Comparative therapeutic effects of mesenchymal stem cells versus
their conditioned media in alleviation of CCL4-induced liver

fibrosis in rats : Histological and biochemical study
Original

Article Sara M. Abdel Aal', Shaimaa A. Abdelrahman' and Nermin Raafat’

! Department of Histology and Cell Biology, *Department of Medical Biochemistry, Faculty of
Medicine, Zagazig University, Zagazig

ABSTRACT

Background: Viral hepatitis, drug abuse and metabolic diseases cause liver injury. Stem cell conditioned media (CM) alone
can offer organ repair as compared to stem cell therapy.

Objective: This study was designed to investigate role of bone marrow derived mesenchymal stem cells (BM-MSCs) CM in
comparison to BM-MSCs in amelioration of liver injury in carbon tetrachloride (CCl4) induced liver fibrosis

Materials and Methods: PKH26 -labeled MSCs were transplanted into one albino rats group with CCl4 induced liver fibrosis.
MSCs-CM was injected in another group. Hematoxylin and eosin staining, Masson trichrome for collagen, Periodic Acid Schiff
for glycogen, immunohistochemical and biochemical analysis were done to compare the morphological and functional liver
regeneration among groups. The expression differences of CYP7A1, CYP27A1, glutathione reductase, glutathione peroxidase,
albumin and interleukins were examined by real-time polymerase chain reaction (RT-PCR) and enzyme linked immunosorbent
assay (ELISA).

Results: MSCs and CM transplantation significantly increased antioxidant enzymes activity in injured liver. Also, gene
expression levels attenuated by CCl4, were increased up to basal levels. CCl4 group showed different degrees of pathology
with some severely affected lobules. MSCs group showed nearly normal organization apart from some dilated sinusoids and
vacuolated cells. MSCs-CM injection revealed almost normalized liver histological and immunohistochemical picture.
Conclusion: BM-MSCs conditioned medium is found to play a predominant therapeutic role in chronic liver fibrosis as

compared to BM-MSCs.
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INTRODUCTION

Livercirrhosis due to hepatitis B virus (HBV) or hepatitis
C virus (HCV) infection is very common worldwide,
especially in Egypt!!l. Schistosomiasis is another cause
of hepatic fibrosis and portal hypertension, contributing
to the death of over half a million people a year?. Liver
fibrosis is characterized by hepatic stellate cell (HSC)
proliferation and differentiation to myofibroblast-like cells,
which deposit extracellular matrix (ECM) and collagen.
Poynard et alB¥ stated that HSC-mediated pericental
fibrosis plays an important role in the development of
hepatic cirrhosis. Therefore, prevention of HSC activation
has been the most promising therapeutic strategy for this
diseasel™.

Liver transplantation has been considered the most
effective therapy for patients with advanced liver diseases.
Unfortunately, availability of donor livers is limited, over
10% of patients die while waiting for liver transplantation.
Among patients who received liver transplants, the survival

Personal non-commercial use only. JMH copyright © 2019. All rights reserved

rate has been 94% at 3 months, 88% at 1 year and 79%
at 3 yearst. In developing countries, the picture is
alarming, and yearly mortality rates have reached 49%"..

Mesenchymal stem cells (MSCs) are multipotent adult
stem cells which have emerged as an attractive candidate
for liver repair. They have been shown to form functional
hepatocytes in vitro® and have the ability to secrete
soluble factors stimulating endogenous parenchymal
cells to support tissue recovery”l. Besides treating
acutely damaged tissue, MSCs also have the potential to
reduce chronic fibrogenesis through the modulation of
inflammation, collagen deposition, and remodeling. The
role of MSCs in liver regeneration remains controversial.
Although several studies have suggested that MSC
transplantation can reduce liver fibrosis in animal models of
cirrhosis!’> & % 10.ad 1= gther studies failed to demonstrate
a beneficial role of MSCs in the repair process of
fibrogenesis!'> 131,

Carbon tetrachloride (CCl4) induced liver fibrosis
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represents a classical experimental model frequently used
to study hepatic fibrosis and most closely resemble that
of human liver cirrhosis!'® '3, CCl4 is bio-activated by
cytochrome-P4502EI to generate free radicals that trigger
a cascade of events resulting in hepatic fibrosis!'®,

MSCs are known to be selectively recruited to injured
tissue using comparable mechanisms of recruitment,
i.e. trans-endothelial migration directed by chemokine
gradient!'”). Various studies on stem cell-derived secreted
factors revealed that the secreted factors alone without
the stem cell itself may cause tissue repair in various
conditions that involved organ damage. The secreted
factors are referred to as secretome, microvesicles, or
exosome that can be found in the medium where the stem
cells are cultured, thus, the medium is called conditioned
medium (CM)!8,

In the present study, we studied the therapeutic effects
of MSCs in comparison to their culture medium alone
(MSC-CM, containing various MSC secreted soluble
factors) on chronic liver fibrosis in rats.

MATERIALS AND METHODS

Site of the study

This study was performed in the Department of
Histology and Cell Biology and Medical Biochemistry
department, Faculty of Medicine and Medical and
Scientific Research Center, Zagazig University, Egypt.

