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ABSTRACT
The objective of our study was to assess the effect of human umbilical cord blood (HUCB) 
mesenchymal stem cells (MSCs) transplantation on schistosomal hepatic fibrosis in mice. The 
study animals were divided into three groups. Group I is a control group, where the mice were 
infected with Schistosoma mansoni cercariae and remained untreated. The mice of the other two 
groups were infected and treated with either praziquantel (Group II) or HUCB-MSCs (Group III). 
Liver function tests, as well as histopathological evaluation of liver fibrosis using hematoxylin and 
eosin and Masson's trichrome stains, were performed. Additionally, an immunohistochemical 
study was carried out using anti-glial fibrillary acidic protein (GFAP) in hepatic stellate cells. 
Compared to the control group, the treated (praziquantel and MSCs) groups showed a substan-
tial improvement, with a significant difference regarding the histopathological evaluation of liver 
fibrosis in the MSCs-treated group. In conclusion, MSCs could be a promising and efficient cell 
therapy for liver fibrosis.
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Introduction

Liver fibrosis is considered a serious public health pro-
blem. It represents an initial distortion of the hepatic 
architecture with an extensive accumulation of col-
lagen and extracellular matrix proteins. Possible 
mechanisms include hepatocyte ischemia, apoptosis 
with inflammatory cell recruitment, endothelial cell 
dysfunction, and finally, activation of hepatic stellate 
cells, which are the effector cells involved in liver fibro-
sis induction [1]. Liver fibrosis may progress to cirrhosis 
when the initial injury continues to persist [2].

The progression of liver fibrosis may be influenced 
by several factors, including viruses, parasites, drugs, 
alcohol, metabolic disorders, and autoimmune disor-
ders [3]. Schistosoma mansoni infection remains one of 
the main causes of liver fibrosis, especially in develop-
ing countries. It is also considered one of the best 
experimental models of hepatic fibrosis, reflecting the 
human disease profile [4]. In experimental animals, 
S. mansoni eggs are swept into the portal circulation, 
causing severe periportal hepatic fibrosis similar to the 
pipe-stem fibrosis found in the hepatosplenic form of 
the disease in humans [5].

GPraziquantel (PZQ) is the drug of choice for the 
treatment of schistosomiasis. It demonstrated high 
efficacy in infected patients while also dramatically 

reducing the incidence of schistosomiasis when used 
in endemic areas as a mass drug administration [6]. 
However, several reports have demonstrated resis-
tance to PZQ [7–9]. Additionally, it has an insignificant 
effect on the already developed hepatic fibrosis and its 
complications, such as bleeding varices, liver cell fail-
ure, and liver cirrhosis, which may develop when con-
current infection with viral hepatitis occurs [10].

Currently, regardless of the cause, liver transplanta-
tion is considered the only curative treatment modality 
for hepatic fibrosis. Nevertheless, it is unavailable for 
every patient, and hence, it is important to explore 
new therapeutic approaches for hepatic fibrosis [11].

Hepatocytes have a substantial capacity to regener-
ate. However, their proliferative capacity may be insuf-
ficient for liver injury improvement even with a share 
of the bipotent liver progenitor cells that can differ-
entiate into hepatocytes and biliary epithelial cells [12]. 
Hepatocyte transplantation has been raised as an alter-
native treatment option to liver transplantation. Even 
though hepatocyte transplantation is safe, several lim-
itations have emerged due to cell culture difficulties 
and vulnerability to infection [13].

As an alternative to hepatocytes, several studies 
have suggested stem cell transplantation as 
a treatment that may trigger a considerable 
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improvement in liver function [14,15]. Mesenchymal 
stem cells (MSCs) are highly proliferating, adherent 
fibroblastic cells that can differentiate into diverse cell 
types, including hepatocytes. They have been sug-
gested as valuable candidates for the treatment of 
liver fibrosis [16]. However, the exact mechanisms 
remain unclear.

Human umbilical cord blood (HUCB) is a rich source 
of MSCs. It is preferred over other sources as it is from 
a non-fetal origin, available for collection after delivery, 
easy to obtain, and remains viable after long-term 
cryopreservation [17].

This study aimed to investigate the therapeutic 
potential of HUCB-MSCs in an experimental hepatic 
schistosomiasis mouse model based on their presump-
tive capacity to improve inflammation, fibrosis, and 
liver regeneration.

