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Summary
Liver diseases pose a major global health problem. In 
this study, the effect of bone marrow derived mesenchy-
mal stromal cells MSC(M) in liver damage induced by 
CCl4 treatment was investigated.

Materials and methods
Balb/c mice were injected by (1 ml/kg body weight) of 
CCl4 twice a week for 7 weeks. The mice were then in-
travenously injected with MSC(M) (at the passage 0), or 
physiological saline (PBS, control group). Four weeks 
after transplantation, serum levels of ALT, AST, ALP and 
albumin were measured, liver histopathology was per-
formed, and ELISA technique was carried out to detect 
the serum levels of IL-4 and IFN-γ. 

Results
As compared with PBS-treated animals, MSC(M)- treated 
group presented with lower levels of ALT and ALP, being 

also associated with less pronounced changes in serum al-
bumin. Histological study was consistent with biochem-
ical data, suggesting an improvement in MSC(M)-treat-
ed group compared with PBS group. Transplantation of 
MSC(M) increased production of IL-4 and IFN-γ com-
pared to PBS group.

Conclusion
Our results demonstrated that MSC(M) transplantation 
could facilitate recovery from chemically induced liver 
damage. Therefore, MSC(M) transplantation may rep-
resent a new concept for the treatment of liver diseases.
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Introduction
Although the liver has a considerable inherent regenerative 
capacity, a sufficient and prolonged may result into liver 
damage and onset of hepatic fibrosis [1]. For severe hepat-
ic diseases, liver transplantation is one of the more effective 
treatments [2]. However, the tremendous gap between of-
fered donor organs and those required for transplantation is 
the major limitation of liver replacement therapy [3]. High 

cost and transplant rejection following liver transplantation, 
have also largely limited its clinical application [4]. Therefore, 
alternative or adjuvant therapies are urgently needed [3].

Recently, regenerative medicine using different stem cells 
has been considered an attractive therapy for treating pa-
tients with severe liver disease [5], since these cells have the 
ability of self-renewal and maturation [6]. Stem cells are de-
fined as undifferentiated cells from an embryo, fetus or an 
adult, which have the potential to produce various differenti-
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ated tissue cells under appropriate stimuli [5]. Bone marrow 
(BM) provides a more readily available source of cells [7]. 
Bone marrow cells are presently considered to be the most 
promising cell source for the cell therapy of various diseas-
es [8]. Mesenchymal stromal cells (MSCs) have been docu-
mented as a promising technique for cell therapy and have 
been successfully applied in the treatment of various diseases 
[3]. Multipotent MSCs represent a remarkable stem cell pop-
ulation for application in liver-directed cell transplantation, 
since they are readily obtained from bone marrow aspirates 
and can be expanded in culture [9], through as many as 50 
population doublings in about 10 weeks [10], thus producing 
a large number of potent cells [9]. In addition, BM-MSCs 
possess many advantages such as autologous sources, abun-
dance of cells, an immune-modulatory capacity, secretion 
of cytokines and growth factors, homing to injury sites, and 
hepatic differentiation [11].

The present study aimed to investigate the therapeutic ef-
fect of bone marrow-derived mesenchymal stromal cells 
MSC(M) transplantation in alleviation of CCl4-induced liv-
er damage in mice.

Materials and methods
Experimental Animals
Healthy male mice (Balb/c, 4-6 weeks) were used in this 
study. Mice were housed in clean cages of 65×25×15 cm 
containing woodchip bedding. Mice were housed in a tem-
perature (temperature 24±2°C) and light-controlled room 
(12h light/dark cycle), with free access to food and water. 
The animals were left for two weeks to acclimatize to their 
surroundings before starting the experiment. All procedures 
were performed according to the Guide for the Care and Use 
of Laboratory Animals and the ethical standards of our in-
stitution.

Liver damage induction and MSC(M) preparation
To establish the liver-injury mice model, male Balb/c mice 
were intraperitoneally injected with (1 ml/kg body weight) 
of CCl4 dissolved in olive oil twice a week for 7 consecutive 
weeks. 

