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‘The liver has always been an important symbol ironlt physiology. As the largest
organ, the one containing the most blood, it wagaeded as the darkest, least penetrable
part of man's innards. Thus it was considered tontain the secret of fate and was used
for fortune-telling. In Plato, and in later physialgy, the liver represented the darkest
passions, particularly the bloody, smoky ones ofatir, jealousy, and greed which drive

men to action. Thus the liver meant the impulsiveesehment to life itself *

James Hillman



Abstract

Abstract

Liver cirrhosis and/or liver malignancies have beeminated as the™Sleading cause of
death worldwide. The WHO reported, in 2006, thatr@llion people around the globe
suffer from some form or other of severe livereks. The ultimate fate of end-stage liver
disorders is hepatic dysfunction and eventuallyaorépilure. The only curative mode of
management for liver failure is liver transplargati which is subject to many limitations.
Novel alternatives, such as artificial and biofanitl support devices only aid in temporary
replacement of some liver function until an organavailable for transplantation. These
newer modalities also have drawbacks or remain rerpatal and still demand further
controlled trials to allow proof of concept andetgifbefore transferring them to the bedside.
Regenerative medicine and stem cell therapy hagntigc shown promise in the
management of various human diseases. Recent sepbrstem cell plasticity and its
multipotentiality has raised hopes of stem cellrdpg offering exciting therapeutic
possibilities for patients with chronic liver disea With the understanding that stem cells
might not just be about making orgamsvivq but also regenerating a patients own tissues;
a concept is now developing to use stem cells ¢attipatients with serious disease
conditions that are terminal or where conventiomaldes of treatment are insufficient.
There exists a choice of stem cells that have beorted to be capable of self-renewal and
differentiation to hepato-biliary cell lineages bat vitro andin vivo. Theseinclude: rodent
and human embryonic stem cells, bone marrow hagroetic stem cells, mesenchymal
stem cells, umbilical cord blood stem cells, fodtaér progenitor cell and adult liver
progenitor cells. It may, however, be argued thi#th @& global population of 6 billion people
and a global birth rate in access of 130 millionywEar, the products of birth ,umbilical cord
and cord blood, possibly provide the most readilgeasible and ethically sound alternative
source of stem cells. The differentiated stem cedls be potentially exploited for gene
therapy, cellular transplant, bio-artificial livassisted devices, drug toxicology testing and

use as am vitro model to understand the developmental biologyefliver.

In this study UCB-derived nucleated cells and uiodilcord-derived Mesenchymal stem
cells were exploited for liver differentiatioex vivo These cells were cultured on
extracellular matrix (ECM) protein-coated dished anserted into ECM incorporated
scaffold 3D culture systems. Stimulation with exoges mitogens and morphogens to
induce hepatic histogenesis was experimented. moffuorescence analysis revealed the

expression of markers specific for: hepatic sters qg€€K-19), hepatoblasts (AFP) and



mature hepatic and biliary epithelium markers idotg: albumin (ALB), and cytokeratin-
18 (CK-18) and cytokeratin-19 (CK-19) and cytokerat (CK-7) respectively. The
differentiated cells displayed several features hepatic cell kinetics and metabolic
activities, including glycogen synthesis, uptakelrafocyanine green dye and cytochrome
P450 activity.

These cells may prove to have potential in develppiellular therapy for various liver
disorders for which the current mode of therapy&lequate and also provide an adequate

in vitro model of parenchymal liver cells in toxicology andioartificial liver research.
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Introduction: Stem Cell Biology

The following section is a brief insight into thelogy of stem cells.
1 Introduction

1.1 Definition of stem cell

The concept of stem cell arose from pioneering istuaf Till and McCullogh on the
haematopoietic stem cell and those of Leblond cermsptogenesis and intestinal crypt
(Handbook of Stem Cells, volumel- Embryonic SterisCeanza 2004).

Stem cells can be defined as single cells thatclkal precursors of both more identical
stem cells and a defined set of differentiated enyg (Till and McCulloch 1961)
(Weissman, Anderson et al. 2001) (Smith 2001).

More explicitly, stem cells are capable of genagtaughter cells identical to their mother
(self-renewal) as well as produce progeny with mastricted potential (differentiated
cells) (Handbook of Stem Cells , Volume 1, embrgastem cells, Lanza 2004). This board
definition may be acceptable for embryonic and dbstem cells that do not remain in
existence for the life-time of an organism. Busthefinition proves inadequate in trying to
discriminate between transient adult progenitotsciat have a reduced capacity of self-
renewal and adult stem cells. Hence, it is impdrtahen describing adult stem cells to
further restrict this definition to cells that sednew through-out the life span of the
organism (van der Kooy and Weiss 2000) (Handboo&tefn Cells, volumel- Embryonic
Stem Cells, 2004).

