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Abstract: End-stage liver disease is a worldwide cause of morbidity and mortality, which is associated with a consi-
derable economic burden. As the disease progresses, fibrosis will replace the hepatic architecture and compromise
liver functions. The regenerative approach for the injured liver can provide a hope for these patients; however, it is
still facing many challenges. In the current study, we aimed at (1) assessing hepatic regenerative capacity of mesen-
chymal stem cells, isolated from human umbilical cord blood (HMSCs), in a rat model of carbon-tetrachloride (CCL4)
induced liver fibrosis, (2) comparing the therapeutic effects with other cell populations derived from umbilical cord
blood and (3) evaluating the host response to the human-derived cells. Fifteen rats received either the whole mono-
nuclear cell fraction (HMNCs), CD34-ve subpopulation or HMSCs. A fourth group did not receive any treatment and
another group was left without induction of fibrosis as positive and negative controls. All groups that received cellu-
lar treatment showed homing of the human cells and improvement of the liver architecture and functional capacity.
The groups received CD34-ve cells and HMSCs had the most efficient improvement in liver functions, microscopic
regenerative markers and histological appearance while the least immune reaction was noted with HMSCs. HUCB-
MSCs showed significant immunemodulatory effect on rat immune cells. This study can provide a clue about a
simple and effective method for the management of fibrotic liver diseases.

Keywords: Mesenchymal stem cells, CD34-ve cells, hepatic regeneration, liver fibrosis, immune response, cell
therapy

Introduction ating normal hepatocytes to restore the func-

tional capability of the liver. Mesenchymal Stem
Chronic liver disease is a worldwide health Cells (MSCs) are characterized by their ability of
problem that affects patients with various eth- self-renewal, clonal expansion and multipoten-
nic backgrounds. While non-alcoholic fatty liver cy [4]. Generally, there are two approaches to

disease is a major cause, the alcoholic variant
is the second leading cause of chronic liver dis-
ease that ultimately ends with liver fibrosis [1].
The latter is currently considered as a serious
health problem that represents an enormous
challenge to health services, especially with
the absence of effective cure [2]. Liver fibrosis
is characterized by extensive deposition of
extracellular matrix (ECM) proteins by activated
myofibroblasts and the production of a fibrous
scar in the injured liver [3].

enhance the differentiation potential of MSC
into a particular lineage; (1) genetic manipula-
tion, in which lineage specific transcription fac-
tors can be overexpressed to induce lineage-
specific MSC differentiation; (2) micro-environ-
mental modification, where MSC are exposed to
different mixtures of growth factors, hormones
and extra-cellular matrix components to induce
their differentiation through the induction of
specific signaling cascades under the effect of
the so-called stem cell niche [5]. This second
Regenerative medicine represents a future approach is safer and more applicable for the
hope for patients with this condition by gener- future clinical use.
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With this background, hepatic regeneration is
considered as an attractive research goal that
would provide a chance of cure for millions of
patients with end-stage liver disease [6].
Unfortunately, there are many questions that
yet to be answered, including the best type of
cells that would be effective in regenerating the
normal architecture of the liver, the immuno-
logical acceptance by the body of the cells from
different donors, and the overall improvement
of the liver functions upon receiving the cells. In
this study, we aimed at answering some of
these questions by assessing the efficiency of
human umbilical cord derived cells and their
subpopulations on the regenerative capacity of
the liver in an animal model of liver fibrosis.

Materials and methods
Animals

A total of seventy-five adult albino rats weigh-
ing 150 £ 50 gm was included in the study.
Rats were purchased from the Ophthalmology
Research Institute (Giza, Egypt); and allowed
to acclimatize for seven days before starting
the experiment. Rats were kept on a standard
diet regimen. All experimental protocols were
approved by the Institutional Animal Care and
Use Committee at Suez Canal University. The
“Principles of laboratory animal care” were st-
rictly followed, as well as the related national
laws and regulations. At the end of the experi-
ments, animals were euthanized by inhalation
of an overdose of ether and the livers were
extracted and preserved in 10% buffered
formalin.

Isolation of human mono-nuclear cells
(HMNCs)

HUCB samples were collected after obtaining
an informed consent from apparently healthy,
non-smoker mothers who delivered full-term
babies following normal vaginal delivery at the
Obstetric Emergency Room of Suez Canal
University Hospital. MNCs were isolated using
Ficoll-Hypaque (Sigma-Aldrich) in order to iso-
late the buffy coat containing the low-density
MNCs [7].

Cell sorting

MSCS were sorted using magnetic activated
cell sorting technique (MACS). Briefly, the posi-
tive fraction for each marker was trapped in the

magnetic field as the specific antibody was
labelled with magnetic microbead (Miltenyi
Biotec). The negative fraction for CD34 of
MNCs was further sorted to isolate MSC by
selecting the subpopulation of CD105+ve,
CD45-ve cells, according to the manufacturer
instructions. Cells were cultured on tissue cul-
ture plastic in a-MEM (Sigma-Aldrich) with 10%
Fetal bovine serum (Sigma-Aldrich) and 1%
Penicillin-Streptomycin-Amphotericin B (Lonza),
and 1% Gentamicin Sulphate (Lonza).

