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Abstract

Adult stem cells represent the self-renewing progeni-
tors of numerous body tissues, and they are currently
classified according to their origin and differentiation
ability. In recent years, the research on stem cells has
expanded enormously and holds therapeutic promises
for many patients suffering from currently disabling
diseases. This paper focuses on the possible use of
stem cells in the two main clinical settings in gastro-
enterology, i.e., hepatic and intestinal diseases, which
have a strong impact on public health worldwide. De-
spite encouraging results obtained in both regenerative
medicine and immune-mediated conditions, further
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studies are needed to fully understand the biology of
stem cells and carefully assess their putative onco-
genic properties. Moreover, the research on stem cells
arouses fervent ethical, social and political debate. The
Italian Society of Gastroenterology sponsored a workshop
on stem cells held in Verona during the X VI Congress of
the Federation of Italian Societies of Digestive Diseases
(March 6-9, 2010). Here, we report on the issues dis-
cussed, including liver and intestinal diseases that may
benefit from stem cell therapy, the biology of hepatic
and intestinal tissue repair, and stem cell usage in clini-
cal trials.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In recent years stem cells (SCs) have become increas-
ingly important in all fields of modern medicine. Dif-
ferent types of SCs are eligible for cell therapy, such as
mesenchymal stem cells (MSCs), hematopoietic stem
cells (HSCs) and adult liver stem/progenitor cells (LPCs).
Although the clinical usefulness of the related lines of
research remains to be ascertained in human trials, there
is fascinating potential for growth in the use of SCs as a
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therapeutic option. It is now well known that adult SCs
are the self-renewing progenitors of numerous body
tissues, classified according to their origin and ability to
differentiate, and functionally responsible for the devel-
opment and regeneration of tissues and organs, includ-
ing the gastrointestinal tract and liver'. Embryonic stem
cells would probably be the best cells to use in clinical
research, but their use raises many ethical controversies,
therefore the researchers’ attention has shifted instead to
adult stem cells as a potential therapeutic tool.

SCs have recently gained great importance in gastro-
enterology and hepatology regarding both the pathogen-
esis and the treatment of liver diseases and inflammatory
or immune-mediated bowel diseases, two clinical fields
with a great impact for people worldwide.

But the other side of the presence of SCs in the gas-
trointestinal tract and liver needs to be carefully consid-
ered since the self-renewing properties characteristic of
SCs may sometimes give them a key role in the processes
of carcinogenesism.

Discussion on the therapeutic applications of SCs in
gastroenterology (and other fields) was first prompted
by a previously-published paperm. The Italian Society
of Gastroenterology (SIGE) consequently sponsored
a workshop on SCs in Verona during the Congress of
the Federation of Italian Societies of Digestive Diseases
(FISMAD) (March 6-9, 2010). The present paper reports
on the issues analyzed, ranging from which liver and
intestinal diseases may benefit from stem cell therapy to
the biology of liver and intestinal tissue repair, and stem
cell usage in clinical trials.

AUTOLOGOUS STEM CELLS IN THE
TISSUES REPAIR PROCESS

Regeneration

The liver and gastrointestinal epitheliums are known to
have great regenerative potential in response to injuries
and normal cell turnover'™”.

The intestine consists of rapidly-proliferating tissue,
in which cell turnover occurs every 2-7 d under normal
circumstances, and even more rapidly following tissue
damage®’. This rapid regenerative potential is possible
thanks to a consistent proliferation of progenitor cells
that occurs in crypts. Indeed, unlike most other mam-
malian tissues, the stem cells of the intestine are strictly
compartmentalized in crypts. Two hypotheses exist re-
garding the exact identity and localization of SCs. The
principal hypothesis, developed in the late 1950s and
expetimentally supported by Potten in the 1977", is the
so-called “+4 position model”. According to this theory,
SCs are found directly above the Paneth cells, in position
4 starting from the bottom of the crypt. From there,
the SCs move up and differentiate into Goblet cells, en-
terocytes and enteroendocrine cells, or they move down
to become Paneth cells”. The second, and more recent,
hypothesis is the “SCs zone model”, which is based on
the identification of the crypt base columnar (CBC) cells
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hidden between the Paneth cells™. In 2007, Berker and
colleagues demonstrated that CBC cells express a pecu-
liar marker, the Lgr5, a Wnt target gene that encodes an
orphan G protein-coupled receptor characterized by a
large leucine-rich extracellular domain and seven trans-
membrane domains'”. Using lineage tracing experiments,
they demonstrated that the Lgr5+ cells are multipotent,
giving rise to all the different intestinal epithelial cells
types, and are very long-lived. Similar observations were
made also in the colon, suggesting that the CBC Lrg5+
cells are authentic intestinal SCs!'"”. Consequently, Lgr5
can be identified as a definitive marker of crypt SCs!"™*,

