo sapiens tissue factor pathway inhibitor (limdin-associated coagulation inhibitor)
TFPI 2.75 (TFPI), transcript variant 1, mRNA.

Homo sapiens ST8 alpha-N-acetyl-neuraminide alpBssalyltransferase 1 (ST8SIAL),
ST8SIA1 2.73 mRNA.

PREDICTED: Homo sapiens similar to Aldo-keto redset family 1 member C1 (20-alpha-
hydroxysteroid dehydrogenase) (20-alpha-HSD) (Tia@sdihydrobenzene-1,2-diol
dehydrogenase) (High-affinity hepatic bile acidebivg protein) (HBAB) (Chlordecone

LOC648517 2.71 reductase homolog HAKRC..., transcript variant D@648517), mRNA.

IFI27 2.68 Homo sapiens interferon, alpha-inducgisietein 27 (IF127), mRNA.

ATF3 2.67 Homo sapiens activating transcriptiortda8 (ATF3), transcript variant 4, mRNA.
GUCY1A3 2.6t Homo sapiens guarate cyclase 1, soluble, alpha 3 (GUCY1A3), mR

NET1 2.63 Homo sapiens neuroepithelial cell tramsfiog gene 1 (NET1), mRNA.

FLJ90166 2.59 Homo sapiens adenomatosis polypobidawn-regulated 1-like (APCDD1L), mRNA.
PIM1 2.57 Homo sapiens pim-1 oncogene (PIM1), mRNA.

CSN1S: 2.57 Homo sapiens casein alpha s1 (CSN1S1), transeijant 1, mRNA
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IL24

PPFIBP2

TFPI

ATP1Al
PCDH18
TNC

C1QTNF1
HAPLN1
IL18BP
DBC1
HIST2H2AA3
SLIT2
GADD45G
MEOX1

FKBP1A
OXTR
LRRC17
GRP

AKR1C2
HIST2H2AA3
TDG

CTSC

PRP2

SERPINB4
NET1
CISH
UGP2
MSX1
IFITM1
COL8Al
BHLHB5
IL18R1
LOC642489
IGSF4
PDGFRL

MX1

ISLR
SLC2A6
FKBP1A
FLJ13391
TWISTNB
CFI

C150rf48

ATP1Al
CDC45L

2.57

2.55

253

2.50
2.44
2.44

2.43
2.40
2.39
2.37
2.36
2.36
2.36
2.35

2.33
2.32
2.30
2.29

2.29
2.28
2.25
2.25
2.23

2.23
221
2.20
2.20
2.20
2.20
2.19
2.18
2.18
2.18
217
2.16

2.15

2.15

2.15

2.14

2.13

2.13

211

2.10

2.09
2.08

Homo sapiens interleukin 24 (IL24), tremiyst variant 2, mRNA.

Homo sapiens PTPRF interacting prabéiding protein 2 (liprin beta 2) (PPFIBP2), mMRNA

Homo sapiens tissue factor pathway inhibitor (lipain-associated coagulation inhibitor)
(TFPI), transcript variant 2, mRNA.

Homo sapiens ATPase, Na+/K+ transporting, alphalypeptide (ATP1A1), transcript variant
1, mRNA.

Homo sapiens protocadherin 18 (PCDHaBNA.

Homo sapiens tenascin C (hexabrachionl3TRRNA.
Homo sapiens C1q and tumor necrosis factor refatetin 1 (CLQTNF1), transcript variant 1,
mRNA.

Homo sapiens hyaluronan and proteoglyicé protein 1 (HAPLN1), mRNA.

Homo sapiens interleukin 18 bindingteiro (IL18BP), transcript variant A, mMRNA.

Homo sapiens deleted in bladder can¢BBT1), mRNA.

Homo sapiens histone cluster 2,a2@IST2H2AA3), mRNA.

Homo sapiens slit homolog 2 (Drosoph(i)IT2), mRNA.

Homo sapiens growth arrest and DNAagerinducible, gamma (GADD45G), mRNA.
Homo sapiens mesenchyme homeo box 1 (KIQranscript variant 1, mRNA.

Homo sapiens FK506 binding protein 12kDa (FKBP1A), transcript variant 12B, mRNA.
Homo sapiens oxytocin receptor (OXTR),N#R

Homo sapiens leucine rich repeat coimtgil7 (LRRC17), transcript variant 1, mRNA.
Homo sapiens gastrin-releasing peptiddjGRanscript variant 3, mRNA.

Homo sapiens aldo-keto reductase family 1, memBeid@ydrodiol dehydrogenase 2; bile
acid binding protein; 3-alpha hydroxysteroid deloggmase, type Ill) (AKR1C2), transcript
variant 1, mRNA. XM_943424 XM_943425 XM_943427

Homo sapiens histone cluster 2,&R2@IST2H2AA3), mRNA.
Homo sapiens thymine-DNA glycosylase (TDGRNA.
Homo sapiens cathepsin C (CTSC), trapts@riant 1, mRNA.
Homo sapiens proline-rich protein PRIRPE, mRNA.
Homo sapiens serpin peptidase inhibitor, cladevRlgumin), member 4 (SERPINB4),
mMRNA.
Homo sapiens neuroepithelial cell tramsfiog gene 1 (NET1), mRNA.
Homo sapiens cytokine inducible SH2-cioitg protein (CISH), mRNA.
Homo sapiens UDP-glucose pyrophospha@d§/GP2), transcript variant 1, mRNA.
Homo sapiens msh homeo box homolog 1g@pbila) (MSX1), mMRNA.
Homo sapiens interferon induced transimeane protein 1 (9-27) (IFITM1), mRNA.
Homo sapiens collagen, type VIII, aldh@OL8A1L), transcript variant 1, mRNA.
Homo sapiens basic helix-loop-helix @amcontaining, class B, 5 (BHLHB5), mRNA.
Homo sapiens interleukin 18 recept@18R1), mRNA.
PREDICTED: Homo sapiens similark&®6-binding protein 1A (LOC642489), mRNA.
Homo sapiens cell adhesion moleculeAD(Z1), mRNA.
Homo sapiens platelet-derived growttofareceptor-like (PDGFRL), mRNA.

Homo sapiens myxovirus (influenza virus) resistahcaterferon-inducible protein p78
(mouse) (MX1), mRNA.

Homo sapiens immunoglobulin superfamily containegine-rich repeat (ISLR), transcript
variant 1, mRNA.

Homo sapiens solute carrier family 2 (facilitatédcgse transporter), member 6 (SLC2A6),
mRNA.

Homo sapiens FK506 binding protein 12kDa (FKBP1A), transcript variant 12A, mRNA.
Homo sapiens transmembrane prot&ifTMEM166), mRNA.

Homo sapiens TWIST neighbor (TWISTNB)RNA.

Homo sapiens complement factor | (CFI)NAR

Homo sapiens chromosome 15 openmgédime 48 (C150rf48), transcript variant 2, mRNA.

Homo sapiens ATPase, Na+/K+ transporting, alphalypeptide (ATP1A1), transcript variant
1, mRNA.

Homo sapiens CDC45 cell division cytielike (S. cerevisiae) (CDC45L), mRNA.
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CKLF
CYB5A
MYB

FKBP1A
GUCY1A3
PTGIS
CDC42EP2
C10o0rf81
PRKCZz
CYB5A
HIST2H2AC
VAMP5
LOXL3
ARL4
MEIS1

MRPS6
ARRDC4

TRPV2

CDK5RAP2
PRRX2

PSMB9
Cliorf70

EPSTI1

GNE

MS4A6A
C11orf70

ATP1Al
EIF1B
IFI35
RHBDD2
C100rf116
COL6AlL
EPHA3
COL24A1
MYL9
GHR

OAS2
SFRP2

SLC16A4
KRTCAP2
COL6A3
CDC42EP5

FLJ39155

SLC25A25

RHBDD2
C6orf129

2.08
2.08
2.04

2.04
2.04
2.02
2.02
2.01
2.01
2.01
2.00
1.99
1.99
1.98
1.98

1.96
1.96

1.96

1.96
1.95

1.94
1.94

1.94

1.92

1.92
1.91

191
191
1.91
191
1.90
1.90
1.90
1.89
1.89
1.89

1.88
1.88

1.87

1.87

1.87
1.86

1.86

1.85

1.85
1.85

Homo sapiens chemokine-like factor (CKLRnscript variant 3, mRNA.
Homo sapiens cytochrome b5 type A (ngoroal) (CYB5A), transcript variant 2, mRNA.
Homo sapiens v-myb myeloblastosis virad@gene homolog (avian) (MYB), mRNA.

Homo sapiens FK506 binding protein 12kDa (FKBP1A), transcript variant 12A, mRNA.
Homo sapiens guanylate cyclase 1bsglalpha 3 (GUCY1A3), mRNA.
Homo sapiens prostaglandin 12 (prostaygynthase (PTGIS), mRNA.
Homo sapiens CDC42 effector profeiro(GTPase binding) 2 (CDC42EP2), mRNA.
Homo sapiens chromosome 10 openngédime 81 (C100rf81), mRNA.
Homo sapiens protein kinase C, zeta (PRKiranscript variant 1, mRNA.
Homo sapiens cytochrome b5 type A (nsoroal) (CYB5A), transcript variant 1, mRNA.
Homo sapiens histone cluster 2, HBAET2H2AC), mRNA.
Homo sapiens vesicle-associated memipeotein 5 (myobrevin) (VAMP5), mRNA.
Homo sapiens lysyl oxidase-like 3 (LOXL&RNA.
Homo sapiens ADP-ribosylation factor-lk¢ ARL4), transcript variant 1, mRNA.
Homo sapiens Meis homeobox 1 (MEIS1)NAR
Homo sapiens mitochondrial ribosomal protein S6 BR), nuclear gene encoding
mitochondrial protein, mRNA.
Homo sapiens arrestin domain contaidi§RRDC4), mRNA.

Homo sapiens transient receptor potential cati@amobl, subfamily V, member 2 (TRPV2),
mMRNA.

Homo sapiens CDKS5 regulatory subunit associatetejpr@ (CDK5RAP2), transcript variant
2, mRNA.

Homo sapiens paired related homeob8RRK2), mRNA.
Homo sapiens proteasome (prosome, macropain) subata type, 9 (large multifunctional
peptidase 2) (PSMB9), transcript variant 1, mRNA.

Homo sapiens chromosome 11 openngéd@ime 70 (C11orf70), mRNA.

Homo sapiens epithelial stromal intiwacd (breast) (EPSTIL), transcript variant 2, niRN

Homo sapiens glucosamine (UDP-N-acetyl)-2-epimékaaeetylmannosamine kinase (GNE),
MRNA.

Homo sapiens membrane-spanning 4-domains, subfémityember 6A (MS4A6A), transcript
variant 3, mRNA.
Homo sapiens chromosome 11 openmgédime 70 (C11orf70), mRNA.
Homo sapiens ATPase, Na+/K+ transporting, alphalypeptide (ATP1A1), transcript variant
2, mRNA.
Homo sapiens eukaryotic translationatid@n factor 1B (EIF1B), mRNA.
Homo sapiens interferon-induced pro85r(IFI35), mRNA.
Homo sapiens rhomboid domain contai@f@HBDD?2), transcript variant 1, mRNA.
Homo sapiens chromosome 10 opetingeirdme 116 (C100rf116), mRNA.
Homo sapiens collagen, type VI, alp{€DL6A1), mRNA.
Homo sapiens EPH receptor A3 (EPHA@pgcript variant 1, mRNA.
Homo sapiens collagen, type XXIV, @gh(COL24A1), mRNA.
Homo sapiens myosin, light chain 9, regoty (MYL9), transcript variant 1, mRNA.
Homo sapiens growth hormone receptor (GHIRNA.
Homo sapiens 2'-5'-oligoadenylate synthetase Z1&®a (OAS2), transcript variant 1,
MRNA.
Homo sapiens secreted frizzled-relataeip 2 (SFRP2), mRNA.
Homo sapiens solute carrier family 16, member 4n@oarboxylic acid transporter 5)
(SLC16A4), mRNA.
Homo sapiens keratinocyte associatetkip 2 (KRTCAP2), mRNA.
Homo sapiens collagen, type VI, alp{€BL6A3), transcript variant 1, mRNA.
Homo sapiens CDC42 effector profeiro(GTPase binding) 5 (CDC42EP5), mRNA.

Homo sapiens EGF-like, fibronectin type Ill and Iaim G domains (EGFLAM), transcript
variant 1, mRNA.

Homo sapiens solute carrier family 25 (mitochorldréarier; phosphate carrier), member 25
(SLC25A25), nuclear gene encoding mitochondriatgim transcript variant 1, mRNA.
Homo sapiens rhomboid domain contai@f@HBDD2), mRNA.

Homo sapiens chromosome 6 open rgé&dime 129 (C60rf129), mRNA.
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PDZK1IP1 1.85 Homo sapiens PDZK1 interacting profie{PDZK1IP1), mRNA.
ARRDC4 1.85 Homo sapiens arrestin domain contaidi§RRDC4), mRNA.
LOC646786 1.85 PREDICTED: Homo sapiens similar fadin (AF-6 protein) (LOC646786), mRNA.

AGENCOURT_10229596 NIH_MGC_141 Homo sapiens cDN#nel IMAGE:6563923 5,
1.84 mRNA sequence

PRKCZ 1.84 Homo sapiens protein kinase C, zeta (PBKtranscript variant 1, mRNA.
C19o0rf10 1.84 Homo sapiens chromosome 19 openngédime 10 (C190rf10), mRNA.
AK2 1.83 Homo sapiens adenylate kinase 2 (AK2jdeaipt variant AK2A, mRNA.

Homo sapiens solute carrier organic anion tranepéamily, member 2A1 (SLCO2A1),
SLCO2A1 1.83 mRNA.

LOC441019 1.83 PREDICTED: Homo sapiens hypotheti€#C441019 (LOC441019), mRNA.
ANG 1.82 Homo sapiens angiogenin, ribonuclease de&Mafamily, 5 (ANG), mRNA.
ARMET 1.82 Homo sapiens arginine-rich, mutatedaryestage tumors (ARMET), mRNA.
Homo sapiens glucosaminyl (N-acetyl) transferadebPanching enzyme (I blood group)
GCNT2 1.81 (GCNTZ2), transcript variant 2, mRNA.
IGSF3 1.81 Homo sapiens immunoglobulin superfamigmber 3 (IGSF3), transcript variant 1, mRNA.

zx42c01.r1 Soares_total_fetus_Nb2HF8_9w Homo samBiNA clone IMAGE:789120 5,
1.80 mRNA sequence

Homo sapiens DNA segment, Chr 15, Wayne State Wsitye/5, expressed (D15Wsu75e),
D15Wsu75e 1.80 mRNA.

VAMPS8 1.80 Homo sapiens vesicle-associated memhpeotein 8 (endobrevin) (VAMPS8), mRNA.
S100A4 1.80 Homo sapiens S100 calcium binding praté (S100A4), transcript variant 1, mRNA.
AHNAK 1.80 Homo sapiens AHNAK nucleoprotein (AHNAKranscript variant 2, mRNA.

DLX5 1.79 Homo sapiens distal-less homeo box 5 (BLXRNA.

S100A11 1.79 Homo sapiens S100 calcium bindingeprad11 (S100A11), mRNA.

UST 1.79 Homo sapiens uronyl-2-sulfotransferasel)UBRNA.

Homo sapiens endothelial differentiation, sphingjdliG-protein-coupled receptor, 3 (EDG3),
EDG3 1.79 mRNA.

RASL11A 1.78 Homo sapiens RAS-like, family 11, memh (RASL11A), mRNA.

DIXDC1 1.78 Homo sapiens DIX domain containing IXDC1), transcript variant 1, mRNA.

FKBP2 1.77 Homo sapiens FK506 binding protein X088 (FKBP2), transcript variant 1, mRNA.
Homo sapiens aldo-keto reductase family 1, memBe3&lpha hydroxysteroid

AKR1C3 1.77 dehydrogenase, type Il) (AKR1C3), mRNA.

PTGFRN 1.77 Homo sapiens prostaglandin F2 recegigative regulator (PTGFRN), mRNA.

SLA 1.77 Homo sapiens Src-like-adaptor (SLA), mRNA.

OSR2 1.77 Homo sapiens odd-skipped related 2 (Phik) (OSR2), MRNA.

RAG1AP1 1.77 Homo sapiens recombination activagiage 1 activating protein 1 (RAG1AP1), mRNA.

Homo sapiens PR domain containing 1, with ZNF dontBRDM1), transcript variant 1,
PRDM1 1.77 mRNA.

NDP 1.76 Homo sapiens Norrie disease (pseudoglighafP), mRNA.
SATB2 1.76 Homo sapiens SATB homeobox 2 (SATB2) NAR
TMEM93 1.76 Homo sapiens transmembrane proteilf®&EM93), transcript variant 2, mRNA.
DUSP5 1.75 Homo sapiens dual specificity phospledig®USP5), mRNA.
TRAFD1 1.75 Homo sapiens TRAF-type zinc finger don@ntaining 1 (TRAFD1), mRNA.
BAD 1.75 Homo sapiens BCL2-antagonist of cell dgBAD), transcript variant 1, mRNA.
KLF2 1.75 Homo sapiens Kruppel-like factor 2 (lufi§l.F2), mRNA.
S100A4 1.75 Homo sapiens S100 calcium binding praété (S100A4), transcript variant 1, mRNA.
INSIG1 1.74 Homo sapiens insulin induced gene B(BL), transcript variant 2, mRNA.
FCRLM2 1.74 Homo sapiens Fc receptor-like B (FCRUBRNA.
MSC 1.74 Homo sapiens musculin (activated B-celldal) (MSC), mRNA.
AHNAK 1.74 Homo sapiens AHNAK nucleoprotein (AHNAKranscript variant 2, mRNA.
COPZ2 1.74 Homo sapiens coatomer protein complédyrst zeta 2 (COPZ2), mRNA.
Homo sapiens interferon-induced protein with teicapeptide repeats 1 (IFIT1), transcript
IFIT1 1.74 variant 2, mRNA.
CGGBP1 1.74 Homo sapiens CGG triplet repeat bindiogein 1 (CGGBP1), transcript variant 2, mRNA.
ZCSL2 1.73 Homo sapiens DPH3, KTI11 homolog (Seesiae) (DPH3), transcript variant 1, mRNA.
ZNHIT1 1.73 Homo sapiens zinc finger, HIT type N IT1), mRNA.
HIST1H2AC 1.73  Homo sapiens histone cluster 1, HRBAET1H2AC), mRNA.

- 250 -



Appendix C

PSME2
LOC728489

LOC255783
MATN2
LHFP
DSCRI1L1

PTPLA

MRPS18C
KCNK1
APH1B
ISG15
TNFSF12
AHI1

FABP3

PCBD1
MGC33212

MAPRE2
EGFL6
AK2
FLJ20186
CLTB
CKLF

C6orf79
TGFBR3
ORF1-FL49
AYP1p1
SLC5A3

HIST1H2BD
HSPC023
TDO2

TFPI
TPD52L1
SRGN

NDUFC1
TIMP4
SSBP2
KLF6
PTMS
DPH3

RBMS1
LOC388642
MGC17839
NOD1
SUCNR1

EIF4E2

1.73
1.73

1.73
1.73
1.73

1.72

1.72

1.71
1.71
1.70
1.70

1.70
1.70

1.70

1.70
1.70

1.69
1.69
1.69
1.69
1.69
1.69

1.69
1.68
1.68
1.68
1.68
1.68
1.68
1.67
1.67

1.67
1.67
1.67

1.66
1.66
1.66
1.66
1.66
1.66

1.66
1.65
1.65
1.65
1.65

1.65

Homo sapiens proteasome (prosome, macropain) tmtsabunit 2 (PA28 beta) (PSME2),
MRNA.