Experimental design

Rats were randomly divided into the following
five groups, each contained 15 rats; a) negative
control group (CO-): age matched rats received
only normal saline as vehicle, b) positive control
group (CO+): Rats received CCI, (0.5 ml/kg 50%
CCl, dissolved in corn oil solution) one subcuta-
neous injection twice weekly for 8 weeks [8], ¢)
human mono-nuclear cells (HMNCs) Group:
Rats received CCl, for 8 weeks and then treat-
ed with HMNCs in a dose of 10° cells\rat, d)
CD34- stem cells group: Rats received CCl, for
8 weeks and then treated with HUCB CD34-
cells in a dose 108 cells\rat and e) human mes-
enchymal stem cells (HMSCs) Group: Rats
received CCl, for 8 weeks and then treated with
HMSCs in a dose 108 cells\rat .

The cells were introduced by intravenous injec-
tion in the tail vein. All groups were followed up
for 8 weeks after therapy, where 7 rats from
each group were sacrificed 6" week after ther-
apy (at 14" week), while the remaining 8 rats of
each group were sacrificed 8" week after ther-
apy (at 16" week). The timeline for the study
was shown in Figure 1.

Assessment of soluble hepatic markers

Blood samples were collected through retro-
orbital puncture. Serum was separated by cen-
trifugation at 3500 RPM for 15 Min. Serum
transaminases, ALT (Alanine transaminase),
AST (Aspartate aminotransferase), and GGT
(Gamma-glutamyltransferase), were quantified
using kinetic assays (Chema Diagnostica) while
serum albumin was assessed calorimetrically
(Human Gesellschaft). These markers were
evaluated at day zero, 6" week, 8" week (pre-
therapy), 14" week, and 16" week, according
to the manufacturer’s instructions.

Serum marker of liver fibrosis (Procollagen )
was evaluated at day zero and at 10" week
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Figure 1. The time sequelae of the study investigations.
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Figure 2. Comparison of ALT, AST, GGT & Alb pretherapy levels. All data ere
expressed as means * SE and were analyzed using one-way ANOVA and
Bonferroni post-hoc test. ALT, AST, GGT were increased with the time course
while Alb showed no difference. * in comparison to day zero at P < 0.05. $
in comparison to 6" week at P < 0.05 using Bonferroni test.

were evaluated by ANOVA, and
Bonferroni test. The signifi-
cance level was considered as
P value < 0.05.

after induction and at 6" and 8" week after
therapy using N-terminal procollagen propep-
tide Il (PIIINP) ELISA Kit, according to the Glory
Science Co., Ltd instructions.

Histopathological and immunohistochemical
examination

Fixed rat livers were processed and sectioned
at 5 uym. At least, two serial sections were
stained with hematoxylin and eosin (H&E) or
Masson Trichrome to assess the hepatic activ-
ity according to the METAVIR activity score [9].

For immunohistochemical studies (IHC), sec-
tions were stained with the following primary
antibodies at the dilution of 1:50; a) anti-human
albumin (R&D), b) anti-human cytokeratin19
(DAKO), ¢) antihuman human CD34 (Abcam), d)
anti-rat CD68 (Abcam), e) anti-rat CD8 (Abcam)
and anti-rat CD4 (Abcam).

Results
Assessment of liver function tests (LFTs)

Pre-therapy LFTs showed statistically signifi-
cant difference of ALT, AST & GGT levels at day
0, 6" week and 8" week among rats after
induction of liver fibrosis at day O (P < 0.0001,
< 0.0001 & 0.04 respectively). Serum albumin
showed no change over the time course as
shown in Figure 2.

Post-therapy LFTs showed significant improve-
ment of ALT, AST & GGT both at 14" week and
16™ week using one-way ANOVA. Bonferroni
test was used to found significant differences
between groups, as shown in Figure 3. Liver
enzymes were higher in liver fibrosis-induced
groups in comparison to the negative control.
All the treated groups showed significant reduc-
tion in ALT level in comparison to the positive
control at week 14 irrespective of the cell type.
However, there was no significant difference

Am J Stem Cells 2019;8(1):7-18



Mesenchymal stem cells and liver fibrosis

u/L
250 - 14th week LFTs

200
150 -
100 -|

50 -|

(L

Co- CO+ HMNCs HMSCs
CJAIT MWAST WGGT MALB

u/L
250 - . 16th week LFTs

200
150
100 *

50

Cco- CO+ HMNCs HMSCs
OALT MWAST WNGGT MALB

ek (216.6 + 25.6), with p-va-
lue of 0.07. Significant diffe-
rence of Procollagen Il levels
was found among all research
groups at 14" week (P =
0.0008). Also, there was a si-
gnificant difference of Proco-
llagen lll levels among all re-
search groups at 16" week
(P<0.0001). But, none of the
research groups showed si-
gnificant difference between
14" & 16™ week level of Pr-
ocollagen Il (Table 1).

Histopathological assessment
CD34-

Pretherapy histopathological
assessment showed signific-
ant difference in both activity
and fibrosis score (P = 0.007
& 0.03 respectively) accord-
ing to METAVIR SCORE, repr-
esented in Figure 4.

The METAVIR activity score
progress from AO at day zero,
to Al at 6" week, up to A2 at
* the 8" week of CCL, induction
of liver fibrosis with no thera-
py. Concerning the METAVIR
fibrosis score, it progresses
from FO at day zero, to F1 at
6" week, up to F2 & F3 (35%,
cD34- and 65% respectively) at the
8™ week of CCL, induction of

liver fibrosis with no therapy.

Figure 3. Comparison of ALT, AST, GGT & Alb. levels between different study

groups at 14" week (A), and 16" week (B). All data ere expressed as means
+ SE and were analyzed using one-way ANOVA and Bonferroni post-hoc test.
* in comparison to CO-ve group at P < 0.05. $ in comparison to CO+ve group

at P <0.05.

between the three treated groups. AST and
GGT levels show significant improvement in
comparison to the positive control at week 16
in all treated groups. Albumin level did not sig-
nificantly change across the groups in the two
studied time points.