Animals

Thirty-two  adult healthy male albino rats
(14-18 weeks) weighing 180 - 200 grams were used in this
study. Rats were obtained from the breeding animal house
of the Scientific and Medical Research Center, Faculty of
Medicine, Zagazig University, Egypt. They were housed
in a temperature-controlled and light-controlled room
(12 h light/dark cycles) with free access to food and water.
All experimental procedures were performed according
to guidelines of the Institutional Animal Care and Use
Committee of the Faculty.

Induction of chronic liver fibrosis

To induce liver fibrosis, rats received 12 consecutive
subcutaneous injections (0.5 mL /kg body weight) of CCl4
dissolved in olive oil twice per week for 6 weeks. Injection
of olive oil alone served as a control (11).

Experimental protocol

The rats were divided into four groups, 8 animals in
each:

Group I (control): received 200ul of olive oil at time
of injection.

Group II (CCl4): injected subcutaneously with CCl4 as
mentioned.

Group III (MSCs): injected with CCl4 as in group 11
then 1x10° MSCs were infused into the tail vein six weeks
later.

Group IV (MSC-CM): injected with CCl4 as in group
IT then received 200ul MSC culture medium MSCs-CM
into tail vein twice per week for 3 consecutive weeks six
weeks after CCl4 injections.

Sampling

Three weeks after treatment, rats of all groups were
sacrificed with intraperitoneal injection of 25 mg/kg sodium
thiopental!*®l. Venous blood and liver tissue samples were
taken for biochemical and histological study, respectively.

Isolation and culture of BM-derived MSCs

According to Raafat et al. (2015), Bone marrow was
harvested by flushing the tibiae and femurs of 6-weeks-old
male albino rats with Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum.
Nucleated cells were isolated with a density gradient.
Cells were incubated at 37°C in 5% humidified CO2
for 12~14 days, until formation of large colonies (80~90%
confluence). The culture was washed with phosphate
buffered saline (PBS) and released with 0.25% trypsin in
ImL EDTA (5 min at 37°C). After centrifugation, the cells
were re-suspended with serum-supplemented medium.
Mononuclear cells were cultured in high-glucose DMEM
(GIBCO/BRL) with 2mmol/L. L-glutamine, 10% FBS
and 1% penicillin streptomycin-amphotericin B mixture
(GIBCO/BRL). Non-adherent cells were poured off.
When the cells reached 70-80% confluence at day 10
after incubation, cells were harvested with 0.25% trypsin—
EDTA (GIBCO/BRL) and reseeded 1 x 10° cells/well (11).

Characterization of BM-derived MSCs

MSCs at day 14 were characterized by their
adhesiveness and fusiform, star or spindle shape. By flow
cytometric evaluation, MSCs express CD105, CD73 and
CD29 on their cell surface and do not express CD34, CD45
or MHC-II.

Preparation of” MSC-CM

For the generation of MSC-CM, cells were allowed
to grow to 80-90% confluence (approximately 3x10°
MSCs per 55-cm? dish), washed thoroughly, and cultured
in 10 mL serum-free a-MEM. Conditioned medium was
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collected 24 hours later. Conditioned growth medium
was concentrated 25-fold through ultrafiltration units
(Millipore, Bedford, MA).

Labeling of stem cells with Paul Karl Horan 26
(PKH-26) (red fluorescence cell linker)

MSCs were harvested during the 3rd passage and were
labeled with PKH26 dyel®. Cells were centrifuged and
washed twice in serum free medium. Cells were pelleted
and suspended in dye solution.

Detection of homing of stem cells: liver tissue was
examined with a fluorescent microscope (Olympus
BXS50F4, No. 7M03285, Tokyo, Japan) to detect and trace
the cells stained with PKH26.

Biochemical analysis
Liver function assessment

Serum alanine transaminase (ALT), aspartate
transaminase (AST) and alkaline phosphatase (ALP)
activities and serum albumin level were determined using
kits provided by Elitech (France). They were determined
spectrophometrically!?!).

Hepatic oxidant-antioxidant markers assessment

Malondialdehyde level (MDA)®?, Reduced glutathione
(GSH)2!' and superoxide dismutase enzyme activity
(SOD)?Y were performed according to the respective
manufacturer‘s instructions (Biodiagnostic Tahreer St.,
Dokki, Giza, Egypt).

Enzyme linked immunosorbent assay (ELISA)

Serum in all rat groups was collected at
days 5, 10 and 15 post-transplantation and assayed for IL10
production with an IL10 enzyme linked immunosorbent
assay (ELISA) Quantitation kit (Invitrogen, United States)
according to the manufacturer’s recommendation.

Quantitative real time PCR analysis

RNA was extracted from the liver tissue in each
experimental rat using RNeasy Mini kit (Qiagen). RT
(reverse transcription) was done with RT kit (Promega).
Real-time PCR of target gene copy numbers in relation
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
transcripts was carried out using individual primers
mentioned in table 1. Gene expression levels were
quantified using a SYBR Green kit (Qiagen, Hilden,
Germany). Data were analyzed using MxPro QPCR
Software (Agilent technologies).