Homo sapiens similar to CG123794@(728489), mRNA.
PREDICTED: Homo sapiens hypothetical protein LOCZER transcript variant 2
(LOC255783), misc RNA.
Homo sapiens matrilin 2 (MATNZ2), traniptivariant 2, mRNA.
Homo sapiens lipoma HMGIC fusion paritiétFP), mRNA.
Homo sapiens regulator of calcine2ifRCAN2), mRNA.

Homo sapiens protein tyrosine phosphatase-likdi(rinstead of catalytic arginine), member
a (PTPLA), mRNA.

Homo sapiens mitochondrial ribosomal protein SIBRPS18C), nuclear gene encoding
mitochondrial protein, mRNA.
Homo sapiens potassium channel, subfafiimember 1 (KCNK1), mRNA.
Homo sapiens anterior pharynx defectivemolog B (C. elegans) (APH1B), mRNA.
Homo sapiens ISG15 ubiquitin-like madifiSG15), mMRNA.
Homo sapiens tumor necrosis facargti) superfamily, member 12 (TNFSF12), mRNA.
Homo sapiens Abelson helper integratiten s (AHI1), mRNA.

Homo sapiens fatty acid binding protein 3, musclé kheart (mammary-derived growth
inhibitor) (FABP3), mRNA.

Homo sapiens 6-pyruvoyl-tetrahydropterin synthasgédzation cofactor of hepatocyte
nuclear factor 1 alpha (TCF1) (PCBD1), transcragtiant 2, mRNA.
Homo sapiens hypothetical protein B&Z12 (MGC33212), mRNA.

Homo sapiens microtubule-associatetejproRP/EB family, member 2 (MAPRE2), mRNA.
Homo sapiens EGF-like-domain, multipi€&FL6), mRNA.
Homo sapiens adenylate kinase 2 (AK2jdeaipt variant AK2A, mRNA.

Homo sapiens hypothetical proteir2BIL86 (FLJ20186), transcript variant 2, mRNA.
Homo sapiens clathrin, light chain (L§B)-TB), transcript variant 1, mRNA.

Homo sapiens chemokine-like factor (CKLFanscript variant 6, mRNA.

Homo sapiens chromosome 6 open redging 79 (C60rf79), transcript variant 2, mRNA.
Homo sapiens transforming growth fadieta receptor Il (TGFBR3), mRNA.

Homo sapiens putative nuclear prddRRF1-FL49 (ORF1-FL49), mRNA.

PREDICTED: Homo sapiens AYP1 pseudodeffeYP1p1), misc RNA.

Homo sapiens solute carrier familyrgitol transporters), member 3 (SLC5A3), mRNA.
Homo sapiens cDNA FLJ40058 fis, clone TCOLOOTBO

Homo sapiens histone cluster 1, HMI&T1H2BD), transcript variant 2, mRNA.

Homo sapiens HSPCO023 protein (HSPCOEI)NA.

Homo sapiens tryptophan 2,3-dioxygen&BR), mRNA.
Homo sapiens tissue factor pathway inhibitor (limgin-associated coagulation inhibitor)
(TFPI), transcript variant 2, mRNA.

Homo sapiens tumor protein D52-liK@BD52L1), transcript variant 3, mRNA.

Homo sapiens serglycin (SRGN), mRNA.
Homo sapiens NADH dehydrogenase (ubiquinone) lcauplex unknown, 1, 6kDa
(NDUFC1), mRNA.

Homo sapiens TIMP metallopeptidase il (TIMP4), mRNA.

Homo sapiens single-stranded DNA bingiintgin 2 (SSBP2), mRNA.

Homo sapiens Kruppel-like factor 6 (KLF8gnscript variant 2, mRNA.

Homo sapiens parathymosin (PTMS), mRNA.

Homo sapiens DPH3, KTI111 homolog (S.isige) (DPH3), transcript variant 2, mRNA.

Homo sapiens RNA binding motif, single strandeéractting protein 1 (RBMS1), transcript
variant 3, mRNA.

PREDICTED: Homo sapiens similar to Triosephosplisimerase (TIM) (Triose-phosphate
isomerase), transcript variant 3 (LOC388642), mRNA.
Homo sapiens transmembrane prot@ifMAEM136), mRNA.
Homo sapiens nucleotide-binding oligozaion domain containing 1 (NOD1), mRNA.
Homo sapiens succinate receptor 1 (SRIGNNRNA.

Homo sapiens eukaryotic translatiotiition factor 4E family member 2 (EIF4AE2), mRNA.

-251-



Appendix C

ITGB8
TSPO
STRA13

CLEC4A

C170rf58
BOLA3
ARID5A

DBI
SDF2L1
MAPK1
IFI6
PMCH
TDG
DRAP1
NET1

PLAUR
OSBPL8
C220rf1l6
CA12
CRIP1

OAS1

COX7A1
PDCD5
FLJ20186
GPM6B

CUTA

MRPS24

PCBD1

PLEKHH2

SNRPB2
SH3BGRL3
APOL2
FLJ21986
WFDC3
ILIRN
WFDC3
PI3
LOC51334
KCNK6
FAIM3

CDK5RAP2
RIPK2
METRNL
SLC38A6
PDK3

BATF

PPIC

1.65
1.65
1.65

1.65

1.65
1.65
1.65

1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64

1.64
1.64
1.63
1.63
1.63

1.63

1.63

1.63

1.63
1.62

1.62

1.62

1.62

1.62

1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.61
1.61
1.61
161

161
1.61
1.61

161
1.61
1.60

1.60

Homo sapiens integrin, beta 8 (ITGBSRNA.
Homo sapiens translocator protein (18KD&PO), transcript variant PBR-S, mRNA.
Homo sapiens stimulated by retinoid 48 homolog (mouse) (STRA13), mRNA.

Homo sapiens C-type lectin domain family 4, menm®€€LEC4A), transcript variant 4,
mMRNA.

PREDICTED: Homo sapiens chromosome 17 open reddinge 58, transcript variant 3
(C170rf58), mRNA.

Homo sapiens bolA homolog 3 (E. coliQBA3), transcript variant 1, mRNA.

Homo sapiens AT rich interactive dom&h (MRF1-like) (ARID5A), mRNA.
Homo sapiens diazepam binding inhibitor (GABA retoepnodulator, acyl-Coenzyme A
binding protein) (DBI), transcript variant 2, mRNA.

Homo sapiens stromal cell-derived fa2ttke 1 (SDF2L1), mRNA.

Homo sapiens mitogen-activated protéirage 1 (MAPKZ1), transcript variant 2, mRNA.
Homo sapiens interferon, alpha-inducirietein 6 (IFI6), transcript variant 2, mMRNA.
Homo sapiens pro-melanin-concentratimgiooe (PMCH), mRNA.

Homo sapiens thymine-DNA glycosylase (TDGRNA.

Homo sapiens DR1-associated proteireddtive cofactor 2 alpha) (DRAP1), mRNA.
Homo sapiens neuroepithelial cell tramsfiog gene 1 (NET1), mRNA.
Homo sapiens plasminogen activator, urokinase tecépLAUR), transcript variant 2,
mMRNA.

Homo sapiens oxysterol binding proli&m8 (OSBPLS8), transcript variant 1, mRNA.
Homo sapiens chromosome 22 openngédime 16 (C220rf16), mMRNA.

Homo sapiens carbonic anhydrase XII (QAttanscript variant 1, mRNA.

Homo sapiens cysteine-rich protein tegimal) (CRIP1), mRNA.

Homo sapiens 2',5"-oligoadenylate syatieel, 40/46kDa (OAS1), transcript variant 2, mRNA.

Homo sapiens cytochrome c oxidase stbilia polypeptide 1 (muscle) (COX7A1), mRNA.
Homo sapiens programmed cell death £FH), mRNA.

Homo sapiens hypothetical proteir2BIL86 (FLJ20186), transcript variant 2, mRNA.
Homo sapiens glycoprotein M6B (GPM6B)nscript variant 1, mRNA.

Homo sapiens cutA divalent cation tolerance hom@goli) (CUTA), transcript variant 1,
mRNA.

Homo sapiens mitochondrial ribosomal protein S2&R@%24), nuclear gene encoding
mitochondrial protein, mRNA.

Homo sapiens pterin-4 alpha-carbinolamine dehyde#ttmerization cofactor of hepatocyte
nuclear factor 1 alpha (TCF1) (PCBD1), mRNA.

Homo sapiens pleckstrin homology domain contairfiagily H (with MyTH4 domain)
member 2 (PLEKHH2), mRNA.

Homo sapiens small nuclear ribonucleoprotein pgijide B" (SNRPBZ2), transcript variant 1,
mRNA.
Homo sapiens SH3 domain binding glidacid-rich protein like 3 (SH3BGRL3), mMRNA.
Homo sapiens apolipoprotein L, 2 (APQlL&)nscript variant beta, mRNA.
Homo sapiens hypothetical proteir2ER86 (FLJ21986), mRNA.
Homo sapiens WAP four-disulfide core dom8 (WFDC3), transcript variant 4, mRNA.
Homo sapiens interleukin 1 receptor gotast (ILLRN), transcript variant 1, mRNA.
Homo sapiens WAP four-disulfide core dom8 (WFDC3), transcript variant 2, mRNA.
Homo sapiens peptidase inhibitor 3, skinveéd (SKALP) (PI3), mRNA.
Homo sapiens proline rich 16 (PRRIBNA.
Homo sapiens potassium channel, subfafiimember 6 (KCNK6), mRNA.
Homo sapiens Fas apoptotic inhibitorylesale 3 (FAIM3), mRNA.
Homo sapiens CDKS5 regulatory subunit associatetejpr@ (CDK5RAP2), transcript variant
2, mRNA.
Homo sapiens receptor-interacting setineonine kinase 2 (RIPK2), mRNA.
Homo sapiens meteorin, glial cell diéfetiation regulator-like (METRNL), mRNA.
Homo sapiens solute carrier familyrB8mber 6 (SLC38A6), mRNA.
Homo sapiens pyruvate dehydrogenasediiszzyme 3 (PDK3), mRNA.
Homo sapiens basic leucine zipper trapsen factor, ATF-like (BATF), mRNA.
Homo sapiens peptidylprolyl isomeraseyCl¢philin C) (PPIC), mRNA.
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TKT

C170rf58
BAIAP2L2

D2

CIDEA
BOLA3
C7orf24

SLC16A4

MRPL14
MGC40579

DYNC2LI1
IRF8
Clorf4l

PPAP2B
CiB1
NRN1
RNASE4
TMOD1
RPP21
RPL36AL
SERTAD3

FLJ39155
RARRES3

COX17
FAM14A
SEC14L1
HSCB
TSPO
TUBB2C
RWDD1
IL17R

SEMA4B
RRAS

RAB11FIP1

LOC56901

MRPL54
C1GALT1C1
KIAA1434

LOC653610
NFE2
MYL9

OBFC2A
PLP2
UXT

1.60

1.60
1.60

1.60

1.60
1.60
1.60

1.59

1.59
1.59

1.59
1.59
1.59

1.59
1.59
1.59
1.59
1.59

1.59
1.59
1.59

1.59
1.58

1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58

1.58
1.58

1.58

1.58

1.58
1.57
1.57

157
157
157

157
1.57
1.57

Homo sapiens transketolase (Wernicke-Kaayndrome) (TKT), mRNA.

Homo sapiens chromosome 17 openngédime 58 (C170rf58), transcript variant 2, mRNA.
Homo sapiens BAll-associated proeiike 2 (BAIAP2L2), mRNA.

Homo sapiens inhibitor of DNA binding 2, dominaegative helix-loop-helix protein (ID2),
mRNA.

Homo sapiens cell death-inducing DFRgeleffector a (CIDEA), transcript variant 2, mRNA.
Homo sapiens bolA-like 3 (E. coli) (BOBA mRNA.
Homo sapiens chromosome 7 open redaing 24 (C7orf24), mRNA.

Homo sapiens solute carrier family 16, member 4n@oarboxylic acid transporter 5)
(SLC16A4), mRNA.

Homo sapiens mitochondrial ribosomal protein L14R®L14), nuclear gene encoding
mitochondrial protein, mRNA.

Homo sapiens hypothetical protein MG879 (MGC40579), mRNA.
Homo sapiens dynein, cytoplasmic 2, light intermaggichain 1 (DYNC2LI1), transcript variant
2, mRNA.

Homo sapiens interferon regulatory fa8t@iRF8), mMRNA.

Homo sapiens chromosome 1 open redding 41 (Clorf41), mRNA.

Homo sapiens phosphatidic acid phoapbaype 2B (PPAP2B), transcript variant 2, mRNA.

Homo sapiens calcium and integrin bindir(@almyrin) (CIB1), mRNA.

Homo sapiens neuritin 1 (NRN1), mRNA.

Homo sapiens ribonuclease, RNase Ayam{RNASE4), transcript variant 1, mRNA.

Homo sapiens tropomodulin 1 (TMOD1), miRN

Homo sapiens ribonuclease P/MRP 21khangy(RPP21), mRNA.

Homo sapiens ribosomal protein L3&a-(RPL36AL), mRNA.

Homo sapiens SERTA domain containif@BRTAD3), transcript variant 2, mRNA.

Homo sapiens EGF-like, fibronectin type 11l and laim G domains (EGFLAM), transcript
variant 4, mRNA.

Homo sapiens retinoic acid receptparder (tazarotene induced) 3 (RARRES3), mRNA.
Homo sapiens COX17 cytochrome c oxidase assembiyplog (S. cerevisiae) (COX17),
nuclear gene encoding mitochondrial protein, mRNA.

Homo sapiens family with sequence snity 14, member A (FAM14A), mRNA.

Homo sapiens SEC14-like 1 (S. cemm){ISEC14L1), transcript variant 1, mRNA.

Homo sapiens HscB iron-sulfur clusteckaperone homolog (E. coli) (HSCB), mRNA.

Homo sapiens translocator protein (18KD&PO), transcript variant PBR, mRNA.

Homo sapiens tubulin, beta 2C (TUBB2GRNA.

Homo sapiens RWD domain containing 1 (fYY), transcript variant 3, mRNA.

Homo sapiens interleukin 17 receptofl{IR), mRNA.

Homo sapiens sema domain, immunoglobulin domain {ignsmembrane domain (TM) and
short cytoplasmic domain, (semaphorin) 4B (SEMA4B)nscript variant 1, mRNA.

Homo sapiens related RAS viral (r-ragogene homolog (RRAS), mRNA.

Homo sapiens RAB11 family interacting protein lagd I) (RAB11FIP1), transcript variant 3,
mMRNA.

Homo sapiens NADH dehydrogenase (ubiquinone) laadpifocomplex, 4-like 2
(NDUFA4L2), mRNA.

Homo sapiens mitochondrial ribosomal protein L54R®AL54), nuclear gene encoding
mitochondrial protein, mRNA.

Homo sapiens C1GALT1-specific chaperl (C1GALT1C1), transcript variant 2, mRNA.
Homo sapiens hypothetical protein K34 (KIAA1434), mRNA.
PREDICTED: Homo sapiens similar to Histone H2A.@ &) (H2A.2) (H2a-615)
(LOC653610), mRNA.

Homo sapiens nuclear factor (erythroidved 2), 45kDa (NFE2), mRNA.

Homo sapiens myosin, light chain 9, regoty (MYL9), transcript variant 1, mRNA.
Homo sapiens oligonucleotide/oligosaccharide-bigdaid containing 2A (OBFC2A),
transcript variant 2, mRNA.

Homo sapiens proteolipid protein 2 (ciolepithelium-enriched) (PLP2), mRNA.
Homo sapiens ubiquitously-expressed tndpis@JXT), transcript variant 1, mRNA.
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NUDT14

DCI
LOC650298

SCO02
GPM6B
BLVRB
EMP3
Clorf50
Cil6orf61
COL8A1l
GLRX2

RP11-529110.4
BST2

FST
GTF2IRD2

DNAL1
LOX
ATOX1
APIP
RPL34

LARPG6
RNASE4

FCGR2B

MRPL27
SNRPF
SLA
ZNF593
LOC400948
PSMB10

MS4A6A
C9orf89
SCNM1
BOLA2
NDUFA11l
MGC71993

C170rf58

FKBP1A
DCXR

HCFC1R1
TUBB6
ZCD1

ATPIF1

NDUFB8

157

1.57
1.57

1.57
1.57
1.57
1.56
1.56
1.56
1.56
1.56

1.56

1.56
1.56
1.56
1.56
1.56
1.55
1.55
1.55
155

1.55
155

1.55

1.55
1.55

1.55
1.55
1.55
1.55

155

155

155

155

1.54

154

1.54

1.54
1.54

154
154
154

1.54

1.54

Homo sapiens nudix (nucleoside diphosphate linkeiiy X)-type motif 14 (NUDT14),
MRNA.

Homo sapiens dodecenoyl-Coenzyme A delta isoméBa@érans-enoyl-Coenzyme A
isomerase) (DCI), nuclear gene encoding mitochahgdrotein, mRNA.

PREDICTED: Homo sapiens similar@8 4ibosomal protein S26 (LOC650298), mRNA.
Homo sapiens SCO cytochrome oxidase deficient hagrl(yeast) (SCO2), nuclear gene
encoding mitochondrial protein, mMRNA.

Homo sapiens glycoprotein M6B (GPM6B)nscript variant 4, mRNA.

Homo sapiens biliverdin reductase Buiftereductase (NADPH)) (BLVRB), mRNA.

Homo sapiens epithelial membrane pr@€EMP3), mMRNA.

Homo sapiens chromosome 1 open redding 50 (C1lorf50), mRNA.

Homo sapiens chromosome 16 openngéd@ime 61 (C160rf61), mMRNA.

Homo sapiens collagen, type VIII, aldh@COL8AL), transcript variant 2, mMRNA.

Homo sapiens glutaredoxin 2 (GLRX2)ngexipt variant 2, mRNA.
Homo sapiens deleted in a mouse model of primdiargidyskinesia (RP11-529110.4),
MRNA.

Homo sapiens bone marrow stromal celjant2 (BST2), mRNA.

Homo sapiens follistatin (FST), transcvigatiant FST344, mRNA.

Homo sapiens GTF2I repeat domainasoiny 2 (GTF2IRD2), mMRNA.

AV762101 MDS Homo sapiens cDNA clone MDSEOAQBNRNA sequence
Homo sapiens dynein, axonemal, lightica(DNAL1), mRNA.

Homo sapiens lysyl oxidase (LOX), mRNA.

Homo sapiens ATX1 antioxidant proteihdmolog (yeast) (ATOX1), mRNA.