Assessment of procollagen Ill serum level
Pretherapy levels of procollagen Il showed a

trend of increase following the induction of liver
fibrosis from day zero (165.1 + 38.5) to 8" we-

10

Significant improvement in
all therapy groups’ METAVIR
score was noticed both 14" &
16" weeks after therapy in
comparison to the 8" week
pretherapy level of METAVIR score, as shown in
Figure 5. Histopathological assessment of the
liver was done according to the METAVIR
Scoring System, in form of two scores (activity
score and fibrosis score), as shown in Figure 6.

Immunohistochemical assessment of homing
and differentiation

Three antibodies used to identify the homing of

transplanted human cells in rat liver, as seen in
Figure 7, included the vascular differentiation
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Although HMSCs was the
only group showing CD34 &
CK19 positive stains, it is the
lowest group showing posi-

Table 1. Comparison of procollagen Il levels in post therapy groups
at 14" week & 16" week

Groups Procollagen Ill (pg/ml) 14" week Procollagen Il (pg/ml) 16" week

Cco- 165.13 + 38.48 142.09 + 34.57 ow g pos
Cco+ 308.30 + 27.58° 370.89 + 35.27% tivity of Human Albumin stain
HMNCs 278.51 + 27.76 272.50 + 23.22% aTmep(?;edroaos C\Sﬁii;]vema&
CD34- 189.19 + 27.77* 221.44 + 3.30% ndicat %h P ¢ renowal 3;
HMSCs 168.49 + 14.20%° 208.55 + 11.53" naleare BE oo renena 9

Y ST Y injected HMSCs so it still
P value 0.0008" < 0.0001"

expresses the early marker
of differentiation (CK19), wh-
ile other groups undergo di-
fferentiation without self-re-
newal, so at 16" week the
fully differentiated cells are

Value expressed in mean + SE. *P < 0.05 (Significant) using one-way ANOVA. *P <
0.05 (Significant) using Bonferroni test in comparison to Co-. *P < 0.05 (Significant)
using Bonferroni test in comparison to Co+. °P < 0.05 (Significant) using Bonferroni
test in comparison to HMNCs.

g ibrosi the only remaining cells while
Activity Score 8 Fibrosis Score no intermediate differentiat-
100% fe ing cells, as shown in Table
. . e 3.
0% s
Day Zero  6th week  Sth week = o Immunohistochemical
Frorosis stage ) R
mA) mAT mA2 — o — assessment of immune
response

Figure 4. Bar chart showing pretherapy METAVIR SCORE in day zero, 6™ week

& 8" week (n = 5). In activity score; at day zero, all specimens were AO. At
6" week, all specimens were A1 while at 8" week, all specimens were A2. In
fibrosis score; at day zero, all specimens were FO. At 6" week, all specimens
were F1 while at 8" week, most of specimens were F3.

marker CD34, the differentiation marker of pre-
mature hepatocytes cytokeratin 19 and the
mature hepatocytes marker of human Albumin.

At 14" week of research (6 weeks post thera-
py), although no statistical significance was
found (P = 0.09), there was a trend of enhanced
homing with HMSCs as shown by CD34 positiv-
ity indicating higher vascular differentiation.
Both HMSCs and CD34-ve groups showed
degree of positivity in all of the used homing
human stains (CD34, CK19 & Albumin), indicat-
ing homing of injected human cells and differ-
ent degrees of differentiation. The HMNCs
showed 50% positivity in only CK19 stain. The
CD34-ve group was the best group showing
both CK19 stain & human albumin stain posi-
tivity indicating parenchymal differentiation &
functional maturation of injected human cells
(respectively), as shown in Table 2.

At 16™ week, significant difference between
groups in the positivity percentile of CK19 stain
was noticed (P = 0.027), where HMSCs group
showed significant difference in comparison to
the other research groups (P = 0.025).

11

Three markers were used to
assess the rat immune re-
sponse against the transp-
lanted human cells, as sh-
own in Figure 8, including
specific markers CD4 & CD8 and the non-spe-
cific marker CD68.

CD4 stain: Significant difference in proportion
of CD4 positive cells in both 14" week and 16%"
week was found between different research
groups (P = 0.003 & < 0.0001 respectively).
Although HMSCs group showed significant
decrease in its CD4 cells compared to CO+ve
group in both 14" & 16" weeks (P = 0.008), it
was significantly higher than both CO-ve &
HMNCs groups in both 14" (P = 0.014 & 0.003
respectively) & 16" weeks (P = 0.014 & 0.005
respectively). CD34-ve group simulates HMSCs
in showing significant decrease in its 16" week
proportion of CD4 positive cells compared to
CO+ve group (P = 0.014), but significantly hig-
her in it CD4 cells compared to both CO-ve &
HMNCs groups (P = 0.025 & 0.008 respectiv-
ely). No significant difference between 14" &
16" week CD4 cells between the research
groups, as shown in Table 4.

CDS8 stain: Significant difference in proportion
of CD8 positive cells in both 14" week and 16%"
week between different study groups (P =

Am J Stem Cells 2019;8(1):7-18
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Figure 5. Bar charts showing comparison of therapy groups METAVIR score to the pretherapy 8" week. A: Activity
score at 14" wk. B: Fibrosis score at 14" wk. C: Activity score at 16" wk. D: Fibrosis score at 16" wk. "P < 0.05
between HMNCs & 8™ wk. pretherapy. *P < 0.05 between CD34-ve & 8™ wk. pretherapy. *P < 0.05 between HMSCs
& 8" wk. pretherapy. Chi square test was used. Pretherapy (n = 5), 14" wk. post therapy (n = 7), and 16™ wk. post

therapy (n = 8).