Methods

Animals and parasites

A total of 60 parasite-free female Swiss albino 
mice, 4–5 weeks old and weighing 20–25 grams, 
were obtained from the Biological Unit of Theodor- 
Bilharz Research Institute, Giza, Egypt. They were 
maintained in rooms with controlled temperature 
(22 ± 2 °C), humidity (55% ± 10%), and with con-
tinuous air renovation. The animals were housed in 
a 12 h light/12 h dark cycle (6 AM – 6 PM) and fed 
rodent diet and water ad libitum, according to 
institutional and national guidelines.

Infected Biomphalaria alexandrina snails were 
obtained from the Theodor-Bilharz Research Institute. 
After cercarial shedding, the female mice were infected 
by subcutaneous injection with 50 ± 10 cercariae/ 
mouse in the thigh [18]. The infection was confirmed 
6 weeks post-injection by parasitological examination of 
mice feces. Only mice passing viable eggs in their stools 
were used in the experiment.

Experimental design

Infected mice were randomly allocated into three 
groups (20 animals each). Group I is a control group, 
where the mice were infected with Schistosoma mansoni 
cercariae and remained untreated. The mice of the other 
two groups were infected and treated ten weeks post- 
infection with either praziquantel (Group II) or HUCB- 
MSCs (Group III). The mice of each group were kept 
separately in their cages and maintained on the same 
laboratory diet under similar conditions. Twelve weeks 
after the primary infection, the mice of all groups were 
sacrificed, their livers and blood samples were subjected 
to histopathological assessment of liver fibrosis and liver 
function tests, respectively.

Treatment regimen

Praziquantel
It was available as Epiquantel 600 mg film-coated 
tablets (EIPICO, Egypt). It was given to S. mansoni- 
infected mice orally at a dose of 500 mg/kg/dose [19] 
ten weeks post-infection.

Mesenchymal stem cells
MSCs were administered intravenously via the tail vein 
to S. mansoni-infected mice at a dose of 1 × 106 MSCs/ 
mouse ten weeks after primary infection [20].

HUCB-derived MSCs preparation and culture

The MSCs used in this study were originally isolated 
from donated HUCB after full-term cesarean deliveries 
and consent was taken from the mothers according 
to the method described by Reddy et al. [21]. Briefly, 
HUCB was collected from the umbilical cord vein 
using a 20-mL sterile syringe. The collected blood 
was emptied into a sterile Falcon tube (50 mL) con-
taining 5000 IU of heparin. All the cord blood samples 
were processed within 3 hours after delivery. 
Mononuclear cells were separated from the donated 
HUCB using Ficoll-Hypaque (p = 1.077 g/L) (Biochrom 
AG, Germany). The total number of the nucleated 
cells was determined with a hemocytometer, and 
the viability was assessed by trypan blue (0.04%) 
exclusion dye. To obtain MSCs, mononuclear cells 
were suspended in Dulbecco’s Modified Eagle’s 
Medium (Lonza, Switzerland) containing 100 U/mL 
penicillin, 100 mg/mL streptomycin, and 15% fetal 
bovine serum with 2 mM L-glutamine, 1 mM sodium 
pyruvate (Sigma-Aldrich, Germany), and 0.25 μg/mL 
amphotericin (Neon Healthcare Ltd., UK). Seeding the 
cells into the culture flasks was done at a density of 
1 × 106 cells/cm2. After one week, the suspended cells 
were removed, and adherent cells were then cultured. 
Cells were maintained in a humidified atmosphere 
with 5% carbon dioxide at 37 °C. The culture medium 
was changed every 3–4 days. Cells were detached 
when reaching 50–60% confluence with 0.25% tryp-
sin-EDTA.

Analysis of MSCs by flow cytometry

Cultured cells were identified by MSCs-related surface 
markers using flow cytometry as described in pre-
vious research [22,23]. Briefly, the cells were har-
vested and washed several times using phosphate- 
buffered saline. Labeling the cells was done by add-
ing the following antibodies: FITC-conjugated anti- 
CD45, PE-conjugated anti-CD34, PE-conjugated anti- 
CD90, and PE-conjugated anti-CD105, for 20 minutes 
at room temperature, and then washed. The nonspe-
cific mouse IgG (PE Mouse IgG1 and FITC Mouse IgG1) 
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served as an isotype control to assess background 
fluorescence intensity. All reagents were purchased 
from eBio-science, USA. Cells were analyzed using 
the four-color flow cytometry Becton Dickinson (BD) 
FACS Calibur instrument (BD, San Diego, California, 
USA), with data analysis using BD Cell Quest Pro soft-
ware (BD, version 3, verify software House Topsham, 
ME, USA).

