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Abstract 
 

Background: There exists a dramatic rise in liver failure and numerous patients un-
dergo liver transplant for life-saving reasons annually. Introducing alternatives to al-
lograft transplantation is necessary due to present limitations. Recently, a noninvasive 
stem cell population from Menstrual blood-derived Stem Cells (MenSCs) has been 
identified. There is an increasing interest in the application of MenSCs in tissue engi-
neering; however, the fact that these gender-specific stem cells are safe for use in 
male sex is still not well defined. 
 

Methods: In this research, a model of acute liver failure was created in male and fe-
male immunocompetent Balb-C mice through intraperitoneal injection of Carbon 
tetrachloride (CCl4) and MenSCs were transplanted intravenously 48 hrs after induc-
tion of liver injury to evaluate their therapeutic potential. All mice were sacrificed on 
days 1, 7, and 30 post-transplantation to examine biochemical and molecular mark-
ers and pathological appearances. 
 

Results: Results showed the liver engraftment of MenSCs by immunofluorescence 
staining using anti-human mitochondrial antibody in both male and female treated 
groups. The restoration of serum markers of liver injury, aspartate aminotransferase 
and alanine aminotransferase, as well as expression levels of liver-specific genes, tyro-
sine aminotransferase and cholesterol 7 alpha-hydroxylase, were more significant in 
the female treated group compared with the male treated group on day 7 (p<0.05); 
however, after 30 days, there were no significant differences. Furthermore, hematoxy-
lin and eosin and periodic acid-Schiff staining of liver sections demonstrated the con-
siderable liver regeneration post cell therapy in both groups. Notably, data has shown 
that MenSCs could engraft into injured liver tissues and result in the same effect in the 
regeneration of liver function in both genders.  
 

Conclusion: Results of this study introduce MenSCs therapy as an attractive alterna-
tive approach for liver repairing and regeneration which has no gender constraints. 
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Introduction 
 

The liver, the largest body gland, is exposed to vari-

ous risk factors including alcoholism, obesity, diabetes, 

toxins, autoimmune diseases and hereditary conditions 
1. Acute Hepatic Failure (AHF) is a clinical syndrome 

with a high mortality rate 2. Liver transplantation is the 

most common therapy but its application is limited for 

lack of available donors, high costs and risks of organ 

rejection and lifelong immunosuppressive medications 
3. Epidemiological studies have introduced male gender 

as an independent predictor of liver fibrosis progres-

sion towards cirrhosis in hepatitis B and C-virus, as 

well as non-alcoholic steatohepatitis4. In addition, stud-

ies showed that physiopathology of liver disease is  
 

 

 

 

 

 

different in male and female patients and several poten-

tial mechanisms have not been identified yet. 

In recent years, cell therapy with mesenchymal stem 

cells is considered an alternative treatment to allograft 

transplantation 5. Till now, many studies have been 

conducted on the use of mesenchymal stem cells de-

rived from human bone marrow, adipose tissue and 

umbilical cord blood in liver regeneration 6-8. Never-

theless, problems such as limited availability, invasive 

sample collection, and low proliferation capacity limit 

the applicability of these adult stem cells 9.  

In recent years,  a noninvasive stem cell population 

from Menstrual blood-derived Stem Cells (MenSCs) 
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with several advantages including high accessibility, 

renewability, sustainability, and low production costs 

which can be used without ethical concerns,  has been 

identified 10,11. This type of stem cells expressed some 

markers of both mesenchymal and embryonic stem 

cells and could differentiate into three germ layers 
10,12,13. 

Recently, several studies reported that gender-

specific differences in mesenchymal stem cells from 

different sources could impact the potential of prolifer-

ation and differentiation of cells 14,15. Furthermore, 

recent studies have shown that the secretome of mes-

enchymal stem cells isolated from different gender and 

sources may present significant variations 14. These 

differences in stem cell potential may influence recipi-

ent responses and outcome of cell transplantation 16.  

Additionally, large data about transplant failure in he-

matologic stem cell transplantation resulted in HLA 

mismatch between donor and recipient 17-19. However, 

some studies reported that transplantation of immature 

stem cells such as umbilical cord stem cells could be 

tolerated by the recipient despite an HLA mismatch 20.  