0.032 & 0.007 respectively). At 14" week: HM-
NCs group showed significant increase in its
proportion of CD8 cells compared to both
CO+ve & CO-ve groups (P = 0.04). At 16" week:
HMSCs showed significant decrease in its pr-
oportion of CD8 cells compared to HMNCs
group (P =0.012).

HMSCs group showed significant decrease in
its 16" week proportion of CD8 cells compared
to its 14" week (P = 0.04), while the HMNCs
group showed significant increase in its 16"
week proportion of CD8 cells compared to its
14" week (P = 0.04), as shown in Table 5.

CD68 stain: Significant difference in proportion
of CD68 positive cells in both 14" week and
16" week between different research groups (P

12

=0.011 & < 0.0001 respectively). At 14" week:
CD34-ve group showed significant decrease in
its proportion of CD68 in comparison to CO-ve,
CO+ve & HMNCs groups (P = 0.028, 0.042 &
0.007 respectively).

At 16" week: CD34-ve group showed signifi-
cant decrease in its proportion of CD68 cells
compared to both CO+ve & HMSCs groups (P =
0.005 & 0.04 respectively).

No significant difference between 14" & 16"
week proportion of CD68 cells was noticed in
any of the research group, as shown in Table 6.

Discussion

Hepatic fibrosis is an ultimate outcome of vari-
ous liver diseases, which is associated with

Am J Stem Cells 2019;8(1):7-18
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Figure 6. Microscopic photos showing the histopathological assessment of
liver biopsies according to METAVIR Scoring System (x400). (A, C, E & G)
refer to the METAVIR activity score using H&E stain, where (A) AO, (C) A1, (E)
A2 & (G) A3. (B, D, F & H) refer to the METAVIR fibrosis score using masson
stain, where (B) FO, (D) F1, (F) F2 & (H) F3.

worldwide morbidity and mortality and causes
a huge economic burden for the health authori-
ties [10]. Regenerative medicine can represent
a hope for many refractory diseases and is an
important field of investigations [11]. Umbilical
cord blood is a very rich source of stem cells
that is accessible, easy to obtain and of multi-
potential differentiation ability [12]. As regen-
erative medicine provides a hope for the man-
agement of refractory diseases, we investigat-
ed the potential of stem cells for restoring the
liver parenchymatous histological and physio-
logical features.

13

The current study assessed
the effect of HMSCs, CD34-ve
and HMNCs in the hepatic
regenerative capacity of a rat
model of liver fibrosis. The
untreated groups were repre-
sented as normal matched
rats or negative control, and
liver fibrosis induced rats as
positive control).

The induction of liver fibrosis
using CCL4 was confirmed by
the occurrence of hepatocytes
and biliary epithelium necro-
sis which was reflected on the
elevation of serum transami-
nases. The absence of any sig-
nificant decrease of serum
albumin level confirmed the
induction of liver fibrosis rath-
er than decompensated liver
cirrhosis.

Liver regeneration was test-
ed both structurally and fu-
nctionally by the assessment
of histopathological METAVIR
activity score and LFTs (ALT,
AST, GGT and Albumin) resp-
ectively. Homing and differe-
ntiation of transplanted cells
were assessed by using IHC
human antibodies (CD34, CK-
19, and albumin). The infla-
mmation and fibrosis of liver
tissue were tested both ser-
ologically and histopatholo-
gically by the assessment of
serum level of procollagen Il
and METAVIR fibrosis score
respectively. The rat immune
responses against transplant-
ed human cells were studied using anti-rat
CD4, CD8 and CD68 IHC stains.

The overall results were that introducing the
rats with CD34-ve cells and HMSCs was associ-
ated with the best-obtained improvement in
the liver architecture and restoration of the
function. Administering HMNCs was associated
with the least improvement.

Both groups injected with HMSCs or the sub-
population CD 34-ve cells showed significant
functional improvement in LFTs in comparison

Am J Stem Cells 2019;8(1):7-18
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Figure 7. Microscopic photos showing positivity of homing stain in different
liver sections, paraffin, DAB, Hx, x400 IHC. A: Arrows refer to moderate Al-
bumin positivity. B: Arrows refer to mild CD34 positivity. C: Arrows refer to
moderate stained dispersed human CK 19 positive cells. D: Arrows refer to
moderate human CK 19 positively stained bile canaliculi lining cells.

Table 2. Comparison of positivity % of homing stains between
treated groups at 14" week

14" wk anti-hu-

14" wk anti-human 14" wk anti-human

Groups man CD34 stain CK19 stain Albumin stain

Neg % Pos % Neg % Pos % Neg % Pos %
HMNCs 100% 0% 50% 50% 100% 0%
CD34- 87.5%  12.5% 33.33% 66.67% 50% 50%
HMSCs 44.44% 55.56% 66.67% 33.33% 60% 40%
P value 0.091 0.441 0.49

Table 3. Comparison of positivity % of human homing stains be-
tween treated groups at 16" week

16" wk anti-human

16" wk anti-human 16" wk anti-human

Groups CD34 stain CK19 stain Albumin stain

Neg % Pos % Neg % Pos % Neg % Pos %
HMNCs 100% 0% 100% 0% 0% 100%
CD34- 100% 0% 100% 0%- 0% 100%
HMSCs 50% 50% 0% 100%°%© 50% 50%
P value 0.188 0.027" 0.137