Serum liver function parameters

The liver function parameters, including albumin (g/ 
dL), alanine aminotransferase (ALT) (U/L), and aspar-
tate aminotransferase (AST) (U/L), were measured in 
the serum according to the manufacturer’s instructions 
using the Dimension automated chemistry analyzer 
(Siemens, Germany).

Histopathological and immunohistochemical 
studies

Serial sections (4-µm-thick) of formalin-fixed, paraffin- 
embedded liver biopsies were stained with hematox-
ylin and eosin for routine histopathological examina-
tion. Masson’s trichrome stain has been used for 
a better demonstration of fibrous tissue deposition in 
liver biopsies around the granulomas and periportal 
areas.

The granuloma diameter was measured at the cen-
tral laboratory of the Microbiology Department, 
Faculty of Medicine, Tanta, Egypt, using a Leica Qwin 
500 Image Analyzer (LEICA Imaging Systems Ltd, 
Cambridge, England), which consists of a Leica DM-LB 
microscope with a JVC color video camera attached to 
the computer system, Leica Q 500IW. The mean dia-
meter was calculated, tabulated, and statistically 
analyzed.

Concerning immunohistochemical staining of hepa-
tic stellate cells (HSCs) for glial fibrillary acidic protein 
(GFAP), liver sections (of 5-μm thickness) were left to 
dry for 30 minutes at 37 °C. Sections were then depar-
affinized, and antigen retrieval was performed in the 
Dako PT link unit using high and low PH EnVision FLEX 
Target Retrieval Solutions (reaching 97 °C for 20 min). 
Immunostaining was accomplished using the Dako 
Autostainer Link 48. Briefly, a peroxidase blocking 
reagent was applied, followed by incubation with pri-
mary antibodies for 30 minutes. Subsequently, horse-
radish peroxidase polymer was applied for 20 minutes, 
and diaminobenzidine was applied as a chromogen. 
The slides were then counterstained with hematoxylin. 
The primary antibody used in this study was GFAP, 
a monoclonal antibody (clone number, Ab-4, MS-688, 
1: 100; Labvision, California, USA).

Parenchymal HSCs were identified by morphological 
and anatomical criteria as being perisinusoidally located, 
stellate-shaped cells found in the parenchymal lobules 

or nodules. Estimation of the number of anti-GFAP 
immunoreactive HSCs was performed independently 
by two researchers. The number of positive HSCs and 
negative HSCs for GFAP was separately counted under 
a light microscope at x200 magnification. Only the cells 
that displayed nuclei in the section were considered. For 
each slide, at least 7–10 microscopic fields were ran-
domly chosen. The percentage of positive HSCs to the 
total number of HSCs was calculated in each slide. The 
average percentage of activated HSCs (positively 
stained) was then calculated for each group. Semi- 
quantitative grading of HSCs immunostained by GFAP 
was determined as follows: 0: no staining or less than 3% 
stained; I: 3–33% positive staining; II: 34–66% positive 
staining; and III: more than 66% positive staining [24].

Statistical analysis

The collected data were organized, tabulated, and statis-
tically analyzed using SPSS software, version 23.0. (IBM 
Corp., Armonk, N.Y., USA). Differences between the stu-
died groups were tested using the unpaired t-test for 
numerical data and the chi-square test (χ2) or Fisher’s 
exact test for nominal data. The degree of fibrosis was 
compared between groups using the Mann-Whitney 
U test. P-values of less than 0.05 were considered 
significant.

Results

Generation and morphological examination of 
MSCs

The mesenchymal cells started to be generated in the 
culture media as a fibroblast-like cell colony approxi-
mately 4 to 7 days after the first seeding of mononuclear 
cells. The cell count ranged from 3 × 107 to 5 × 107 cells/ 
mL, and the viability range was 92–95%. By the end of 
the two weeks, the cultured cells attained the specific 
features of MSCs as spindle-shaped cells attached to the 
surface with high proliferation capacity (Figure 1).