Parameters that play a pivotal role in definingrshess’ include the following: self renewal

(replication capacity), clonality, and potency.

> Self renewal

Mostin vitro cultures of somatic cells demonstrate a finite bernof population doubling
(less than 80) prior to undergoing senescenceptication arrest, and this can be contrasted
to the seemingly unrestricted proliferation capaoitstem cells in culture (Hayflick 1973,
Hayflick 1974; Sherr and DePinho 2000). Therefdra,cell that can undergo more than
twice this number of population doublings (160)heiit tumour transformation may
possibly be regarded as ‘capable of extensivefpration’. (Handbook of Stem Cells,

Volume 1, embryonic stem cells, Lanza 2p04
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> Clonality

Stem cells are referred to as clonal entities:Isinglls that are capable of creating more
stem cells. This phenomenon is essential for @&fipitive characterisation of self-renewal,

potential and lineage (Weissman, Anderson et &1120
> Potency

Stem cells can be classified by the extent to whingy can differentiate into different cell
types, this is defined as potency. A lineage hamarclassification of stem cells based on

potency is as follows:

A. Totipotent stem cell - controversial and changing reea

Totipotent stem cells- are capable of differemigtinto any cell type in the body in addition
to the placenta which nourishes the embryo i.eh b@nbryonic and extra-embryonic
tissues. A fertilized egg (zygote) is by definititme only totipotent stem cell. Embryonic
stem (ES) cells which represent a model for ingesiton of the fundamental aspects of cell
stemness are therefore not exactly totipotent. &S are derived from the inner cell mass
(ICM) of the blastocyst and are equivalent to ICpMdripotent. Hence, they can generate
tissues of all three germ layers: ectoderm, meso@erd endoderm; but cannot produce the
extra-embryonic tissues (De Felici, Farini et aQ02). There is a substantial debate
surrounding this area and concepts of totipotemclyEsS cells are swiftly changing.

B. Pluripotent stem cell

Pluripotent stem cellsare descendants of the totipotent stem cells ofethbryo. These
cells can differentiate into any cell type, excdpt totipotent stem cells and extra-
embryonic membranes. A single pluripotent stemltadl the ability to give rise to tissues of
all three germ layers (endoderm, mesoderm and ectgdirom which all the cells of the
body arise. Embryonic stem cells (derived from meel mass), embryonic germ cells and
recently cord and cord blood-derived stem cells@Jdckin, Forraz et al. 2005; McGuckin,
Forraz et al. 2006) (Harris and Rogers 2007) aaengpes.

C. Multipotent stem cell

Oligopotent/multipotent stem cells- are descendaots pluripotent stem cells and

antecedents of specialized cells in particulaugss Adult stem cells are multipotent stem
cells with a more constraint differentiation potahénd capacity for self-renewal. Examples
include haematopoietic stem cells (HSCs) which gise to all the cells in the blood and
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neural stem cells which contribute to nerve celigufons) and neural support cells

(oligodendrocytes and astrocytes).

D. Unipotent stem cell

Unipotent/Progenitor cellshave a very limited differentiation potential andn produce
only one cell type. For example erythroid progemdells differentiate into red blood cells

only.

1.1.1 Source of stem cells

Stem cells may be sourced from the blastocyst m developing embryo prior to
implantation (embryonic stem cells) or derived frtme foetus (foetal stem cells) or, from
blood and tissues postnatally (‘adult’ stem cellsgch forming a unique component of the
revolution in stem cell research and theragWwsatt and Contreras 2005). Adult Stem Cells
(ADS) or somatic stem cells are immature cell gsoogpable of tissue repair, maintaining
tissue homeostasis and repair in a niche-specdidralled microenvironment (Heissig,
Ohki et al. 2005) (Li and Xie 2005). Although, AO%ve been characterized in many
tissues (including neural, muscular, hepatic andicaascular tissues), hematopoietic stem
cells remain the most characterized ADS populatath clinical evidence. General
experimental approaches and paradigms applicabélwdt or tissue-specific mammalian
stem cells have been defined in the haemopoiesitesy (Till and McCulloch 1961; Jones,
Wagner et al. 1990; Morrison, Wright et al. 1997%@alloch 2003).