Other than the resident intestinal SCs, recent stud-
ies have suggested that mesenchymal cells derived from
bone marrow (BM) have a crucial role in intestinal
repair and fibrosis'*"”. Studies conducted on both ex-
perimental animals and humans given sex-mismatched
BM-derived SCs (BM-SCs) transplants showed that a
population of myofibroblasts (MFs) derived from the
male donor populated the mucosa in the female host
intestine, and the sub-epithelial compartment in particu-
lar'"”. Given the importance of these MFs in orchestrat-
ing epithelial cell turnover and function, it may be that
they have a positive therapeutic effect on gastrointestinal
functions. Further studies demonstrated that donot-
derived cells were able to repopulate the host’s intestinal
epithelium with cells expressing all four lineage markers
(goblet cells, Paneth cells, enteroendocrine and entero-
cytes'™. The donor BM-SCs were also able to differenti-
ate into all the cell types needed for neo-angiogenesis (i.e.
pericytes, endothelial cells and vascular smooth muscle
cells), thus contributing to tissue repair. However, the
mechanisms by which SCs take effect in gut injury are
still under debate. Some researchers believe that BM-SCs
differentiate into intestinal SCs or progenitor epithelial
cells, while others have demonstrated that a fusion with
resident cells takes place. Protection against injury can
be achieved even in the absence of SC differentiation,
giving the impression that SCs aid native tissues via cell-
cell interaction or by releasing protective substances as
they transit through injured tissues'”.

In the liver, regeneration mainly involves mature he-
patocytes, highly differentiated cells with a long lifespan
that can re-enter the cell cycle and restore the liver mass
in response to parenchymal loss”™. If the hepatocytes’
replication is impaired, or experimentally inhibited, then
regeneration can be accomplished by the activation, ex-
pansion, and differentiation of LPCs putatively located
within the canals of Hering (CoH). LPCs are respon-
sible for the so-called “ductular reaction” in humans,
which corresponds to the oval cell (OC) response seen
in specific rodent models of liver injurym]. Numerous
studies have shown that both OCs and LPCs are highly
clonogenic and bipotent cells (capable of differentiating
into hepatocytes and cholangiocytes), and that they co-
express biliary and hepatocytic markers, as well as HSC-
associated antigens, such as CD34 and c-kit", LPCs are
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Figure 1 Hepatic cell populations with stemness potential and their loca-
tion within the liver. IBD: Inflammatory bowel diseases; CoH: Canal of Hering.

a heterogencous population with a variable stemness po-
tential and notable phenotypic discrepancies, depending
on the experimental conditions'”. Using a functional as-
say, Kuwahara ¢z a/”" found 4 possible hepatic cell popu-
lations with a stemness potential: (1) replicating hepato-
cytes at the parenchymal/stromal interface; (2) ductular
cells of the CoH; (3) cholangiocytes of the intralobular
bile ducts; and (4) periductal null cells (devoid of hepa-
tocytic and biliary markers). The asymmetrically-dividing
cells that populate these sites may represent some form
of lineage hierarchy within the LPC population: periductal
null cells might give rise to the cytokeratin-positive cells
of the CoH, which in turn could generate the intraductal
cells and periductal hepatocyte-like cells™ (Figure 1).