Homo sapiens APAFL1 interacting proteiR @), mRNA.

Homo sapiens ribosomal protein L34 (RBLBanscript variant 2, mRNA.

Homo sapiens La ribonucleoprotein domain familymber 6 (LARP6), transcript variant 2,
mRNA.

Homo sapiens ribonuclease, RNase Ayam{RNASE4), transcript variant 1, mRNA.

Homo sapiens Fc fragment of 1gG, low affinity IHeceptor (CD32) (FCGR2B), transcript
variant 1, mRNA.

Homo sapiens mitochondrial ribosomal protein L2ZR®L27), nuclear gene encoding
mitochondrial protein, transcript variant 1, mRNA.

Homo sapiens small nuclear ribonucléejorpolypeptide F (SNRPF), mRNA.

Homo sapiens Src-like-adaptor (SLA), trips variant 2, mRNA.

Homo sapiens zinc finger protein 598KZ93), MRNA.

PREDICTED: Homo sapiens similar &G8774-PA (LOC400948), mRNA.

Homo sapiens proteasome (prosome, panjcubunit, beta type, 10 (PSMB10), mRNA.
Homo sapiens membrane-spanning 4-domains, subfémityember 6A (MS4A6A), transcript
variant 2, mRNA.

Homo sapiens chromosome 9 open redaing 89 (C90rf89), mMRNA.

Homo sapiens sodium channel modifiSGNM1), mMRNA.

Homo sapiens bolA homolog 2 (E. coliQBA2), mRNA.

Homo sapiens NADH dehydrogenase (ubiquinone) laadpitbcomplex, 11, 14.7kDa
(NDUFA11), mRNA.

Homo sapiens similar to DNA segment, Chr 11, BriglfaWomens Genetics 0434 expressed
(MGC71993), mRNA.

Homo sapiens chromosome 17 openmgédime 58 (C170rf58), transcript variant 2, mRNA.

Homo sapiens FK506 binding protein 12kDa (FKBP1A), transcript variant 12A, mRNA.
Homo sapiens dicarbonyl/L-xylulose redget(DCXR), mRNA.

Homo sapiens host cell factor C1 regulator 1 (XR®fendent) (HCFC1R1), transcript variant
2, mRNA.

PREDICTED: Homo sapiens tubulin, be{@6BB6), mRNA.

Homo sapiens zinc finger, CDGSH-type darigZCD1), mRNA.

Homo sapiens ATPase inhibitory factor 1 (ATPIF1)clear gene encoding mitochondrial
protein, transcript variant 1, mRNA.

Homo sapiens NADH dehydrogenase (ubiquinone) 1 sdtaomplex, 8, 19kDa (NDUFBS),
mRNA.
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ATPSI
EBPL

PSMB6

NDUFB6

SNAPC2

RRBP1
SNRPC
LOC205251

YIF1B
PSMB2
PMAIP1

ATPSD

NHP2L1
UGP2

C200rf35

KHSRP
DDIT3

RIT1
LOC285016
CTSC
MGC2574

MRPL55
GAS2L3
LOC440928

C20orf24
C9orf21
RAB38

HRAS
LOC652545

USMG5
PRKCA

LOC650832
C1l7orf61

QP-C

EGFLAM
COX8A
LOC650982

PCBD1
Clorf53
IBRDC3

154
1.54
154
1.54

154
154

1.54

153
1.53
1.53

1.53
1.53
1.53

1.53

153
1.53

153

1.53
153
1.53

153

1.53

1.53

1.53
153
153

153
1.53
1.53

1.53
1.53

1.52
152

1.52
1.52

152

1.52
1.52
1.52

1.52
152
152

Homo sapiens ATP synthase, H+ transporting, mitodhial FO complex, subunit E (ATP5I),
nuclear gene encoding mitochondrial protein, mRNA.

Homo sapiens emopamil binding proteie-{EBPL), mRNA.

Homo sapiens cDNA clone IMAGE:30530513

Homo sapiens proteasome (prosome, nmanjaubunit, beta type, 6 (PSMB6), mRNA.
Homo sapiens NADH dehydrogenase (ubiquinone) 1séiaomplex, 6, 17kDa (NDUFB6),
nuclear gene encoding mitochondrial protein, treipseariant 1, mRNA.

Homo sapiens mRNA; cDNA DKFZp686F09166 (frdone DKFZp686F09166)

Homo sapiens small nuclear RNA activating comppetypeptide 2, 45kDa (SNAPC2),
MRNA.

Homo sapiens ribosome binding protein 1 homologkD&0(dog) (RRBP1), transcript variant
1, mRNA.

Homo sapiens small nuclear ribonucleeprpolypeptide C (SNRPC), mRNA.

Homo sapiens hypothetical protei€206251 (LOC205251), mRNA.
Homo sapiens Yipl interacting factor homolog Bd&evisiae) (YIF1B), transcript variant 4,
MRNA.

Homo sapiens proteasome (prosome, nmenjcgubunit, beta type, 2 (PSMB2), mRNA.
Homo sapiens phorbol-12-myristate-18taie-induced protein 1 (PMAIP1), mRNA.

Homo sapiens ATP synthase, H+ transporting, mitodhial F1 complex, delta subunit
(ATP5D), nuclear gene encoding mitochondrial proteianscript variant 2, mRNA.

Homo sapiens NHP2 non-histone chromosome protéke2: (S. cerevisiae) (NHP2L1),
transcript variant 1, mRNA.
Homo sapiens UDP-glucose pyrophospha@48/GP2), transcript variant 1, mRNA.

Homo sapiens chromosome 20 openngédime 35 (C200rf35), transcript variant 1, mRNA.
Homo sapiens KH-type splicing regulatory proteitd@E binding protein 2) (KHSRP),
mRNA.

Homo sapiens DNA-damage-inducible traips8 (DDIT3), mMRNA.

Homo sapiens Ras-like without CAAX 1 (RJTmMRNA.

Homo sapiens hypothetical protei€286016 (LOC285016), mRNA.

Homo sapiens cathepsin C (CTSC), trapts@riant 1, mRNA.

Homo sapiens coiled-coil domain cangi 86 (CCDC86), mMRNA.

Homo sapiens mitochondrial ribosomal protein L53R®A55), nuclear gene encoding
mitochondrial protein, transcript variant 6, mRNA.

Homo sapiens growth arrest-specifik3 (GAS2L3), mRNA.

PREDICTED: Homo sapiens hypotheti€€440928 (LOC440928), mRNA.

Homo sapiens chromosome 20 openngédime 24 (C200rf24), transcript variant 4, mRNA.

Homo sapiens chromosome 9 open redaing 21 (C9orf21), mRNA.

Homo sapiens RAB38, member RAS oncofgemédy (RAB38), mMRNA.

Homo sapiens v-Ha-ras Harvey rat sarcoma viral gese homolog (HRAS), transcript variant
2, mRNA.

PREDICTED: Homo sapiens similarrméin C21orf70 homolog (LOC652545), mRNA.
Homo sapiens upregulated during skeletal muschethré homolog (mouse) (USMGS5),
mMRNA.

Homo sapiens protein kinase C, alph&k@&&, mRNA.

PREDICTED: Homo sapiens similar to mitogen-actidgeotein kinase kinase 3 isoform A
(LOC650832), mRNA.
Homo sapiens chromosome 17 openmgédime 61 (C170rf61), mRNA.

Homo sapiens low molecular mass ubiquinone-bingigein (9.5kD) (QP-C), nuclear gene
encoding mitochondrial protein, mMRNA.

Homo sapiens EGF-like, fibronectin type 11l and laim G domains (EGFLAM), transcript
variant 3, mRNA.
Homo sapiens cytochrome c oxidase stiBdn{ubiguitous) (COX8A), mRNA.
PREDICTED: Homo sapiens similar @protein (LOC650982), mRNA.
Homo sapiens 6-pyruvoyl-tetrahydropterin synthasegdzation cofactor of hepatocyte
nuclear factor 1 alpha (TCF1) (PCBD1), transcrigtant 2, mRNA.
Homo sapiens chromosome 1 open redaing 53 (C1lorf53), mRNA.
Homo sapiens IBR domain containingBRIDC3), mRNA.
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MRPL36
LRIG1
RRAD

MAGOH

CLEC4A
AHNAK
QIL1
HSPC176
ANXA2

C150rf48
LOC286016

METRNL
GALNACA4S-6ST

NDUFB2
MGC3731

CDC25B
BCYRN1

SERPINH1
DUSP6

DPM3
LOC51255
H2BFS

C10orf72
DCTN3

C21orf34

FAM96B
ECGF1
TIMP2
ALG13
SHFM1
NPEPL1

MRPS12

LOC653566
GPR64
TMPIT
CCBE1
S100A13
LOC84661
SSNA1

CCDC68
FKBP11
HBXIP
TRG20

1.52
152
152

152

1.52
152
1.52
152
152

152
1.52

151
151

151
151

151
151

151
151

151
151
151

151
151

151

151
151
151
151
151
151
151

151

151
151
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50
1.50

Homo sapiens mitochondrial ribosomal protein L36RM®AL36), nuclear gene encoding
mitochondrial protein, mRNA.

Homo sapiens leucine-rich repeats amdunoglobulin-like domains 1 (LRIG1), mRNA.
Homo sapiens Ras-related associateddiatietes (RRAD), mRNA.

Homo sapiens mago-nashi homolog, pralifen-associated (Drosophila) (MAGOH), mRNA.
Homo sapiens C-type lectin domain family 4, men®¢€LEC4A), transcript variant 4,
mMRNA.
Homo sapiens AHNAK nucleoprotein (AHNAKiyanscript variant 1, mRNA.
Homo sapiens hypothetical protein P1171{#, mRNA.

Homo sapiens trafficking protein perttomplex 2-like (TRAPPC2L), mRNA.
Homo sapiens annexin A2 (ANXA2), trariptvariant 2, mRNA.

Homo sapiens chromosome 15 openmgédime 48 (C150rf48), transcript variant 2, mRNA.

Homo sapiens hypothetical protei€286016 (LOC286016) on chromosome 7.
PREDICTED: Homo sapiens meteorin, glial cell diéetiation regulator-like (METRNL),
mRNA.

Homo sapiens B cell RAG assodigi®tein (GALNAC4S-6ST), mRNA.

Homo sapiens NADH dehydrogenase (ubiquinone) 1séiaomplex, 2, 8kDa (NDUFB2),
nuclear gene encoding mitochondrial protein, mRNA.

Homo sapiens hypothetical protein MGXI3(MGC3731), mRNA.

Homo sapiens cell division cycle 25 homolog B (@npe) (CDC25B), transcript variant 2,
MRNA.

Homo sapiens brain cytoplasmic RNA @1 Bnalog (mouse) (BCYRN1) on chromosome 2.
Homo sapiens serpin peptidase inhibitor, claded#{shock protein 47), member 1, (collagen
binding protein 1) (SERPINH1), mRNA.

Homo sapiens dual specificity phospeadg®USP6), transcript variant 2, mMRNA.

Homo sapiens dolichyl-phosphate mannosyltransfeyalygpeptide 3 (DPM3), transcript
variant 2, mRNA.

Homo sapiens ring finger protein (BUF181), mRNA.

Homo sapiens H2B histone family, menh@i2BFS), mRNA.

Homo sapiens chromosome 10 openngédime 72 (C100rf72), transcript variant 1, mRNA.
Homo sapiens dynactin 3 (p22) (DCTN@nscript variant 2, mRNA.

Homo sapiens chromosome 21 openngédime 34 (C21orf34), transcript variant 1, mRNA.
BX093329 Soares_parathyroid_tumor_NbHPA Homo sapa®NA clone
IMAGp998A124183 ; IMAGE:1648403, mRNA sequence

Homo sapiens family with sequence sinty 96, member B (FAM96B), mRNA.

Homo sapiens endothelial cell growttofat (platelet-derived) (ECGF1), mRNA.

Homo sapiens TIMP metallopeptidase ibit2 (TIMP2), mRNA.

Homo sapiens asparagine-linked glycasylal 3 homolog (S. cerevisiae) (ALG13), mRNA.
Homo sapiens split hand/foot malfornrafectrodactyly) type 1 (SHFM1), mRNA.

Homo sapiens aminopeptidase-like 1 fNRE mRNA.

Homo sapiens mitochondrial ribosomal protein SIRA%12), nuclear gene encoding
mitochondrial protein, transcript variant 3, mRNA.

Homo sapiens similar to Signal peptidase compléxisit 2 (Microsomal signal peptidase 25
kDa subunit) (SPase 25 kDa subunit) (LOC653566)NiR
Homo sapiens G protein-coupled rec€gt¢GPR64), mRNA.
Homo sapiens transmembrane protein ADAEM120A), mRNA.
Homo sapiens collagen and calcium bg@8GF domains 1 (CCBE1), mRNA.
Homo sapiens S100 calcium bindingeprdd13 (S100A13), transcript variant 3, mRNA.
Homo sapiens dpy-30-like protein (WE8D), mRNA.
Homo sapiens Sjogren's syndrome nualgaantigen 1 (SSNA1), mRNA.
Homo sapiens cDNA clone IMAGE:5277162
Homo sapiens coiled-coil domain comtgis8 (CCDC68), mRNA.
Homo sapiens FK506 binding proteinlBlkDa (FKBP11), mRNA.
Homo sapiens hepatitis B virus x intéiragprotein (HBXIP), mRNA.
Homo sapiens mediator complex subuniMED10), mRNA.
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COBLL1

ZMYND11
BACE2

AGL
CACHD1
WSB2
NXT2
ARHGEF3
TOM1
CHES1
NTN4
TMEM154
C8orfs52
HDGFRP3

LOC648695
HNMT
ZNF148
KIAA1754
ZNF503
DUSP10
IRF2BP2

ZNF265

SLC4A7
GPR177
SRPX2
GPR177
RBM25

TCF12

CROP

VPS41

SNAPC1

RAB23
SESN3

PDE1A
CERK
ITPR3

PPP3CA
PCM1
SLC35F2

SLC25A37
VLDLR
CXCL5
PLD1
YTHDF3
ADFP

1.50

-1.50
-1.50

-1.50
-1.50
-1.50
-1.50
-1.50
-1.50
-1.50
-1.51
-1.51
-1.51
-1.51

-1.51
-1.51
-1.51
-1.51
-1.51
-1.51
-1.51

-1.51

-1.51

-1.51
-1.51
-1.52

-1.52

-1.52

-1.52

-1.52

-1.52

-1.52
-1.52

-1.52
-1.52
-1.52

-1.52
-1.52
-1.53

-1.53
-1.53
-1.53
-1.53
-1.53
-1.53

Homo sapiens COBL-like 1 (COBLL1), mRNA
Homo sapiens zinc finger, MYND domain containing(ZMYND11), transcript variant 1,
mRNA.

Homo sapiens beta-site APP-cleavinyeez2 (BACE?2), transcript variant c, mMRNA.
Homo sapiens amylo-1, 6-glucosidase, 4-alpha-ghicansferase (glycogen debranching
enzyme, glycogen storage disease type Ill) (AGQiandcript variant 5, mRNA.

Homo sapiens cache domain containi@ACHD1), mRNA.

Homo sapiens WD repeat and SOCS boxairong 2 (WSB2), mRNA.

Homo sapiens nuclear transport factbkexport factor 2 (NXT2), mRNA.

Homo sapiens Rho guanine nucleotidaange factor (GEF) 3 (ARHGEF3), mRNA.

Homo sapiens target of myb1 (chicker®§IL), mRNA.

Homo sapiens checkpoint suppressoHES1), mRNA.

Homo sapiens netrin 4 (NTN4), mRNA.

Homo sapiens transmembrane protedn(TMEM154), mRNA.

Homo sapiens integrator complex sitlI(INTS8), mRNA.

Homo sapiens hepatoma-derived graetor, related protein 3 (HDGFRP3), mRNA.
PREDICTED: Homo sapiens similar to retinoblastonmaling protein 4, transcript variant 4
(LOC648695), mRNA.

Homo sapiens histamine N-methyltransferddNMT), transcript variant 2, mRNA.

Homo sapiens zinc finger protein 12I8K148), MRNA.

Homo sapiens KIAA1754 (KIAA1754), .

Homo sapiens zinc finger protein 08K503), MRNA.

Homo sapiens dual specificity phogseal 0 (DUSP10), transcript variant 3, mRNA.

Homo sapiens interferon regulatocydia? binding protein 2 (IRF2BP2), mRNA.

Homo sapiens zinc finger, RAN-binding domain camiteg 2 (ZRANB2), transcript variant 2,
MRNA.

Homo sapiens solute carrier family 4, sodium bioagte cotransporter, member 7 (SLC4A7),
mRNA.

Homo sapiens G protein-coupled recégtd (GPR177), transcript variant 2, mRNA.

Homo sapiens sushi-repeat-containiogior, X-linked 2 (SRPX2), mRNA.

Homo sapiens G protein-coupled recdgtd (GPR177), transcript variant 2, mRNA.

Homo sapiens RNA binding motif prot2s (RBM25), mRNA.

Homo sapiens transcription factor 12 (HTF4, hetiggd-helix transcription factors 4) (TCF12),
transcript variant 2, mRNA.

Homo sapiens cisplatin resistance-associated operesed protein (CROP), transcript variant
1, mRNA.

Homo sapiens vacuolar protein sorting 41 homologé¢&visiae) (VPS41), transcript variant
1, mRNA.

Homo sapiens small nuclear RNA activating comppetypeptide 1, 43kDa (SNAPC1),
mMRNA.

Homo sapiens RAB23, member RAS oncofemdy (RAB23), transcript variant 1, mRNA.

Homo sapiens sestrin 3 (SESN3), mRNA.
Homo sapiens phosphodiesterase 1A, calmodulin-adigpetPDE1A), transcript variant 2,
MRNA.

Homo sapiens ceramide kinase (CERK)stapt variant 2, mRNA.

Homo sapiens inositol 1,4,5-triphosphrateptor, type 3 (ITPR3), mRNA.
Homo sapiens protein phosphatase 3 (formerly 2Balgtic subunit, alpha isoform (PPP3CA),
mRNA.

Homo sapiens pericentriolar materid®CNI1), mRNA.

Homo sapiens solute carrier familyr8&mber F2 (SLC35F2), mRNA.

Homo sapiens solute carrier famlyBember 37 (SLC25A37), transcript variant 1, mRNA
Homo sapiens very low density lipoptiateeceptor (VLDLR), transcript variant 2, mRNA.
Homo sapiens chemokine (C-X-C motifjplid 5 (CXCL5), mRNA.

Homo sapiens phospholipase D1, phogpheltioline-specific (PLD1), mRNA.

Homo sapiens YTH domain family, memBdlY THDF3), mRNA.

