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ABSTRACT

Regenerative medicine using bone marrow cells 1s noteworthy therapy for the
improvement of patients with severe liver disease. Bone marrow stem cells can
participate to liver regeneration. However, conflicting results have been reported.
Twenty five, 12 week old albino-wistar male rats were randomly assigned
into five groups. In treatment groups CD133" cells in both differentiated and
non-differentiated form were transplanted in rat models of CCl,-induced chronic
liver dysfunction. All rats were killed 4 weeks after transplantation. Transplantation
of the differentiated and non differentiated hematopoietic stem cells into the blood
of rats significantly restored their serum albumin level. These effects were not seen
in CCl, rats. However, fibrotic liver lesions with severe inflammation were
decreased in CCl,-treated following hematopoietic stem cells transplantation.
Effective migration of transplanted hematopoietic stem cells was limited to
persistently mnjured hver in CCl,-treated rat, where they may be effective n
resolving inflammatory fibrotic lesions. These results suggest that differentiated
Hematopoietic stem cells are an effective cell source for liver regeneration.

Key words: Hematopoietic stem cells, CD133", chronic hepatitis, transplantation,
Carbon Tetrachloride

INTRODUCTION

Cirrhosis  demonstrates  the  definiive  common
pathological outcome for the majority of chromc liver
diseases. Most patients with cirrhosis die from one or more of
clinical complications such as ascites, hepatic encephalopathy
and hemorrhage (Bataller ef al., 2005). The majority of chronic
liver diseases are initiated by the infection of Hepatitis C
Virus (HCV) and Hepatitis B Virus (HBV) (Lai et al., 2003;
Poynard et al, 2003). Chronic hepatitis can develop into
hepatic cirrhosis (Poldervaart et al., 2009).

As  limited treatments for liver disease, liver
transplantation is the most effective therapy for the patients
with advanced liver diseases. However, transplantation has
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specific problems, such as a lack of donors, operative damage,
post-transplant rejection, high costs and a requirement for
immunosuppressive therapy. Over 10% of patients die while
waiting for liver transplantation. Among the patients who
received liver transplants, the survival rate has been 94% at
3 months, 88% at 1 year and 79% at 3 years (Friedman, 2008).
Thus, it 1s of great interest to search for an effective alternate
to treat this type of life-threatening disease. Recently,
regenerative medicine using stem cells-based cytotherapy has
shown as a benefit therapy with minimally invasive procedures
and with few complications for treating patients with severe
liver disease. Stem cells are defined as undifferentiated cells
from an embryo, fetus or an adult which have the potential to
generate, i1 vitro and in vive, various differentiated tissue cells
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(Caplan, 1991; Dominici et al., 2006, Pittenger ef al., 1999).
Several studies have shown that Bone Marrow (BM) derived
Hematopoietic Stem Cells (HSCs) such as CID133" have a high
degree of plasticity are an attractive cell source for liver
regeneration, due to the ease of obtaining bone marrow stem
cells compared to other tissue-specific stem cells. Many
reports have shown the capacity of bone marrow stromal cells
to differentiate into hepatocytes (Alison et al, 2000,
Korbling et al., 2002; Okamoto et al, 2002; Theise et al.,
2000).

The number of circulating CD 1337 IT3Cs expressing early
markers for hepatic differentiation increase subsequent
treatment with mobilizing factors such as Granulocyte-Colony
Stimulating Factor (G-CSF). This effect has led to speculation
about the existence of BM-derived hepatic-committed Stem
Cells (SCs) which could migrate from the peripheral blood
into the liver and contribute to its regeneration and repair
(Piscagha et al., 2003a, b; Ratajczak ef al., 2004).

To investigate the efficacy of HSCs treatment in
improving liver conditions CCl,-induced chronic liver
dysfunction rat were employed.

MATERIALS AND METHODS

Animals and experimental protocol: Adult male
albino-wistar rat weighing 200-250 g were obtained from the
animal center of Iran University in Tehran, Iran. All rats were
housed with food and water available ad libitum. The storage
room was maintained at constant temperature and humidity on
a 12 h dark and light. All procedures were carried out in
accordance with the National Institutes of Health Guide for
Care and Use of Laboratory Animals that authorized by Ethics
Committee of Semnan Medical University Semnan, Iran. Rats
were randomly divided into five groups (n = 5). Each group
were housed in a separate cages, the first group received olive
o1l (vehicle of CCl,) as a control. The second group received
1 cc kg ' (CCl,) repeatedly administered into the peritoneal
cavity, twice weekly, for 2 weeks, as (cirrhosis). The third
group received 1 cc kg' (CCl) repeatedly administered
into the peritoneal cavity, twice weekly, for 2 weeks,
with Dulbecco’s Modified FEagle Medium (DMEM)
(culture medium). The forth group received 1 ce kg ™' (CCl,)
repeatedly administered into the peritoneal cavity, twice
weekly, for 2 weeks, received CD133" HSCs that treated
(differentiated) with 20 pg mL ™' Hepatocytes Growth Factor
(HGF). The fifth group received 1 cc kg™ (CCl,) repeatedly
administered into the peritoneal cavity, twice weekly, for
2 weeks, received CDI133" HSCs without HGF treated
(undifferentiated). All rats were sacrificed 4 weeks after
transplantation.