“P value < 0.05 (significant) using chi square test. °P < 0.05 (Significant) using chi
square test in comparison to HMNCs. ©P < 0.05 (Significant) using chi square test
in comparison to CD34-ve.

and 164.5 £ 17.9 respectively
vs. 258.3 + 9.2), and GGT in
both 14" (58.5 + 3.1 and 50 +
7.4 respectively vs. 86 + 4.1)
and 16" weeks (258.3 + 9.2
and 45.5 + 2.8 respectively
vs. 92.1 + 16.3). The signifi-
cant improvement of LFTs
indicates that both HMSCs
and CD34-ve cells are able to
decrease not only hepatocy-
tes necrosis, showed by the
significant decrease of ser-
um transaminases ALT and
AST, but also by the decrea-
se in the biliary epithelium de-
struction as shown by the de-
crease of serum GGT. These
results are in agreement wi-
th the studies of other resea-
rchers [13-17]. Group 3 (HM-
NC) showed early transient im-
provement in the ALT serum
level at 14" week compared
to the group 2 (CO-) (99 + 10.4
vs. 161 + 16.5) indicating
transient decrease of hepat-
ocytes necrosis. Such effect
was not present in the 16%
week.

The improvement of LFTs in
the group treated with HMSC
was associated with a trend
of consistent improvement
in the METAVIR activity score
(P=0.08) from 14" to 16" we-
ek, which is in accordance wi-
th a lot of studies searching
the effect of HMSCs on liver
fibrosis models [13, 18, 19].

The histopathological exami-
nation of the positive control
liver biopsies showed a degr-
ee of regenerative hypersp-
lasia, which is a type of irr-
eversible cell injury, associa-
ted with absence of signifi-
cant fibrosis, and elevated se-
rum transaminases level [20].

to the positive control, as shown by ALT in 14
week (62 + 11.6 and 92.5 + 13.9 respectively
vs. 161 + 16.5), AST in 16" week (165 + 8.8

14

On the other hand, the histopathological im-
provement of the study groups received HMSCs
and CD34-ve subpopulation showed normal

Am J Stem Cells 2019;8(1):7-18
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Figure 8. Microscopic photos show-

. ing positivity of immune response
2 stains in different liver section IHC.
. A: Arrows refer to marked CD4 posi-

® ¢ % " tivity, frozen, DAB, Hx, x400. B: Ar-
" " ' ® rowsreferto marked CD8 positivity,
. frozen, DAB, Hx, x400. C: Arrows
refer to moderate CDG8 positivity,

BM-MSCs by PCR detection of
sex determination region in
the Y chromosome (sry gene)
in recipient female rats [7].
Zhou et al. concluded that
HMSCs showed homing with
hepatic and biliary differenti-
ation (proved by positivity of
hAFP, hHGF, and hCK 18 re-
spectively) in mouse liver [21].
Kim et al confirmed the ho-
ming of transplanted human
BM-MSCs in rat model of liver
fibrosis by positive expression
of human mitochondria spe-
cific antigen [22].

hepatocytes with no regenerative hypersplasia
and was associated with significantly decreased
serum transaminases level.

Beside the functional and histological improve-
ment, rats received HMSCs were the only group
that showed positivity in all used IHC homing
and differentiation markers (CD34, CK19 and
albumin) in both 14" and 16" weeks and the
best group showing human CD34 immuno-
staining. These results indicated higher ho-
ming, multipotential differentiation, vascular
and parenchymal with its subtypes biliary and
hepatic, and self-renewal (as the HMSCs gr-
oup was the only group that still express the
human CK19 at 16" week). CK19 is a marker of
intermediate hepatoblast, then disappears in
mature hepatocytes, while continue to be ex-
pressed in biliary epithelial lining. In the current
study, human CK19 was positive in treated
groups that appeared both as solitary positi-
ve cells within hepatic parenchyma, and as
positive lining of the bile canaliculi, indicating
presence of both intermediate hepatoblast,
and biliary epithelium respectively.

The groups received CD34-ve cells and HMNCs
expressed only human albumin, which is a
marker of mature functioning hepatocytes, at
16" week. This result could indicate that all
transplanted cells were fully differentiated at
this timepoint. These results confirmed that
HMSCs are capable of homing and multipotent
differentiation (vascular, hepatic and biliary) in
rat model of liver fibrosis, which is in accor-
dance with the results reported by Abdel Az-
iz et al. 2008 who confirmed homing of male

15

paraffin, DAB, Hx, x400.

The transplantation of HUCB
derived CD34-ve cells was as-
sociated with improvement of
LFTs and improvement in METAVIR activity
score compared to the 8" week pretherapy
score. Also, this group showed early homing
and multipotent differentiation at 14" week as
shown by all studied homing markers, especial-
ly CK19 and human albumin. However, this mul-
tipotential differentiation was short term, as
the homing and differentiation markers at 16"
week showed positivity of only human albumin,
indicating more preference toward hepatic pa-
renchymal differentiation and absence of self-
renewal of CD34-ve cells. The hepatic differe-
ntiation potential of CD34-ve cells was docum-
ented by Nonome et al. [23]. The positivity of
homing and differentiation markers may exp-
lain the improvement of LFTs, via increasing
regeneration rather than decreasing inflamm-
ation.

In accordance with the current study, Sato and
colleagues proved that MSCs isolated from
bone marrow were more potent in hepato-bili-
ary differentiation than CD34+ve and non-
MSCs CD34-ve cells based on IHC marker for
human-specific AFP, albumin, CK19, and CK18
in all studied types of cells [24].