Immunophenotyping of human MSCs

Surface antigens were considered positive if more than 
20% of cells were positive. The cultured MSCs were 
positive for CD90 (56.5 ± 5.9 %) and CD105 (69.7 ± 3.7 
%) but negative for hematopoietic markers including 
CD34 and CD45 (Figure 2).

Serum liver function parameters

The liver function parameters, including serum ALT, 
AST, and albumin, were significantly improved with p1 
˂ 0.01, p1 ˂ 0.001, p1 ˂ 0.01, respectively, in treated group 
II and p1 ˂ 0.001, p1 ˂ 0.001, and p1 ˂ 0.01, respectively, in 
treated group III compared to the infected non-treated 
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control group I. No statistically significant difference in 
liver function parameters was found between treated 
groups II and III (P2 ˃ 0.05) (Table 1, Figure 3).

Histopathological hepatic findings

Assessment of hepatic histopathological alterations in 
experimental animals was carried out using both 
hematoxylin and eosin and Masson’s trichrome stains. 
The results of the two stains showed the same pattern. 
The infected, untreated control group (group I) 

showed multiple granulomas that were large and dif-
fuse, reaching a diameter of 294.87 ± 12.41 µm. The 
inflammatory cellular infiltrate was severe, with disrup-
tion of tissue architecture as well as cytoplasmic vacuo-
lation and degeneration of hepatocytes. Granulomas 
were highlighted by concentric fibrosis with many 
fibroblasts encircling the entrapped eggs. 
Granulomas were also encircled by a cuff of aggre-
gated lymphocytes, epithelioid cells, eosinophils, and 
collagenous fibers. Disorganization of hepatic cords 
and lobular structure was observed owing to the 

Figure 1. (a) Morphological characteristics of generated mesenchymal stem cells (MSC) using inverted light microscopy (x100). (b) 
High magnification illustrating the spindle-fibroblast-like shape of MSCs (x200)

Figure 2. Flow cytometry dot plot showing (a) isotype negative control; (b) negative expression of CD34 and CD45 of MSCs after 
two weeks; (c) positive expression of CD90 of MSCs after two weeks; and (d) positive expression of CD105 of MSCs after two weeks.
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presence of numerous granulomas. In addition, the 
hepatic sinusoids were dilated and apparently con-
tained more Kupffer cells (Figures 4, 5).

On the contrary, the PZQ-treated group (group II) 
showed a reduction in the number and size of the 
hepatic granulomas (226.89 ± 8.74 µm) with moderate 
inflammatory cellular infiltrate, while the MSCs-treated 
group (group III) demonstrated the best results with 
a marked reduction in the size (187.31 ± 7.90 µm) and 
the number of hepatic granulomas with mild inflam-
matory cellular infiltrate (Figures 4, 5). Statistically sig-
nificant differences in granuloma size were reported 
among the infected control group and the other trea-
ted groups (P= 0.001) (Table 2, Figure 6).

Immunohistochemical results

Microscopic examination of GFAP immunohistochemi-
cally-stained slides revealed that immunostained HSCs 
were intensely present in the sinus walls as well as in 
the perivenular areas of the livers of the untreated, 
infected mice (group I), and 65% of the GFAP- 
immunostained HSCs were grade III. In contrast, the 
PZQ-treated group (group II) showed a lower number 
of GFAP-immunostained HSCs in sinusoidal walls and 

perivenular areas as 40% of the GFAP-immunostained 
HSCs were grade II, whereas the MSCs-treated group 
(group III) had a significantly lower number of GFAP- 
immunostained HSCs than groups I and II (P= 0.001, 
P= 0.006), respectively. In this group, 50% of positively 
stained HSCs were grade I and 25% were negatively 
stained grade 0, denoting a marked improvement in 
hepatic fibrosis (Table 3, Figure 7).