Histological and immunohistochemical study

(a) The liver from each animal was carefully dissected
and the specimens were immediately immersed in 10%

formol saline for 48h to be processed to prepare Spum-thick
paraffin sections and stained with hematoxylin and eosin
(H&E) to display the histological details, with Masson
trichrome (MT) to demonstrate the collagen fibers and with
periodic acid schiff (PAS) to demonstrate glycogen content
according to Bancroft and Gamble®*,

(b) The immunohistochemical staining of alpha
smooth muscle actin (a-SMA) was performed according
to Ramos-Vara er al.*®.. Liver tissue sections were stained
using antigen retrieval technique. The primary antibody
used was immunoglobulin G (IgG) type for detection of
a-SMA (Sigma Biochemical, St. Louis, Missouri, USA).
For negative control, the primary antibody was replaced
by PBS. This immunohistochemical technique was carried
out at the Department of Pathology, Faculty of Medicine,
Cairo University.

Quantitative morphometrical measurements

Sections stained with PAS, Masson trichrome and
immunohistochemical reaction were morphometrically
measured using Leica Qwin 500 Image Analyzer Computer
System (England) at Pathology Department, Faculty of
Dentistry, Cairo University. Area% of collagen fibers in
MT-stained sections and optical density of hepatocytes
glycogen and o-SMA immunoreaction were measured at
magnification of 400X. All parameters were measured for
randomly chosen five fields per section in total five sections
from 8 rats in each group.

Statistical analysis

The results for quantitative variables were expressed
as mean + standard deviation. Statistical significance was
determined by one-way analysis of variance for differences
between the means of different groups Differences
between groups were considered significant when P values
were <0.05. All statistical analyses were performed with
the use of SPSS, version 10 (SPSS Inc).

RESULTS

Biochemical Results

Characterization of cultured MSCs by flow cytometry

Flow cytometric analysis of cell surface markers on
gated cells showed positive surface expression of CD29
and CDI105 (PE labelled)?” while the majority of cells
showed negative expression of CD34 and CD45 (FITC
labelled)®). This surface marker expression patterns
corresponded to BM-MSC according to the International
Society of Cellular Therapy System (Fig. 1).

Liver function tests

In the present study, rats given CCl4 showed a highly
significant increased activities of serum ALT, AST,
and ALP (P<0.001) and albumin level as compared to
the control group (Table 2). In addition, there was a
significant decrease in serum levels of albumin (P<0.05).
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Normalization of serum level of ALT, AST, ALP activities
and serum albumin level were observed in the MSCs and
MSCs-CM groups when compared with the CCl4 group.
The levels of those parameters in these groups and the
control group were non-significantly different (Table 2).

Effect of MSCs and CM on markers of oxidative
stress in hepatic tissue

MDA was a highly significantly (P < 0.001) increased
in hepatic tissue of CCI4 injected rats as compared to other
rats. There was a highly significant (P < 0.001) decrease in
the levels of GSH and SOD in liver tissue as compared to
normal control group.

MSCs or CM treatment of CCl4 injected rats
showed a highly significant decrease (P < 0.001) in
MDA levels and a significant increase in GSH and
SOD (P < 0.05 and P < 0.01 respectively) as compared to
CCl4 induced liver fibrosis rats (Table 3)

IL10 level by ELISA

ELISA assay indicated that serum IL10 production
after injection of MSCs and their culture medium was
higher than CCl4 group (Fig.2a).

Comparison of gene expression analysis among
studied groups

RT-PCR analysis demonstrated that the expression
levels of the CYP7A1, CYP27A1, Gsr, Gpx! and albumin
genes expression in response to CCl4 treatment were
lower than those of MSCs and CM treated groups (Figs. 2b
and c). To further explore the effectiveness of intravenously-
injected MSC treatment MMP9 gene was found to be
highly expressed in MSCs and MSCs-CM groups whereas
TIMP1 expression was the lowest in MSCs-CM group
(Fig. 2c). Furthermore, cytokine expression was also
assayed to detect whether the immune response played a
crucial role in the differential treatment response among
the two experimental groups. PDGF, an important fibrosis
enhancer, was significantly highest in CCl4 group. TNFa
and TGFp were significantly lower in MSCs and MSCs-
CM groups than in CCl4 group and CM group had the
lowest expression. Interestingly, IL10 gene expression was
highly expressed in MSCs and CM groups (Fig. 2d).

Histological and immunohistochemical results

Characterization of MSCs in liver tissue by
fluorescent microscopy

Fluorescent microscope examination of liver sections
of stem cells-treated group III showed PKH26-labeled
stem cells appearing as bright dots which indicate homing
of MSCs in the liver tissue (Fig. 2e).

Haematoxylin & Eosin staining

H and E stained liver sections of control group showed
normal polygonal classic hepatic lobules with hepatocytes
radiating from the cenal vein, portal areas were seen at
the periphery of the lobules. Hepatocytes had vesicular

nuclei and acidophilic cytoplasm, some hepatocytes were
binucleated. Blood sinusoids could be seen in-between
hepatocytic cords. Sinusoids and central vein are lined with
flat endothelial cells (Fig. 3a and b). CCl4 treated group
showed severely affected lobules with different changes
in the form of detached endothelial lining of central vein,
cellular and fatty infiltration in-between hepatocytes and
congested blood sinusoids were also evident (Fig. 3¢). Other
sections of the same group showed that most hepatocytes
have vacuolated cytoplasm and dark nuclei but some cells
still have deep acidophilic cytoplasm, the portal vein was
congested and dilated with detached endothelial lining,
hepatic artery and bile duct could be seen (Fig. 3d). MSCs
treated group showed nearly normal organization of hepatic
lobules with dilated sinusoids, some cells were vacuolated
whereas others have deep acidophilic cytoplasm and some
cells were binucleated (Fig. 3¢). The portal area showed
dilated portal vein, fatty infiltration and cellular infiltration
were evident (Fig. 3f). MSC-CM treated group showed
normal organization of hepatic lobules, hepatocytes were
radiating from the central vein which was lined with intact
endothelium, portal areas were seen at the periphery of the
lobules, blood sinusoids were seen between normal shaped
hepatocytic cords and some binucleated cells could be seen
(Fig. 3g). : The higher magnification of some sections
showed normal shaped portal vein (PV), hepatic artery and
bile duct with mild cellular infiltration. Most hepatocytes
had acidophilic cytoplasm and vesicular nuclei with some
dilated sinusoids could be seen (Fig. 3h).