Homo sapiens adipose differentiatioatssl protein (ADFP), mRNA.
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C4orfl8
CBX1
MYH9
ZMPSTE24

GALNT10
NAT13
TMEM38B

PXDN

DEK
POFUT1
TMEM106B
FAT

XPO4
TMEM106B

FLJ12649

SNAPC4

Clorf24
PABPC1
CTSO

TIMP3
MTDH

ALS2CR13

MAP4K4
ITGB5
FzZD2

ALDH1B1
NBPF11

CTNNB1
BBX
CRTAC1
BHLHB3
SIPA1L2
PDXK
NAV2
ZNF302
GAS6
TNS3

LPP

ABCC4
COL16A1
LOC642934
DHFRL1
NMD3
SMAD4

-1.53
-1.53
-1.53

-1.53

-1.53
-1.53
-1.53

-1.53
-1.53
-1.54
-1.54
-1.54
-1.54
-1.54
-1.54

-1.54

-1.54

-1.54
-1.54
-1.55

-1.55
-1.55

-1.55

-1.55
-1.55
-1.55

-1.55
-1.55

-1.55
-1.55
-1.55
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56
-1.56

-1.56

-1.56
-1.56
-1.56
-1.56
-1.56
-1.57

Homo sapiens chromosome 4 open rgddime 18 (C40rf18), transcript variant 2, mRNA.
Homo sapiens chromobox homolog 1 (HR& hemolog Drosophila ) (CBX1), mRNA.
Homo sapiens myosin, heavy polypeptidedh-muscle (MYH9), mRNA.

Homo sapiens zinc metallopeptida3&R4 homolog, yeast) (ZMPSTE24), mRNA.

Homo sapiens UDP-N-acetyl-alpha-D-galactosamingpegtide N-
acetylgalactosaminyltransferase 10 (GalNAc-T10) (BA10), transcript variant 1, mRNA.

Homo sapiens N-acetyltransferase 13ThN&}, mRNA.

Homo sapiens transmembrane proteB (IBMEM38B), mRNA.
Homo sapiens peroxidasin homolog (Drosophila) (PXDhRNA. XM_935184 XM_936786
XM_942966 XM_942982 XM_942986 XM_942994 XM_943000

Homo sapiens DEK oncogene (DNA bindirigEK), mRNA.

Homo sapiens protein O-fucosyltrarsierl (POFUT1), transcript variant 1, mRNA.
Homo sapiens transmembrane prot@§BYTMEM106B), mRNA.

Homo sapiens FAT tumor suppressor homal¢@rosophila) (FAT), mRNA.

Homo sapiens exportin 4 (XPO4), mRNA.

Homo sapiens transmembrane prot@&BITMEM106B), mRNA.

AV737943 CB Homo sapiens cDNA clone CBDAEGOB&RNA sequence

PREDICTED: Homo sapiens hypothetical protein FL3R@ranscript variant 1 (FLJ12649),
mMRNA.

Homo sapiens small nuclear RNA activating comppetypeptide 4, 190kDa (SNAPC4),
MRNA.

Homo sapiens chromosome 1 open rgdidime 24 (Clorf24), transcript variant 1, mRNA.
Homo sapiens poly(A) binding proteiytpplasmic 1 (PABPC1), mRNA.
Homo sapiens cathepsin O (CTSO), mRNA.
Homo sapiens TIMP metallopeptidase inhibitor 3 éBgrfundus dystrophy,
pseudoinflammatory) (TIMP3), mRNA.
Homo sapiens metadherin (MTDH), mRNA.

Homo sapiens amyotrophic lateral sclerosis 2 (jueeohromosome region, candidate 13
(ALS2CR13), mRNA.

Homo sapiens mitogen-activated protein kinase kifkirsase kinase 4 (MAP4K4), transcript
variant 3, mRNA.

PREDICTED: Homo sapiens integrin, Bet&ranscript variant 8 (ITGB5), mRNA.

Homo sapiens frizzled homolog 2 (Drosapi{FZD2), mRNA.

Homo sapiens aldehyde dehydrogenase 1 family, meBbeALDH1B1), nuclear gene
encoding mitochondrial protein, mMRNA.

Homo sapiens neuroblastoma breakfaoinity, member 11 (NBPF11), mRNA.
PREDICTED: Homo sapiens catenin (cadherin-assatiatetein), beta 1, 88kDa, transcript
variant 4 (CTNNB1), mRNA.

Homo sapiens bobby sox homolog (Dros@phiBBX), mRNA.

Homo sapiens cartilage acidic prole{(CRTAC1), mRNA.

Homo sapiens basic helix-loop-helixdon containing, class B, 3 (BHLHB3), mMRNA.

Homo sapiens signal-induced proliferaassociated 1 like 2 (SIPA1L2), mRNA.

Homo sapiens pyridoxal (pyridoxine, wita B6) kinase (PDXK), mRNA.

Homo sapiens neuron navigator 2 (NAMEgnscript variant 2, mRNA.

Homo sapiens zinc finger protein 308K302), transcript variant 1, mRNA.

Homo sapiens growth arrest-specific 8%6), mMRNA.

Homo sapiens tensin 3 (TNS3), mRNA.

Homo sapiens LIM domain containing prefétranslocation partner in lipoma (LPP), mRNA.

Homo sapiens ATP-binding cassette,faably C (CFTR/MRP), member 4 (ABCC4), mRNA.
Homo sapiens collagen, type XVI, algh(COL16A1), mRNA.
PREDICTED: Homo sapiens hypothefioatein LOC642934 (LOC642934), mRNA.
Homo sapiens dihydrofolate reductésed (DHFRL1), mMRNA.
Homo sapiens NMD3 homolog (S. cerevis{aiMD3), mRNA.
Homo sapiens SMAD family member 4 (SMAPMRNA.
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NOL8
ABCAl
DDEFL1
FMO4
WDFY1
NISCH
GAS6

TCEAlL
JMJID1C
MUM1

EFEMP1
FHL2

FNDC3A
CYFIP2

MCM4
MMP11
GPNMB

TNFRSF10B
LUM

PPM2C
CD14
ZNF91

LANCL1
ZBTB33
SP3

DACT1

C5o0rf13
Clorf71

Clorf24

DPP4
IRX3

THBS2

NGFB

ZNF295

CD24
DKFZP686A01247
RPAL

APP
PLAU

ITGB1
COLEC12

ITGB2
COL5A1

-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57

-1.57
-1.57
-1.57

-1.57
-1.57

-1.57
-1.58

-1.58
-1.58
-1.58

-1.58
-1.58

-1.58
-1.58
-1.58

-1.58
-1.58
-1.58

-1.59

-1.59
-1.59
-1.59

-1.59

-1.59
-1.59
-1.59
-1.60
-1.60
-1.60

-1.60
-1.60

-1.60
-1.60

-1.60
-1.60

-1.60
-1.60

Homo sapiens nucleolar protein 8 (NOIBRNA.

Homo sapiens ATP-binding cassette, famhity A (ABC1), member 1 (ABCAL), mRNA.
Homo sapiens development and difféaéoh enhancing factor-like 1 (DDEFL1), mRNA.
Homo sapiens flavin containing monooxyage 4 (FMO4), mRNA.

Homo sapiens WD repeat and FYVE doraimtaining 1 (WDFY1), mRNA.

Homo sapiens nischarin (NISCH), mRNA.

PREDICTED: Homo sapiens growth arrest#ie 6, transcript variant 2 (GAS6), mRNA.

Homo sapiens transcription elongateetdr A (Sll), 1 (TCEAL), transcript variant 2, mRN

Homo sapiens jumonji domain contaidi@gJMJID1C), mRNA.

Homo sapiens melanoma associated anfigatated) 1 (MUM1), mRNA.

Homo sapiens EGF-containing fibulin-like extrackdtumatrix protein 1 (EFEMP1), transcript
variant 1, mRNA.

Homo sapiens four and a half LIM dom&n&HL2), transcript variant 2, mRNA.

Homo sapiens fibronectin type Il domain contain8%(FNDC3A), transcript variant 1,
mMRNA.

Homo sapiens cytoplasmic FMR1 inténgcprotein 2 (CYFIP2), mRNA.

Homo sapiens MCM4 minichromosome maintenance @efict (S. cerevisiae) (MCM4),
transcript variant 1, mRNA.

Homo sapiens matrix metallopeptidaséstrbmelysin 3) (MMP11), mRNA.

Homo sapiens glycoprotein (transmeméramb (GPNMB), transcript variant 1, mRNA.
Homo sapiens tumor necrosis factor receptor supisfamember 10b (TNFRSF10B),
transcript variant 1, mRNA.

Homo sapiens lumican (LUM), mRNA.

Homo sapiens protein phosphatase 2C, magnesiunmdiepie catalytic subunit (PPM2C),
nuclear gene encoding mitochondrial protein, mRNA.

Homo sapiens CD14 molecule (CD14), tidpsvariant 2, mRNA.

Homo sapiens zinc finger protein 91KAPHTF10) (ZNF91), mRNA.

Homo sapiens LanC lantibiotic syntlsst@omponent C-like 1 (bacterial) (LANCL1), mMRNA.
Homo sapiens zinc finger and BTB danw@intaining 33 (ZBTB33), mRNA.
Homo sapiens Sp3 transcription factoB)SRnscript variant 2, mRNA.

Homo sapiens dapper, antagonist of beta-catenmolog 1 (Xenopus laevis) (DACT1),
MRNA.

BX099724 Soares_fetal_liver_spleen_1NFLS_S1 Homasa cDNA clone
IMAGp998F201004, mRNA sequence
Homo sapiens chromosome 5 open rgdidime 13 (C50rf13), mRNA.
Homo sapiens chromosome 1 open rgddime 71 (Clorf71), mRNA.

Homo sapiens chromosome 1 open rgdidime 24 (Clorf24), transcript variant 2, mRNA.
Homo sapiens dipeptidyl-peptidase 4 (CD26, adeead@@minase complexing protein 2)
(DPP4), mRNA
Homo sapiens iroquois homeobox 3 (IRXBRNA.

Homo sapiens thrombospondin 2 (THBSENA.

Homo sapiens nerve growth factor, betgpeptide (NGFB), mRNA.

Homo sapiens zinc finger protein ZBYK295), MRNA.

Homo sapiens CD24 molecule (CD24), mRNA.

Homo sapiens LIM and calpdramology domains 1 (LIMCH1), mRNA.

Homo sapiens replication protein A1,DAKRPAL), mRNA.

Homo sapiens amyloid beta (A4) precursor prote@p{idase nexin-ll, Alzheimer disease)
(APP), transcript variant 3, mRNA.

Homo sapiens plasminogen activator, imade (PLAU), mRNA.

Homo sapiens integrin, beta 1 (fibronectin recepieta polypeptide, antigen CD29 includes
MDF2, MSK12) (ITGB1), transcript variant 1E, mRNA.

Homo sapiens collectin sub-family rheml2 (COLEC12), mRNA.

Homo sapiens integrin, beta 2 (antigen CD18 (p9&)phocyte function-associated antigen 1;
macrophage antigen 1 (mac-1) beta subunit) (ITGBEBNA.

Homo sapiens collagen, type V, alpl{f@QL5A1), mRNA.
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CTNNB1
ZNF195
CTSK

PRKAA1
PCNA

ADAMTS5

SPOCK
RECK

FUT8
TPM1

SGCD
KIAA0194
NBPF20
PDLIM3
ENAH

SEMA3C
F13A1

CD55
C170rf70
ENAH
FLJ12716
LAMAL
VGLL4

TCF12
ITGB5
TNPO1
UBQLN2
OSR1
ALOX5

VAV3
PAWR

ATP2B1
SH3BP4
NT5E

-1.60
-1.60
-1.60

-1.60
-1.60

-1.61

-1.61
-1.61

-1.61
-1.61

-1.61
-1.61

-1.61
-1.61
-1.62

-1.62
-1.62

-1.62

-1.62
-1.62

-1.62
-1.62
-1.62

-1.62
-1.62

-1.62
-1.63

-1.63
-1.63

-1.63
-1.63

-1.64
-1.64
-1.64

Homo sapiens catenin (cadherin-associated proteetg, 1, 88kDa (CTNNB1), mRNA.
XM_945653 XM_945654 XM_945655 XM_945657

Homo sapiens zinc finger protein 1ZB8K195), MRNA.

Homo sapiens cathepsin K (CTSK), mMRNA.
Homo sapiens protein kinase, AMP-activated, alphatalytic subunit (PRKAAL), transcript
variant 2, mRNA.

Homo sapiens proliferating cell nuclaatigen (PCNA), transcript variant 2, mRNA.

Homo sapiens ADAM metallopeptidase with thrombosfiortlype 1 motif, 5 (aggrecanase-2)
(ADAMTS5), mRNA.

Homo sapiens sparc/osteonectin, cwcv and kazablikeains proteoglycan (testican)
(SPOCK), mRNA.

Homo sapiens reversion-inducing-cysteicie protein with kazal motifs (RECK), mRNA.
Homo sapiens fucosyltransferase 8 (alpha (1,6)siyltransferase) (FUT8), transcript variant 2,
mRNA.

Homo sapiens tropomyosin 1 (alpha) (TRManscript variant 3, mRNA.

Homo sapiens sarcoglycan, delta (35kDa dystropssio@ated glycoprotein) (SGCD),
transcript variant 1, mRNA.

PREDICTED: Homo sapiens KIAA0194 taim (KIAA0194), mRNA.

Homo sapiens neuroblastoma breakfzoinity, member 20 (NBPF20), mRNA.

Homo sapiens PDZ and LIM domain 3 (R8), mMRNA.

Homo sapiens enabled homolog (Drosop&AH), transcript variant 2, mRNA.

Homo sapiens sema domain, immunoglobulin domain $lyort basic domain, secreted,
(semaphorin) 3C (SEMA3C), mRNA.
Homo sapiens coagulation factor XII1, polypeptide (F13A1), mRNA.
Homo sapiens CD55 molecule, decay acceleratingrféamt complement (Cromer blood group)
(CD55), mRNA.

Homo sapiens chromosome 17 openngé&a@me 70 (C170rf70), mRNA.

Homo sapiens enabled homolog (Drosop(E&AH), transcript variant 2, mMRNA.

Homo sapiens FLJ12716 protein (FLI&p transcript variant 2, mRNA.

Homo sapiens laminin, alpha 1 (LAMAIZ)RNA.

Homo sapiens vestigial like 4 (Drosdph{VGLL4), mRNA.

Homo sapiens transcription factor 12 (HTF4, hetiggd-helix transcription factors 4) (TCF12),
transcript variant 1, mRNA.

Homo sapiens integrin, beta 5 (ITGBBRNA. XM_944688 XM_944693

Homo sapiens transportin 1 (TNPO1hsitept variant 1, mRNA.

Homo sapiens ubiquilin 2 (UBQLN2), mRN

Homo sapiens odd-skipped related 1 (iptok) (OSR1), mMRNA.

Homo sapiens arachidonate 5-lipoxygen@t.OX5), mRNA.

Homo sapiens vav 3 guanine nucleotideherge factor (VAV3), transcript variant 1, mRNA.
Homo sapiens PRKC, apoptosis, WT1, etgu(PAWR), mRNA.

Homo sapiens ATPase, Ca++ transporting, plasma meerall (ATP2B1), transcript variant 1,
mRNA.

Homo sapiens SH3-domain binding pret€iSH3BP4), mRNA.
Homo sapiens 5'-nucleotidase, ecto (GONB5E), mRNA.
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NBPF10
GAS6
ARHGAP1
PAPLN
VPS26
FLJ11259

SLC24A3
ABI3BP
SRGAP1
PDGFC

HOM-TES-103
BMP4

PIGQ

DYRK2

TMEPAI

SPP1

SLC27A1
TPM1
CABC1
AOX1
TBL1XR1

CMAH
CLCN7
NMB

C21orf66
DPYSL3

RAB23

Sep-11
LASS6
IRXL1

RPS6KA2
CXorf6
DFNAS

-1.64
-1.64
-1.64
-1.64
-1.64
-1.65

-1.65

-1.65

-1.65
-1.65

-1.65
-1.66

-1.66

-1.66

-1.66

-1.66

-1.66
-1.66
-1.66
-1.67
-1.67

-1.67
-1.67
-1.68

-1.68
-1.68

-1.68
-1.69
-1.69

-1.69

-1.69
-1.69
-1.69

Homo sapiens neuroblastoma breakpoint family, memd¢NBPF10), mMRNA. XM_930727
XM_930739 XM_930751 XM_930759 XM_930766 XM_9307781X930785 XM_930797
XM_930808 XM_930830 XM_930841 XM_930850 XM_93086R1X930872 XM_930880
XM_930889 XM_930897 XM_930903 XM_930910 XM_93091KX930926 XM_930936
XM_930943 XM_930951 XM_930954 XM_930961 XM_93096KX930975 XM_930985
XM_930993 XM_931003 XM_931009 XM_931015 XM_931021X931027 XM_931033
XM_931038 XM_931044 XM_931049 XM_931055 XM_93106X931066 XM_931069
XM_931072 XM_931076 XM_931080 XM_931084 XM_93109MX931096 XM_931102
XM_931110 XM_931119 XM_931125 XM_931131 XM_93113KX931138 XM_931145
XM_931149 XM_931157 XM_931161 XM_931164 XM_93116®1X931174 XM_931178
XM_931183 XM_931188 XM_931191 XM_931196 XM_93120®1X931208 XM_931213
XM_931221 XM_931229 XM_931234 XM_931240 XM_93124581X931251 XM_931255
XM_931259 XM_931264 XM_931269 XM_931277 XM_93128R1X931291 XM_931299
XM_931308 XM_931317 XM_931322 XM_931328 XM_931335

Homo sapiens growth arrest-specific 8%6), mMRNA.
Homo sapiens Rho GTPase activatintepr 1 (ARHGAP1), mRNA.
Homo sapiens papilin, proteoglycan-Bkéfated glycoprotein (PAPLN), mRNA.
Homo sapiens vacuolar protein sorth@y2ast) (VPS26), mRNA.
Homo sapiens hypothetical proteidlAR259 (FLJ11259), mRNA.
Homo sapiens solute carrier family 24 (sodium/psitas/calcium exchanger), member 3
(SLC24A3), mRNA.
Homo sapiens ABI gene family, memb&NESH) binding protein (ABI3BP), mRNA.
Homo sapiens SLIT-ROBO Rho GTPaseattg protein 1 (SRGAP1), mRNA.
Homo sapiens platelet derived growdtofaC (PDGFC), mRNA.

Homo sapiens hypothetical prot&dC25900 (HOM-TES-103), transcript variant 2, mRNA
Homo sapiens bone morphogenetic pratéBiMP4), transcript variant 1, mRNA.

Homo sapiens phosphatidylinositol glycan anchosysithesis, class Q (PIGQ), transcript
variant 2, mRNA.

Homo sapiens dual-specificity tyrosine-(Y)-phosphetion regulated kinase 2 (DYRK2),
transcript variant 1, mRNA.

Homo sapiens transmembrane, prostate androgeneddidA (TMEPAI), transcript variant 2,
mRNA.

Homo sapiens secreted phosphoprotein 1 (osteopbotie sialoprotein I, early T-lymphocyte
activation 1) (SPP1), transcript variant 1, mRNA.

Homo sapiens solute carrier familyfaity acid transporter), member 1 (SLC27A1), mRNA
Homo sapiens tropomyosin 1 (alpha) (TRManscript variant 6, mRNA.

Homo sapiens chaperone, ABC1 activitypad complex like (S. pombe) (CABC1), mRNA.
Homo sapiens aldehyde oxidase 1 (AOXBNA.