In some cases the LPC are supported in the regener-
ation process by stem cells mobilized from BM. Various
studies have in fact reported that stem cells from BM
can contribute to liver regeneration through their release
into the circulation, migration to the liver and differen-
tiation into hepatocytes. However, the extents to which
this occurs and the mechanisms involved remain highly
controversial issues!*”,

Estimates of liver repopulation by HSCs vary widely,
ranging from 0.01% to 40%"*Y, Petersen er /™ origi-
nally reported that BM-SCs transplanted into sublethally
irradiated rats repopulate the BM and then migrate to
the liver and “transdifferentiate” into hepatocytes by en-
tering the liver OC progenitor pathway. BM-SCs are be-
lieved to have the ability to expand clonally and to have
a bipotential capacity that enables them to differentiate
into both hepatocytes and bile duct epithelial cells”>*,
This mechanism was generally accepted until studies by
Wang ez al™ using lacZ marking showed that BM cells
did not enter the OC pool in wild-type mice treated with
DDC, nor did they contribute to liver repopulation by
OCs in mouse recipients. Dabeva ez al™ also showed
that BM cells transplanted into rats contributed less than
1% to the OCs expanded after inducing damage with
3 different methods: (1) 2-acetylaminofluorene/partial
hepatectomy (PH); (2) retrorsine/PH; or (3) D-galactos-
amine-induced liver injury. The debate is still open.
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Fibrosis

Fibrosis is the progressive accumulation in the tissues of
fibrillary extracellular matrix (ECM), but - for its patho-
physiological role to be fully understood - it should be
seen as a process of chronic wound healing taking place
in a tissue continually subjected to injury.

Intestinal fibrosis is a potentially severe complication of
inflammatory bowel diseases (IBD), such as Crohn’s disea-
se, and its pathophysiology is still unclear. The presum-
ably key events in the development of IBD-associated
fibrosis are the exposure of MFs to inflammatory me-
diators, and the subsequent production of ECM and
tissue remodeling[z()]. Intestinal fibrosis is characterized
by myofibroblast accumulation secondary to their local
proliferation, migration and recruitment from the BM.
Different studies have shown that BM-SCs frequently
engraft in the intestine and differentiate into MFs in the
lamina propria. In sitn hybridization was used to detect
Y-chromosomes in these cells and their myofibroblastic
phenotype was confirmed by their immunostaining posi-
tivity for alpha-smooth muscle actin (a-SMA) and nega-
tivity for desmin, the mouse macrophage marker F4/80,
and the hematopoietic precursor marker CD34. These
results were confirmed in mice as early as 1 wk after BM
transplantation, and were also seen 2 and 6 wk after cell
transplantation, indicating that transplanted BM cells are
capable of withstanding a sustained turnover of the MF
cells in the lamina propria™.

Intestinal MFs can also derive from alternative sourc-
es however, such as circulating fibrocytes and the process
of “epithelial-mesenchymal transition (EMT)”. Fibro-
cytes are BM-derived circulating mesenchymal progeni-
tors that co-express hematopoietic and mesenchymal cell
markers, and produce ECM components™”. In inflam-
matory processes, fibrocytes are released from the BM
and migrate to the sites affected where they differentiate
into epithelial, endothelial, neuronal and mesenchymal
cells™. In several systems, significant numbers of fibro-
blasts may be generated by the transformation of non-
mesenchymal into mesenchymal cells in a process termed
EMTH during which epithelial cells lose their expression
of E-cadherin and other components of epithelial cell
junctions and acquire a mesenchymal cell phenotypem.
This process has a role in the genesis of the fibroblasts
that contribute to fibrosis in adult tissues.

In the liver, fibrosis is a multicellular, integrated pro-
cess requiring a close cross-talk between hepatocytes,
cholangiocytes, and non-parenchymal cells (including
infiltrating inflammatory cells, Kupffer cells, hepatic stel-
late cells and sinusoidal endothelial cells)*”. Nearly all
forms of chronic liver disease can cause fibrosis, though
its rate of progression and likelihood of leading to cir-
rhosis differs in the various etiologies.