Discussion

This study aimed to investigate the efficacy of HUCB- 
MSCs in ameliorating S. mansoni-induced liver injury. 
The antifibrotic and anti-inflammatory properties of 
HUCB-MSCs were assessed in experimental animals, 
with the following main findings: (1) administration 
of 1 × 106 HUCB-MSCs/mouse via the tail vein 
improved liver functions (AST, ALT, and albumin) (2) 
a decrease in the size and number of hepatic granulo-
mas with improvement in the liver’s histopathological 
appearance as evidenced by a decrease in the inflam-
matory cellular infiltrate and (3) a decrease in the 
number of activated HSCs immunohistochemically 
stained with anti-GFAP.

Table 1. Hepatic biochemical parameter levels among the studied experimental animal groups.
ALT(U/L) AST(U/L) Albumin (g/dL)

Normal control group 38.25 ± 3.576 40.125 ± 3.399 3.225 ± 0.409
Infected control group (group I) 140 ± 52.372 214.875 ± 52.305 2.175 ± 0.227

P ˂0.001*** ˂0.001 *** ˂0. 01**
PZQ treated group (group II) 78.875 ± 20.911 108.75 ± 30.269 3.262 ± 0.507

P ˂ 0.05* ˂0. 01** ˃0.05 ns
P1 ˂0. 01** ˂0.001*** ˂0. 01**
P2 ˃0.05 ns ˃0.05 ns ˃0.05 ns

MSCs treated group (group III) 62.75 ± 15.908 76.625 ± 26.715 3.213 ± 0.611
P ˃0.05 ns ˃0.05 ns ˃0.05 ns
P1 ˂0.001*** ˂0.001*** ˂0.01**

P indicates significance vs. non-infected control group. 
P1 indicates significance vs. infected control group. 
P2 indicates significance of PZQ treated group vs. MSCs treated group. 
ns: non-significant, * P values ˂ 0.05, ** P values ˂ 0.01, and *** P values ˂ 0.001

Figure 3. Hepatic biochemical parameter levels among the studied experimental animal groups: (a) serum ALT levels, (b) serum 
AST levels, and (c) serum albumin levels; showing significantly improved in treated group II and III compared to the infected non- 
treated control group I. ns: non-significant, * P values ˂ 0.05, ** P values ˂ 0.01, and *** P values ˂ 0.001.
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Figure 4. Histopathological changes of hematoxylin and eosin-stained liver of mice infected with Schistosoma mansoni twelve 
weeks post-infection (control: a & b; treated with praziquantel: c & d; and treated with mesenchymal stem cells: e & f) showing (a) 
multiple granulomas around Schistosoma mansoni ova and dilatation of portal vein branches with disruption of liver architecture 
(x100); (b) granuloma around Schistosoma mansoni ova with inflammatory cells mainly lymphocytes, plasma cells, and eosinophils 
with surrounding concentric fibrosis (x200); (c) & (e): reduction in the number of granulomas; and (d) & (f): decrease the 
inflammatory cellular infiltrate which is moderate in (d) (x200) and mild in (f) (x100) with insit higher magnification (x 200)

Figure 5. Histopathological changes of Masson’s trichrome (MT)-stained livers of mice infected with Schistosoma mansoni twelve 
weeks post-infection showing (a) the control infected group with positive staining in the concentric fibrous layers surrounding the 
granuloma and in the wall of hepatic sinusoids (x200); (b) praziquantel-treated group with moderate positive staining (x200); and 
(c) mesenchymal stem cells-treated group with mild positive staining (x200). Note the reduction in the number and size of 
granulomas in both treated groups in comparison to the infected, untreated group.

Table 2. Hepatic granuloma diameter among the studied experimental animal groups.
G I: Infected control group G II: PZQ treated group G III: MSCs treated group

Range 268.94–320.25 µm 210.58–244.23 µm 170.25–197.48 µm
Mean ± SD 294.87 ± 12.41 µm 226.89 ± 8.74 µm 187.31 ± 7.90 µm
f. test
P. value

G I & G II G I & G III 60.845 G II & G III
0.001** 0.001** 0.001** 0.001**

** P values ˂ 0.01
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Schistosomal hepatic fibrosis remains a common 
type of liver fibrosis, particularly in developing coun-
tries. It may cause several complications, including 
portal hypertension, hepatocellular failure with ascites, 
hepatic encephalopathy, and bleeding tendency. In 
most cases, concurrent infection with viral hepatitis 
B and C occurs, ending in liver cirrhosis [2,25]. The 
patient’s progression to hepatic failure or cirrhosis 
with irreversible liver dysfunction indicates the need 
for hepatic replacement procedures such as liver trans-
plantation. Nonetheless, the increased incidence of 
liver disease, the decreased availability of organ 
donors, the complications of immunosuppressive ther-
apy, and the poor outcomes in patients on supportive 
treatment regimens pave the way for developing new 
treatment modalities such as stem cell therapies for 
liver regeneration [11].