There are in vitro and in vivo studies which report 

the potential of differentiation of MenSCs into hepato-

cyte-like cells and restoration of AHF with transplanta-

tion of these stem cells in mice model 11,21, but there 

are no data about the outcome of MenSCs transplanta-

tion into a male recipient. The most remarkable aspect 

about the MenSCs is that they are gender-specific cells 

with several general variations with male cells which 

must be acknowledged prior to transplantation of them 

into the male recipients. In addition, a greater under-

standing of the sex effect on diverse stem cell popula-

tions is required to improve their ultimate clinical effi-

cacy. Therefore, in this study, an attempt was made to 

compare the effectiveness of MenSCs transplantation 

on the restoration of AHF in male and female immuno-

competent Balb/C mice with acute liver failure. The 

recipient's gender was considered as an important fac-

tor in predicting the effect of MenSCs transplantation 

on reducing the effects of toxic liver agents. The thera-

peutic effect of MenSCs was assessed by evaluation of 

the biochemical, histopathological, and molecular he-

patic factors in both genders at different times.  

 

Materials and Methods 
 

Isolation and culture of MenSCs 
Donors for menstrual blood were selected from 

healthy females aged 20-35 years. All donors signed an 

informed consent approved by the medical ethics 

committee of Avicenna Research Institute. About 5 ml 

of menstrual blood was collected using a Diva cup (Di-

va International Co., Lunette, Finland) during the first 

2 days of the menstrual cycle. The contents of Diva 

cup were collected in a collection tube containing 2.5 

mg/ml fungizone (Gibco, UK), 100 mg/ml streptomycin, 

100 U/ml penicillin (Sigma-Aldrich, St. Louis, MO, 

USA), and 0.5 mM EDTA in Phosphate Buffered Sa-

line (PBS). 

MenSCs were isolated and cultured from menstrual 

blood by the method described previously 22. Briefly, 

menstrual blood mononuclear cells were separated by 

Ficoll-Hypaque (GE-Healthcare, Uppsala, Sweden) den-

sity gradient. After washing with PBS, the cell pellet 

was subsequently cultured in a T75 flask containing 

complete Dulbecco’s modified Eagle’s medium-F12 

(DMEM-F12; Sigma-Aldrich) supplemented with 10% 

FBS, 2 mM L-glutamine, 100×NEAA, 100 U/ml peni-

cillin, 100 mg/ml streptomycin, and 25 mg/ml fungi-

zone and maintained at 37°C in a 5% humidified CO2 

incubator for approximately 2 days. Following initial 

incubation, the non-adherent cells were washed away, 

leaving behind the adherent cell population. 4-7 days 

later, the first colonies appeared. After achieving 70- 

80% confluence, adherent cells were passaged using 

Trypsin/EDTA (Gibco).  
 

Immunophenotyping of MenSCs 
The cultured MenSCs were detected via the expres-

sion of mesenchymal stem cell markers such as CD73, 

CD105, CD146, CD10, CD29, hematopoietic stem cell 

markers such CD34 and CD133, and embryonic stem 

cell marker including OCT4, SSEA-4 using a flow 

cytometric analysis, as described in our previous paper 
13. About 105 cells/100 µl were separately incubated 

with PE-conjugated monoclonal mouse anti-human 

CD73 (BD Pharmingen, CA, USA), CD105 (BioLe-

gend, CA, USA), CD146 (clone P1H12; BD Pharmin-

gen, USA), CD10 (BioLegend, CA, USA), CD29 (Bi-

oLegend, CA, USA), CD34 (BD Pharmingen, USA), 

CD133 (BD Pharmingen, USA), and SSEA-4 (eBiosci-

ence, CA, USA) for 40 min at 4°C. For OCT-4, perme-

abilization of the cell membrane was done by 0.1% 

saponin. Cells were then incubated with the anti-human 

OCT-4 antibody (Abcam, CA, USA) for 40 min. Final-

ly, all cells were fixed in 1% formaldehyde solution 

and marker expressions were evaluated using flow cy-

tometry (Partec, Germany) with reference to appropri-

ate isotype controls. 
 

In vitro differentiation of MenSCs 
MenSCs (Passage 3-4) were plated in 24-well plates 

with DMEM supplemented with 15% Fetal Bovine Se-

rum (FBS) and used for the differentiation study when 

reached 70-80% confluence. Osteogenic, chondrogen-

ic, and adipogenic differentiation was induced by the 

differentiation media as described previously 11,22. Cor-

rect differentiations were confirmed by Alizarin red 

staining (Sigma-Aldrich) for mineralized calcium, im-

munohistochemistry using primary monoclonal mouse 

anti-human Collagen type II (Clone 5B2.5, 1:500; Ab-

cam) and secondary antibody FITC-labeled goat anti-

mouse IgG (Abcam), and oil red O staining for lipid 

droplet according to previously described protocols 
11,22. 
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Animal model of acute liver injury and MenSCs trans-

plantation  
To induce acute liver failure, 1 ml/kg body weight 

Carbon tetrachloride (CCl4) mixed with mineral oil 

(1:10 ratio) was injected intraperitoneally into 8-10 

week old male and female Balb/C mice which were 

maintained in the animal center at the Avicenna Re-

search Institute according to animal care guidelines. 