All forms of fibrogenesis develop in the context of
tissue damage, where hepatocytes and non-parenchymal
cells produce signals that target hepatic stellate cells and
other fibrogenic MFs, leading to the accumulation of
ECM. The generation of reactive oxygen species and
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non-oxidant products of oxidative stress exacerbates
the hepatocellular damage, promoting inflammation and
Kupffer cell activation. Oxidative stress also directly pro-
vides pro-fibrogenic stimuli to hepatic MFs*,

Hepatic stellate cell activation is considered the major
source of MFs in liver damage, but other ECM-produc-
ing cells contribute to liver fibrosis, including fibroblasts
and portal tract MFs, smooth muscle cells localized in
the vessel walls, and MFs located around the centrilobu-
lar vein'*. Recent studies have demonstrated, moreover,
that epithelial cells (both hepatocytes and bile duct epi-
thelial cells) have the ability to acquire myofibroblastic
features in the process of EMT, as in the intestine!™",
although the extent to which this process contributes to
the development of fibrosis remains controversial.

The role of BM-SCs in the pathogenesis of liver
fibrosis has recently been the object of considerable
interest. It is usually impossible to track the lineage of
cells in humans, although this was done in a study by
Forbes ¢z al*in a series of male patients with sex-mis-
matched liver transplants who subsequently developed
graft fibrosis, and in one female patient who developed
cirrhosis after receiving a BM transplant from a male.
The authors used Y chromosome tracking to identify
the origin of the cells participating in liver fibrosis. Sub-
stantial numbers of scar-associated MFs in fibrotic areas
were found to derive from BM. Using a mouse model of
liver fibrosis in which sex-mismatched BM transplants
were performed, the same group found clear evidence
of a BM contribution to the MFs in fibrotic scars[%], and
provided evidence that the BM contributes to both the
macrophage and stellate cells populations in the injured
liver™". By subfractionating the BM-SCs compartment,
it was demonstrated that, although HSCs contribute to
the inflammatory cell infiltrate, the BM-derived MF-
like cells originate from MSCs. Intriguingly BM-SCs are
widely distributed in the scar tissue in advanced fibrosis.
This suggests that, whatever the origin and topography
of the injury in chronic disease, BM-derived MFs gradu-
ally begin to replace local MF recruitment. Evidence of
a functional role of BM-derived MFs was provided by
transplanting BM from mice bearing a reporter trans-
gene for collagen, before inducing fibrosis, showing
that the recruited MFs transcribe this gene. Also, when
wild-type mice were transplanted with BM from a trans-
genic mouse that develops a characteristic liver scarring
pattern (because it expresses a form of collagen I not
susceptible to degradation by matrix metalloproteinases),
CCls administration induced liver scarring, with charac-
teristics similar to those seen in the BM donor mouse.
These data indicate that the transfer of genetically modi-
fied BM alters the phenotype of the liver fibrosis, mak-
ing it reflect the genotype of the BM donor rather than
that of the recipient mouse. The same study also pro-
vided conclusive evidence that recruited cells contribute
directly to fibrosis through the expression, synthesis, and
secretion of collagen[47].

Despite the available evidence for the contribution
of BM-SCs, the matter is still widely disputed. Indeed,
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a recent paper revealed an unexpectedly limited role of
BM-derived cells in collagen production in two mecha-
nistically distinct models of liver fibrosis™. Although
some of the BM-derived cells exhibited a mesenchymal
morphology resembling that of MFs, the number of
BM-derived a-SMA-positive cells was much smaller
than previously reported. More importantly, specific
and quantitative analyses of collagen type I alpha 2
promoter activation, using a combination of enhanced
green fluorescent protein and luciferase reporter genes,
clearly showed that BM-derived cells produce little, if
any, type 1 collagen during hepatic fibrogenesis.

STEM CELLS AS A THERAPEUTIC TOOL
FOR LIVER AND INTESTINAL DISEASES

Stem cell therapy in intestinal diseases

It is well recognized that inflammatory and immune-
mediated bowel diseases, such as Crohn’s disease and
celiac disease, are due to a dysregulation of the immune
response in genetically susceptible individuals. Both
these conditions have a strong impact on public health
due to their increasing prevalence and incidence in West-
ern populations.

Medical therapy for these disorders has improved
dramatically in the last decade with the introduction of
targeted biological therapies, the optimization of older
therapies and a better understanding of the mucosal im-
mune system and genetics involved in the pathogenesis
of IBD. Nevertheless, a considerable number of patients
remain refractory to therapy, or become unresponsive
to, or intolerant to therapym]. Unconventional strategies
have consequently been investigated, identifying the use
of SCs as an effective alternative approach to IBD.