In the current study, 4-6 weeks male healthy BALB/c mice 
were used as donors of MSC(M). Mice were sacrificed by cer-
vical dislocation. MSC(M) were flushed from the medullary 
cavities of the tibia and femur using a needle with complete 
media (Dulbecco’s modified Eagle’s medium (DMEM) (Eu-
roclone, Italy). The cells were grown in (4-5 ml) of DMEM 
medium supplemented with (20% FBS, 1% L-glutamine, 
1% penicillin/streptomycin and 1.5 µg/ml amphotericin B) 
(Euroclone, Italy), in a 25 cm2 culture flask, and incubated 
at 37°C with 5% CO2. 24 h later, the culture medium was 
replaced to remove non-adherent cells and tissue debris. 
MSC(M) at passage 0 (P0) were used for transplantation. 

Experimental Protocol
The mice were divided into the following groups:
• Control group (Group I): This group included healthy 

normal mice, which were not exposed and did not receive 
any treatment.

• Experimental group: mice were intraperitoneally injected 
with CCl4 (1 ml/kg body weight) of dissolved in olive oil 
twice a week for 7 consecutive weeks. After the last injec-
tion of CCl4, three mice were randomly selected from this 
group, blood samples were collected and serum ALT lev-
el was determined to ensure that liver damage had been 
induced before continuing the experiment. Mice in this 
group were randomly divided into two groups, as follows:

• PBS-treated group (Group II): mice were intravenously 
injected into the tail vein with 0.5 ml of phosphate buffer 
saline (PBS 1X).

• MSC(M) treated group (Group III): mice were intrave-
nously injected with MSC(M). MSC(M) were washed 
with PBS (1X) and trypsinized with 0.25% trypsin, then 
(approximately 3×106 of MSC(M) per mouse) were re-sus-
pended in (0.5 ml) of PBS and injected into the tail vein.

The mice from all studied groups (I, II, III) were sacrificed 
4 weeks after transplantation. Venous blood and liver tissue 
samples were collected for further analyses. At the end of the 
experiment, the body weight and liver weight of the animals 
in all studied groups were determined. The liver to body 
weights ratio was determined as follows: 

Liver to body Ratio = (liver weight (g)/(mouse body weight 
(g)-liver weight (g))) *100. 

Laboratory analyses
Venous blood was collected, and blood samples were cen-
trifuged at 3000 rpm for 5 minutes. Serum samples were 
subsequently analyzed to evaluate the activities of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), and albumin.

Liver histology was performed to assess liver damage 4 weeks 
after MSC(M) transplantation. For light microscopic exam-
ination, the liver from each animal was carefully dissected 
and the specimens were fixed in 10% formalin for 48 hours. 
Paraffin sections were prepared and stained with hematoxy-
lin and eosin (H&E) to display the histological details. His-
tological damage was evaluated by a pathologist who was 
blinded to the experimental groups.

At the end of the experiment, blood samples were collected 
and centrifuged at 3000 rpm for 5 min. The serum levels of 
interleukin-4 (IL-4) and IFN-γ cytokines were measured by 
ELISA assay kits according to the manufacturer’s instruc-
tions (Sun Red, China). 

Results
The cultured MSCs were injected into syngeneic mice treat-
ed with hepatotoxic agent ССl4. 

The results of this study showed remarkable significant in-
crease in the liver weight and the liver weight to body weight 
ratio in PBS group compared with the normal control group. 
MSC(M) transplantation alleviated the increase in the liver 
weight and even decreased the ratio to a level closer to that of 
normal mice. There was no significant difference in the ratio 
between the MSC(M) treated group and the normal control 
group (Table 1).
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Serum levels of ALT, AST, ALP, and albumin were evaluat-
ed. After intraperitoneal injection of CCl4 for consecutive 
7 weeks, serum levels of ALT were markedly increased in 
the experimental group (120±5.3), as compared to control 
group. PBS group exhibited markedly increased serum levels 
of ALT and ALP compared with control normal mice. The 
levels of ALT and ALP in the MSC(M)-treated group were 
significantly reduced compared to the PBS group being close 
to the normal control group. In addition, there was a signifi-
cant decrease in serum levels of albumin in PBS group when 
compared with the control group. Significantly increased se-
rum albumin levels were noticed in MSC(M)-treated group 
when compared to the PBS group. The levels of these param-
eters in control and MSC(M) treated group did not show 
any significant differences. Nearly similar AST levels were 
observed in MSC(M) and PBS groups (Table 2). 