Periodic acid Schiff (PAS) staining

PAS stained sections of control group showed
strong positive reaction of glycogen granules in the
cytoplasm of hepatocytes (Fig. 4a). On the other hand,
weak positive reaction was observed in CCl4 treated
group (Fig. 4b). Positive PAS reaction was observed in
some hepatocytes of MSC-treated group (Fig. 4c) and
strong positive PAS reaction of glycogen granules in the
cytoplasm of hepatocytes of MSC-CM treated group were
found (Fig. 4d).

Masson Trichrome (MT) staining

MT stained sections of control group showed
few collagen fibers around central vein and portal
area (Figs. 5a and b), CCl4 treated group showed marked
increase in collagen deposition around central vein and
portal area (Figs. 5c and d) in addition to presence of
bridging fibrosis areas in some sections (Fig. 5¢). Moderate
amount of collagen was noticed in stem cells treated group
(Figs. 5f and g) and few collagen fibers were detected
around central vein and in portal area in MSC-CM treated
group (Figs. Sh and 1).

Immunohistochemistry

Immunohistochemistry of a-smooth muscle actin
(a-SMA) showed weak positive immunoreaction in the
wall of the central vein and in-between hepatocytes
in control group (Fig. 6a). Strong positive o-SMA
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immunoreaction in the wall of the central vein
and in-between the hepatocytes was found in CCl4
treated group (Fig. 6b). Moderate expression of o-SMA
immunoreaction was detected in the wall of the central
vein and in-between the hepatocytes in MSC treated
group (Fig. 6¢). MSC-CM treated group showed weak
immunoreaction of a-SMA (Fig. 6d).

Morphometrical and statistical results

Statistical analysis of the morphometrical results of
optical density of a-SMA and area % of collagen fibers
among the different studied groups using ANOVA test
showed a highly statistical significant difference as
the P value <0.001. Its highest mean was of the fibrosed
CCl4 group then MSCs group or MSC-CM group and

the lowest level that of the control rats. No significant
difference between the control rats and the treated MSCs
or MSC-CM was detected as regards the areca % of
both o -SMA and collagen fibers while there was highly
statistical significant difference between the treated MSCs
or MSC-CM and CCl4 group (Table 4).

Statistical analysis of the morphometrical results of
optical density of liver glycogen showed a highly statistical
significant difference as the P value <0.001. the lowest
mean was that of CCl4 group and the highest was of control
group. No significant difference between the control rats
and the treated MSCs or MSC-CM while highly statistical
significant difference observed between the treated MSCs
or MSC-CM and CCl4 group (Table 4).

Table 1: Primers sequence of GAPDH, microsomal cholesterol a-hydroxylase (CYP7A1), mitochondrial sterol 27-hydroxylase (CYP27A1),
glutathione reductase (Gsr), glutathione peroxidase (Gpx1), albumin, interleukin 10 (IL10), tumor necrosis factor alpha (TNFa), transforming
growth factor beta (TGFp), matrix metalloproteinase 9 (MMP9), tissue inhibitor of metalloproteinase (TIMP) and platelet derived growth

factor (PDGF).
Target Sequence
GAPDH F, 5'- ACCACAGTCCATGCCATCAC-3'
R, 5'- TCCACCACCCTGTTGCTGTA-3'
Cyp7Al F, 5- CACCATTCCTGCAA-CCTTTT -3'
R, 5'- GTACCGGCAGGTCATTCAGT -3'
Cyp27A1 F, 5'- ATGTGGCCAATC TTCTCTACC -3’
R, 5'- GGGAAGGAAAGTGACATAGAC -3’
Gsr F, 5'-“GAAGTCAACGGGAAGAAGTTCACTG-3'
R, 5'- CAATGTAACCGGCACCCACAATAAC -3'
Gpx1 F,5'-AGTTCGGACATCAGGAGAATGGCA-3'
R, 5'- TCACCATTCACCTCGCACTTCTCA -3'
Albumin F, 5'- GCAAACTGCAGGCTTGCTGTGATA-3'
R, 5'- AAGTCAGCAGCTATTGAGGGCAGA-3'
IL-10 F, 5'- CAGACCCACATGCTCCGAGA-3'
R, 5'- CAAGGCTTGGCAACCCAAGTA-3'
TNF-a F, 5'- AACTCGAGTGACAAGCCCGTAG-3'
R, 5'- GTACCACCAGTTGGTTGTCTTTGA-3'
TGF-B F, 5'- TGCGCCTGCAGAGATTCAAG-3'
R, 5'- AGGTAACGCCAGGAATTGTTGCTA-3'
MMP-9 F, 5'- AAATGTGGGTGTACACAGGC-3'
R, 5'- TTCACCCGGTTGTGGAAACT-3'
TIMP-1 F, 5- ATATTCTGTCTGGATCGGC-3'
R, 5'- GCTTCGTCACTCCTGTTT-3'
PDGF F, 5- GGCCTTCTTAAAGATTGGTTCT-3'