The possibility that SCs might represent an effective
treatment in IBD and celiac disease initially emerged
from several case reports of remission being induced in
patients undergoing hematopoietic stem cell transplanta-
tion (HSCT) for concomitant hematological malignan-
cies. Theoretically, allogeneic HSCT' could be beneficial
by replacing the genetic predisposition to IBD, and
autologous HSCT might also offer the advantage of a
more intense immunosuppression than would otherwise
be given, thereby clearing the body of committed lym-
phocyte clones. On this basis, two phase [ clinical trials
were carried out on a total of 16 patients who underwent
autologous HSCT for refractory Crohn’s disease®™™".
The results were promising, with remission observed
in 14/16 patients, but the adverse effects were far from
negligible. As for celiac disease, autologous HSCT was
used in a phase | clinical trial to treat 7 patients suffering
from refractory celiac disease type II, prompting a signifi-
cant reduction in the number of aberrant T cells and an
improvement in both clinical and serological parameters
in 6/7 cases after a mean follow-up of 15.5 mo™. In
contrast, when 15 patients with enteropathy-associated T
cell lymphoma as a complication of celiac disease were
treated with autologous HSCT in three phase [ trials, 10

September 14, 2011 | Volume 17 | Issue 34 |



Burra P et a/. Stem cells in gastroenterology

patients died of progressive disease, indicating that the
HSCT afforded no benefit in prognostic terms’ .
MSCs can be isolated from various tissues, such as
BM, adipose or muscle tissue, fetal tissues and perivas-
cular tissue, and they can support hematopoiesis and

B9 and

differentiation towards adipogenic, osteogenic
myogenic lineages””. These cells are identified by their
expression of a particular panel of surface molecules,
e.g,, CD105, CD73, CDY0, and the absence of CD14,
CD34, CD45, and HLA-DR. They elicit no proliferative
response from alloreactive lymphocytes because of the
negligible levels of extracellular MHC class [ and II
determinants (though they are present intracellularly).
MSCs ate also endowed with important immunomodu-
latory functions in all the cells involved in both the in-
nate and adaptive immune responsesﬁsl. In vitro studies
have demonstrated that MSCs can inhibit or suppress
several T cell functions, such as proliferation after mito-
gen and antigen stimulation and inducing cell cycle ar-
rest, probably zia the release of chemokines, nitric oxide
and the enzyme indoleamine 2, 3-dioxygenase. MSCs
also do not preferentially target any T cell subset and
their inhibition can also extend to B cells, NK cells, and
dendritic cells. More precisely, dendritic cells cultured
in the presence of MSCs have an impaired T cell stimu-
latory activity in a mixed lymphocyte reaction, with a
shift from predominantly pro-inflammatory Thl to
anti-inflammatory Th2 cells, thus skewing the immune
response to T-cell tolerance. Combined, these results
support a role for MSCs in preventing rejection after
organ transplantation and in the treatment of immune-
mediated diseases.

A parallel series of ir vivo studies conducted on ani-
mal models of gastrointestinal injury (gastric and colonic
ulcers, and IBD), such as dextran sulfate sodium- and
trinitrobenzene sulfoxide-induced colitis, showed ben-
eficial effects of MSCs after both systemic infusion and
topical injection™ ", These studies showed that MSCs
preferentially homed onto areas of mucosal injury, pro-
moted tissue repair and neo-angiogenesis, reduced in-
flammation, and restored the immune cell balance.

To date, over 60 MSC clinical trials have been reg-
istered and/or are underway according to the website
(www.clinicaltrials.gov) in the fields of immune-mediated
and cardiovascular diseases, orthopedics, and organ
transplantation. As for gastrointestinal diseases, MSCs
were used in a single systemic infusion in an open-label
phase 2 trial testing Prochymal (ex #ivo cultured human
MSCs, Osiris Therapeutics) for the treatment of refrac-
tory Crohn’s disease. All 10 patients treated had a sta-
tistically significant, mean 105-point reduction in their
CDALI score by day 28, and there appeared to be a posi-
tive correlation between the dose of cells infused and
the clinical response, with patients on high doses achiev-

ing a better responsem

. The most impressive results,
however, emerged from a multicenter, phase II trial in
which patients with severe, acute GvHD refractory to

conventional therapies were treated with two MSC infu-
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sions, resulting in an overall survival rate of 53% two
years later'”.