Homo sapiens transducin (beta)-lixelibked receptor 1 (TBL1XR1), mRNA.
Homo sapiens cytidine monophosphate-N-acetylneuniaracid hydroxylase (CMP-N-
acetylneuraminate monooxygenase) (CMAH) on chromes6.

Homo sapiens chloride channel 7 (CLGNYRNA.

Homo sapiens neuromedin B (NMB), transtevariant 1, mRNA.

Homo sapiens chromosome 21 openngé&ame 66 (C21orf66), transcript variant 1, mRNA
Homo sapiens dihydropyrimidinase-Bkg€DPYSL3), mRNA.

Homo sapiens RAB23, member RAS oncofemédy (RAB23), transcript variant 1, mRNA.

Homo sapiens septin 11 (SEPT11), mRNA.

Homo sapiens LAG1 homolog, ceramidétese 6 (LASS6), mRNA.

Homo sapiens mohawk homeobox (MKX), niRN
Homo sapiens ribosomal protein S6 kinase, 90kDigppptide 2 (RPS6KA2), transcript
variant 1, mRNA.

Homo sapiens chromosome X open reaftiarge 6 (CXorf6), mRNA.

Homo sapiens deafness, autosomal dorniéDFNAS), mRNA.
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A2M
PLS3
SLC43A3

GREM1
CCL3L3

ZSCAN2
PAQR3

PSD3
ARNT2
DBN1

CMAH

HIF1A
C200rf82

SVEP1

ZSWIM4
BCAT1

SPP1
BNIP3L

PDZRN3

OGN
GJA1
TPM1
PLS3
CLIC4

HIF1A
GPR177

C4orfl8

GNPTAB
PTX3
COL11A1

KCNMA1

LANCL1
C6orf69

HTRA4
BDKRB1
GAS7

SLC43A3
PABPC4

TMEPAI
SSPN
ADCY4

-1.70
-1.70
-1.70

-1.71
-1.71

-1.71
-1.71

-1.71
-1.71
-1.72

-1.72

-1.72
-1.72

-1.72
-1.73
-1.73
-1.73

-1.73
-1.73

-1.74

-1.75
-1.75
-1.75
-1.75
-1.75

-1.76
-1.76

-1.76

-1.76
-1.76
-1.76

-1.76

-1.76
-1.77
-1.78
-1.79
-1.79
-1.79
-1.80
-1.80
-1.80

-1.80
-1.81
-1.81

Homo sapiens alpha-2-macroglobulin (A2MRNA.

Homo sapiens plastin 3 (T isoform) (PLE&RNA.

Homo sapiens solute carrier familym@mber 3 (SLC43A3), mRNA.
Homo sapiens gremlin 1, cysteine knot superfarhiynolog (Xenopus laevis) (GREM1),
mMRNA.

Homo sapiens chemokine (C-C motifafid 3-like 3 (CCL3L3), mRNA.
Homo sapiens zinc finger and SCAN domain contaiRiigSCAN2), transcript variant 1,
mMRNA.

Homo sapiens progestin and adipoQ tecé&mily member Il (PAQR3), mRNA.

Homo sapiens pleckstrin and Sec7 doeaaitaining 3 (PSD3), transcript variant 2, mRNA.
Homo sapiens aryl-hydrocarbon receptoniear translocator 2 (ARNT2), mRNA.
Homo sapiens drebrin 1 (DBN1), trangorgriant 2, mRNA.

Homo sapiens cytidine monophosphate-N-acetylneuwiaracid hydroxylase (CMP-N-
acetylneuraminate monooxygenase) (CMAH) on chromes6.

Homo sapiens hypoxia-inducible factor 1, alpha sitiipasic helix-loop-helix transcription
factor) (HIF1A), transcript variant 1, mRNA.

PREDICTED: Homo sapiens chromoso@nepzn reading frame 82 (C200rf82), mRNA.
Homo sapiens sushi, von Willebrand factor type &Fand pentraxin domain containing 1
(SVEP1), mRNA.

Homo sapiens mRNA; cDNA DKFZp77900231 (frolone DKFZp77900231)

Homo sapiens zinc finger, SWIM-typataning 4 (ZSWIM4), mRNA.

Homo sapiens branched chain aminoteaasé 1, cytosolic (BCAT1), mRNA.

Homo sapiens secreted phosphoprotein 1 (osteopbotire sialoprotein I, early T-lymphocyte
activation 1) (SPP1), transcript variant 2, mRNA.

Homo sapiens BCL2/adenovirus E1B 19kideracting protein 3-like (BNIP3L), mRNA.

PREDICTED: Homo sapiens PDZ domain containing Rfi@er 3, transcript variant 3
(PDZRN3), mRNA.

Homo sapiens osteoglycin (osteoinductive factomeaan) (OGN), transcript variant 2,
mRNA.

Homo sapiens gap junction protein, alpi8kDa (connexin 43) (GJAL), mRNA.

Homo sapiens tropomyosin 1 (alpha) (TRManscript variant 6, mRNA.

Homo sapiens plastin 3 (T isoform) (PL8&RNA.

Homo sapiens chloride intracellularruhel 4 (CLIC4), mRNA.
Homo sapiens hypoxia-inducible factor 1, alpha sitiipasic helix-loop-helix transcription
factor) (HIF1A), transcript variant 2, mRNA.

Homo sapiens G protein-coupled recdgtd (GPR177), transcript variant 1, mRNA.

Homo sapiens chromosome 4 open rgeddime 18 (C40rf18), transcript variant 2, mRNA.
Homo sapiens N-acetylglucosamine-1-phosphate &easst, alpha and beta subunits
(GNPTAB), mRNA.

Homo sapiens pentraxin-related gendglisainduced by IL-1 beta (PTX3), mRNA.

Homo sapiens collagen, type XI, alpii@OL11A1), transcript variant B, mRNA.

Homo sapiens potassium large conductance calcitivated channel, subfamily M, alpha
member 1 (KCNMAL), transcript variant 2, mRNA.

Homo sapiens LanC lantibiotic synttset@omponent C-like 1 (bacterial) (LANCL1), mRNA.

Homo sapiens potassium channel tettigation domain containing 20 (KCTD20), mRNA.
AV737317 CB Homo sapiens cDNA clone CBCAQHQBRNA sequence
Homo sapiens HtrA serine peptidase BRA4), mRNA.

Homo sapiens bradykinin receptor BDK&RB1), mRNA.

Homo sapiens growth arrest-specific &%@), transcript variant b, mMRNA.

Homo sapiens cDNA clone IMAGE:5261213

Homo sapiens solute carrier familym@mber 3 (SLC43A3), mRNA.

Homo sapiens poly(A) binding proteytpplasmic 4 (inducible form) (PABPC4), mRNA.
Homo sapiens transmembrane, prostate androgeneidd®idA (TMEPAI), transcript variant 2,
mRNA.

Homo sapiens sarcospan (Kras oncogspei@ed gene) (SSPN), mRNA.

Homo sapiens adenylate cyclase 4 (ADCYYRNA.
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RHOBTB3
MTSS1
RECK

DACT1
PLTP
ZCCHC14
ARHGAP22
VGLL3
RASD1
ZMAT3
ANKRD10
SLITRK4
ANGPTL7
BMP2
CCND1

MCM7
KLHL24

CRISPLD2
LPXN
FAM107B
HNMT
PLXDC2
LRRC20
SPOCD1
LAMB1
CDH11

CXCL12
FRMDG6
EVI2A
TMEM119
IL33

LOC654103
CCDC14

CXCL12

CYP27A1
LOXL4
FLJ14054

GREM1
MYLK
PDE5A
HNMT

LOC653778
SOX4

GALNT1

HIF1A

LAMB1
MMP13

-1.82
-1.82
-1.83

-1.83
-1.83
-1.83
-1.84
-1.84
-1.84
-1.84
-1.84
-1.84
-1.85
-1.85
-1.85

-1.86
-1.86

-1.86
-1.86
-1.86
-1.87
-1.87
-1.88
-1.89
-1.90
-1.90
-1.92

-1.92
-1.94
-1.94
-1.94
-1.95

-1.95
-1.95

-1.96

-1.97
-1.99
-2.01

-2.02
-2.02

-2.06
-2.06

-2.08
-2.08

-2.08

-2.09

-2.09
-2.10

Homo sapiens Rho-related BTB domainta@ining 3 (RHOBTB3), mMRNA.

Homo sapiens metastasis suppressofl $8¥), mRNA.

Homo sapiens reversion-inducing-cysteicie protein with kazal motifs (RECK), mRNA.
Homo sapiens dapper, antagonist of beta-catenmolog 1 (Xenopus laevis) (DACT1),
transcript variant 1, mRNA.

Homo sapiens phospholipid transfer pn@LTP), transcript variant 1, mRNA.

Homo sapiens zinc finger, CCHC doncaintaining 14 (ZCCHC14), mRNA.

Homo sapiens Rho GTPase activatioem 22 (ARHGAP22), mRNA.

Homo sapiens vestigial like 3 (Drosdph(VGLL3), mRNA.

Homo sapiens RAS, dexamethasone-indLu¢BASD1), mRNA.

Homo sapiens zinc finger, matrin typ€&ZBIAT3), transcript variant 2, mRNA.

Homo sapiens ankyrin repeat domaitfAlKRD10), mRNA.

Homo sapiens SLIT and NTRK-like faynimember 4 (SLITRK4), mRNA.

Homo sapiens angiopoietin-like 7 (ARTG.7), mMRNA.

Homo sapiens bone morphogenetic pr@éBMP2), mRNA.

Homo sapiens cyclin D1 (PRADL1: paratidiadenomatosis 1) (CCND1), mRNA.
Homo sapiens minichromosome maintenance compleypanent 7 (MCM7), transcript
variant 2, mRNA.

Homo sapiens kelch-like 24 (Drosoph{ldLHL24), mRNA.

Homo sapiens cysteine-rich secretory protein LCGindin containing 2 (CRISPLD2),
mMRNA.

Homo sapiens leupaxin (LPXN), mRNA.

Homo sapiens family with sequenceilaitity 107, member B (FAM107B), mRNA.
Homo sapiens histamine N-methyltransderddNMT), transcript variant 1, mRNA.

Homo sapiens plexin domain contair2r@LXDC2), mRNA.

Homo sapiens leucine rich repeat @on@ 20 (LRRC20), transcript variant 1, mRNA.

Homo sapiens SPOC domain contain{&OCD1), mRNA.

Homo sapiens laminin, beta 1 (LAMB1)RINA.

Homo sapiens cadherin 11, type 2, Odtedn (osteoblast) (CDH11), mRNA.

Homo sapiens mRNA; cDNA DKFZp56400862 (frolone DKFZp56400862)

Homo sapiens chemokine (C-X-C motif) ligand 12qstal cell-derived factor 1) (CXCL12),
transcript variant 1, mRNA.

Homo sapiens FERM domain containing®NID6), mRNA.

Homo sapiens ecotropic viral integratgite 2A (EVI2A), transcript variant 2, mRNA.

Homo sapiens transmembrane proteth(TMEM119), mRNA.

Homo sapiens interleukin 33 (IL33), mRNA
PREDICTED: Homo sapiens similar to solute carréanily 25, member 37 (LOC654103),
mRNA.

Homo sapiens coiled-coil domain cantgi 14 (CCDC14), mRNA.

Homo sapiens chemokine (C-X-C motif) ligand 12qstal cell-derived factor 1) (CXCL12),
transcript variant 2, mRNA.

Homo sapiens cytochrome P450, family 27, subfa/ijlpolypeptide 1 (CYP27A1), nuclear
gene encoding mitochondrial protein, mRNA.
Homo sapiens lysyl oxidase-like 4 (LOXL. mRNA.
Homo sapiens hypothetical proteidlB054 (FLJ14054), mRNA.
Homo sapiens gremlin 1, cysteine knot superfarhiymolog (Xenopus laevis) (GREM1),
MRNA.
Homo sapiens myosin, light polypeptidedse (MYLK), transcript variant 6, mRNA.
Homo sapiens phosphodiesterase 5A, c§déBific (PDESA), transcript variant 3, mRNA.
Homo sapiens histamine N-methyltransderddNMT), transcript variant 1, mRNA.
PREDICTED: Homo sapiens similar to solute carréenily 25, member 37 (LOC653778),
mRNA.
Homo sapiens SRY (sex determining reyiphox 4 (SOX4), mRNA.

Homo sapiens UDP-N-acetyl-alpha-D-galactosamingpeptide N-
acetylgalactosaminyltransferase 1 (GalNAc-T1) (GALY, mRNA.

Homo sapiens hypoxia-inducible factor 1, alpha sitiipasic helix-loop-helix transcription
factor) (HIF1A), transcript variant 2, mRNA.

Homo sapiens laminin, beta 1 (LAMB1)RNA.

Homo sapiens matrix metallopeptidasécbBagenase 3) (MMP13), mRNA.
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ANTXR1
SLC38A2

ENPP2
FBXO32
SFRP4
THBS1
IL26
GDF15

CXCL12

ENPP2
KIAA0564
ANKRD1
MYLK
ALPL
SCG5
EVI2A

ADAMTS1
SDC1
FBXO32

GEM

GEM

GAS1
GAS1

-2.12
-2.14

-2.15
-2.15

-2.16
-2.16
-2.19
-2.19

-2.21

-2.21
-2.24
-2.31
-2.32
-2.32

-2.34
-2.35

-2.52
-2.57
-2.58

-2.72

-2.85

-3.06
-4.13

Homo sapiens anthrax toxin recept@ANITXR1), transcript variant 1, mRNA.
Homo sapiens solute carrier familyrB8mber 2 (SLC38A2), mRNA.
Homo sapiens ectonucleotide pyrophosphatase/phdigsterase 2 (autotaxin) (ENPP2),
mRNA.
Homo sapiens F-box protein 32 (FBXQ&2nscript variant 1, mRNA.
Homo sapiens secreted frizzled-refatatein 4 (SFRP4), mRNA.
Homo sapiens thrombospondin 1 (THBSHBNA.
Homo sapiens interleukin 26 (IL26), mRNA
Homo sapiens growth differentiatiortdad 5 (GDF15), mRNA.

Homo sapiens chemokine (C-X-C motif) ligand 12qstal cell-derived factor 1) (CXCL12),
transcript variant 3, mRNA.

Homo sapiens ectonucleotide pyrophosphatase/phdigstierase 2 (autotaxin) (ENPP2),
transcript variant 2, mRNA.

Homo sapiens KIAA0564 protein (KIAAB4), transcript variant 1, mRNA.

Homo sapiens ankyrin repeat domainatdiac muscle) (ANKRD1), mRNA.
Homo sapiens myosin, light chain kingb&YLK), transcript variant 2, mRNA.

Homo sapiens alkaline phosphatase, /lacgre/kidney (ALPL), mRNA.

Homo sapiens secretogranin V (7B2 prp{&CG5), mRNA.

Homo sapiens ecotropic viral integratgite 2A (EVI2A), transcript variant 2, mRNA.
Homo sapiens ADAM metallopeptidase with thrombosjortype 1 motif, 1 (ADAMTS1),
MRNA.

Homo sapiens syndecan 1 (SDC1), trgsaiiant 2, mRNA.

Homo sapiens F-box protein 32 (FBXQ&2nscript variant 2, mRNA.

Homo sapiens GTP binding protein overexpresselatetal muscle (GEM), transcript variant
1, mRNA.

Homo sapiens GTP binding protein overexpresselatetal muscle (GEM), transcript variant
2, mRNA.

Homo sapiens growth arrest-specific A3G), mRNA.

Homo sapiens growth arrest-specific A3G), mMRNA.
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Genome-wide microarray results

SW1353 cells: IL-1+OSM+IL-4 vs IL-1+OSM

Symbol
CCL26
FST
RGS¢
SNFT
FST

VCAM1
PPFIBP2

LOC653671
TNC
DEFB103A

SERPINB4

SERPINB3
ADCY8
INHBE
CISH

CDKN1A
ARRDC4
DCBLD2
IL13RA2
FAM101A

IL1F5
PMP2:
GADD45A
SOCS1

SERPINB!
CENTAL
NIPA1

DCUN1Dz
HAS2
DEFB103A
KITLG
KAL1

LBH
PMP22
GADD45A

IGFBP3
CCL5
LOX
LOXL3
TNC
KITLG
NPPB
MESP!
KLF2

Fold change
21.07
5.13
4.77
4.67
4.30

4.09
4.08

4.08
3.99
3.75

3.59

3.36
3.08
2.96
2.86

2.84
2.76
2.67
2.66
2.65

2.62

2.6C

2.59
2.59

2,51
2.53
2.45

2.44
242
2.41

2.38
2.3¢

2.34
2.30
2.29

2.28
2.27
2.27
221
2.20
2.17

211
211
211

Gene name

Homo sapiens chemokine (C-C motif)dya6 (CCL26), mMRNA.

Homo sapiens follistatin (FST), transcvgatant FST344, mRNA.
Homo sapiens regulator ot-protein signalling 4 (RGS4), mRN

Homo sapiens Jun dimerization proteirSHAT (SNFT), mRNA.

Homo sapiens follistatin (FST), transcvgatant FST317, mRNA.
Homo sapiens vascular cell adhesion molecule 1 (MCA transcript variant 1,
MRNA.

Homo sapiens PTPRF interacting protein, bindindgind2 (liprin beta 2) (PPFIBP2),
mMRNA.

PREDICTED: Homo sapiens similar to Beta-defensiBALPrecursor (Beta-defensin
3) (DEFB-3) (BD-3) (hBD-3) (HBD3) (Defensin-like ptein) (LOC653671), mMRNA.
Homo sapiens tenascin C (hexabrachionl3TRRNA.

Homo sapiens defensin, beta 103A @IBBA), MRNA.

Homo sapiens serpin peptidase inhibitor, cladevBlfmmin), member 4
(SERPINB4), mRNA.

Homo sapiens serpin peptidase inhibitor, cladevRlfmmin), member 3
(SERPINB3), mRNA.

Homo sapiens adenylate cyclase 8 (b(@BCY8), mRNA.

Homo sapiens inhibin, beta E (INHBE), MR

Homo sapiens cytokine inducible SH2-cioitg protein (CISH), mRNA.

Homo sapiens cyclin-dependent kinase inhibitor g21( Cip1) (CDKN1A), transcript
variant 2, mRNA.

Homo sapiens arrestin domain contaidiggRRDC4), mRNA.

Homo sapiens discoidin, CUB and LCClm@in containing 2 (DCBLD2), mRNA.
Homo sapiens interleukin 13 recepadpha 2 (IL13RA2), mRNA.

Homo sapiens family with sequence ity 101, member A (FAM101A), mRNA.
Homo sapiens interleukin 1 family, member 5 (dete)F5), transcript variant 2,
mMRNA.

Homo sapiens peripheral myelin protein 22 (PMP&ajscript variant 3, mRN.
Homo sapiens growth arrest and DNA-dgesinducible, alpha (GADD45A), mRNA.
Homo sapiens suppressor of cytokinalgignl (SOCS1), mRNA.

Homo sapiens serpin peptidase inhibitor, cladevRlfmmin), member 3
(SERPINB3), mRNA

Homo sapiens centaurin, alpha 1 (CENTARNA.