Mesenchymal stem cell (MSC) therapy has recently 
emerged as an effective approach to treat a variety of 
diseases, including liver fibrosis [26]. MSCs are multi-
potent stem cells located in bone marrow (BM) stroma 

as well as other organs such as the liver, cord blood, 
adipose tissue, and the placenta [27]. The majority of 
human MSCs, regardless of source, express CD105, 
CD73, and CD90, but not CD34, CD14, CD45, CD11b, 
CD79α, CD19, or HLA class II. When these cells were 
isolated by plastic adherence and expanded ex vivo, 
they were found to differentiate into cell types of 
mesodermal origin, such as chondrocytes, adipocytes, 
and osteocytes [28].

MSCs have been shown to have plasticity beyond 
their traditional mesodermal lineage. They have 
been induced to generate both ectodermal (neu-
rons) and endodermal (hepatocytes) tissues [29]. In 
addition, their ease and reproducibility of isolation, 
high expansion potential, capacity for useful mod-
ification using molecular biological engineering 
techniques, paracrine effects, immune-modulatory 
properties, migratory behavior, and ethical consid-
erations make them promising candidates for tissue 
repair and regeneration [30].

Although BM has been identified as the most com-
mon source of MSCs, BM aspiration is an invasive and 
risky technique, particularly in hepatic patients due to 
their bleeding tendency, susceptibility to infection, 
and poor general condition. Furthermore, it has been 
demonstrated that the differentiating potential and 
number of BM-derived MSCs decrease with age [31].

HUCB is regarded as a crucial source of MSCs. It also 
has many advantages over other sources, such as vast 
abundance, ease of acquisition, availability for collec-
tion after fetus delivery, low risk of virus transmission, 
and the ability to be cryopreserved for long periods of 
time. Furthermore, HUCB-MSCs were found to have 
a less pronounced immune response as well as unique 
immunosuppressive properties that allow them to 
evade host rejection, making them a useful tool for 
cell therapy and experimental studies [32,33].

The present study demonstrated that HUCB-MSC 
treatment alleviated liver fibrosis and improved liver 
functions when compared to the untreated control 
group. Serum ALT and AST levels usually rise in cases 
of schistosomiasis, while low levels of liver-associated 
serum albumin secretions signify a liver function 
decompensation stage in schistosomiasis infections 

Figure 6. Hepatic granuloma diameter in the studied groups 
showing a reduction in the hepatic granuloma size in group II 
and the mesenchymal stem cell-treated group III than the 
control group I. ns: non-significant, * P values ˂ 0.05, ** 
P values ˂ 0.01, and *** P values ˂ 0.001.

Table 3. Immunohistochemical expression of GFAP of hepatic stellate cells (HSCs) in the liver of the studied experimental animal 
groups.

Group (N = 20)

GFAP

χ2 P0 I II III

G I: Infected control group (%) 0 10 25 65 27.583 0.001**
G II: PZQ treated group (%) 0 25 40 35
G III: MSCs treated group (%) 25 50 20 5
G I & G II G I & G III G II & G III
0.151 0.001** 0.006**

** P values ˂ 0.01 
Semi-quantitative grading of HSCs immunostained by GFAP was determined as follows: 0: no staining or less than 3% stained; I: 3–33% positive staining; II: 

34–66% positive staining; and III: more than 66% positive staining.
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[34]. Our results reported a statistically significant 
decrease in the serum levels of ALT and AST as well 
as an increase in the serum albumin level in group III.

This is consistent with the results of Abou-Zied et al. 
[35] who reported that serum ALT was a good predic-
tor for the development of liver fibrosis in the 
S. mansoni-infected mice and that treatment with CB- 
MSCs improved its level and the levels of serum albu-
min concentrations. Kamel et al. [33] also showed that 
the transplantation of HUCB-MSCs in two different 
experimental models of hepatic fibrosis (schistosomal 
hepatic fibrosis and chemically induced-fibrosis with 
carbon tetrachloride) resulted in significantly 
improved liver functions, engraftment of the fibrotic 

livers with newly formed hepatocytes with markedly 
reduced hepatic fibrosis, and a significantly decreased 
fibrotic index.