Histopathological analysis of liver sections
The liver of the control group was reddish-brown, with 
smooth and glossy surface. The liver of the PBS group was 
pale-brown, overtly swollen with coarse surface and necrotic 
spots. In MSC(M)-treated group, the liver surface was slightly 

Table 1. Body mass, liver weight and liver-to-body weight ratios of all studied groups

Table 2. Serum levels of ALT, AST, ALP, and albumin in the studied groups

Liver Weight (g) Body Weight (g) Body Weight - 
Liver Weight

Liver to body 
Ratio

Group I (normal mice) 1.21±0.2a 22±2.9a 21.12±2.8a 5.8±0.9a

Group II (CCl4+PBS) 1.86±0.2b 26.4±2.8b 24.5±2.3b 7.6±1b

Group III (CCl4+MSC(M)) 1.55±0.2c 24.70±1.7a,b 23.15±1.7a,b 6.72±0.9a,b

Note: All values are represented as mean ± SD. Mean values with different letters over the same column are significantly different at (P<0.05)

Groups of animals ALT (U/L) AST (U/L) ALP (U/L) Albumin (g/dl)
Control group (normal mice) 42.4±5a 93.4±1.7a 138.3±8.8a 3.1±0.04a

PBS group (CCl4+PBS) 60.8±10b 101.1±2b 164.1±10.8b 2.1±0.3b

MSC(M) group (CCl4+MSC(M)) 43.6±4.7a 100.9±2b 144.5±8.9a 2.97±0.2a

Note: All values are represented as mean ± SD. Mean values marked with different letters (a,b) over the same column are significantly different 
at (P<0.05)

coarse, less swollen, more reddish, and glossy compared with 
livers from the PBS group. Necrotic spots on the surface were 
noticeably reduced (Fig. 1). 

Light microscope examination of normal liver tissue sec-
tions (control group) showed classical hepatic architecture 
(Fig. 2. A,B). Hepatocytes are arranged in cords that radi-
ate from the central veins and separated by blood sinusoids. 
They had rounded nuclei and well-preserved cytoplasm. 
Some hepatocytes were binucleated. Blood sinusoids are 
lined by Kupffer cells and endothelial cells. Normal blood 
vessels and bile ducts were observed in Portal areas. PBS 
group showed marked affection with disorganization of 
hepatic architecture. Cellular necrosis was observed. Some 
hepatocytes appeared swollen with extensively vacuolated 
cytoplasm. Liver sections also revealed vascular dilatation 
and congestion in the portal areas and in the central veins. 
Some parts showed dilated blood sinusoids, which were 
lined by many Kupffer cells with prominent nuclei. Inflam-
matory cell infiltration was also detected (Fig. 2. C-H). The 
histopathological lesions were effectively attenuated to vary-
ing extents, in the MSC(M) treated group. Examination of 

Figure 1. Morphologic examination of the livers of the study groups. (A). The liver of the normal control group was 
smooth, lustrous, and reddish. (B) In the PBS group, the liver was pale-brown with coarse surface and overtly swollen. 
(C) In the mice receiving MSC(M) transplantation, the liver surface was slightly coarse, less swollen, more reddish, 
and lustrous than those of PBS group

A B C
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Figure 2. H&E-stained sections in Balb/c mice’s liver of 
the study groups. A, B. Control group. C–H. PBS group. 
C-D. Marked damage with disorganization of hepat-
ic architecture, hepatocytes necrosis (N) can be seen. 
E. The blood sinusoids (s) are dilated and surround-
ed by Kupffer cells (arrows) with prominent nuclei. 
F. Vascular dilatation and congestion can be seen, some 
hepatocytes showed vacuolated cytoplasm (arrows). 
G. Inflammatory cell infiltration (arrow). H. hepato-
cytes with vacuolated cytoplasm (arrows). I, J. MSC(M) 
treated group. nearly normal organization of hepatic 
lobules. Hepatocytes appeared nearly similar to that 
of the control mice