Regarding HMNCs treated group, although the
brief improvement of in ALT was not associat-
ed with improvement in METAVIR activity sco-
re, it was associated with IHC positivity of hu-
man CK19 and human albumin stains (at 14"
& 16™ weeks respectively), which is mostly
attributed to the well documented small stem
cell fraction of MNCs. The latter represents
between 0.071% and 0.39% of the HUCBMNCs.
Also, Alvarez-Viejo et al. in 2013 reported that
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Table 4. Comparison of 14" week & 16" week proportion of CD4 cells in different research group
14" week Proportion of CD4 cells 16" week Proportion of CD4 cells

<1% 1% 2% 5% 10% 25% <1% 1% 2% 5% 10% 25%
Co-ve 100% 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 1
Co+ve 0% 0% 0% 100%°* 0% 0% 0% 0% 0% 100%* 0% 0% 1
HMNCs 75% 0% 0% 25% 0% 0% 100%* 0% 0% 0% 0% 0% 0.408
CD34- 25% 75% 0% 0% 0% 0% 0% 100%%#¢ 0% 0% 0% 0% 0.285
HMSCs 0% 100%%**® 0% 0% 0% 0% 0% 100%%#¢ 0% 0% 0% 0% 1

P value 0.003" < 0.0001"

“P < 0.05 (Significant) using chi square test. *P < 0.05 (Significant) using chi square test in comparison to Co-. *P < 0.05 (Sig-
nificant) using chi square test in comparison to Co+. °P < 0.05 (Significant) using chi square test in comparison to HMNCs.

P value

Groups

Table 5. Comparison of 14" week & 16" week proportion of CD8 cells in different research group
14" week Proportion of CD8 cells 16" week Proportion of CD8 cells
<1% 1% 2% 5% 10% 25% <1% 1% 2% 5% 10% 25%

Co-ve 100% 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 1
Co+ve 0% 100% 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 1
HMNCs 0% 0% 0% 100%%* 0% 0% 0% 0% 0% 0% 33% 67% 0.04"

Groups P value

CD34- 0% 20% 0% 40% 40% 0% 0% 66.6% 0% 333% 0% 0% 0.31
HMSCs 0% 20% 0% 60% 20% 0% 0% 87.5%° 0% 125%° 0% 0% 0.04"
P value 0.032" 0.007"

“P < 0.05 (Significant) using chi square test. *P < 0.05 (Significant) using chi square test in comparison to Co-. *P < 0.05 (Sig-
nificant) using chi square test in comparison to Co+. °P < 0.05 (Significant) using chi square test in comparison to HMNCs.

Table 6. Comparison of 14" week & 16" week proportion of CD68 cells in different research group
14" week Proportion of CD68 cells 16" week Proportion of CD68 cells

Groups P value
<1% 1% 2% 5% 10% 25% <1% 1% 2% 5% 10%  25%

Co-ve 0% 0% 50% 25% 25% 0% 0% 0% 50% 50% 0% 0% 0.513

Co+ve 0% 0% 0% 63.8% 18% 18% 0% 0% 0% 454% 36.4% 18% 0.607

HMNCs 0% 0% 0% 0% 0% 100% 0% 0% 0% 0% 100% 0% 0.157
CD34- 44%%*° 0% 0% 56%**° 0% 0% 100%* 0% 0% 0% 0% 0% 0.154
HMSCs 0% 0% 11% 56% 11% 22% 0% 0% 0% 33%° 17%® 50%° 0.58
P value 0.011" < 0.0001"

“P < 0.05 (Significant) using chi square test. *P < 0.05 (Significant) using chi square test in comparison to Co-. *P < 0.05 (Sig-
nificant) using chi square test in comparison to Co+. °P < 0.05 (Significant) using chi square test in comparison to HMNCs. °P <
0.05 (Significant) using chi square test in comparison to CD34-ve.

MSCs represent low highly variable percentage
of BM-MNCs (0.0017% to 0.0201%) [25].

The current study assessed the rat immune
response against xenotransplantation of hu-
man cells without immunosuppression. In gen-
eral, the group received HMSCs emphasized
the immune-modulatory, and hypo immunogen-
ic effect of HMSCs-based therapy, as evidenced
by significant decrease of the proportion of
positive CD4 T-helper cells compared to the
untreated group, both at 14" & 16" week. Also,
the proportions of both positive CD8 T cytotoxic
cells, and positive CD68 macrophages in HM-
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SCs group were not significantly different from
the untreated group, indicating that xenotrans-
plantation of HMSCs did not only prevent the
cytotoxic immune response, but also decreased
the proliferation of effector CD4 T-helper cells.
These results are in accordance with different
studies supporting the immune-modulatory
effect of HMSCs transplantation [18, 23, 26,
27].

The rat immune response against transplanted
CD34-ve cells was an important parameter,
which showed delayed decrease of the CD4+ve
T-cells proportion (at the 16" week), compared
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to untreated group, associated with non-signifi-
cant difference in the proportion of CD8+ve
T-cells from the control group. This delayed
decrease in CD4+ve T-cells, is mostly due to
the proportion of MSCs within the CD34-ve
population. Interestingly, the group received
CD34-ve cells showed decrease in the propor-
tion of CD68+ve macrophages in comparison
to the control group. This finding suggested
that CD34-ve cell population may selectively
modulate the naive (non-specific) immune
response, which, up to our best knowledge,
was not previously reported. Further purifica-
tion of the CD34-ve cell population with specific
surface markers, such as CD45-ve and
CD105+ve, may further enhance the immuno-
modulatory effect as MSCs treated group
showed early decrease of CD4+T helper cells at
14" week. CD34-ve cells treated group lacked
this significant effect on CD4+T helper cells.