CD133" BMSCs isolation and culture conditions: The
BMSCs were collected from tibias and femurs from rats under
anesthesia. The bone marrow cells were seeded onto a Hanks
Buffer Salt Solution (HBSS). The cell suspension was filtered
through a cell strainer {100 pm) to remove debris, Isolation of
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CDI133" BMSC using the CDI133* Cell Isolation Kit
{Milteny1 Biotec). The positively and negatively selected cell
fractions were assessed by Immunocytochemistry, using
PE-conjugated anti-CID133" antibody, following the previously
described  protocol (Zoceo et al., 2011) and then CD133"
cells cultured in Dulbecco’s modified FEagle Medium
(DMEM, Invitrogen), supplemented with Fetal Bovine Serum
(FBS, 10%), streptomycin (50 ug mL™") and amphotericin B
(2.5 ug mL™" in a 5% CO, incubator at 37°C. After 2 days,
non-adherent cells were removed with the medium and
adherent cells were used as the BMiSCs. The culture medium
was changed twice a week and cells in the second passage
were used for injection.

Twenty micrograms per milliliter HGF (Sigma-Aldrich)
and 10 nM dexamethasone (Sigma-Aldrich) were added to the
Medium in the priming culture to induce differentiation into
hepatocyte. As a control, bone marrow cells were also cultured
without HGF. During the cell culture with or without HGF,
each medium change eliminated the floating cells and allowed
the adherent cells to proliferate. The HSCs cultured for
2 weeks in the presence or absence of HGF were detached by
trypsin treatment from the plate and 210 cells were injected
via caudal vein in experimental groups. After 4 weeks the rats
were killed, blood and liver tissue samples were collected.

Histological analysis and immunohistochemistry: At
28 days after injection, rats were sacrificed and the right lobe
of liver tissues was removed for histological evaluation. The
liver samples were fixed with 4% buffered formalin, embedded
in paraffin and sectioned with a microtome (5-7 um thick).
Finally, the sections were subjected to Hematoxylin and Eosin
{(HE) and Masson Trichrome (MT) staining to determine the
extent of liver inflammation and fibrosis development. The
area of liver fibrosis was quantified with MT staining. Briefly
the fibrotic area was assessed at a magnification of 40 using
computer-assisted image analysis with Image J software. Ten
fields were randomly selected for each group. Sections were
subjected to immunoperoxidase biotin-avidin reaction in the
Labelled Streptavidin Biotin method (LSAB). Sections were
incubated at room temperature for 30 min with the following
antibodies: The CD133* rabbit polyclonal (dilution 1:100,
Bio care Medical, CA), alpha-fetoprotein {AFP) rabbit
polyclonal {dilution 1:200, Dako). Slides were counter stained
with hematoxylin. Negative controls were performed using
non-immunized rabbit or mouse serum and omitting the
primary antibodies.

Immunocytochemical staining differentiated cells to
hepatocyte: Cells were cultured in collagen-coated 6-well
plates (Nippon Becton Dickinson, Tokyo, Japan) and fixed
with 10% formaldehyde for 20 min. Cells were treated with
0.5% Triton X-100 for several minutes and then with blocking
solution for 1 h. The cells were incubated with primary
antibody, 1.e., rabbit IgG anti-rat albumin (Cappel, Durham,
NC, USA) diluted 1:200 with the blocking solution, for 1 h.
The cells were mixed with the secondary antibody, goat F (ab)
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antirabbit IgG (H and L)-Fluorescein (Leinco Technologies
Inc., St Louwis, MO, USA) diluted 1:100 with the blocking
solution and incubated for 2 h between each step, the
cells were washed three times for 5 min each with
Phosphate-buffered Saline (PBS). All steps were carried outat
room temperature.