Given the immunomodulatory function of MSCs
and their ability to home onto sites of tissue injury, the
Ciccocioppo group in Pavia demonstrated that BM-
derived MSCs from Crohn’s disease patients can be
isolated and expanded, and that this cell population ex-
hibits the same biological characteristics as those from
healthy controls. MSCs from Crohn’s disease patients
may therefore be considered for use in cell therapy in an
autologous setting,

In general, the convenient isolation procedure, the
lack of significant immunogenicity (which allow for allo-
geneic transplantation without using immunosuppressive
drugs), the absence of ethical controversies, the poten-
tial to differentiate into tissue-specific cell types with a
trophic activity, and their immunosuppressive and immu-
nomodulatory effects make MSCs particularly interesting
with a view to their potential uses in regenerative therapy
in many gastrointestinal diseases®.

Stem cell therapy in liver diseases

Liver disorders affect hundreds of millions of patients
worldwide. Liver failure can be defined as the inability of
the liver to perform its normal, physiological synthetic
and metabolic functions due to severe hepatic injury.
Classically, liver failure is divided into acute (ALF) and
chronic forms (CLF). ALF is characterized by the sud-
den onset of hyperbilirubinemia, hepatic encephalopa-
thy and coagulopathy with no underlying liver disease;
this remains a dramatic, unpredictable condition, with
high morbidity and mortality rates'”. CLF usually occurs
in the context of hepatic cirrhosis, which can be the re-
sult of many possible causes, including excessive alcohol
consumption, chronic hepatitis B or C, autoimmunity,
or metabolic disorders. The natural course of chronic
liver disease is often complicated by acute episodes of
potentially reversible decompensation, triggered by a
precipitating event, such as infection or upper gastroin-
testinal bleeding; this situation is frequently called acute-
on-chronic liver failure (AoCLF)"".

With the help of intensive care and artificial liver
support, a substantial proportion of ALF patients may
recover spontaneously, but orthotopic liver transplanta-
tion (OLT) is the only curative option for end-stage liver
diseases and remains the final resort of proven benefit
for ALF too, raising the one-year survival rate of ALF
patients from 50% to 75%"°". Organ shortage remains a
major limitation however, and alternative solutions are
being examined. Hepatocyte transplantation, or the use
of these cells in bioartificial livers™® have attracted at-
tention in the past three decades, but their exploitation
in clinical practice still poses considerable problems,
including the difficulty of obtaining hepatocytes and
particularly of maintaining their viability and differenti-
ated function when cultured 7z vitro. These issues have
been investigated with the aim of improving results™""
but the use of SCs and/or growth factors seems to be
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a more appealing and applicable solution for promoting
liver repairw’n’m.

The possible therapeutic value of BM-SCs was first
investigated by intraportally transplanting autologous
CD133" cells in patients with liver cancer undergoing
portal embolization prior to extensive liver resection
CR)™. A significant improvement in Child-Pugh score
and albumin levels was reported in 9 cirrhotic patients
given a portal vein infusion of unsorted autologous BM-
Scs'™, Improved liver function after LR was also recent-
ly documented in patients with cirrhosis and hepatocel-
lular carcinoma (HCC) after they underwent autologous
BM-SCs transplantation prior to surgery” .