R, 5'- GCCTCATAGACCGCACCAAC-3'
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Table 2: Shows serum levels of ALT, AST, ALP, Albumin in the studied groups and not shows serum levels of ALT, AST, ALP, Albumin

and Bilirubin (total and direct)

Mean £SD ALT AST ALP Albumin
Groups U/L U/L U/L gm/dl
Control group 21.4+52 27.4+7.7 135.1+£3.6 41+0.2
(N=8)
CCl4 group 108.3+£6.2 176.3+£7.9 401.2+3.2 2.5+0.19
(N=8)
MSCs group 37.64+£3.2 33+1.9 141.2+£2.6 3.62+0.21
(N=8)
CM group 30.72+£2.3 41.4+£1.2 139.8£2.1 3.46+042
(N=8)
P1 0.00**HS 0.00**HS 0.00**HS 0.002*
P2 0.067 0.086 0.12 0.054
P3 0.065 0.083 0.16 0.028%*
P4 0.00**HS 0.00**HS 0.00**HS 0.00**HS
P5 0.00**HS 0.00**HS 0.00**HS 0.00**HS

P1: p value of T test comparing control group with CCL4 group, P2: p value of T test comparing control group with MSCs group, P3: p value
of T test comparing control group with CM group, P4: p value of T test comparing MSCs with CCl4 group, P5: p value of T test comparing
CM with CCl4 group, *: significant (p<0.05) and **HS: highly significant (»p<0.001).

Table 3: Oxidative stress markers in the studied rat groups

Studied Groups
Oxidative stress markers
Control CCL4 MSC CM P value
MDA P1:0.00%*
(nmol/gm tissue) 4924 +4.54 123.12+6.5 52.31+£3.45 53.25+1.95 P2:0.1
P3:0.07
GSH P1:0.00%*
(mg/gm tissue) 87.87+1.13 65.81+2.19 84.98+2.72 86.16+ 1.52 P2:0.07
P3:0.17
SOD P1:0.00%*
(U/gm tissue) 8.25+0.19 4.94+0.82 7.81+0.45 7.96+0.51 P2:0.07
P3:0.19

MDA, Malondialdehyde, GSH, reduced glutathione, SOD, superoxide dismutase. Data are presented as means+ SD. P1: p value of T test
comparing control group with CCl4 group, P2: p value of T test comparing control group with MSCs group, P3: p value of T test comparing
control group with CM group and **: highly significant
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Table 4: The optical density of hepatocytes glycogen and o -SMA and area % of collagen fibers and in different studied groups (Mean + SD).

Control Group CCL4 Group MSC Group MSCs-CM Group P value
Optical density of hepatocytes 65.1+1.1 32.2+3.2 59.2+1.3 60.1£2.3 0.00%**
glycogen
Optical density of a-SMA 5.2+1.2 62.142.6 11.3£0.6 9.25+0.5 0.00%*
Area % of collagen fibers 1+£0.2 6.5+1.4 2.3+£0.6 2.1£0.5 0.00%*
P value 0.05 0.01* 0.00%* 0.00%*

*Statistical significant difference (P < 0.05), **: highly significant

{ Cp34 CD45

1 A CD105 f CD29
. 0

Fig. 1: Flow cytometric analysis picture for characterization of BM-MSCs showing positive mean fluorescence intensity for mesenchymal
stem cell markers CD29, and CD105 (red) and negative for CD34 and CD45 (black) which are markers for hematopoietic stem cells.
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Fig. 2: a: serum interlukin 10 level (ng/dl) in all studied groups at 5, 10 and 15 days after transplantation. b: mRNA gene expression of
Cyp7al, Cyp27al and Albumin when normalized to GAPDH gene in group I (control), group II (CCl4), group III (BM-MSCs treated) and
group IV (CM). c: mRNA gene expression of MMP9, TIMP1, Gsr and Gpx1 when normalized to GAPDH gene in group I (control), group I1
(CCl4), group III (BM-MSCs treated) and group IV (CM). d: mRNA gene expression of IL-10, TNF-a, TGF-f and PDGF when normalized
to GAPDH gene in group I (control), group II (CCl4), group III (BM-MSCs treated) and group IV (CM). e: liver tissue of stem cells-treated
group III showing PKH26-labeled stem cells appearing as bright dots (arrows) (Fluorescent Microscope x 200, Scale Bar 50 um).
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Fig. 3: Haematoxylin and Eosin stained liver sections a: control group shows normal polygonal classic hepatic lobules, hepatocytes are
radiating from the central vein (cv), portal areas (P) are seen at the periphery of the lobules. b: the higher magnification shows hepatocytes
with vesicular nuclei and acidophilic cytoplasm (arrow), some hepatocytes are binucleated (arrow head). Blood sinusoids (S) are in-between
hepatocytic cords. Flat endothelial cells lining sinusoids (yellow arrow) and central vein (red arrow) are seen. CCL4 treated group shows
c: detached endothelial lining of central vein (red arrow), cellular infiltration (I), fatty infiltration in-between hepatocytes (F) and congested
blood sinusoids (arrow). d: other sections of the same group show most hepatocytes with vacuolated cytoplasm and dark nuclei (thick arrow)
others with deep acidophilic cytoplasm (thin arrow), the portal vein is congested and dilated with detached endothelial lining ( red arrow).
cellular infiltration (I) can be seen around portal vein, hepatic artery (A) and bile duct (D) can be seen. Stem cells treated group shows e:
nearly normal organization of hepatic lobules with dilated sinusoids (S), some cells are vacuolated (arrow), and others with deep acidophilic
cytoplasm (yellow arrow), and some cells are binucleated (arrow head). f: the portal area shows dilated portal vein (PV), fatty infiltration (F)
and cellular infiltration (I) are evident. MSC-CM treated group shows g: normal organization of hepatic lobules, hepatocytes are radiating
from the central vein (cv) which is lined with intact endothelium (red arrow), portal areas (P) are seen at the periphery of the lobules,
blood sinusoids (S) are seen between normal shaped hepatocytic cords, some binucleated cells can be seen (arrow head). h: The higher
magnification of some sections shows normal shaped portal vein (PV), hepatic artery (A) and bile duct (D) with mild cellular infiltration (I).
Most hepatocytes have acidophilic cytoplasm and vesicular nuclei (arrow), with some dilated sinusoids (S) can be seen.