Figure 3. Serum levels of IL-4, and IFN-γ cytokines. Sera 
were collected one month after MSC(M) transplanta-
tion, and cytokines were measured with enzyme-linked 
immunosorbent assay (ELISA). After MSC(M) transplan-
tation, the IL-4, and IFN-γ levels were increased com-
pared to PBS group

H&E-stained sections showed nearly normal organization of 
hepatic lobules. A marked reduction of cellular necrosis was 
observed (Fig. 2, I, J). Hepatocytes appeared nearly similar 
to that of the control mice. Most hepatocytes had rounded 
nuclei and well-preserved cytoplasm, they were arranged 
around slightly dilated and congested central veins and sep-
arated by hepatic blood sinusoids. Few hepatocytes appeared 
with vacuolated cytoplasm. Liver sections demonstrated 
slight inflammatory cell infiltration. Portal areas appeared 
nearly normal with slightly congested blood vessels. 

Serum Interleukin-4 (IL-4) and Interferon-γ 
(IFN-γ) Levels
To determine if MSC(M) transplantation affects the cytokine 
release, the serum levels of IL-4 and IFN-γ were measured 
by ELISA. As shown in Fig. 3, IL-4 level declined in the PBS 
group compared to the control group, and this effect was 
blocked by MSC(M) transfusion. Serum IL-4 level was ele-
vated in MSC(M) treated group, as compared with the PBS 
group. Serum IFN-γ level was elevated in PBS group com-
pared with the control group. The secretion of IFN-γ was 
higher in the MSC(M) treated group than in the control 
group and PBS group, at one month post transplantation.

Discussion
Liver disease causes approximately two million deaths an-
nually worldwide [12]. Therefore, there is an urgent need to 
develop new techniques to stimulate liver regeneration. In 
this regard, the potential of MSC therapy is of great interest 
in regard of liver regeneration [13]. Cell transplantation pro-
grams may provide a hopeful technology to replace organ 
transplantation [3]. 
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Since CCl4 is toxic and may cause death, establishment of 
liver damage model in mouse is challenging [14]. When me-
tabolized in liver by the cytochrome P450 monooxygenases, 
CCl4 produces free oxygen species [15, 16]. CCl4 activation 
to trichloromethyl and trichloromethyl peroxy radicals is 
stimulates lipid peroxidation and protein oxidation in the 
liver, causing membrane damage and liver injury [17]. 

Bone marrow mesenchymal stromal cells were isolated, 
cultured, and characterized in our previous study (data not 
shown). Although the isolated cells showed the characteris-
tics of mesenchymal stromal cells, we guess that the popula-
tion also contained a low proportion of hematopoietic stem 
cells, since we used the cells at the zero passage (P0), since 
hematopoietic stem cells have been reported to exist in MSC 
cultures even after nine in vitro passages [18]. 

In the current study, MSC(M) at passage 0 were used for 
transplantation, thus being different from the earlier ex-
periments with MSC(M) therapy published so far, where 
MSC(M) were mostly injected at passage 3 (P3 MSC(M)).

The in vitro expansion is always required for MSC-based 
therapies in order to generate sufficient MSC(M) numbers 
for transplantation. Clinical recommendations for medical 
MSC usage usually apply cells from 3-5 passages. However, 
unexpected risks may occur during cell growth, including 
lack of phenotype, contamination and reduction in efficacy, 
possibly leading to therapy failure. It has also been report-
ed that additional expansion might attenuate the stemness 
property of MSCs, thus contributing to reduction of thera-
peutic potential [19]. 

Previous report demonstrated that human MSCs subjected 
to extensive passaging may undergo morphological, phe-
notypic, and genetic changes [20]. It has been shown that 
the monolayer cultures significantly affect cell behavior, e.g., 
leading to cell senescence and impairment of multi-potency 
[19].