ADS have more therapeutic potential than ES c&hgre are no current clinical treatments
based on ES cells, and there are in fact only fexdast published successes using animal
models. On the other had, ADS therapies are wédlbéshed and in clinical practice for
over 3 decades. The most commonly utilized souafeADS cell is the bone marrow,
although most tissues of the body harbour lineagéricted stem cells. Cord blood derived
stem cells enjoy a special niche between ES celsADS cells. ES cells are occasionally
considered to be totipotent, while ADS cells areren@stricted in their potential and more
likely to be multipotent. Cord blood-derived steralle have been characterized to be
pluripotent with ES cell-like properties (McGuckirorraz et al. 2005; McGuckin, Forraz et
al. 2006). These stem cells may safely be regaadedomparable to foetal stem cells, as

they are derived from foetal tissues (extra-embig/arembranes).
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Sources of Stem Cells

Human Development continuum

Single-cell  3-day 5-7 day B-week
Embryo Embrye  Embryo Embryn Infant
L
+ + # Teratocarcinoma
b Foetal Tissue Adult Stem cells  (9erm cell turmaur)
¥ : Stem cells Multipotent
Stem (ES) cells Embryonic Germ gy o S v
Totipotent (EG) cells 5 P
I:Eperllll’:)'ﬂrdlﬂ 9% Multipotent  Cord Bload stem cells  Embryonal Carcinoma
; Placental Stem cells  (EC) cells
Pluripatent Pluripatent Pluripotent
ar
hultipotent

Figure 1. Sources of stem cells. ES cell are derdvdrom the inner cell mass (ICM) of the
blastocyst and may be considered totipotent. Primalial germ cells are derived from
embryonic germ cells and are pluripotent. Foetal destems are derived from the developing
foetus and are pluripotent or multipotent. All stem cells derived after birth is defined as adult
stem cells (ADS). These cells have restricted pote and are usually multipotent. Cord blood-
derived stem cells occupy a niche between ES cellbADS. These have been characterized to
be pluripotent and exhibit some ES cell-like propeties. Adapted from
www.stemcellresearch.org/testimony/images/2004092@ptice.htm
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In this study umbilical cord blood was used astitbsguie source for primitive haematopoietic
stem cells and primitive progenitor cells. The daling section elaborates briefly on the
identification and characterization of these privaitcells in blood.

1.1.2 Characterization of haematopoietic stem cells

Haematopoietic stem cells (HSCs) resemble lymplscyih morphology. Examined
microscopically they are non-adherent and rounddid,cwith a rounded nucleus and low
cytoplasm-to-nucleus ration.

Figure 2. Differential interference contrast (DIC)image of haematopoietic stem cells by laser-
scanning confocal microscope. Haematopoietic stenells derived from cord blood (CB) and
bone marrow (BM). (A) Shows a low magnification piture of CB MNCs (x630). (B) Reveals
haemopoietic progenitor cells from CB at a medium ragnification (x630x6). (C) and (D) are
DIC images of haemopoietic progenitor cells from CBand BM respectively, at high
magnification (x630x8). Both BM and CB progenitor ells have typical "blast" morphology
with a discrete cytoplasm and a large nucleus. Intestingly, BM progenitor cells reveal
increased membrane activity with multiple protrusions, reflecting their physiological
interacting status in the marrow when compared to nrmally circulating CB progenitor cells.
Membrane contours represented in yellow (computer gnerated). White scale bar is equivalent
to 10 um. Adapted fromMcGuckin et al, 2003b.
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Since haematopoietic stem cells cannot be isokadeal pure population, it is not possible to
identify them microscopically. The above descripticc based on the morphological
characteristics of a heterogeneous population, lmthwhaematopoietic stem cells are a

component.

The frequency of HSCs in any tissue is extremaly. [Bhis quality coupled with the lack of
a single molecular marker that is expressed exalisby HSC has made purification and
characterization of these cells a highly challegggoal. After many exhaustive studies
researchers have been able to identify severalarmikhose expression is gained (or lost)
at different rates as primitive haematopoietic callfferentiate. It has been possible to
subdivide the functionally heterogeneous mixture cefls found in blood into more
homogenous subpopulations by targeting various auatibns of markers. In the absence
of reliable direct markers for HSCs, the betterteodor the their identification and
enumeration depends on functional long-term, ninddge,in vivo repopulation assays

(Wognum, Eaves et al. 2003).

1.1.2.1 Cell surface markers associated with the haematopstic system

The cluster of differentiation (cluster of desigoa} (CD) is a system of cell markers
commonly used to identify cells. This protocol alkcells to be defined based on what
molecules are present on their surface. CD molsecoéa act in numerous ways, often
acting as receptors or ligands (the molecule tbhavates a receptor) and associated with
cell signaling. Some CD proteins do not play a rwlecell signaling, but have other
functions, such as cell adhesion (Zola, Swart e2@D5; Zola, Swart et al. 2007). CD for
humans is numbered up to 350 most recently (a9092(HCDM, responsible for HLDA
workshop and CD molecules) (Human Cell DifferemiatMolecules Council (successor to
the HLDA Workshops) (http://www.hcdm.org/Molecul&@nmation/tabid/54/Default.aspx.
Retrieved 2009-06-Q1Cell populations are usually identified by usinga@nbination of

CD markers.