(H&E: a x10; scale bar 50 um, b, h x 40; scale bar 30 um, c-g x 20; scale bar 50 um)
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Fig. 4: PAS stained sections showing a: strong positive reaction of glycogen granules in the cytoplasm of hepatocytes in control group

(arrows), b: weak positive reaction in group II (arrows), c: positive PAS reaction in some hepatocytes of group III (arrows) and d: strong
positive PAS reaction of glycogen granules in the cytoplasm of hepatocytes of group I'V(arrows)
(PAS, scale bar 30 um)

10
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Fig. 5: MT stained sections showing a and b: few collagen fibers around central vein (cv) and portal area (p) in control group (arrow),
¢ and d: marked increase in collagen deposition around central vein (cv) and portal area (p) and e: bridging fibrosis can also be seen CCL4
treated group. In fand g: moderate amount of collagen can be seen in stem cells treated group and h and i: show few collagen fibers around
central vein (cv) and in portal area (p) in MSC-CM treated group (scale bar 30pum except fig. 5e 50 um)

11
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Fig. 6: a-SMA immunoreactivity shows a: weak positive immunoreaction in the wall of the central vein (thin arrow) and in-between
the hepatocytes (thick arrow) in control group. b: strong positive 0-SMA immune-reaction in the wall of the central vein (thin arrow)
and in-between the hepatocytes (thick arrow) in CCL4 treated group. c: moderate expression of a-SMA immune-reaction in the wall
of the central vein (thin arrow) and in between the hepatocytes (thick arrow) in MSC-treated group while d: shows weak reaction in
MSC-CM treated group. (scale bar 30um)
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DISCUSSION

In our experimental study we used an animal model of
liver fibrosis using CCL4 as it is one of the most widely
used toxins for induction of liver fibrosis mirroring the
pattern of disease in humans according to Hernandez-Gea
and Freiedman®!. MSCs were administered by intravenous
route as it provides the most effective treatment to prevent
fibrosis in contrast to the intra-peritoneal and intra-hepatic
injections according to Zhao et al.?%. In the present study
we aimed to declare the therapeutic potential of MSCs
in comparison to MSCs-CM in liver fibrosis model
using CCLA4.

In the current study, non-significant changes were
noticed in ALT, AST, ALP and albumin levels in MSCs
and CM groups as compared to that in control group. It was
reported that transplanted MSCs could renovate the serum
albumin level and significantly suppressed transaminase
activity and liver fibrosis in the injured liver of rats!'®3!.

Lipid peroxidation and final cell death have been
reported as a major contributor to the loss of cell function
under oxidative $tress conditions®l. SOD is a major
antioxidant defense that protects tissues within the body
from oxidative Stress®¥. Moreover, SOD secreted by
MSCs decreases ROS in injured liver cells. We suggest
that MSCs may protect against CCL4-induced injury
by altering the oxidative microenvironment of the liver
at the site of engraftment. MSCs could secrete many
cytokines and growth factorsP*, which show anti-apoptotic
activity in hepatocytes and play an essential part in liver
regeneration 31,

Production of bile acids from cholesterol is principally
regulated by two key enzymes, namely microsomal
cholesterol a-hydroxylase (CYP7A1) and mitochondrial
sterol 27-hydroxylase (CYP27A1)E% which are improved
in MSCs and CM groups . These improvements were
referred to the repairing of the damaged hepatocytes and
resolution of fibrosis.

Histological and immunohistochemical observations
provided supportive evidence for those biochemical results
as light microscopic examination of MSCs group rats
revealed remarkable improvement of the liver structure.
Most of the hepatocytes appeared nearly similar to that
of the control rats with an acidophilic cytoplasm and
vesicular nuclei. Dilated portal vessels were observed and
in some areas they were congested, yet these changes were
moderate as compared to the fibrotic group.