Other clinical approaches rely on the administration of
G-CSF in combination with leukocyte apheresis and rein-
fusion of mobilized HSC. The feasibility, safety and BM-
SCs mobilization patterns following G-CSF treatment has
been assessed in patients with cirrhosis'”. Yannaki ez a/™
reported on the successful use of boost infusions of mo-
bilized CD34" cells after a standard G-CSF regimen in 2
patients. A significant biochemical and histopathological
improvement was achieved by infusing G-CSF-mobilized
CD34" HSCs in a patient with drug-induced ALF". In
a phase I clinical trial on 5 patients with AoCLE, admin-
istering G-CSF and then reinfusing the CD34" cells im-
proved liver function in more than 50% of cases during
a 60-d follow—up[go]. The same patients were then moni-
tored for up to 18 mo, during which time the procedure
was judged to be safe and the beneficial effects lasted
around 12 mo™". In 9 patients with alcohol-related cir-
thosis, the reinfusion of CD34" HSCs (collected after
G-CSF mobilization and expanded i vitro) was well toler-
ated and beneficial to liver function™. In another trial, 40
patients with HBV-related cirrhosis were randomized to
receive G-CSF alone or in combination with the reinfu-
sion of peripheral blood monocytes in the hepatic artery.
During a 6-mo follow-up, a significant biochemical and
clinical improvement was seen in both groupsmj. Finally,
G-CSF has been used alone to treat end-stage liver dis-
eases in a few small clinical trials: overall, the procedure
proved safe and was well tolerated, though these studies
were too small to draw any conclusions regarding patient
survival or treatment efficacy”***, Tt is worth noting,
however, that G-CSF administration was associated with
the induction of endogenous liver SCs proliferation with-
in 7 d in the largest randomized trial published to date,
conducted by Sphar ¢z a/*,

Most of the above-mentioned clinical trials have
their limitations, having been conducted on small groups
of patients, with no controls, and using outcome param-
cters that are easily biased, as mentioned elsewhere™™,
It seems likely that the main role for SC-based therapies
in hepatology will be as a bridge to transplantation, or
as a way to maintain patients who are not eligible for
OLT, using repeated infusions of SCs and/or growth
factors to stabilize their liver function. Some conceptual
and technical issues nonetheless continue to restrict the
diffusion of such treatments in clinical practicem’sﬂ and,
until these open questions have been propetly answered,
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SC-based therapies for liver diseases should be limited to
well-designed and adequately powered clinical trials.

THE DARK SIDE OF STEM CELLS: THE
CANCER STEM CELLS THEORY

The cellular origin of most solid tumors is largely un-
known, but different tumor subtypes seem to reflect
different origins at the time of cancer initiation. Cells
within the tumor population also often exhibit different

phenotypic and functional characteristics, which lend
[90]

heterogeneity to the tumor mass

At least two models have been proposed to account
for the heterogeneity and inherent differences in tumor-
generating capacity of SCs, including the cancer stem
cells (CSCs) and the clonal evolution models”"”. In the
CSCs model, based on a cell hierarchy within the tumor,
only a minority of tumor cells can generate a tumor,
based on their self-renewal properties and enormous pro-
liferative potential. The clonal evolution model, on the
other hand, postulates that genetic and epigenetic chang-
es can occur stochastically over time in individual cancer
cells, giving them a selective advantage in proliferating
and forming a tumor mass. These two models are not
mutually exclusive in cancers following a stem cell model,
because CSCs would be expected to evolve via the clonal
evolution of transformed SCs". The hypothesis that
stem cells could be targets of malignant transformation
has led to an awareness of the similarities between CSCs
and normal SCs, including their surface marker pheno-
type and molecular machinery relating to self-renewal and
differentiation. In the last ten years, evidence has been
accumulating to indicate that CSCs are not only involved
in the perpetuation of hematopoietic tumors, but also
play a part in various solid cancers, including those of the
breast, brain, prostate, colon, and liver.

Colorectal cancer is the second leading cause of
cancer-related death in the western world. A number
of studies have produced evidence of the existence of
colon CSCs and demonstrated that the tumorigenic cell
population of colorectal cancer can be isolated from its
expression of specific cell surface biomarkers. The exis-
tence of colon CSCs was first reported by the Dick and
De Maria research groupsm’m, each of which identified
a small population of cancer cells capable of initiat-
ing tumor growth in immunodeficient mice and stain-
ing positive for the marker CD133. This marker (also
known as prominin-1) was initially identified as a marker
of Drosophila neuroblasts””. Although it is expressed
on different types of stem cell and may play a part in
cell polarity, it has no known key role in stem cell func-
tion. CD133 is reportedly a potential marker of CSCs in
various tumors”®, but its role as a marker of colorectal
cancer was recently questioned by Shmelkov e7 al’”, who
showed that both CD133-positive and CD133-negative
metastatic colon cancer cells can initiate a tumor. For the
time being it is not clear whether all reported markers
really do mark CSCs or merely lead to their enrichment,
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and whether these markers are directly linked to stem
cell functions. So the search for the perfect CSC marker,
which could be useful as a therapeutic target, goes on.