Terminal differentiation of haematopoietic stemfmoitor cells is associated with the
expression of a variety of surface markers. Thask lof expression of these lineage (lin)
markers, which in combination include all of the toya haematopoietic cell subtypes
(erythrocytes, T-cells, B-cells, natural killer lselmonocytes and granulocytes) can be used
to distinguish immature and immuno-naive cells fri more abundant differentiated cells
in blood. The selected cell population is commomdferred to as Lin(Linage negative)
cells. The following table highlights some of the more eoomly used CD antigens used in
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characterization of differentiated blood celis.vitro isolation of haematopoietic primitive
stem/progenitor cells involves identification andbsequent removal of these linage
committed cells leaving behind the enriched lineiaggative cell fraction.

Table 1. Table of human HSC CD cellular antigens.
(http://lwww.ebioscience.com/ebioscience/whatsnew/fidumanCD_Poster.pdf)

Antigen Other Names Molecular Structure Distribution ~ Function
Name Weight (MW)
CD2 T11, LFA-2, 50kD IgSF Thymocytes, CD58 ligand, adhesion, T
SRBC-R T, NK cell activation
CD3y, T3 IgSF T, thymocyte w/TCR, TCR surface
CD3s subset expression/signal
transduction
CD3e T3 20kD IgSF T, thymocyte w/TCR, TCR surface
subset expression/signal
transduction
CD4 T4 55kD IgSF Thymocyte  MHC class Il coreceptor,
subset, T HIV receptor, T cell
subset, differentiation/activatio-n
mono, mac
CD8a T8, Leu-2 32-34kD IgSF Thymocyte  MHC class | coreceptor,
subset, T receptor for some mutated
subset, NK  HIV-1, T-cell

differentiation/activatio-n

CD8b 32-34kD IgSF Thymocyte
subset, T
subset
CD11c P150, 95, 150kD Integrin DC, myeloid Binds CD54, fibrinogen
CR4, integrin family cells, NK, B, andiC3b
aX T subset
CD14 LPS-R 53-55kD GPI-linked Mono, mac, Receptor for LPS/LBP,
langerhans  LPS recognition
cells, graf?"
CD15 Lweis-x, Lex CHO Neutrophils, Adhesion
eosinophils,
mono
CD16a FcyRIIIA 50-65kD IgSF Neutrophils, Component of low affinity
mac, NK Fc receptor, phagocytosis
and ADCC
CD16b FcyRIIIB 48kD IgSF Neutrophils  Component of low affinity
Fc receptor, phagocytosis
and AADCC
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Antigen
Name

CD19

CD20

CD24

CD25

CD36

CD38

CD45

CD45RA

CD56

CD66b

Other Names Molecular
Weight (MW)
B4 95kD
B1, Bp35 33-37kD
BA-1 35-45kD
Tac, p55 55kD
GPIV 88kD
T10 45kD
LCA, T200, 180-240kD
B220
205-220kD
NCAM 175-185kD

CD67, CGM6 95-100kD

Structure

IgSF

TMASF

GPlI-linked

Type | TM

IgSF

Distribution

B, FDC

B, T subset

Thymocytes,
erythrocytes,
peripheral
lymph,
myeloid

-I—act Bac[
Lymph
progenitors

Platelets,
mono, mac,
endoth, early
erythrocytes

Variable
levels on
majority  of
haematopoiel
i-c cells, high
expression
on plasma
cells, B and
Tact

Haematopoie
t-ic cells,
multiple
isoforms
from
alternative
splicing

B, T subsel
(naive),
mono

NK, T
subset,
neurons,
some
granular
lymphocyte
leukemias,
myeloid
leukemias

large

IgSF, CEA Gran

family

Function

Complex w/CD21 and
CD81, BCR coreceptor, B
cell
activation/differentiatio-n

B cell activation

Binds P-selectin

IL-2Ra, W/IL-2Rf andy to
form high affinity complex

ECM receptor, adhesion,
phagocytosis

Ecto-ADP-ribosyl cyclise,
cell activation

Tyrosine phosphatise,
enhanced TCR and BCR
signals

Exon A isoform of CD45

Adhesion

Cell adhesion, neutrophils
activation
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Antigen Other Names Molecular Structure Distribution ~ Function
Name Weight (MW)
CD235a Glycophorin ~ 36kD Erythrocytes
A
HLA-DR APC, T¢ Presentation of peptides to

CD34 T lymphocytes
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Cell surface profile of human haematopoietic stemeadls (HSCs)

» CD34

The first identified marker to be recognized ommtive haematopoietic cells was CD34.
CD34 is still the most commonly used marker to wbtanriched populations of
haematopoietic stem/progenitor cells for both labmy based research and clinical
application (Wognum, Eaves et al. 2003). CD34 gressed on approximately 1-4% of the
nucleated cells in the normal human bone marrowraspsamples and <0.1% of the
nucleated cells in steady-state human peripheocaldo(Civin, Strauss et al. 1984