Histological examination of CCL4 treated group
showed different forms of hepatic lobular affection in
the form of detached endothelial lining of central vein,
congested blood sinusoids and congested portal vein.
These findings were attributed to portal hypertension or

to the direct effect of CCL4 on the vascular endothelial
cells leading to release of endothelium relaxation factor—
nitric oxideP”. Another explanation was introduced by
Saadoun et alB¥ and Puche er alB! who attributed
sinusoidal dilatation to the activation of peri-sinusoidal
cells that have contractile properties.

Most hepatocytes showed vacuolated cytoplasm and
dark nuclei but some cells still have deep acidophilic
cytoplasm. It is strongly believed that all toxic effects of
CCLA4 are related to its biotransformation by CYP2E1 into
more destructive trichloromethylperoxy radical (CCI300)
in the presence of oxygenll. It is well known that a single
dose of CCL4 leads to the occurrence of centrizonal necrosis
and steatosis, while prolonged CCL4 administration leads
to liver fibrosis, cirrhosis, and hepatocellular carcinoma
(HCO)H1.

Cellular and fatty infiltration in-between hepatocytes
were also evident. This inflammatory reaction could be
related to oxidative stress that resulted in generation of
mediators such as IL-8 and cytokine-induced neutrophil
chemo attractant which attract the inflammatory cells into
microcirculation and then to the liver interstitium due to
destruction of the endothelial cells by the free radicals***!.
In response to inflammation, HpSCs are activated into
myofibroblasts and proliferated by the action of TGFb and
PDGEF respectively, that are secreted by macrophagest*++!.

Masson trichrome stained sections showed marked
increase in collagen deposition around central vein and
portal area. Liver fibrosis results from chronic injury to the
liver in conjunction with excessive deposition of collagen
and other components of the extracellular matrix (ECM),
which is a characteristic of most types of chronic liver
diseasest*®l. The generation of ROS has an important role
in the damage of the liver by enhancing the production
of pro-fibrogenic mediators and so initiating hepatic
fibrogenesis*!l.

Strong positive a-SMA immune-reaction was
observed in the wall of the central vein and in-between
the hepatocytes in CCL4 treated group. Cheung et al.l*”)
mentioned that, o -SMA is a marker for the activity of
hepatic stellate cells (HpSCs), which are the primary
cell type that mediate fibrogenesis. In response to
inflammation, HpSCs are activated into myofibroblasts and
proliferated by the action of TGFb and PDGF, respectively,
secreted by macrophages!*+],

H&E stained sections of Stem cells treated group showed
nearly normal organization of hepatic lobules with dilated
sinusoids, some cells showed vacuolations, and others with
deep acidophilic cytoplasm. Dilated portal vein, cellular
and fatty infiltrations were evident. Positive PAS reaction
was observed in some hepatocytes of MSC-treated group.
Moderate expression of a-SMA immunoreaction was also
detected in the wall of the central vein and in between
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the hepatocytes. Also, statistically significant increase
in optical density of hepatocyte glycogen and significant
decrease in optical density of a-SMA was observed in the
same group as compared to control in the present study.

These  findings were in  agreement  with
Abdel Aziz et al.®® who described reduction in fibrosis
and ALT level with albumin improvement in rats by
transplanting MSC. Baligar et al! mentioned that,
macrophages are considered master regulators in both
progression and resolution of liver fibrosis. MSCs mediate
a switch from pro-inflammatory M1-type macrophages to
anti-inflammatory M2-type macrophagest®”.

El-khayat et al.'l also reported that, MSCs have
anti fibrotic effect evidenced by the disappearance of
septal collagen deposition and diffuse and homogeneous
PAS gtaining for glycogen in their $tudy. Ries et al.5%
suggested that lysis of fibrotic tissue was accomplished
by MSCs-secreted MMP2 that promote the degradation of
ECM in liver cirrhosis. MMPs, especially MMP-9, have
the potential to reverse the fibrotic process by inhibiting
collagen deposition, transforming growth factor-f1
production, directly degrade the extracellular matrix and
lead to hepatic stellate cell apoptosis?!.

Thus, we assayed for mRNA expression differences of
some cytokines and interleukins that play an important role
in fibrosis progression. PDGF expression, that enhances
liver fibrosis via stimulation of hepatic stellate cells
expressing collagen and TIMP, was decreased in response
to stem cells or culture medium®.

TNFa and TGFp were expressed at significantly lower
levels in MSCs and CM groups. However, IL10 was
highest in those groups. These results demonstrate that IL10
expression may play a central role in mediating the greater
effects of intravenously injected MSCs in ameliorating
liver fibrosis. IL10 is a key player in the regulation of the
Thl-mediated immune response and homeostasis between
matrix metalloproteinase and the tissue inhibitors of the
MMP. IL10 is an inhibitor of many cytokines that stimulate
tissue fibrosis, such as IL6, TNFa and TGFf. In addition,
IL10 can suppress TIMP-1 expression and thereby relieve
MMP-1 to degrade liver collagen deposits. HSC apoptosis
can also be triggered by MSC-secreted nerve growth factor
(NGF) stimulationl*>36-57,

According to previous reports, an intravenous injection
of MSCs can beneficially modulate the host immune
response by increasing the release of prostaglandin E2
from the BM-derived MSCs acting on the EP2 and EP4
receptors of the macrophages and by stimulating the
production and release of IL105%),