Serum albumin level analysis: Under anesthesia, blood
specimens were collected by cardiac puncture. Serum albumin
levels after 2 weeks of cell infusion were analyzed by
using the Spotchem EZ SP-4430 dry chemical system
(Arkray, Kyoto, Japan) and assessed using routine laboratory
methods (Fuji  drychem, Fuji Photo film, Co., Ltd,
Kanagawa, Japan).

Statistical analysis: All statistical analyses was performed
using the SPSS program 11.5 for Windows (SPSS, Chicago,
IL, USA). Serum parameter data and fibrotic areas are
presented as MeantSD. Significant differences were
determined using the Student’s t-test with p<<0.05 considered
statistically significant.

RESULTS

The present study aims to demonstrate the differentiation
potential of HSCs CD133" into hepatocytes after in vitro
culture and in vivo engraftment into cirrhotic liver organ.

Characterization of CD133* BMSCs: The adherent cells
exhibited polymorphic and fibroblast-like morphology. The
cells were positive for Hematopoietic Stem Cells (HSCs)
specific markers CD133" (Fig. 1).

Morphological observations of the HSCs: Isolated CID133"
cells were cultured in the presence or absence of HGF for
2 weeks. Adherent cells started to proliferate on the 3rd day of

Fig. 1: Immunoflucrescent staining of rat HSCs. HSCs were
positive for the Bone Marrow Stem Cell (BMSC)
specific markers CDD133"
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culture and spindle-shaped cells with large and small clone
then extended to form projections, regardless of the presence
of HGT, at least for 8§ days of culture (Fig. 2a). Cells were
confluent in 2-3 week. When these cells were placed in a
medium containing HGF medium for 2 week, spindle-shaped
cells gradually transformed into hepatocytes-like round or
polygonal cells and the ratio of nucleoplasm decreased.
Adhesion ability weakened and was associated with a reduced
number of cells in the HGF group medium at the time of
medium change. In contrast, cells in the other groups
maintained the spindle phenotype of BMSCs (Fig. 2b). A
significant difference in cell growth between the HGF group
medium with the other groups was observed.

Immunofluorescent staining: Differentiated hepatocytes-like
round and polygonal cells were tested following HGF
induction by immunofluorescence staining. The fluorescence
was observed only in HGF-treated cells. Therefore, H3Cs
differentiated into hepatocyte-like cells in response to the
culture being primed with HGF. Inthe HGF group, we

Fig. 2(a-b): Rat BMSCs sub cultured and

({CD133"
induced 2 week (a) Without different conditions
and (b) Under HGF differentiate condition
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Fig. 3(a-b): Immunofluorescent staining. Expression of FITC labeled albumin in hepatocyte-like cells, (a) HGF group and
(b) Negative expression of FITC-labeled albumin {original magnification, 340)

Fibrotic area (%}

CCl, HGF HSC

Fig. 4{a-d): PhotomicrographsoflivertissueinCCl, rat stained Masson-trichrome (a) Fibrotic (blue) area induced by CCI, (b)
Decreased afterl13Cs (CD133")treatedwith IIGF transplantation, (¢)UntreatedlIGF and(d) Magnification; 20x
quantifiedanalysisoffibrosis in different groups and (d) All values are expressed as £SEM (*p<0.03)

found FITC-labeled albumin green fluorescence (Fig. 3a). The
non-induced cells in the untreated group displayed a negative
reaction (Fig. 3b).

Improvement in liver fibrosis after HSC (CD133")
infusion: Liver fibrosis was evaluated by Masson Trichrome
(MT). After 4 weeks, HSC (CID133") transplanted liver exactly
showed reduction of liver fibrosis compared to the group that
treated with CCl, alone and vehicle group. Quantitative
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analysis of liver fibrosis by image J software indicated that the
percent of fibrotic area of liver in HSC which treated with
HGF was significantly decreased as compared to other groups
{Fig. 4 a, d). Immunohistochemical analysis showed, CID133"
positive cells were mainly observed in the portal region

Fig. 5).

Improvement of albumin production by HSCs
transplantation: The normal level serum albumin inrat blood
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Fig. 5(a-b): Immunohistochemical staining of H3Cs injected inrat. (a) Magnification; 20<CD133" cells are shown by arrows in
portal region and (b) Liver after cell injection and the position of these cells
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Fig. 6: Recovery of serum albumin concentration in
CCl,-injured rats caused by the transplantation of
HSCs. Non-HGF-treated and HGF-treated HSCs were
transplanted. Values are Means+SEM of five different
amimals. Asterisk indicates a significant difference
from the values of rats that received a transplant with

CCl, (*p=<0.05)

was 4.8+0.8 g dL™!. As shown in Fig. 6, the albumin level
decreased to 2.840.8 g dL™' following the CCl, treatment.
Liver-injured rats did not completely recover normal
serum albumin levels following the transplantation of
non-HGF-treated HSCs (3.2+0.07 g dL.™"). In contrast, the
transplantation of HGF-treated HSCs into liver damaged
rats further improved the serum albumin compared to
non-HGF-treated HSCs (3.9+0.12 g dL.™"). Although, it is not
clear whether the transplanted HSCs differentiated into
hepatocytes that produced albumin, or whether CCl,-damaged
liver regenerated in response to the HGF-treated HSCs.