The cellular origin of HCC has long been debated,
but whether it originates from mature hepatocytes or
stem/progenitor cells, or both, remain to be seen. It has
been suggested that intrahepatic stem cells can give rise
to human HCC and cholangiocarcinoma (CC)™, since
oval cell activation has been demonstrated in rodent
models of HCC and CC™'™. A role for intrahepatic
stem cells in carcinogenesis is also supported by a histo-
logical subtype of liver malignancy that displays features
of both HCC and CC (HC-CC), combined with the
presence of numerous liver progenitor cells""™""?.,

Putative CSCs have recently been isolated from both
cancer cell lines and primary HCC tissue using differ-
ent cell surface markers specific for normal stem cells
(Table 1). CD133 seems to play a crucial part in HCC
too. Cells positive for CD133 have been reported to
exhibit a greater tumorigenicity than the corresponding
CD133-negative cells in HCC cell lines" '™, Another
frequently-used CSCs marker for isolating liver CSCs is
EpCAM"™'". As mentioned eatlier, the classification of
HCC patients based on EpCAM expression has a prog-
nostic significance. In addition, the prospectively isolated
EpCAM cells exhibited an adult SC-like gene expression
profile. Given that the heterogeneity of human liver
cancer may be related to its CSC origin, hepatic CSCs
cannot be identified by the expression of a single marker.
A clear liver CSCs profile has yet to be established, and
Colombo et al” recently implemented a long-term cul-
ture system for isolating and characterizing human liver
CSCs. Different HCC cell lines and clones from single
HCC specimens were obtained, probably generated from
different clonogenic cells, some of which had SC-like
features. These HCC cell lines revealed a different mot-
phology, antigen profile, proliferative potential, and z»
vitro antitumor drug resistance. The progenies of clone-
initiating cells tend to reproduce the original population
over time, suggesting the existence of hierarchically
different cells and thus supporting the CSCs model.
On the other hand, other HCC cell lines, which showed
less aggressive features 7z vivo and were unable to gener-
ate different clones 7z vitro, seem to support the clonal
evolution model. Taken together, these preliminary data
appear to indicate that liver cancer heterogeneity can be
explained by a model incorporating both the cancer stem
cell hypothesis and clonal evolution mechanisms.

CONCLUSION

Stem cells may have the potential for replacing cells lost
as a result of many devastating diseases, such as acute

and chronic liver diseases and inflammatory or immune-
mediated bowel diseases. There is little doubt that this
potential benefit underpins the huge interest in stem
cell research. Nonetheless, despite encouraging results
obtained in regenerative medicine and the promise of
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Table 1 Immunophenotypes of putative hepatocellular carci-
noma stem cells reported in literature

Phenotype Ref.
EpCAM cells [106,108]
CD133" cells; CD133" /44" cells [03109]
CD133"/ALDH" cells [110]
AFP’/CD56"/c-Kit" cells 1]
CD90"/CD44" cells [112]
Side population 3]

future therapies, more studies are needed to thoroughly
understand the biology of stem cells, overcome barriers
related to immune response, and assess their oncogenic
properties. Moreover, some conceptual and technical
issues still restrict the diffusion of such treatments in
clinical practice. There is still no consensus on the best
methods to use for stem cell purification, the ideal route
of delivery, amount of cells to infuse, and timing of in-
fusions. Moreover, the risk of malignant transformation
and/or pro-fibrogenic effects of SC-based therapies can-
not be ruled out, and this imposes the need for a careful
evaluation and longer follow-up periods to ascertain the
safety and efficacy of SCs in therapeutic applications.
Finally, while stem cell experimentation is appealing to
researchers and medical specialists, it is also arousing fer-
vent ethical, social and political debate.

Adopting scientific methods based on randomized
and controlled trials should produce the necessary results
on the real therapeutic role of stem cells. Indeed, the lat-
est findings and ongoing technical improvements entitle
researchers to have high hopes for the near future. The
scientific researchers and physicians of today continue
to hope that the mythological idea of regeneration in
the story of Prometheus can be made real by developing
therapies to restore lost, damaged or aging cells and tis-
sues in the human body™. Much has been done, but there
is still a lot to do. The future is open and promising.
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