On the other hand, Carvalho et al!' reported no
improvement of fibrosis following MSCs transplantation
in rats. It could be explained by its effect on macrophages

as, in fibrosis regression, the infiltrating macrophages
adopt fibrolytic phenotypes to secrete metalloproteinases
(MMP-9, 12, 13) for degradation of excess ECM
components. Meanwhile, MSC transplantation, suppressed
the recruitment of these macrophages in fibrotic liver,
resulting in an incomplete degradation of scar***°l. In
addition, MSC transplantation did not improve tissue level
MMP-9 and 13 gene expression in the study of Cawston
and Young!®. MSC infusion was found to accelerate
the progress of fibrosis via the conversion of MSCs into
fibrous scar-producing myofibroblasts®",

Another explanation according to Baligar et al.'! is
that, many factors such as vascular endothelial growth
factor, TGFb, PDGF, and IGF-1 are secreted by MSCs and
can protect hepatic stellate cells (HpSCs) from undergoing
apoptosis, induce myofibroblastic differentiation, and
proliferation. TGF-B1 has also been shown to affect
pathogenesis of idiopathic pulmonary fibrosis due to
fibroblast to myofibroblast differentiation and the Epithelial
To Mesenchymal Transition (EMT)6263),

MSC-CM treated group showed normal organization
of hepatic lobules, central vein was lined with intact
endothelium, blood sinusoids were seen between normal
shaped hepatocytic cords and some binucleated cells
could be seen. Our findings are in agreement with®! who
reported that intravenous bolus of MSC-CM during active
disease can reverse organ failure. They also observed
marked reduction in mononuclear leukocytic infiltration,
prevention of hepatocyte apoptosis and inhibition
of bile duct duplication after MSC-CM treatment.
Huang et al. 1% also found that MSC and MSC-CM infusion
similarly stimulated liver regeneration and suppressed
hepatocelluar death in mice with acute and chronic liver
failure.

According to Van Poll et al®! low-concentrations
of MSC-CM are sufficient to promote hepatocelluar
proliferation and inhibition of hepatocyte apoptosis.
Huang et al!® added that, MSC-CM includes small
amounts of inhibitory components, such as TNF-a and
TGF-B, whose negative effects at higher concentrations
offset the therapeutic effects of trophic factors.

It has been demonstrated that MSC-CM has direct anti-
apoptotic and pro-mitotic effects on cultured hepatocytes.
Furthermore, it inhibited death of hepatocytes and enhanced
the liver regeneration in vivo and improved survival in
rats after D-galactosamine-induced fulminant hepatic
failurel®!. Various cytokines were secreted by stem
cells into the CM. Such cytokines are grouped into
growth factors, pro-inflammatory and anti-inflammatory
cytokines!®”!,

In the present study, few collagen fibers were detected
around central vein and in portal area in MSC-CM treated
group together with weak immunoreaction of a-SMA.
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Samad et al®® proved that MSC-CM has anti-fibrotic
effects with the ability to modulate the fibroblast to
myofibroblast differentiation process. They added, MSC-
CM can inhibit TGF-B1 induced differentiation process
and also de-differentiate myofibroblasts. Furthermore
MSC have been shown to secrete FGF, PGE and PDGF.
Therefore it is possible that these growth factors were
evident within MSC-CM and responsible for the de-
differentiate effectst®.

In vitro experiments of Baligar et al.” showed that
MSCs-CM promotes apoptosis in HpSCs. Such apoptotic
effect may be due to the action of death ligands present in
the CM, which are potentially secreted by NK cells and
fibrolytic macrophages!™.

MSCs-CM has the advantage of mass production by
pharmaceutical companies!®”). Conditioned media are not
like stem cells that need a good manufacturing practice
(GMP) facility to be applied to patients!’". Unlike stem
cells, CM can be transported easily as drugs and does not
need cryopreservation. However, CM needs to be given
more frequently, as cytokines’ and growth factors’ half-
lives are mostly shorter7>7,

CONCLUSION

BM-MSCs conditioned medium shows a predominant
therapeutic role in experimentally-induced chronic liver
fibrosis as compared to BM-MSCs. This was evidenced
by improved morphological, immunohistochemical and
biochemical measures in the present study. Future studies
should be carried out to more delineate the mechanisms
underlying their action.

ABBREVIATION

Stem cell conditioned media (CM), Bone marrow
derived mesenchymal stem cells (BM-MSCs), Carbon
tetrachloride (CCL4), Real-time polymerase chain reaction
(RT-PCR), Enzyme linked immunosorbent assay (ELISA),
Hepatitis B virus (HBV), Hepatitis C virus (HCV),
Hepatic stellate cell (HSC), extracellular matrix (ECM),
Dulbecco's modified Eagle's medium (DMEM), Phosphate
buffered saline (PBS), Serum alanine transaminase (ALT),
Aspartate transaminase (AST), Alkaline phosphatase
(ALP), Malondialdehyde (MDA), Reduced glutathione
(GSH), Superoxide dismutase enzyme activity (SOD),
alpha smooth muscle actin (a-SMA), Immunoglobulin
G (IgG), Periodic acid Schiff (PAS), Masson Trichrome
(MT) staining, Trichloromethylperoxy radical (CCI1300),
Hepatocellular ~ carcinoma (HCC), Epithelial To
Mesenchymal Transition (EMT).
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