However, the previous MSCs purification atten-
uates the immunomodulatory effect on non-
specific immunity, as proved by the significant
decrease of CD68+ve macrophages in CD34-
ve treated group compared to MSCs treated
group, which is mostly attributed to the effect
of one of cell subset which are non-MSCs in the
CD34-ve cells.

The short-term improvement of HMNCs treat-
ed group can also be explained by the fact that
the HMNCs contain various subpopulations
that can stimulate rat immune response. The
increase of CD8+ T cytotoxic cells and CD68+ve
macrophages proportion with HMNCs in com-
parison to the positive control could ind-
icate stimulation of both non-specific and sp-
ecific cellular rat immune responses, respe-
ctively.

However, the absence of significant increase of
proportion of CD4+ T helper cells at 14" week
is not well understood. One possible mecha-
nism could be the earlier stimulation of CD4+ T
helper cells, especially with the significant
decrease of CD4+ve T-helper cells proportion
by the 16™ week. This finding can be confirmed
in the future by earlier assessment of CD4+ T
helper cells at 10" & 12™" week (2 and 4 weeks
post therapy). These data were in accordance
with the studies of MSCs therapy for induced
liver fibrosis [4, 13, 14, 21, 22, 28, 29, 30].

Conclusion

All'the transplanted HUCB- derived cells (MNCS,
CD34-ve cells, and MSCs) showed a degree of
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improvement of CCL4 induced hepatic injury.
The best structural and functional improve-
ment was in CD34-ve and MSCs treated groups,
while HMNCs treated group showed transient
improvement. Both CD34-ve and MSCs treated
groups showed significant improvement of LFTs
in comparison to the positive control. MSCs
showed positive homing, multipotent differen-
tiation and self-renewal, while HMNCs and
CD34-ve treated groups showed less homing,
and differentiation with no self-renewal.

Disclosure of conflict of interest
None.

Address correspondence to: Sahar Mansour Gr-
eish, Physiology Department, Faculty of Medicine,
Suez Canal University, Egypt. Tel: +20 1065080508;
Fax: +20 64 320 9448; E-mail: sahar.greish@med.
suez.edu.eg

References

[1] Setiawan V, Stram D, Porcel J, Lu SC, Le
Marchand L and Noureddin M. Prevalence of
chronic liver disease and cirrhosis by underly-
ing cause in understudied ethnic groups: the
multiethnic cohort. Hepatology 2016; 64:
1969-1977.

[2] Rosenbloom J, Mendoza AF, lJimenez SA.
Strategies for anti-fibrotic therapies. Biochim
Biophys Acta 2013; 1832: 1088-103.

[3] Kisseleva T, Brenner DA. The phenotypic fate
and functional role for bone marrow-derived
stem cells in liver fibrosis. J Hepatol 2012; 56:
965-972.

[4] Abdel Aziz MT, Atta HM, Mahfouz S, Fouad HH,
Roshdy NK, Ahmed HH, Rashed LA, Sabry D,
Hassouna AA, Hasan NM. Therapeutic poten-
tial of bone marrow-derived mesenchymal
stem cells on experimental liver fibrosis. Clin
Biochem 2007; 40: 893-899.

[5] Abdallah BM and Kassem M. Human mesen-
chymal stem cells: from basic biology to clini-
cal applications. Gene Ther 2008; 15: 109-
116.

[6] Habeeb MA, Vishwakarma SK, Bardia A, Khan
AA. Hepatic stem cells: a viable approach for
the treatment of liver cirrhosis. World J Stem
Cells 2015; 7: 859-865.

[7]1 Jan RH, Wen SH, Shyr MH, Chiang BL. Impact
of maternal and neonatal factors on CD34+
cell count, total nucleated cells, and volume of
cord blood. Pediatr Transplant 2008; 12: 868-
73.

[8] Chang CY, Chen YL, Yang SC, Huang GC, Tsi D,
Huang CC, Chen JR, Li JS. Effect of schisandrin
B and sesamin mixture on CCl(4)-induced he-

Am J Stem Cells 2019;8(1):7-18


mailto:sahar.greish@med.suez.edu.eg
mailto:sahar.greish@med.suez.edu.eg

(9]

(10]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

18

Mesenchymal stem cells and liver fibrosis

patic oxidative stress in rats. Phytother Res
2009; 23: 251-6.

Bedossa P, Poynard T, The French METAVIR
Cooperative Study Group. An algorithm for
grading activity in chronic hepatitis C.
Hepatology 1996; 24: 289-293.

Stepanova M, De Avila L, Afendy M, Younossi |,
Pham H, Cable R, Younossi ZM. Direct and indi-
rect economic burden of chronic liver disease
in the United States. Clin Gastroenterol Hepatol
2016; 15: 759-766.

El-Serafi A, EI-Serafi |, Elmasry M, Steinvall I,
Sjoberg F. Skin regeneration in three dimen-
sions, current status, challenges and opportu-
nities. Differentiation 2017; 96: 26-29.