Homo sapiens non imprinted in Praderi{fitgelman syndrome 1 (NIPA1), mRNA.
Homo sapiens DCN1, defective in cullin neddylatiomlomain containing 3 (S.
cerevisiae) (DCUN1D3), mRN.

Homo sapiens hyaluronan synthase 2 (HABRNA.

Homo sapiens defensin, beta 103A @IBRBA), mMRNA.

Homo sapiens KIT ligand (KITLG), trangairvariant b, mRNA.

Homo sapiens Kallmann syndrome 1 sequenéL1), mRNA.

Homo sapiens limb bud and heart develogmemolog (mouse) (LBH), mRNA.

Homo sapiens peripheral myelin prot@ifPMP22), transcript variant 2, mRNA.

Homo sapiens growth arrest and DNA-dgesinducible, alpha (GADD45A), mRNA.
Homo sapiens insulin-like growth factor binding fgia 3 (IGFBP3), transcript variant
1, mRNA.

Homo sapiens chemokine (C-C motif) ligdn€CL5), mMRNA.

Homo sapiens lysyl oxidase (LOX), mRNA.

Homo sapiens lysyl oxida-like 3 (LOXL3), mRNA

Homo sapiens tenascin C (hexabrachion)TRRNA.

Homo sapiens KIT ligand (KITLG), trangairvariant b, mRNA.

Homo sapiens natriuretic peptide preclBY]NPPB), mRNA.

Homo sapiens mesoderm posterior 1 homolog (moMEpRP1), mMRNA
Homo sapiens Kruppel-like factor 2 (lufgLF2), mRNA.
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MAPKAPK3

ITGAX

LOC652481
TRIB3
ANXAS8

SLC3A2
HAS2
SUSD2

SERPINB13
KLF6

SHC4
C1QTNF1
PMAIP1
ORF1-FL49

ITGB3
PDCD1LG2
CCL5
ARL4AC

CHST1
CTSL

Clorf24
DEFB10<A
ENC1
FLJ40504
IL17R
FLNB
SGPL1
SLC35D2
GAS2L3
ACN9

GNE
PGM2

SBDSP

SERPINB7

WNTS5B
PRRX1

PRKDC

SERPINB2
GLIPR1
TXNRD1
COL6AlL
PAPPA
CAMTA1L
KIAA1913

2.07

2.06

2.05
1.98
1.98

1.97
1.94
1.94

1.94
1.92

1.92

191
1.90
1.9C

1.89
1.88
1.88
1.88

1.87
1.87

1.86
1.8¢
1.85
1.85
1.83
1.82
1.82
1.82
1.82
181

1.81
1.80

1.80

1.79

1.79
1.78

1.7¢

1.78
1.77
177
1.77
1.76
1.76
1.7¢4

Homo sapiens mitogen-activated protein kinase-aig protein kinase 3
(MAPKAPK3), mRNA.

Homo sapiens integrin, alpha X (complement compb8eaceptor 4 subunit)
(ITGAX), mRNA.

PREDICTED: Homo sapiens similar to Mitochondriapiont inner membrane
translocase subunit Tim23 (LOC652481), mRNA.

Homo sapiens tribbles homolog 3 (DroslapiTRIB3), mRNA.

Homo sapiens annexin A8-like 2 (ANXASLZNRNA.
Homo sapiens solute carrier family 3 (activatorglibhsic and neutral amino acid
transport), member 2 (SLC3A2), transcript variann®@NA.

Homo sapiens hyaluronan synthase 2 (HASRNA.

Homo sapiens sushi domain containirg®) Z502), mRNA.
Homo sapiens serpin peptidase inhibitor, cladevRlfmumin), member 13
(SERPINB13), mRNA.

Homo sapiens Kruppel-like factor 6 (KLF8gnscript variant 1, mRNA.
Homo sapiens SHC (Src homology 2 domain contairfexg)ly, member 4 (SHC4),
mRNA.

Homo sapiens C1qg and tumor necrosterfeelated protein 1 (CLQTNF1), mRNA.
Homo sapiens phorbol-12-myristate-18tate-induced protein 1 (PMAIP1), mRNA.

Homo sapiens putative nuclear protein O-FL49 (ORF-FL49), mMRNA
Homo sapiens integrin, beta 3 (platelet glycoprotia, antigen CD61) (ITGB3),
MRNA.

Homo sapiens programmed cell deédiafid 2 (PDCD1LG2), mRNA.
Homo sapiens chemokine (C-C motif) ligdn€CL5), mMRNA.

Homo sapiens ADP-ribosylation factorel#C (ARL4C), mRNA.
Homo sapiens carbohydrate (N-acetylglucosamine sutransferase 7 (CHST7),
mMRNA.

Homo sapiens cathepsin L (CTSL), trapsedriant 1, mRNA.
Homo sapiens chromosome 1 open reading frame 24rfZ21), transcript variant 2,
mMRNA.
Homo sapiens defensin, beta 104A (DEFB104A), mF
Homo sapiens ectodermal-neural corteth (BT B-like domain) (ENC1), mRNA.
Homo sapiens hypothetical proteidBB04 (FLJ40504), mRNA.
Homo sapiens interleukin 17 receptofl{IR), mRNA.
Homo sapiens filamin B, beta (actin binding pro2it8) (FLNB), mRNA
Homo sapiens sphingosine-1-phosphae ly§SGPL1), mRNA.
Homo sapiens solute carrier familyrB&mber D2 (SLC35D2), mRNA.
Homo sapiens growth arrest-specifig 3 (GAS2L3), mRNA.
Homo sapiens ACN9 homolog (S. cerevisiae) (ACNINA.
Homo sapiens glucosamine (UDP-N-acetyl)-2-epimékaaeetylmannosamine kinase
(GNE), mRNA.
Homo sapiens phosphoglucomutase 2 (PQRRINA.

Homo sapiens Shwachman-Bodian-Diamond syndromedpgene (SBDSP) on
chromosome 7.

Homo sapiens serpin peptidase inhibitor, cladevRlfmmin), member 7
(SERPINB7), mRNA.

Homo sapiens wingless-type MMTYV integration sitenfig, member 5B (WNT5B),
transcript variant 1, mRNA.
Homo sapiens paired related homeob®RRK1), transcript variant pmx-1b, mRNA.

Homo sapiens protein kinase, DNA-activated, catapytlypeptide (PRKDC),
transcript variant 1, mRN.,

Homo sapiens serpin peptidase inhibitor, cladevRlfmumin), member 2
(SERPINB2), mRNA.

Homo sapiens GLI pathogenesis-relat@glidma) (GLIPR1), mRNA.
Homo sapiens thioredoxin reductase 1 (TXNRD1),dcapt variant 1, mRN/

Homo sapiens collagen, type VI, alp{€DL6A1), mRNA.

Homo sapiens pregnancy-associated plasstein A, pappalysin 1 (PAPPA), mRNA.
Homo sapiens calmodulin binding trafsion activator 1 (CAMTAL), mRNA.
Homo sapiens KIAA1913 (KIAA1913), mRN.
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MRPS6
EGR1
TXNRD1
LMNA
ANXA2

LOC651348
CDC45L
TRIB1
MAP3K8
AKS

DLX5
DEFB104B
IL18R1
TUBB
TPM3
CTNS
LOC57149
TWISTNB

MAP1B

FER1L3
RRAS2

IGFBP3

PTPN4
PGRMC2
DCBLD2

DCI
UFD1L

PPFIBP1
FNDC1
SPANXB1

SLC25A4

HERPUD1
NRP1
RHBDD2

PLOD2
WDRPUH
LOC389286
CANT1

SERPINB8

ATP2B4
AXL

SBDSP
LOC64474:
CAT

1.74

1.73
1.72
1.72
1.72

1.72
1.72
1.71
171
1.71
1.71

1.70
1.70
1.70
1.69
1.69

1.69
1.68

1.68

1.68
1.67

1.67

1.67
1.66
1.66

1.66
1.66

1.66
1.66
1.65

1.65

1.65
1.65
1.65

1.64

1.64
1.64

1.6

1.63

1.6
1.63

1.63
1.6
1.62

Homo sapiens mitochondrial ribosomal protein S6 BRB), nuclear gene encoding
mitochondrial protein, mRNA.

Homo sapiens early growth response 1 (EGRRNA.

Homo sapiens thioredoxin reductaseXNRD1), transcript variant 4, mRNA.
Homo sapiens lamin A/C (LMNA), transcriyariant 2, mRNA.

Homo sapiens annexin A2 (ANXA2), trariptvariant 2, mRNA.
PREDICTED: Homo sapiens similar to tropomyosin@&ngna isoform 2, transcript
variant 2 (LOC651348), mRNA.

Homo sapiens CDC45 cell division cytdelike (S. cerevisiae) (CDC45L), mRNA.
Homo sapiens tribbles homolog 1 (DroslapiTRIB1), mRNA.

Homo sapiens mitogen-activated prok@iase kinase kinase 8 (MAP3K8), mRNA.
Homo sapiens adenylate kinase 5 (AK5hgcaipt variant 2, mRNA.

Homo sapiens distal-less homeo box 5 (BLXnRNA.

Homo sapiens defensin, beta 104B B1BEB), mRNA.

Homo sapiens interleukin 18 recept@it 18R1), mRNA.

Homo sapiens tubulin, beta (TUBB), mRNA.

Homo sapiens tropomyosin 3 (TPM3), trapseariant 2, mRNA.

Homo sapiens cystinosis, nephropathidN&)T transcript variant 2, mRNA.

Homo sapiens hypothetical proteinlA@6.1 (LOC57149), mRNA.

Homo sapiens TWIST neighbor (TWISTNBRNA.

Homo sapiens microtubule-associated protein 1B (WB)Ptranscript variant 2,
MRNA.

Homo sapiens fer-1-like 3, myoferlin (C. elegariER1L3), transcript variant 1,
mMRNA.

Homo sapiens related RAS viral (r-ragjogene homolog 2 (RRAS2), mRNA.

Homo sapiens insulin-like growth factor binding feia 3 (IGFBP3), transcript variant
1, mRNA.

Homo sapiens protein tyrosine phosphatase, nompi@ce/pe 4 (megakaryocyte)
(PTPN4), mRNA.

Homo sapiens progesterone receptor naglzcomponent 2 (PGRMC2), mRNA.
Homo sapiens discoidin, CUB and LCClr@in containing 2 (DCBLD2), mRNA.
Homo sapiens dodecenoyl-Coenzyme A delta isoméBa@érans-enoyl-Coenzyme A
isomerase) (DCI), nuclear gene encoding mitochahgrbtein, mRNA.

Homo sapiens ubiquitin fusion degradafidike (UFD1L), mRNA.
Homo sapiens PTPRF interacting protein, bindindginol (liprin beta 1) (PPFIBP1),
transcript variant 1, mRNA.

Homo sapiens fibronectin type Ill domeamtaining 1 (FNDC1), mRNA.

Homo sapiens SPANX family, member BRANXB1), mRNA.

Homo sapiens solute carrier family 25 (mitochoridrérier; adenine nucleotide
translocator), member 4 (SLC25A4), nuclear geneding mitochondrial protein,
mMRNA.

Homo sapiens homocysteine-inducible, endoplasnticutam stress-inducible,
ubiquitin-like domain member 1 (HERPUD1), transtwgriant 3, mRNA.

Homo sapiens neuropilin 1 (NRP1), trapseariant 1, mRNA.

Homo sapiens rhomboid domain contai@ifgHBDD2), mRNA.
Homo sapiens procollagen-lysine, 2-oxoglutaratéoiyaienase 2 (PLOD2), transcript
variant 1, mRNA.

Homo sapiens WD40-repeat protein ugetgd in HCC (WDRPUH), mRNA.

Homo sapiens similar to FKSG62 (L8@ZB6), mRNA.
Homo sapiens calcium activated nucleotidase 1 (CHNMRNA

Homo sapiens serpin peptidase inhibitor, cladevBlfmmin), member 8
(SERPINBS), transcript variant 1, mRNA.

Homo sapiens ATPase, Ca++ transporting, plasma nzeralsl (ATP2B4), transcript
variant 2, mRNA

Homo sapiens AXL receptor tyrosine kind8&L), transcript variant 2, mRNA.
Homo sapiens Shwachman-Bodian-Diamond syndromedpgene (SBDSP) on
chromosome 7.

PREDICTED: Homo sapiens hypothetical protein LOCB#(LOC644743), mRN:
Homo sapiens catalase (CAT), mRNA.
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COMT
AIM1

LOC399942
DUSP5
C3orfs58

LOC162073
FGG

MED8
CTNS

PLEKHF1
KLF6
RGS3

SERPINB7

PALM2-AKAP2
STRN3

NFEZ
FLJ13391
DTX3L
C18orf55

FER1L3

SLC7A11

METRNL
PITRM1
MGLL

ANXA8L1
DDIT3
CSF2
PFKP

MRPS18A
TUBB4Q

MME

TGM2
PDZK1IP1

ARPC1B
TUBB
UXT
WARS
ASNS
CAvV2

SPANXA1
HSPA1B

1.62
1.62

1.62
1.62
1.62

1.62
1.61

161
1.61
161

1.61
161
1.61

161

1.61
1.60

1.6C
1.60

1.60
1.60

1.59

1.59

1.59
1.59
1.58

1.58

1.58
1.58
1.58

1.58

1.57
1.57

157

1.57
1.57

1.57
1.57
1.57
1.57
1.57
157

1.5€
1.56

Homo sapiens catechol-O-methyltransferase (COMascript variant MB-COMT,
MRNA.

Homo sapiens absent in melanoma 1 (AINARNA.
PREDICTED: Homo sapiens similar to Tubulin alpheh2in (Alpha-tubulin 2),
transcript variant 5 (LOC399942), mRNA.

Homo sapiens dual specificity phospledig®USP5), mRNA.

Homo sapiens chromosome 3 open redding 58 (C30rf58), mRNA.
PREDICTED: Homo sapiens hypothetical protein LOCQI&2, transcript variant 4
(LOC162073), mRNA.

Homo sapiens fibrinogen gamma chain (F&&)script variant gamma-A, mRNA.
Homo sapiens mediator of RNA polymerase Il traqsicn, subunit 8 homolog (S.
cerevisiae) (MEDS), transcript variant 3, mMRNA.

Homo sapiens cystinosis, nephropathidN&)T transcript variant 2, mRNA.

Homo sapiens mRNA; cDNA DKFZp686F1546 (fromned DKFZp686F1546)
Homo sapiens pleckstrin homology domain containfamily F (with FYVE domain)
member 1 (PLEKHF1), mRNA.

Homo sapiens Kruppel-like factor 6 (KLF8anscript variant 2, mRNA.

Homo sapiens regulator of G-protein dligga3 (RGS3), transcript variant 5, mRNA.
Homo sapiens serpin peptidase inhibitor, cladevBlfmmin), member 7
(SERPINB7), mRNA.

Homo sapiens PALM2-AKAP2 protein (PALM2-AKAP2), trscript variant 2,
MRNA.

Homo sapiens striatin, calmodulin bigdinotein 3 (STRN3), mMRNA.
Homo sapiens nuclear factor ythroid-derived 2), 45kDa (NFE2), mRN
Homo sapiens transmembrane prot@ifTIMEM166), mMRNA.
Homo sapiens deltex 3-like (Drosoph{@) X3L), mRNA.
Homo sapiens chromosome 18 openmgé#dime 55 (C180rf55), mRNA.

Homo sapiens fer-1-like 3, myoferlin (C. elegariR1L3), transcript variant 1,
mRNA.

Homo sapiens solute carrier family 7, (cationic morecid transporter, y+ system)
member 11 (SLC7A11), mRNA.

PREDICTED: Homo sapiens meteorin, glial cell diéfetiation regulator-like
(METRNL), mRNA.

Homo sapiens pitrilysin metallopeptields(PITRM1), mMRNA.

Homo sapiens monoglyceride lipase (MGLitanscript variant 1, mRNA.

Homo sapiens annexin A8 (ANXA8), mRNA. XM_931361 X881369 XM_931374
XM_931375 XM_931378 XM_931383 XM_931388 XM_93139MX931399
XM_931404 XM_931411

Homo sapiens DNA-damage-inducible traips& (DDIT3), mRNA.
Homo sapiens colony stimulating fact@ranulocyte-macrophage) (CSF2), mRNA.
Homo sapiens phosphofructokinase, ptgfelkKP), mRNA.
Homo sapiens HGC6.3 mRNA, complete cds
Homo sapiens mitochondrial ribosomal protein SIBIRPS18A), nuclear gene
encoding mitochondrial protein, mMRNA.
Homo sapiens tubulin, beta polypepfidemember Q (TUBB4Q), mRNA.

Homo sapiens membrane metallo-endopeptidase (henttepeptidase,
enkephalinase, CALLA, CD10) (MME), transcript vari2a, mRNA.

Homo sapiens transglutaminase 2 (C polypeptidéejprglutamine-gamma-
glutamyltransferase) (TGM2), transcript variantfRNA.

Homo sapiens PDZK1 interacting profe(PDZK1IP1), mRNA.
Homo sapiens actin related protein 2/3 complexysiii B, 41kDa (ARPC1B),
MRNA.

Homo sapiens tubulin, beta polypeptidé BB), mRNA.
Homo sapiens ubiquitously-expressed tnapis@JXT), transcript variant 1, mRNA.
Homo sapiens tryptophar-tRNA synthetse (WARS), transcript variant 4, mRN
Homo sapiens asparagine synthetase (ASfsd8%cript variant 1, mRNA.
Homo sapiens caveolin 2 (CAV2), transcvgriant 1, mRNA.
Homo sapiens sperm protein associated with theenacK-linked, family member Al
(SPANXA1), mRNA
Homo sapiens heat shock 70kDa pro@i(HEPA1B), mRNA.
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FOXD1

ATP2B4
ATF3
RHBDD2
THBS1
C2o0rf18

LOC653506
CARS

LOC652846
KRT18

KRT16

LOC650611

PLOD2
IER3

LOC653743
PPID

SLC26A6
FLJ20366
BST2

LRRFIP2
TMEM16K

UFD1L

SLC25A25

Clorf24
CAPN2

ATP5G1

LOC644330
SAMD4A
MYO1C
LOC51334

CDKN2A
CTTN

HSD3B1
RUVBL1

SERPINB8
HAPLN1
TUBB6
RAP1GDS1
SH3PXD2A
SPHK1

1.56

1.56
1.56
1.56
1.56
1.56

1.56
1.56

1.55
1.55

155

1.55

1.55
1.55

1.55
1.55

1.55
1.55
1.54

154
154

1.5¢

154

154
154

1.54

154
1.53
1.53

1.53

1.53
1.53

1.53
1.53

1.53
1.53
1.53

1.52
1.52
1.52

Homo sapiens forkhead box D1 (FOXD1)NAR
Homo sapiens ATPase, Ca++ transporting, plasma memald (ATP2B4), transcript
variant 2, mRNA.

Homo sapiens activating transcriptiortda8 (ATF3), transcript variant 4, mRNA.

Homo sapiens rhomboid domain contai2if@HBDD?2), transcript variant 1, mRNA.

Homo sapiens thrombospondin 1 (THBSEN#.