Hepatic fibrosis is the wound healing response of the 
liver to chronic injury. Following repeated injury, the liver 
undergoes tissue remodeling, resulting in fibrosis, in 
order to maintain organ integrity. It is characterized by 
excessive accumulation of extracellular matrix (ECM) pro-
teins, as well as the formation of scar tissue enclosing the 
site of injury [36,37]. It is mostly a dynamic reversible 
process, rather than a static condition that can be 
reversed after the insult has been resolved [38]. Even 
after the cause has been eliminated, chronic liver injury 
is associated with a decline in reversibility potential [39].

Figure 7. Immunohistochemical staining of glial fibrillary acidic protein (GFAP) in the livers of mice infected with Schistosoma 
mansoni twelve weeks post-infection showing (a) & (b) the infected, untreated group with intensely immunostained hepatic 
stellate cells (HSCs) present in the walls of sinuses (black arrow) as well as in the perivenular areas (x400) CV = central vein; (c) 
praziquantel-treated group with moderate GFAP expression in HSCs in the sinusoidal wall (x200); (d) mesenchymal stem cells- 
treated group with mild GFAP expression (x400) G = granuloma; and (e) The percentage HSCs positive for GFAP expression in the 
liver of the studied experimental animal groups. ns: non-significant, * P values ˂ 0.05, ** P values ˂ 0.01, and *** P values ˂ 0.001.
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During the fibrogenic process, several mediators 
collaborate in an orchestrated fashion. Fibrogenic 
cells that produce ECM proteins are activated, 
along with an unbalanced decrease in ECM- 
removing metalloproteinases (MMPs) [40]. Hepatic 
stellate cells (HSCs) are one of the most important 
types of fibrogenic cells. Following liver injury, 
these cells undergo a complex transformation or 
activation process that transforms them from 
a quiescent vitamin A-storing cell to an activated 
myofibroblast-like cell. Transforming growth factor 
(TGF-β1) and platelet-derived growth factor are 
two of the main drivers of HSC activation [41].

Activated HSCs alter the pattern of their gene 
expression, resulting in a dramatic increase in the 
synthesis and deposition of ECM proteins such as col-
lagen. At the same time, they increase their prolifera-
tion rate, effectively increasing the number of 
fibrogenic cells in the liver. Furthermore, their activa-
tion is associated with an increase in cell contractility, 
which worsens portal hypertension [42].

The mechanisms by which MSCs exert their anti- 
fibrotic effects remain unknown. Stem cells were 
found to be involved in the breakdown of ECM 
through the expression of MMPs and hepatocyte 
growth factor (HGF), both of which increase the 
expression and activity of proteases. Fibrosis can be 
alleviated by degrading ECM proteins [43,44].

Other studies revealed that MSCs have an inhibitory 
effect on quiescent HSCs, preventing them from activat-
ing into myofibroblasts. This was due to their ability to 
suppress TGF-β1 expression. Interestingly, they were 
found to not only prevent HSC activation but also 
induce apoptosis when they are activated, possibly via 
HGF [17,37,45].

In addition to the hepatic fibrogenic cells, other cells 
are implicated in the fibrogenic response. When hepa-
tocyte damage begins with activation of Kupffer cells 
and subsequent cytokine release, inflammatory cells are 
recruited to the liver [46]. Activated Kupffer cells, along 
with the recruitment of inflammatory cells to the liver, 
have been suggested to stimulate the transformation of 
HSCs into myofibroblasts, which may occur via Galectin- 
3 protein production, facilitating fibrosis progression 
[47–49]. Consistent with this theory, our findings 
showed that in group III, liver pathology was signifi-
cantly improved, with a significant reduction in granu-
loma size and inflammatory cellular infiltrate. This 
reduction and improvement in liver pathology was sta-
tistically significant in group III compared to group II. 
The decrease in the influx of inflammatory cells may 
have contributed to the inhibition of HSC activation.