We have also studied the effects of MSC(M) transplantation 
upon body weight and liver weight. CCl4 is known to be a 
potent toxicant associated with the liver damage [21]. Deter-
mination of the liver weight to body weight ratio of mice may 
reflect structural and functional changes of the liver after 
CCl4 injury [22]. Since the body mass measures include the 
liver weight, it was subtracted from body weight to obtain a 
"liver-free" estimate of the body weight. Subtraction the liver 
weight is necessary because otherwise the measurable body 
weight will always reflect changes in the liver weight. It may 
make little difference in practice, because the liver weight 
is small, as compared with total body weight [23]. Signifi-
cant increase in the liver weight was observed in PBS group 
compared with control group. This elevation in liver weight 
after CCl4 intoxication has been well supported by previous 
research [21, 24]. However, MSC(M) treatment seems to 
significantly reduce liver inflammation and hence, the liver 
weight. The ratio of liver weight to body mass was higher 
in PBS group with significant difference compared to the 
normal control group. MSC(M) treatment caused a non-sig-
nificant decrease in this ratio compared to the PBS-treated 
group, but it became closer to the values of normal control 
group.

Estimation of biochemical indexes is widely accepted as a bi-
omarker of liver damage [25]. Enzymes represent sensitive 
metabolic markers, thus even slight changes in enzyme ac-
tivities would affect the organism [26]. Serum ALT level is 
usually elevated in case of serious liver damage and the ex-
tent of organ damage depends on the type of toxin, its mech-
anism of action and duration of exposure [26]. Serum ALT 
activity is a reliable and sensitive marker of liver disease [27].

The present study revealed a marked increase in the level of 
ALT upon exposure to CCl4 for 7 weeks (experimental group), 
which indicates considerable hepatocellular injury [28].

Exposure to CCl4 leads to liver injury [15]. Oxidative stress 
is considered to be the major pathogenic process of CCl4- 
induced liver injury [29]. This process causes changes in the 
of cell membrane permeability [15]. As a result, cytoplasmic 
ALT can leak into the bloodstream, and serum ALT level is 
increased [29], and can be determined [30]. In this study, 
we did not use liver toxin after transplantation of MSC(M). 
During treatment, it is important to eliminate the pathogen, 
in order to treat the disease efficiently without causing un-
necessary complications. Such a strategy has the advantage 
of enhancing the recipient’s therapy regimen [31].

The results showed a decrease in ALT level in the PBS group 
compared to experimental group, which is explained by 
self-recovery and regeneration of mouse livers after CCl4 
injection was discontinued. However, alleviation of liver 
damage occurred significantly faster in mice treated with 
MSC(M) than in untreated mice. MSC(M)-treated mice 
showed statistically significant improvement when com-
pared to the PBS-treated group. These results reflect the 
important role of MSC(M) and show that MSC(M) trans-
plantation can enhance regenerative capacity of the liver and 
improve affected tissues.

Alkaline phosphatase activity is a very useful serum bio-
chemical marker of liver disease [32]. The present study 
revealed a significant increase in ALP level of PBS-treated 
group compared with MSC(M)-treated group. Liver ALP is 
synthesized by the bile duct. Previously, ALP was thought 
to be increased, due to inability of liver cells to release the 
enzyme with bile. It is, however, accepted that ALP activity is 
increased due to higher enzyme synthesis [33], with involve-
ment of biliary ways [34]. The increased hepatic enzyme ac-
tivity clearly parallels the rise in serum alkaline phosphatase 
activity, which is primarily caused by increased ALP mRNA 
translation (mediated by elevated bile acid concentration), 
and increased secretion of ALP into serum via canalicular 
leakage into the hepatic sinusoids by still unclear mecha-
nisms [35].

Albumin synthesis is highly sensitive to CCl4 effects [36]. 
Albumin and other hepatic secretory proteins are synthe-
sized by polysomes bound to the endoplasmic reticulum. 
CCl4 causes damage to hepatocytes, including disruption of 
hepatic cells with polysome disaggregation and decrease in 
protein synthesis [37]. 

On the other hand, it was thought that CCl4 toxicity leads to 
damage of Golgi apparatus, which, in turn, negatively affects 
protein packaging and release from hepatocytes [36]. One 
month after MSC(M) transplantation, liver injury markers 
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(ALT and ALP) showed positive changes compared with PBS 
group. A significant increase in serum albumin level was no-
ticed in MSC(M)-treated group compared to the PBS group, 
which suggests that transplantation of MSC(M) results in 
significant restoration of specific liver function.