Homo sapiens chromosome 2 open redding 18 (C20rf18), mRNA.
PREDICTED: Homo sapiens similar to meteorin, giell differentiation regulator-
like (LOC653506), MRNA.

Homo sapiens cysteinyl-tRNA synthetas®R§), transcript variant 4, mRNA.
PREDICTED: Homo sapiens similar to Annexin A8 (ArmeVIll) (Vascular
anticoagulant-beta) (VAC-beta) (LOC652846), mRNA.

Homo sapiens keratin 18 (KRT18), traipseariant 2, mRNA.

Homo sapiens keratin 16 (focal non-epidermolytitrmplantar keratoderma)
(KRT16), mRNA.

PREDICTED: Homo sapiens similar to Keratin, typsytoskeletal 16 (Cytokeratin-
16) (CK-16) (Keratin-16) (K16), transcript varigh{LOC650611), mRNA.

Homo sapiens procollagen-lysine, 2-oxoglutaratéoiyaienase 2 (PLOD2), transcript
variant 1, mRNA.

Homo sapiens immediate early respon#eR33), transcript variant long, mRNA.
PREDICTED: Homo sapiens similar to hypotheticaltpio DKFZp566J091
(LOC653743), mRNA.

Homo sapiens peptidylprolyl isomerasey2lpphilin D) (PPID), mRNA.

Homo sapiens solute carrier family 26, member 8082A6), transcript variant 3,
mRNA.

Homo sapiens hypothetical proteireBB86 (FLJ20366), mRNA.

Homo sapiens bone marrow stromal celjant2 (BST2), mRNA.
Homo sapiens leucine rich repeat (in FLII) interagprotein 2 (LRRFIP2), transcript
variant 1, mRNA.

Homo sapiens transmembrane protein BYEM16K), mRNA.
Homo sapiens ubiquitin fusion degradation 1 likea@t) (UFD1L), transcript variant
ayorrmiggpiens solute carrier family 25 (mitochorldréarier; phosphate carrier),

member 25 (SLC25A25), nuclear gene encoding mitoedhal protein, transcript
variant 1, mRNA.

Homo sapiens chromosome 1 open reading frame 24rfZ21), transcript variant 1,
MRNA.
Homo sapiens calpain 2, (m/Il) largewsit CAPN2), mRNA.

Homo sapiens ATP synthase, H+ transporting, mitndhial FO complex, subunit C1
(subunit 9) (ATP5G1), nuclear gene encoding mitochi@l protein, transcript variant
1, mRNA.

PREDICTED: Homo sapiens similar to tropomyosindasm 2, transcript variant 2
(LOC644330), mRNA.
Homo sapiens sterile alpha motif dom@intaining 4A (SAMD4A), mRNA.
Homo sapiens myosin IC (MYO1C), mRNA.
Homo sapiens proline rich 16 (PRROGNA.
Homo sapiens cyclin-dependent kinase inhibitor 2®lanoma, p16, inhibits CDK4)
(CDKN2A), transcript variant 3, mRNA.
Homo sapiens cortactin (CTTN), transcvgriant 2, mRNA.
Homo sapiens hydroxy-delta-5-steroid dehydrogertabeta- and steroid delta-
isomerase 1 (HSD3B1), mRNA.
PREDICTED: Homo sapiens RuvB-like 1 ¢Bli) (RUVBL1), mRNA.
Homo sapiens serpin peptidase inhibitor, cladevRlfmumin), member 8
(SERPINBS), transcript variant 3, mRNA.
Homo sapiens hyaluronan and proteoglyick protein 1 (HAPLN1), mRNA.
Homo sapiens tubulin, beta 6 (TUBB6),MAR
Homo sapiens RAP1, GTP-GDP dissoniatimulator 1 (RAP1GDS1), mRNA.
Homo sapiens SH3 and PX domains Z8FXD2A), mRNA.
Homo sapiens sphingosine kinase 1 (SPHi&hscript variant 1, mRNA.
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LOC650034
ARL4

DNAJB6

MAP1B

PCK2
UPP1
SARS

MFHAS1
TUBB2A
KTN1
MMD
SPRY2

CSPG:
TUBALA
NFIL3
LMCD1
ISG2(C
EXT1
HNRPA3
NBPF20
PLK2
LSM12

NFS1

LOC645074

IL1F8
TRADD

UQCRH
HCG2P7

LSM5
SAA4
PTTG3

PPP3CA
SHROOM4

ASCIZ
FEZ1
CAMK2N1
KIAA0391
C140rf106
C200rf108

GNAI1

APPBP1

1.52
1.52

1.52

1.52

1.52
1.52
151

151
151
151
151
151

1.51
151
151
151
151
151
1.50
1.50
1.5C
1.50

1.50

1.50

1.50
1.50
-1.50
-1.50
-1.50
-1.50
-1.50
-1.50

-1.50
-1.50

-1.50

-1.50

-1.51

-1.51

-1.51

-1.51

-1.51

-1.51

PREDICTED: Homo sapiens similar to uncharacterjzedein family UPF0227
member RGD1359682 (LOC650034), mRNA.

Homo sapiens ADP-ribosylation factor-lik¢ ARL4), transcript variant 1, mRNA.
Homo sapiens DnaJ (Hsp40) homolog, subfamily B, beeré (DNAJB6), transcript
variant 2, mRNA.

Homo sapiens microtubule-associated protein 1B (WB)Ptranscript variant 1,
mMRNA.

Homo sapiens phosphoenolpyruvate carboxykinaset@dnondrial) (PCK2), nuclear
gene encoding mitochondrial protein, transcriptarar2, mRNA.
Homo sapiens uridine phosphorylase 1 {)RRnscript variant 2, mRNA.

Homo sapiens seryl-tRNA synthetase (SARBNA.
Homo sapiens malignant fibrous histiocytoma angdifsequence 1 (MFHAS1),
mRNA.

Homo sapiens tubulin, beta 2A (TUBB2ARNA.
Homo sapiens kinectin 1 (kinesin recepfiiTN1), transcript variant 4, mRNA.
Homo sapiens monocyte to macrophage difféation-associated (MMD), mRNA.

Homo sapiens sprouty homolog 2 (Drosap{8PRY2), mRNA.
Homo sapiens chondroitin sulfate proteoglycan 4gnwma-associated) (CSPG4),
mMRNA.

Homo sapiens tubulin, alpha 1a (TUBAL1ARNA.

Homo sapiens nuclear factor, interleukiregulated (NFIL3), mMRNA.

Homo sapiens LIM and cysteine-rich damsal (LMCD1), mRNA.
Homo sapiens interferon stimulated exonuclease gékba (1ISG20), mRN/
Homo sapiens exostoses (multiple) 1 (EXWRNA.

Homo sapiens heterogeneous nuclearuddeoprotein A3 (HNRPA3), mRNA.
Homo sapiens neuroblastoma breakpimtyf, member 20 (NBPF20), mRNA.
Homo sapiens po-like kinase 2 (Drosophila) (PLK2), mRN

Homo sapiens LSM12 homolog (S. cereg)sjaSM12), mRNA.

Homo sapiens NFS1 nitrogen fixation 1 (S. ceregis(&lFS1), nuclear gene encoding
mitochondrial protein, transcript variant 2, mRNA.

PREDICTED: Homo sapiens similar to Keratin, typsytoskeletal 16 (Cytokeratin-
16) (CK-16) (Keratin-16) (K16) (LOC645074), mRNA.

Homo sapiens interleukin 1 family, member 8 (ela) £8), transcript variant 2,
mMRNA.

Homo sapiens TNFRSF1A-associated via death dofmi&ADD), transcript variant
1, mRNA.

Homo sapiens ubiquinol-cytochrome aictaise hinge protein (UQCRH), mRNA.

Homo sapiens HLA complex group 2 psgede 7 (HCG2P7) on chromosome 6.
full-length cDNA clone CS0DI004YBO08 of Placenta @&-normalized of Homo
sapiens (human)
Homo sapiens LSM5 homolog, U6 small nuclear RNAveisged (S. cerevisiae)
(LSM5), mRNA.

Homo sapiens serum amyloid A4, consuSAA4), mRNA.

Homo sapiens pituitary tumor-transfoigr® (PTTG3) on chromosome 8.
Homo sapiens protein phosphatase 3 (formerly 283lytic subunit, alpha isoform
(PPP3CA), mRNA.

Homo sapiens shroom family memb&HROOM4), mRNA.

Homo sapiens ATM/ATR-Substrate Chk2-Interacting Z4fidger protein (ASCIZ),
mMRNA.

Homo sapiens fasciculation and elongation proteta 2 (zygin 1) (FEZ1), transcript
variant 1, mRNA.

Homo sapiens calcium/calmodulin-dependent protigiade Il inhibitor 1
(CAMK2N1), mRNA.
Homo sapiens KIAA0391 (KIAA0391), M.
Homo sapiens chromosome 14 opeting&ame 106 (C140rf106), mRNA.
Homo sapiens chromosome 20 opeting&rame 108 (C200rf108), mRNA.

Homo sapiens guanine nucleotide binding proteipr@ein), alpha inhibiting activity
polypeptide 1 (GNAI1), mRNA.

Homo sapiens amyloid beta precursor protein binghogein 1 (APPBP1), transcript
variant 3, mRNA.
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LOC653226
CAST1

MCM7
OIP5

LOC375449

CDKN3
CPE
DUSP19

SDCBP
RGS17

CTDSP1
ZNF69
LRP10
LOC39990(

NINJ1
MBTD1

MARCKS

FAS
Cl40rf153

ATP1B3

NFKBIZ
ARHGEF3
THBS2

C6orf160

TBC1D¢S
Cl40rf143
FLJ21062
SSTR2
MAN1A1

SDFR1

FUT8

LOC642989
TRIM13
LMO4

APBB3
SMC4
C20rf33

ITGB3BP

PTGS2
KIAA0564

-1.51
-1.51

-1.51
-1.51

-1.51

-1.51
-1.51
-1.52

-1.52
-1.52

-1.52
-1.52
-1.52
-1.52

-1.52
-1.52
-1.52

-1.52

-1.52
-1.52

-1.52

-1.52
-1.53
-1.53

-1.53

-1.5¢
-1.53
-1.53
-1.53

-1.5¢

-1.53

-1.5¢

-1.54
-1.54
-1.54

-1.54
-1.54
-1.54

-1.54

-1.54
-1.54

PREDICTED: Homo sapiens similar to Signal recognitparticle 9 kDa protein
(SRP9) (LOC653226), mMRNA.

Homo sapiens ELKS/RABG6-interacting/CA@mily member 2 (ERC2), mRNA.
Homo sapiens minichromosome maintenance compleycoent 7 (MCM7),
transcript variant 2, mRNA.

Homo sapiens Opa interacting protei®I®$), mRNA.

Homo sapiens similar to microtubule associatedstepecific serine/threonine protein
kinase (LOC375449), mRNA.

Homo sapiens cyclin-dependent kinase inhibitor BK@-associated dual specificity
phosphatase) (CDKN3), mRNA.
Homo sapiens carboxypeptidase E (CPENANR

Homo sapiens dual specificity phosseal9 (DUSP19), mRNA.
Homo sapiens syndecan binding protein (synteniDIJBP), transcript variant 2,
MRNA.

Homo sapiens regulator of G-proteinaiong 17 (RGS17), mRNA.

Homo sapiens CTD (carboxy-terminal domain, RNA padyase I, polypeptide A)
small phosphatase 1 (CTDSP1), transcript variamtRINA.

Homo sapiens zinc finger protein 69 FB8), mRNA.

Homo sapiens low density lipoproteiepor-related protein 10 (LRP10), mRNA.
Homo sapiens hypothetical gene supported by AKO93Z®C399900), mRN/
xj89b12.x1 Soares_NFL_T_GBC_S1 Homo sapiens cDNA€IMAGE:2664383 3,
mRNA sequence

Homo sapiens ninjurin 1 (NINJ1), mRNA.

Homo sapiens mbt domain containing 1 (MBTD1), mR
Homo sapiens myristoylated alanine-rich proteirakn C substrate (MARCKS),
mMRNA.

Homo sapiens Fas (TNF receptor superfamily, me@®p@FAS), transcript variant 7,
mMRNA.
Homo sapiens chromosome 14 opeting&ame 153 (C140rf153), mRNA.

Homo sapiens ATPase, Na+/K+ transporting, betalyppptide (ATP1B3), mRNA.
XM_945518

Homo sapiens nuclear factor of kappa light polyjglepgene enhancer in B-cells
inhibitor, zeta (NFKBIZ), transcript variant 2, mRN
Homo sapiens Rho guanine nucleotidbange factor (GEF) 3 (ARHGEF3), mRNA.
Homo sapiens thrombospondin 2 (THBSENA.
PREDICTED: Homo sapiens chromosome 6 open readimgef 160, transcript variant
4 (C60rf160), mRNA.

Homo sapiens TBC1 domain family, member 9 (with GRdomain) (TBC1D9),
mMRNA.

Homo sapiens chromosome 14 opeting&ame 143 (C140rf143), mRNA.
Homo sapiens hypothetical proteid2d062 (FLJ21062), mRNA.
Homo sapiens somatostatin recepto82ZR3), mRNA.

Homo sapiens mannosidase, alpha, class 1A, men(B&AN1Al), mRNA.

Homo sapiens stromal cell derived factor recept(8FR1), transcript variant beta,
mMRNA.

Homo sapiens fucosyltransferase 8 (alpha (1,6)siyltansferase) (FUT8), transcript
variant 2, mRNA

PREDICTED: Homo sapiens similar to 40S ribosomatgin S25 (LOC642989),
MRNA.

Homo sapiens tripartite motif-contaigil3 (TRIM13), transcript variant 4, mRNA.
Homo sapiens LIM domain only 4 (LMO4)RNA.

Homo sapiens amyloid beta (A4) precursor proteirgisig, family B, member 3
(APBB3), transcript variant 2, mRNA.

Homo sapiens structural maintenance of chromosdni88C4), transcript variant 2,
mMRNA.

Homo sapiens chromosome 2 open rgddime 33 (C20rf33), mRNA.

Homo sapiens integrin beta 3 bingingein (beta3-endonexin) (ITGB3BP), mMRNA.
Homo sapiens prostaglandin-endoperoxide synth@ge&taglandin G/H synthase and
cyclooxygenase) (PTGS2), mRNA.

Homo sapiens KIAA0564 protein (KIAAB4), transcript variant 1, mRNA.
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HIF1A

SMC2

LOC441087
RGS2
YIPF5
MAD2L1

PSMA2
HYPK
PNN

WSB1

CREB1
RPA3

PDPR
EID2B

PILRB
MTSS1
GIMAP8
PRICKLE1
DEFB4
HAT1
KIAA0672
GRK5
MBD4
GYPC
SLC43A3
CTSC
LPXN

LOC389787

ALG5

TMED7
IL7R
LOC654194

KNTC2
KIAA1794
TNIP3
LRAP
PLCL2
C7orfll
CCL7
CKAP2
LOC130355
TGFBI

HMMR
GAS1

-1.54

-1.54
-1.54
-1.54
-1.55
-1.55
-1.55

-1.55
-1.5¢

-1.55
-1.55

-1.55

-1.55
-1.56

-1.56
-1.56

-1.56
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57
-1.57

-1.57

-1.57

-1.57
-1.57
-1.58

-1.58

-1.58
-1.59
-1.59
-1.5¢
-1.59
-1.60
-1.60
-1.6(C
-1.60
-1.60

-1.61
-1.61

Homo sapiens hypoxia-inducible factor 1, alpha sitiibasic helix-loop-helix
transcription factor) (HIF1A), transcript variantrBRNA.

Homo sapiens structural maintenance of chromos@n(g#C2), transcript variant 1,
mMRNA.
Homo sapiens cDNA clone IMAGE:5277415, padits
Homo sapiens hypothetical genetgg by AK125735 (LOC441087), mRNA.
Homo sapiens regulator of G-proteinadigy 2, 24kDa (RGS2), mRNA.
Homo sapiens Yipl domain family, memb¢YIPF5), transcript variant 2, mRNA.

Homo sapiens MAD2 mitotic arrest déiat-like 1 (yeast) (MAD2L1), mRNA.
Homo sapiens proteasome (prosome, macropain) sublpfia type, 2 (PSMA2),
mMRNA.

Homo sapiens Huntingtin interacting protein K (HY)PKIRNA.
Homo sapiens pinin, desmosome assogiatéein (PNN), mRNA.

Homo sapiens cDNA: FLJ21027 fis, clone CAEOY 1
Homo sapiens WD repeat and SOCS box-containing3KYy, transcript variant 3,
mMRNA.

Homo sapiens cAMP responsive element binding pr@&iCREBL), transcript variant
A, mRNA.

Homo sapiens replication protein A3,04KRPA3), mMRNA.
Homo sapiens pyruvate dehydrogenase phosphatagatoeg subunit (PDPR),
mMRNA.

Homo sapiens EP300 interacting inhibitodifferentiation 2B (EID2B), mRNA.
Homo sapiens paired immunoglobin-like type 2 recepeta (PILRB), transcript
variant 2, mRNA.

Homo sapiens metastasis suppressofl $8¥), mRNA.

Homo sapiens GTPase, IMAP family men®EGIMAPS8), mRNA.

Homo sapiens prickle homolog 1 (Drosophila) (PRI, mRNA

Homo sapiens defensin, beta 4 (DEFBRNA.

Homo sapiens histone acetyltransfera@®All 1), transcript variant 1, mRNA.
Homo sapiens KIAA0672 gene productXA0672), mRNA.

Homo sapiens G prote-coupled receptor kinase 5 (GRK5), mRI

Homo sapiens methyl-CpG binding domaintgin 4 (MBD4), mRNA.

PREDICTED: Homo sapiens glycophorin @rfgich blood group) (GYPC), mRNA.

Homo sapiens solute carrier familymi@mber 3 (SLC43A3), mRNA.

Homo sapiens cathepsin O (CTSO), mR

Homo sapiens leupaxin (LPXN), mRNA.

PREDICTED: Homo sapiens similar to Translation@ibntrolled tumor protein
(TCTP) (p23) (Histamine-releasing factor) (HRF) iffim) (LOC389787), mRNA.

Homo sapiens asparagine-linked glycosylation 5 Hog(S. cerevisiae, dolichyl-
phosphate beta-glucosyltransferase) (ALG5), mRNA.

Homo sapiens transmembrane emp24 protein trangpordin containing 7 (TMED7),
MRNA.
PREDICTED: Homo sapiens interleukin 7 receptor RL/mRNA

PREDICTED: Homo sapiens similaittosomal protein S27 (LOC654194), mRNA.

we85a04.x1 Soares_NFL_T_GBC_S1 Homo sapiens cDbiAedMAGE:2347854 3,
mMRNA sequence

Homo sapiens NDC80 homolog, kinetochore complexpmmrant (S. cerevisiae)
(NDC80), mRNA.

Homo sapiens KIAA1794 (KIAA1794), A,

Homo sapiens TNFAIP3 interacting pno@i(TNIP3), mRNA.

Homo sapiens leukocy-derived arginine aminopeptidase (LRAP), mR

Homo sapiens phospholipase C-like ZF2), mRNA.

Homo sapiens chromosome 7 open rgddime 11 (C7o0rf11), mRNA.