Maher S, Kolieb E, Sabik N, Abd-Elhalim D, EI-
Serafi A and EI-Wazir Y. Comparison of the os-
teogenic differentiation potential of mesenchy-
mal cells isolated from human bone marrow,
umbilical cord blood and placenta derived
stem cells. Beni-Suef University Journal of
Basic and Applied Sciences 2015; 4: 80-85.
Tsai PC, Fu TW, Chen YM, Ko TL, Chen TH, Shih
YH, Hung SC, Fu YS. The therapeutic potential
of human umbilical mesenchymal stem cells
from wharton’s jelly in the treatment of rat liver
fibrosis. Liver Transpl 2009; 15: 484-495.
Yongmin Y, Wenrong X, Hui Q, Yuan S, Wei Z,
Huiling C, Hongxing Z, Fei M. Mesenchymal
stem cells from human umbilical cords amelio-
rates mouse hepatic injury in vivo. Liver
International 2009; 29: 356-65.

Zhao W, Li JJ, Cao DY, Li X, Zhang LY, He Y, Yue
SQ, Wang DS, Dou KF. Intravenous injection of
mesenchymal stem cells is effective in treating
liver fibrosis. World J Gastroenterol 2012; 18:
1048-1058.

Jung KH, Shin HP, Lee S, Lim YJ, Hwang SH,
Han H, Park HK, Chung JH, Yim SV. Effect of
human umbilical cord blood-derived mesen-
chymal stem cells in a cirrhotic rat model. Liver
Int 2009; 29: 898-909.

Ismael K, Greish S, Eimomen E and EI-Wazir Y.
Effect of human umbilical cord blood stem
cells on hepatic regeneration and immune re-
sponse in liver fibrosis in rats. J Pharm Adv
2015; 5: 536-549.

Tingfen L, Yongmin Y, Bingying W, Hui Q, Xu Z,
Li S, Mei W, Ying Z, Wei Z, Wei L and Wenrong
X. Exosomes derived from human umbilical
cord mesenchymal stem cells alleviate liver fi-
brosis. Stem Cells Dev 2013; 22: 6.

Zhang H, Ming Y, Liu X, Zang C, Chi L, Li D.
Gene expression profile changes induced upon
umbilical cord mesenchymal cell infusion ther-
apy in a rat model of hepatic cirrhosis. Zhong-
hua Gan Zang Bing Za Zhi 2014; 22: 519-24.
Reshamwala PA, Kleiner DE, Heller T. Nodular
regenerative hyperplasia: not all nodules are
created equal. Hepatology 2006; 44: 7-14.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Zhou R, Li Z, He C, Li R, Xia H, Li C, Xiao J, Chen
ZY. Human umbilical cord mesenchymal stem
cells and derived hepatocyte-like cells exhibit
similar therapeutic effects on an acute liver
failure mouse model. PLoS One 2014; 9:
€104392.

Kim MD, Kim SS, Cha HY, Jang SH, Chang DY,
Kim W, Suh-Kim H, Lee JH. Therapeutic effect
of hepatocyte growth factor-secreting mesen-
chymal stem cells in a rat model of liver fibro-
sis. Exp Mol Med 2014; 46: e110.

Nonome K, Li XK, Takahara T, Kitazawa Y, Fu-
neshima N, Yata Y, Xue F, Kanayama M, Shinno
E, Kuwae C, Saito S, Watanabe A, Sugiyama T.
Human umbilical cord blood-derived cells dif-
ferentiate into hepatocyte-like cells in the Fas-
mediated liver injury model. Am J Physiol Gas-
trointest Liver Physiol 2005; 289: G1091-9.
Sato Y, Araki H, Kato J, Nakamura K, Kawano Y,
Kobune M, Sato T, Miyanishi K, Takayama T,
Takahashi M. Human mesenchymal stem cells
xenografted directly to rat liver are differenti-
ated into human hepatocytes without fusion.
Blood 2005; 106: 756-763.

Alvarez-Viejo M, Menendez-Menendez Y, Blan-
co-Gelaz MA, Ferrero-Gutierrez A, Fernandez-
Rodriguez MA, Gala J, Otero-Hernandez J.
Quantifying mesenchymal stem cells in the
mononuclear cell fraction of bone marrow
samples obtained for cell therapy. Transplant
Proc 2013; 45: 434-9.

Han Z, Jing Y, Zhang S, Liu Y, Shi Y and Wei L.
The role of immunosuppression of mesenchy-
mal stem cells in tissue repair and tumor
growth. Cell Biosci 2012; 2: 8.

Otto WR and Wright NA. Mesenchymal stem
cells: from experiment to clinic. Fibrogenesis
Tissue Repair 2011; 4: 20.

Oyagi S, Hirose M, Kojima M, Okuyama M,
Kawase M, Nakamura T, Ohgushi H, Yagi K.
Therapeutic effect of transplanting HGF-
treated bone marrow mesenchymal cells into
CCl4-injured rats. J Hepatol 2006; 44: 742-8.
Ren H, Zhao Q, Cheng T, Lu S, Chen Z, Meng L,
Zhu X, Yang S, Xing W, Xiao Y, Ren Q, Chi Y, Gu
D, Yang R, Han ZC. No contribution of umbilical
cord mesenchymal stromal cells to capillariza-
tion and venularization of hepatic sinusoids
accompanied by hepatic differentiation in car-
bon tetrachloride-induced mouseliver fibrosis.
Cytotherapy 2010; 12: 371-383.

Brooke G, Cook M, Blair C, Han R, Heazlewood
C, Jones B, Kambouris M, Kollar K, McTaggart
S, Pelekanos R, Rice A, Rossetti T, Atkinson K.
Therapeutic applications of mesenchymal stro-
mal cells. Semin Cell Dev Biol 2007; 18: 846-
858.

Am J Stem Cells 2019;8(1):7-18