The liver histology studies were consistent with biochemi-
cal results, suggesting an improvement in MSC(M) treat-
ed group compared with PBS group. In the current study, 
CCl4 intoxication resulted in disorganization of hepatic ar-
chitecture, necrosis of hepatocytes, cytoplasm vacuolation, 
vascular congestion and dilation, dilatation of sinusoids 
and infiltration with inflammatory cell, as revealed by light 
microscope examination of livers from PBS group. Carbon 
tetrachloride is metabolized by cytochrome to reactive ox-
ygen species, resulting in membrane lipid peroxidation and 
oxidative stress injury, and, finally, hepatocyte necrosis and 
dysfunction [38]. Necrosis is viewed as a largely unregulated 
sequence of physicochemical stress, characterized by mito-
chondrial impairment, adenosine triphosphate (ATP) deple-
tion, and subsequent failure of ATP-dependent ion pumps.  
These changes result in rapid swelling of cells and cell or-
ganelles ("oncosis") accompanied by the formation of mem-
brane "blebs" and eventual cell rupture [39].

Microscopical examination of liver sections in PBS group 
showed vascular dilatation and congestion. Dilatation may 
be caused by increase levels of prostaglandin synthesis that 
leads to smooth muscle relaxation and vasodilatation [40]. 
The congestion may be due to fluid loss from the dilated ves-
sels, so they become filled with red blood cells [40]. This con-
gestion, as suggested by Hong et al., (1991) and Wijetunga et 
al., (2003), is a typical early index of hepatotoxicity [17]. The 
liver sections of PBS group exhibited cytoplasmic vacuola-
tion and increase in cell volume which are due to the loss of 
the cell's regulating mechanism for pumping out water from 
the inside. Cell swelling in CCl4 intoxication is due to altered 
cell membrane permeability. CCl4 is a non-polar lipophilic 
substance, thus leading to changes in the physical and chem-
ical properties of both cytoplasmic and mitochondrial lipid 
membranes, and resulting in disruption of Na+/K+ pump 
and migration of interstitial fluids to the hepatocytes [40].

After MSC(M) transplantation, marked reduction in liv-
er damage was observed, as compared to PBS group, thus 
suggesting heterogeneous response to cell therapy in distinct 
animals. Microscopic examination showed improvement in 
the histopathological changes induced by CCl4, and in hepat-
ic lobular architecture. Previous study has shown that MSCs 
secrete several factors, i.e., nitric oxide and prostaglandin E2, 
which enhance antioxidant protection, inhibit oxidative fac-
tors, and reduce the hepatocyte necrosis [11]. However, the 
mechanism by which MSC(M) repair liver damage remain 
unclear [41].

The studies of IL4 and IFN-γ serum levels by ELISA have 
shown some differences in IL-4 between CCl4-treated ani-
mals and controls. Cytokines are a class of polypeptide mi-
cro-molecules secreted by various cells, which are able to 
regulate cell growth and differentiation, immune function, 
inflammation and wound healing [15]. E.g., interferon-γ 
(IFN-γ) is the hallmark cytokine of T helper 1 (Th1) cells, 
whereas interleukin 4 (IL-4) has the same role in Th2 cells 

[42]. The results showed that the serum level of IL-4 de-
creased in PBS treated mice compared to the control group 
(intact mice). After MSC(M) transplantation, the IL-4 level 
increased. 

Differences in IL-4 levels between serum of mice treated 
and those not treated with MSC(M) proved that MSC(M) 
had a therapeutic effect. IL-4 is one of the widely recognized 
immune regulatory cytokines capable of suppressing inflam-
mation [43]. It has been used successfully in the treatment of 
inflammatory diseases in animal models, and in experimen-
tal studies, IL-4 injections significantly improved the condi-
tion of psoriatic dermatitis [44]. Several studies suggest that 
treatments that act to increase the concentration of interleu-
kin-4 in tissues may be beneficial in treating inflammation 
[45, 46].

However, the exact mechanisms by which IL-4 exerts its 
anti-inflammatory effects are not well understood [44]. The 
lower levels of the anti-inflammatory cytokine IL-4 found in 
the injured group compared to control is in accordance with 
previous studies showing suppression of this cytokine dur-
ing acute injury [47-49].