Other authors have also demonstrated the anti- 
inflammatory effects of MSC therapy [50,51]. 
Furthermore, MSCs were found to be able to inhibit 
the chemotactic properties of B cells, resulting in 

a reduction in inflammation [52,53]. Similarly, T cells 
produce a large number of cytokines that are involved 
in fibrosis progression or amelioration. Interleukin 4 (IL- 
4) and IL-13 are potent inducers of collagen production 
and fibroblast proliferation [54], while IL-10 has been 
associated with fibrosis regression [55].

Many researchers have provided explanations for 
the improvement of inflammation in hepatic tissues 
reported in our results. Abou Rayia et al. [5] reported 
that MSC therapy increased the expression of the 
immunoregulatory cytokine IL-10. Moreover, Lo Sicco 
et al. [56] demonstrated that stem cells can produce 
extracellular vesicles with potent anti-inflammatory 
properties, capable of polarizing macrophages to the 
regulatory M2 type and downregulating pro- 
inflammatory cytokines such as IL-6. Intriguingly, 
MSCs were found to suppress the secretion of Th1 pro- 
inflammatory cytokines such as tumor necrosis factor- 
alpha and interferon-gamma and increase the secre-
tion of Th2 immunomodulatory cytokines [57–59].

According to our results, the amelioration detected in 
liver pathology could also be attributed to a significant 
reduction in the number of GFAP-immunostained HSCs 
in group III more than in the other groups. Glial fibrillary 
acidic protein is a member of the intermediate filaments 
that maintain the astroglia cell’s mechanical strength and 
structure. Nonetheless, hepatic expression of GFAP has 
been observed as a more useful marker for the early 
activation of HSCs [34]. In schistosomiasis, GFAP-positive 
cells were reported to predominate in the liver. Moreover, 
their percentage was correlated with the fibrosis stage 
[43,60]. Hence, the reduction in their percentage found in 
our study explains the hepatic fibrosis regression.

The capacity of stem cells to treat a hepatic injury is 
not only reliant on their paracrine secretions and abil-
ity to reduce inflammation and fibrosis, but also on 
their ability to differentiate into hepatocyte-like cells 
that express albumin and alpha-fetoprotein as 
reported by other researchers [17,61,62]. Hence, stem 
cells may aid liver repair by replacing damaged hepa-
tocytes with normal-functioning cells.

The results of our study are consistent with earlier 
studies, with some differences regarding the type and 
route of cell injection, besides the mode of hepatic func-
tion assessment [5,17]. Several clinical trials have also 
started using different types of cells as autologous BM- 
derived mononuclear cells [63–65], autologous periph-
eral blood monocytes [65], or MSCs [66–68]. Also, differ-
ent modes of administration were tried. Infusion of the 
cells was performed either via a peripheral vein [66,68], 
the hepatic artery [63,64,67], or the portal vein [69].

In contrast to our findings, Carvalho et al. [70] 
reported that BM mesenchymal stromal cells did not 
reduce fibrosis or improve liver functions in a rat 
model of severe chronic liver injury. In this model, the 
authors used both carbon tetrachloride and an alcoholic 
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liquid diet (at a high dose and for a long administration 
period) to induce fibrosis. Thus, this discrepancy may be 
due to the discrepancy in the liver fibrosis models used. 
The severe chronic liver insult used by these authors 
may have rendered stem cells unable to ameliorate 
hepatic fibrosis.

Finally, the use of HUCB-MSCs in cell therapy is very 
promising. However, there are some limitations, such as 
getting enough cells through repeated culture, determin-
ing the optimal dose for treating various stages of liver 
fibrosis, and maintaining optimal culture conditions to 
avoid infection.

Conclusion

From our experimental study, MSCs can alleviate liver 
fibrosis and may serve as a versatile, readily available, 
novel cell type for the treatment of hepatic fibrosis due 
to their antifibrotic and anti-inflammatory properties. 
They may also be used as an alternative to liver trans-
plantation if it is unavailable.
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Future recommendation

Further mechanisms underlying MSC-mediated hepatic 
repair will be studied in the future. In addition, the synergistic 
effect of the combined use of PZQ and MSCs in schistoso-
miasis should be elucidated. Indeed, further clinical studies 
are expeditiously recommended to establish the optimal 
dose, frequency, and route of administration of this treat-
ment in order to achieve the best results, as well as to identify 
any potential limitations that may preclude the application of 
this novel therapy in humans.
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