Homo sapiens chemokine (C-C motif) ldy&@(CCL7), mRNA.

Homo sapiens cytoskeleton associated protein 2 @XAMRNA
Homo sapiens hypothetical proté&dCL30355 (LOC130355), mRNA.

Homo sapiens transforming growth facbeta-induced, 68kDa (TGFBI), mRNA.
Homo sapiens hyaluronan-mediated motility rece(dtAMM) (HMMR), transcript
variant 1, mRNA

Homo sapiens growth arrest-specific A3G), mMRNA.
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CHRNAS5
LRRFIP1
FLJ38451
CCNB1
NEK2
SUB1
LUM
GMNN
CCDC14
HIGD1A
FAM113A

LOC649518
BMP2
GIMAP4
CXCL5
GBP2

DDX17
HRSP1:
EPAS1
BMP6

GGH

APBB3
C100rf80

SLC27A1

MCM10
LIMK2

SMARCC2
MTE
Clorfl7¢
FLJ23657
CD163

LYN
C12o0rf35
TP53TG3

GGH
ZNF549
HCAP-G

PFKFB3

RAB27A
PTMA

NUSAP1
SAAL
GLT8D2

PPM2C
FAM119A

MMP9

-1.61
-1.61
-1.61
-1.61
-1.62
-1.62
-1.62
-1.62
-1.62
-1.62
-1.62

-1.62
-1.63
-1.63
-1.6¢

-1.63

-1.64

-1.64
-1.64
-1.65

-1.65

-1.65
-1.65

-1.65

-1.65
-1.65

-1.65
-1.65
-1.6€

-1.66

-1.66

-1.66
-1.66
-1.66

-1.66
-1.66
-1.67

-1.67

-1.67
-1.67

-1.67
-1.67
-1.67

-1.67
-1.68

-1.68

Homo sapiens cholinergic receptorotinic, alpha 5 (CHRNAS), mRNA.
Homo sapiens leucine rich repeaflit) interacting protein 1 (LRRFIP1), mRNA.
Homo sapiens FLJ38451 protein (FL338 mRNA.
Homo sapiens cyclin B1 (CCNB1), mRNA.
Homo sapiens NIMA (never in mitosis geneelated kinase 2 (NEK2), mRNA.
Homo sapiens SUB1 homolog (S. cereyigdB1), mRNA.
Homo sapiens lumican (LUM), mRNA.
Homo sapiens geminin, DNA replicatiohilsitor (GMNN), mRNA.
Homo sapiens coiled-coil domain cangi 14 (CCDC14), mRNA.
Homo sapiens HIG1 domain family, memba (HIGD1A), mRNA.

Homo sapiens family with sequenceilsinty 113, member A (FAM113A), mRNA.
PREDICTED: Homo sapiens similar to 40S ribosomatgin S26 (LOC649518),
MRNA.

Homo sapiens bone morphogenetic pr@éBMP2), mRNA.

Homo sapiens GTPase, IMAP family membEGIMAP4), mRNA.
Homo sapiens chemokine-X-C motif) ligand 5 (CXCL5), mMRN/

Homo sapiens guanylate binding protgint@rferon-inducible (GBP2), mRNA.
Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptitie (DDX17), transcript
variant 2, mRNA.

Homo sapiens he-responsive protein 12 (HRSP12), mRI
Homo sapiens endothelial PAS domaiteprd (EPAS1), mRNA.
Homo sapiens bone morphogenetic prétéBMP6), mRNA.

Homo sapiens gamma-glutamyl hydrolase (conjugasgpblygammaglutamyl
hydrolase) (GGH), mRN:

Homo sapiens amyloid beta (A4) precursor proteiioig, family B, member 3
(APBB3), transcript variant 4, mRNA.
Homo sapiens chromosome 10 opering@&dme 80 (C100rf80), mRNA.

Homo sapiens solute carrier family 27 (fatty acahsporter), member 1 (SLC27A1),
MRNA.

Homo sapiens minichromosome maintenance compleypopent 10 (MCM10),
transcript variant 2, mRNA.
Homo sapiens LIM domain kinase 2 (LIMK2), transtsipriant 1, mRNA
Homo sapiens SWI/SNF related, matrix associateih dependent regulator of
chromatin, subfamily ¢, member 2 (SMARCC2), traigarariant 1, mRNA.
Homo sapiens metallothionein E (MTE), mRN
Homo sapiens chromosome 1 open reading frame 17&f176), mRNA

Homo sapiens chromosome 4 openngédime 26 (C4orf26), mRNA.

Homo sapiens CD163 molecule (CD168hseript variant 2, mMRNA.
Homo sapiens v-yes-1 Yamaguchi sarcoma viral relateogene homolog (LYN),
mMRNA.

Homo sapiens chromosome 12 operingfdme 35 (C120rf35), mRNA.

Homo sapiens TP53TG3 protein (TP53Tt&script variant 2, mRNA.
Homo sapiens gamma-glutamyl hydrolase (conjugasdpblygammaglutamyl
hydrolase) (GGH), mRNA.

Homo sapiens zinc finger protein 52I9K549), MRNA.

Homo sapiens non-SMC condensin | cemyEubunit G (NCAPG), mRNA.
Homo sapiens 6-phosphofructo-2-kinase/fructosebhBosphatase 3 (PFKFB3),
mRNA.

Homo sapiens RAB27A, member RAS oncogene familygRAA), transcript variant
1, mRNA.

Homo sapiens prothymosin, alpha (gene sequendd@Z8)A), mRNA.

Homo sapiens nucleolar and spindle associatediprbdNUSAP1), transcript variant
1, mRNA.

Homo sapiens serum amyloid Al (SAALYnscript variant 1, mRNA.

Homo sapiens glycosyltransferase 8 domain con@gii(GLT8D2), mRNA

Homo sapiens protein phosphatase 2C, magnesiunmdiepie catalytic subunit
(PPM2C), nuclear gene encoding mitochondrial pnoteiRNA.

Homo sapiens family with sequenceilsirity 119, member A (FAM119A), mRNA.

Homo sapiens matrix metallopeptidase 9 (gelatiBa$2kDa gelatinase, 92kDa type
IV collagenase) (MMP9), mRNA.
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SBSN -1.68
MMP12 -1.69
-1.69
STC1 -1.69
TNFRSF1B -1.69
HRSP12 -1.69
MYLK -1.70
OLFML3 -1.70
TNFAIP6 -1.70
MYLIP -1.71
ST3GAL6 -1.71
GCH1 -1.71
EDG2 -1.71
KLHL24 -1.71
KIF11 -1.71
HMGB2 -1.71
FKBP14 -1.72
SS18 -1.72
RAD51AP1 -1.72
OCA2 -1.72
GRIPAP1 -1.73
ORM2 -1.73
SAAL -1.73
PTPLB -1.74
KCNK1 -1.74
FAM20C -1.74
FLJ11259 -1.74
SLC30A3 -1.74
ASPM -1.75
C4orfl8 -1.75
CD8z -1.7¢
TNFAIP3 -1.76
C120rf35 -1.76
STAT1 -1.7¢€
TSC22D1 -1.76
RPLP1 -1.77
LSM3 -1.77
MMP12 -1.77
ZNF503 -1.77
SLC25A37 -1.78
SLC39A¢ -1.7¢
FLJ20701 -1.79
PNKD -1.79
GABARAPL2 -1.8C
FAM9OC -1.80

Homo sapiens suprabasin (SBSN), mRNA.
Homo sapiens matrix metallopeptidasém&crophage elastase) (MMP12), mRNA.
MR1-GN0172-061100-005-h03 GN0172 Homo sapi&isA, mRNA sequence
Homo sapiens stanniocalcin 1 (STC1), WRN
Homo sapiens tumor necrosis factor receptor supdsfamember 1B (TNFRSF1B),
mMRNA.
Homo sapiens heat-responsive profe{RiIRSP12), mRNA.
Homo sapiens myosin, light chain kingb&YLK), transcript variant 2, mRNA.
Homo sapiens olfactomedin-like 3 (OLEB), mRNA.
Homo sapiens tumor necrosis factiphainduced protein 6 (TNFAIP6), mMRNA.
Homo sapiens myosin regulatory lighthinteracting protein (MYLIP), mRNA.
Homo sapiens ST3 beta-galactosidesay3-sialyltransferase 6 (ST3GAL6), mRNA.

Homo sapiens GTP cyclohydrolase 1 (dopa-respousistonia) (GCH1), transcript
variant 2, mRNA.

Homo sapiens endothelial differentiation, lysophnagjulic acid G-protein-coupled
receptor, 2 (EDG2), transcript variant 1, mRNA.

Homo sapiens kelch-like 24 (Drosoph{lELHL24), mRNA.

Homo sapiens kinesin family member KIF(1), mRNA.

Homo sapiens high-mobility group boHMGB2), mRNA.

Homo sapiens FK506 binding protein2ZkDa (FKBP14), mRNA.
Homo sapiens synovial sarcoma translocation, chsome 18 (SS18), transcript
variant 2, mRNA.

Homo sapiens RAD51 associated pratéRAD51AP1), mRNA.
Homo sapiens oculocutaneous albinism Il (pink-ejietidn homolog, mouse)
(OCA2), mRNA.

Homo sapiens GRIP1 associated pratéBRIPAP1), transcript variant 2, mRNA.
Homo sapiens orosomucoid 2 (ORM2), mRNA.

Homo sapiens serum amyloid Al (SAALnscript variant 2, mMRNA.
Homo sapiens protein tyrosine phosphatase-likdif@grinstead of catalytic arginine),
member b (PTPLB), mRNA.

Homo sapiens potassium channel, sulijahimember 1 (KCNK1), mRNA.

Homo sapiens family with sequence lsirity 20, member C (FAM20C), mRNA.

Homo sapiens hypothetical proteid1AR59 (FLJ11259), mRNA.
Homo sapiens solute carrier family 30 (zinc tramsgd, member 3 (SLC30A3),
mMRNA.

Homo sapiens asp (abnormal spindle)-like, microaegpassociated (Drosophila)
(ASPM), mRNA.

Homo sapiens chromosome 4 open reading frame 1& {18}, transcript variant 2,
mRNA.
Homo sapiens CD82 molecule (CD82), transcript verza mRNA
Homo sapiens tumor necrosis factphainduced protein 3 (TNFAIP3), mMRNA.
Homo sapiens chromosome 12 openngé&a@me 35 (C120rf35), mRNA.
Homo sapiens signal transducer and activator ostrdption 1, 91kDa (STAT1),
transcript variant beta, mRN

Homo sapiens TSC22 domain family, member 1 (TSC22dnscript variant 1,
mMRNA.

Homo sapiens ribosomal protein, laPde(RPLP1), transcript variant 1, mRNA.
Homo sapiens LSM3 homolog, U6 small nuclear RNAeisged (S. cerevisiae)
(LSM3), mRNA.

Homo sapiens matrix metallopeptidas¢ni&crophage elastase) (MMP12), mRNA.

Homo sapiens zinc finger protein 08SK503), MRNA.

Homo sapiens solute carrier family 25, member 3CESA37), transcript variant 1,
mRNA.

Homo sapiens solute carrier family 39 (zinc tramtgd, member 8 (SLC39A8),
mMRNA.

Homo sapiens phosphotyrosine itieradomain containing 1 (PID1), mRNA.

Homo sapiens paroxysmal nonkinesiogenic dyskin@hiKD), transcript variant 2,
mMRNA.

Homo sapiens GABA(A) recept-asiociated protei-like 2 (GABARAPL2), mRNA
Homo sapiens family with sequence sinty 9, member C (FAM9C), mRNA.
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STOM

VGF
DSCRI1L1
ADD3
MGC17330
TDP1
PABPC1

CXCL13
GJA1
PDGFC
VNN2
GDF15
ANTXR1

GAS1
ANGPTL2
HCK

SLC1A3
C3orf34
ZNF91

HSD11B1
FCAR
CA2
MT1E
SLPI
EFNA1

SEMA3E

MAFB
HEY1
CMKOR1
LAMB1

PPAP2B
DUSP23
KIAA1754
MRGPRX3

NFIX

WISP1

BCL6
SNX10
MMP8

HSD11B!
CD163
MT1G

ACSL4
LOC441019
OLFM1
MT1H

-1.81
-1.82
-1.82
-1.82
-1.83
-1.83
-1.83

-1.84
-1.85
-1.86
-1.86
-1.87
-1.87

-1.88
-1.88
-1.91
-1.91

-1.92
-1.93
-1.94

-1.94
-1.95
-1.96
-1.96
-1.97
-1.97

-2.00

-2.00
-2.00
-2.01
-2.01

-2.02

-2.06
-2.07
-2.08

-2.0¢

-2.13

-2.1¢
-2.13
-2.13

-2.17
-2.20
-2.20

-2.2¢
-2.23

-2.26

-2.26

Homo sapiens stomatin (STOM), transaptant 1, mMRNA.

Homo sapiens VGF nerve growth factor aidie (VGF), mRNA.

Homo sapiens regulator of calcineRfRCAN2), mMRNA.

Homo sapiens adducin 3 (gamma) (ADD@pscript variant 1, mRNA.

Homo sapiens phosphoinositide-3dériateracting protein 1 (PIK3IP1), mRNA.

Homo sapiens tyrosyl-DNA phosphodiesteta(TDP1), transcript variant 1, mRNA.

Homo sapiens poly(A) binding proteiytpplasmic 1 (PABPC1), mRNA.

Homo sapiens chemokine (C-X-C motif) ligand 13 @chemoattractant)
(CXCL13), mRNA.

Homo sapiens gap junction protein, alpt8kDa (connexin 43) (GJAL), mRNA.

Homo sapiens platelet derived growdtofaC (PDGFC), mRNA.

Homo sapiens vanin 2 (VNN2), transcvigtiant 1, mRNA.

Homo sapiens growth differentiatiortédad5 (GDF15), mRNA.

Homo sapiens anthrax toxin recept@AMITXR1), transcript variant 1, mRNA.
xr14b10.x1 NCI_CGAP_Lu28 Homo sapiens cDNA clonAIBE:2760091 3, mRNA
sequence

Homo sapiens growth arrest-specific A3G), mMRNA.

Homo sapiens angiopoietin-like 2 (ART.2), mRNA.

Homo sapiens hemopoietic cell kinase (FGKRNA.

Homo sapiens solute carrier family 1 (glial higFirafy glutamate transporter),
member 3 (SLC1A3), mRNA.

Homo sapiens chromosome 3 open rgddime 34 (C3o0rf34), mRNA.

Homo sapiens zinc finger protein 91FAPHTF10) (ZNF91), mRNA.

Homo sapiens hydroxysteroid (11-beta) dehydrogehdstSD11B1), transcript
variant 2, mRNA.

Homo sapiens Fc fragment of IgA, recefuin(FCAR), transcript variant 9, mRNA.

Homo sapiens carbonic anhydrase Il (CAIBNA.

Homo sapiens metallothionein 1E (MTIBRNA.

Homo sapiens secretory leukocyte pegpgidahibitor (SLPI), mRNA.

Homo sapiens ephrin-Al (EFNAL), traiorariant 1, mRNA.

Homo sapiens sema domain, immunoglobulin domain ¢tgort basic domain,
secreted, (semaphorin) 3E (SEMA3E), mRNA.

Homo sapiens v-maf musculoaponeurotic fibrosarconzmgene homolog B (avian)
(MAFB), mRNA.

Homo sapiens hairy/enhancer-of-splated with YRPW motif 1 (HEY1), mRNA.
Homo sapiens chemokine orphan recdp(@VIKOR1), mRNA.
Homo sapiens laminin, beta 1 (LAMB1)RNA.
Homo sapiens phosphatidic acid phosphatase tyd®RBP2B), transcript variant 1,
MRNA.

Homo sapiens dual specificity phogseaf3 (DUSP23), mRNA.

Homo sapiens KIAA1754 (KIAA1754), A,

Homo sapiens MAS-related GPR, memBefMRGPRX3), mRNA.
Homo sapiens nuclear factor I/X (CCAAT-binding tsaription factor) (NFIX),
mMRNA.

Homo sapiens WNT1 inducible signaling pathway proie(WISP1), transcript
variant 1, mRNA.

Homo sapiens B-cell CLL/lymphoma 6 (zinc finger gin 51) (BCL6), transcript
variant 1, mRNA

Homo sapiens sorting nexin 10 (SNX&RNA.

Homo sapiens matrix metallopeptidaseei{rophil collagenase) (MMP8), mRNA.
Homo sapiens hydroxysteroid (11-beta) dehydrogebdstSD11B1), transcript
variant 1, mRNA

Homo sapiens CD163 molecule (CD168hseript variant 2, mMRNA.

Homo sapiens metallothionein 1G (MT1@RNA.

Homo sapiens acyl-CoA synthetase long-chain famiynber 4 (ACSL4), transcript
variant 1, mRNA

PREDICTED: Homo sapiens hypotheti€C441019 (LOC441019), mRNA.

Homo sapiens olfactomedin 1 (OLFM1anscript variant 1, mRNA.

Homo sapiens metallothionein 1H (MT1HRNA.
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KCNMB4
SAA2

PI3
MT1F

DNER
CA2

HSD11B1
MMP13
CXCL5

LOC654103

LOC65377i
MT1B

COL10A1
S100A8
LBP
CCL20
ORM1
S100A¢
CRP

-2.29
-2.40
-2.40
-2.40

-2.44
2.4¢

-2.60
-2.63
-2.82

-2.85

-2.97
-3.15

-3.25
-3.8C
-3.93
-4.17
-4.43
-4.82
-8.97

Homo sapiens potassium large conductance calcitivaged channel, subfamily M,
beta member 4 (KCNMB4), mRNA.

Homo sapiens serum amyloid A2 (SAA2),MAR
Homo sapiens peptidase inhibitor 3, skarived (SKALP) (P13), mRNA.

Homo sapiens metallothionein 1F (MTIRRNA.
Homo sapiens delta-notch-like EGF repeat-contaitrmgsmembrane (DNER),
mMRNA.

Homo sapiens carbonic anhydrase Il (CA2), mk

Homo sapiens hydroxysteroid (11-beta) dehydrogebdbtSD11B1), transcript
variant 2, mRNA.

Homo sapiens matrix metallopeptidasécbBagenase 3) (MMP13), mRNA.
Homo sapiens chemokine-X-C motif) ligand 5 (CXCL5), mRN/

PREDICTED: Homo sapiens similar to solute carrganily 25, member 37
(LOC654103), mRNA.

PREDICTED: Homo sapiens similar to solute carrganily 25, member 37
(LOC653778), MRN/

Homo sapiens metallothionein 1B (MT1BRNA.
Homo sapiens collagen, type X, alpha 1(Schmid nigtsgal chondrodysplasia)
(COL10A1), mRNA.
Homo sapiens S100 calcium binding protein A8 (SI®0AMRNA

Homo sapiens lipopolysaccharide bindiraein (LBP), mRNA.

Homo sapiens chemokine (C-C motif)riy20 (CCL20), mRNA.

Homo sapiens orosomucoid 1 (ORM1), mRNA.
Homo sapiens S100 calcium binding protein A9 (caiglin B) (S100A9), mRN/
Homo sapiens C-reactive protein, pentreedated (CRP), mRNA.
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