Our results are consistent with prior studies that showed that 
the IL-4 level was higher in the MSC-treated group compared 
to the untreated mice [43, 49, 50]. It has been demonstrated 
that MSCs caused the TH2 cells to increase secretion of IL-4 
[51, 52]. Chai et al., (2016) have shown that MSC(M) may 
increase IL-4 secretion in rats with liver fibrosis induced by 
dimethyl nitrosamine (DMN) both in vitro and in vivo [49]. 
Jia et al., (2018) indicated that the IL-4 mRNA expression 
was significantly higher in corneal grafts from MSCs-treated 
groups when compared with controls (PBS group) [50]. Our 
data showed that anti-inflammatory cytokine IL-4 exhibit-
ed remarkable increase in the MSC(M)-treated group. These 
findings may explain how MSC(M) mediate the cell repair in 
the damaged liver which could be partially associated with 
increased IL-4 production.

IFN-γ is an important Th1 cytokine [48]. It is produced pre-
dominantly by natural killer and Th1 cells, regulates their ac-
tivity, and is critical for innate and adaptive immunity [47]. 
Our results demonstrated that serum IFN-γ level increased 
after CCl4-induced liver injury (PBS group) compared to 
the control group. Our results are consistent with previous 
studies showing that CCl4 injury caused elevation of serum 
IFN-γ levels [22, 53]. Previous study demonstrated that CCl4 
injection into mice activated type 1 innate lymphoid cells 
(ILC1s), which, in turn, produced IFN- γ and protected mice 
from CCl4-induced acute liver injury. IFN-γ released from 
activated ILC1s promoted survival of the hepatocytes via up-
regulation of Bcl-xL [53]. Interestingly, IFN-γ followed the 
trend of the Th2 cytokine (IL-4), since its level increased af-
ter intravenous infusion of MSC(M). One may propose more 
than one explanation for this finding.

In the current study, experimental animals received synge-
neic MSC(M) without prior immunosuppression with cyclo-
sporine. Syngeneic transplantation is still believed to be the 
safest way of MSCs administration and does not cause any 
immune reaction [54]. It is possible that the immune sys-
tem responds to infused MSC(M) as the cells are produced 
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in culture and differ in size and protein expression patterns 
from the non-cultured MSC(M). Moreover, only low num-
bers of mesenchymal stromal cells are normally present in 
the circulation. Meanwhile, higher MSC numbers are pres-
ent after MSC(M) infusion, thus, probably, activating the 
response. It is thus likely that the immune reaction induced 
after MSCs transplantation represented a response to cells 
perceived as foreign objects and/or presented at an unusual 
location, rather than a MSC-specific response [55].

It has also been reported that Th1 cytokines are involved into 
the graft rejection [56]. A previous work indicated that this 
cytokine may be a useful predictor of acute graft-versus-host 
disease (GvHD) [57]. Some murine studies reported high 
serum IFN- levels in acute GvHD [57-59]. Our in vivo study 
demonstrated that syngeneic MSCs are not fully immune-
privileged. Along with their therapeutic effects, they cause 
an immune response and may be rejected. The transplanted 
cells may become immunogenic during extracorporeal ma-
nipulations, despite identical genotypes of donor and recip-
ient. It has been shown that the in vitro cultures of cells may 
alter their phenotype through epigenetic changes [54]. The 
opinion that syngeneic transplantation is safe comes from 
organ and tissue transplantology, where the biological mate-
rial is transferred without any additional in vitro processing 
which is not the case in majority of experimental MSC trans-
plants [54]. The strategies that reduce MSC immunogenicity 
can potentially prolong their in vivo persistence and improve 
the therapeutic effects. Thus, the modulation of immune re-
sponses is a prerequisite for preclinical and clinical studies 
in MSC therapy.