DISCUSSION

In this study CCl, induced liver fibrosis that was
ameliorated after transplantation of HSCs. It was believed that
adult BMSCs might contain cells capable of differentiating
into hepatocyte-like cells. Previous study (Wang et al., 2004)
has suggested the expression of hepatocyte like cells n
BMSCs after in vitro HGF induction. Research show that
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transplanted BMSCs could decrease collagen fibers and
distinctly reduce liver fibrosis through high expression of
matrix metalloproteinase (MMPs) and MMP-9 in particular.
The reason for the strong expression of MMP-9 is still
unknown (Sakaida et al., 2004). However, MMP-9 induction
in BMSCs caused the release of soluble Kit-ligand which
might be related to the transition of stem cells in the BMSC
population tothe proliferative niche (Heissig et al., 2005). The
BMSCsimprove liver fibrosis by expressing some factors such
as MMP-9 (Lee et al., 2004) or releasing differentiation factors
that differentiate and proliferate BMSCs in liver inflammation
induced by injection of CCl, (Sakaida et al, 2004). The
BMSCs secret some of growth factors such as HGF, Nerve
Growth Factor (NGF) and some cytokines have antiapoptotic
activity in the liver and have the important role in the
regeneration of the liver (Li ef al., 2002; Baram et al., 2001).
Activation of hepatic stellate cells cause more expression of
collagen lal that leads to liver fibrosis (Fang et al., 2004),
BMSCs reduce the activity of stellate cells in liver injury
{Trim et af., 2000). In this study, treated and untreated HSCs
with HGF were used. These cells can release or activate these
factors.

Effective migration of transplanted HSCs was limited to
the mnjured liver in CCl, group and reduction of liver {ibrosis
was observed only in CCl, treated with HSCs transplantation.
Therefore, HSCs might be particularly effective in resolving
inflammatory fibrotic lesions, as previously reported
(Kollet et al, 2003, Rabani et al., 2010, Zheng and Liang,
2008). It should be noted that differentiation of bone marrow
cells into hepatocytes has also been reported (Neo et al., 2009,
Petersen et al, 1999). Moreover, transplanted bone marrow
cells have been shown to restore biochemical function in
recipients with progressive hiver failure and hepatic cells
differentiated from bone marrow cells protect against or can
ameliorate and CCl,-induced fibrosis in recipient rats. In
this study, two kinds of HSCs differentiated into hepatocyte
and not differentiated into hepatocyte prior to transplantation
were used. Differentiated cells were more effective inreducing
liver fibrous than undifferentiated cells. Therefore, HSCs
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differentiation might be necessary prior to transplantation. In
conclusion, this study demonstrates that transplanted HSCs
migrate into liver regions exhibiting severe inflammation and
fibrosis. Liver fibrosis was significantly decreased in CCl, rat
thatreceived transplantation with HSCs. These results suggest
that HSCs have the potential to be an effective source of
inducers that support liver regeneration.

Transplanted HSCs have been observed to differentiate
into hepatocyte and subsequently into albumin-producing
hepatocytes, many reports have demonstrated improvements
in serum albumin following BMSCs transplantation therapy
(Terai et al., 2006).

Serum albumin was lower in the CCl, injury group but
was significantly higher in the HGF treatment group and the
HSCs without treatment group. The HGEF group was
significantly higher thanin HSCs Group. These results showed
that Transplanted HSCs have been observed to differentiate
into  hepatoblasts  and  subsequently nto functional
albumin-producing hepatocytes that cause improvement of
liver function. Many reports have demonstrated improvements
in serum albumin following BMSCs transplantation therapy
(Aziz et al., 2007, Terai et al., 2006).

CONCLUSION

This study demonstrates that transplanted HSCs migrate
into liver regions, substantially decrease in the inflammation
and fibrosis. Liver fibrosis was significantly decreased in CCl,
rat that receiwved transplantation with HSCs. These results
suggest that HSCs have the potential to be an effective source
of inducers that support liver regeneration.
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