On the other hand, MSC-mediated immunosuppression 
was also reported to depend on prior activation by pro-in-
flammatory cytokines [60]. Previous studies also suggested 
that the immunosuppressive ability of MSC(M) require pre-
liminary activation by IFN-γ alone, or in combination with 
other chemokines [61]. However, once MSC is activated, 
they can release several soluble factors, such as prostaglan-
din E2 (PGE2), inducible nitric-oxide synthase (iNOS), in-
doleamine 2,3-deoxigenase (IDO), and IL-6 that exert im-
munomodulatory effects on other cell types [60]. Therefore, 
elevated IFN-γ in the MSC(M) group may play a role in the 
immunomodulatory properties of MSC(M) [61]. Expres-
sion of IDO and other anti-inflammatory factors by MSCs 
is strongly stimulated under inflammatory conditions, sug-
gesting that the immunomodulatory effects of MSCs act as a 
feedback mechanism to control ongoing immune responses 
[55]. However, further studies are required in order to eluci-
date the mechanism of immune response upon intravenous 
injection of syngeneic MSC(M).

Our results demonstrated that MSC(M) transplantation 
could facilitate recovery from chemically induced liver dam-
age. Several mechanisms could explain the therapeutic ef-
fects of MSC(M) in liver injury [62], as follows: 1) potential 
migration of MSC(M) to damaged liver with possible dif-
ferentiation into hepatocytes and promoted recovery from 
chemically induced liver damage [15]; 2) secretion of par-
acrine factors such as cytokines, hormones and growth fac-
tors, thus promoting tissue repair; 3) transfer of organelles 
(e.g., mitochondria) and/or molecules through tunneling 

nanotubes. 4) MSC-mediated transfer of proteins/peptides, 
hormones, RNA, and/or chemicals by extracellular vesicles, 
such as exosomes or microvesicles [63]. The contribution of 
paracrine effects has been further supported by recent stud-
ies reporting the therapeutic benefit of MSC-derived bio-
molecules for treatment of acute liver injury [62].

Conclusion
We presented that transplantation of MSC(M) could suc-
cessfully promote liver regeneration and ameliorate CCl4- 
induced liver damage, but elicits an immune response upon 
intravenous injection in murine model. However, further 
investigations are needed to increase the reliability of the 
clinical efficacy of MSC(M), to evaluate safety of MSC(M) 
therapy, as well as clarify the exact therapeutic mechanism 
of MSC(M), determine optimal injection route, timing and 
dosage of MSC administration, optimal stem cell source, 
and, possibly, to develop therapeutic strategies aiming for 
improved effectiveness of MSC(M) transplantation. We 
hope that our findings will contribute to the improvement of 
MSC(M)-based therapies for liver disease.
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Терапевтический потенциал трансплантации мышам 
мезенхимных клеток костного мозга для ослабления 
повреждения печени, вызванного CCL4 (исследование 
in vivo)

Резюме
Терапия стволовыми клетками является перспек-
тивнмым видом лечения болезней печени. В данной 
работе изучали эффект мезенхимных стволовых 
клеток (МСК), полученных из костного мозга, для 
лечения повреждения печени, вызванного CCl4. 

Материалы и методы
Мышам Balb/c вводили CCl4 (1 мл/кг массы тела) 
или физиологический раствор (в качестве контро-
ля) дважды в неделю на протяжении 7 недель. Затем 
животным вводили внутривенно МСК с пассажа 0. 
Через 4 нед. после трансплантации определяли уров-
ни АЛаТ, АСаТ, щелочной фосфатазы и альбумина 
в сыворотке крови, проводили гистологическое ис-
следование печени, и измеряли уровни IL-4 и IFN-γ 
посредством методики ИФА.

Результаты
По сравнению с группой контроля (с введением физ.
раствора), в группе, леченной МСК, были показаны 
более низкие уровни АЛаТ и АСаТ. Были также вы-
явлены позитивные изменения сывороточного аль-
бумина. Данные гистологического исследования со-
гласовывались с данными биохимических анализов, 

указывая на лучшие показатели в группе, леченной 
МСК, по сравнению с контрольной группой. Кроме 
того, трансплантация МСК сопровождалась повы-
шением продукции IL-4 и IFN-γ по сравнению с кон-
тролем.

Выводы
Наши результаты показали, что трансплантация 
сингенных МСК может облегчить восстановление 
после химической индукции повреждения печени, 
несмотря на вызванный иммунный ответ. Поэтому 
трансплантация МСК может быть основой для но-
вой концепции лечения заболеваний печени.
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