After 48 hr, all CCl4 treated mice were randomized and 

allocated to three groups: acute liver injury model 

group as the control group (male gender n=5, female 

gender n=5), male MenSCs-transplanted group (n=15), 

and female MenSCs-transplanted group (n=15).  

Subsequently, all mice of the acute liver injury 

model group received a transfusion of 0.2 ml PBS, 

whereas MenSCs transplantation groups received a 

transfusion of 8×105 stem cells suspended in 0.2 ml of 

PBS through tail vein injection, respectively. 5 mice in 

each gender without injection of CCl4 were regarded as 

the normal group. 

At 1, 7, and 30 days following cell transplantation, 

blood samples, and liver tissue were collected from 

mice in all treated groups for further analysis. The 

fresh liver tissues were collected for further studies 

such as Hematoxylin and Eosin (HE) and immunohis-

tochemical staining and Reverse Transcription Polyme-

rase Chain Reaction (RT-PCR). 
 

Liver function assay 
Blood samples were centrifuged and the serum was 

collected after 1, 7 and 30 days following cells trans-

plantation. The levels of Alanine aminotransferase 

(ALT), Aspartate aminotransferase (AST), total biliru-

bin, albumin, and urea in the serum were measured 

using an automatic biochemical analyzer (Roche Diag-

nostic GmbH, Mannheim, Bad Nauheim, Germany).  
 

Histopathological analysis 
Liver lobes were collected from mice at each of the 

following 3 time points of 1, 7, and 30 days after the 

injection of MenSCs. The liver tissues were fixed 

overnight in 10% formalin, dehydrated in graded etha-

nol, embedded in paraffin (Merck, Germany), cut into 

serial 5 μm sections, and HE stained (Sigma-Aldrich). 
 

Evaluation of glycogen storage ability 
Paraffin-embedded liver lobes were cut to 4-5 µm 

sections, deparaffinized, hydrated to water, and oxi-

dized in 0.5% periodic acid solution for 5 min. Then, 

the slides were placed in Schiff reagent for 15 min and 

after washing, counterstained in Mayer’s hematoxylin 

for 1 min. Slides were then dehydrated and cover- 

slipped using a synthetic mounting medium and ob-

served under a phase-contrast microscope (Olympus 

BX51). The intracellular glycogen was stained purple 

and the nuclei blue.  
 

Real-time quantitative polymerase chain reaction 
At the time of sacrifice, part of each fresh liver 

sample was frozen immediately in liquid nitrogen to 

preserve good quality RNA for gene expression stud-

ies. Then the samples were transferred by nitrogen tank 

from the surgery room and kept at-80°C until use. 

Total RNA was extracted from the liver sections us-

ing AccuZol reagent according to manufacturer’s in-

struction. First-strand cDNA was synthesized by using 

1 µg DNAse-treated RNA, 1 µL Super ScriptTM II 

Reverse Transcriptase (200 U), 20 pM N6 Random-

Hexamer, 20 pM dNTP Mix, 4 µL 5X First-Strand 

buffer, 2 µL Dithiothreitol (0.1 M), and 1 µL RiboLock 

TMRNase inhibitor in a thermocycler (Eppendorf, 

Germany) at 25°C for 10 min, 42°C for 50 min, and 

70°C for 15 min. Next, qRT-PCR was performed using 

ABI 7500 real-time PCR as follows: initial denatura-

tion at 95°C for 10 s, 40 cycles of a two-step PCR 

(95°C for 5 s, 60°C for 30 s), dissociation stage at 95 

°C for 15 s, 60°C for 1 min and 95°C for 15 s. The 

primers used are listed in table 1. 
 

Tracking of MenSCs homing by immunostaining 
The capability of transplanted stem cells for migrat- 

ion and homing in injured liver tissue was assessed by 

immunohistochemistry. The sections were deparafin-

ized and rinsed with Tris-Buffered Saline (TBS) and 

blocked with 3% H2O2. After blocking the endogenous 

biotin with Biotin-Blocking System (Cat number: X0-

590; Dako), the slides were blocked in mouse serum 

for 45 min at 4°C and then were incubated overnight at 

4°C with the mouse anti-human anti-mitochondrial 

antibody (MAB1273B, 1:150; Millipore). As a negative 

control, sections were stained with isotype control an-

tibody (IgG1).  

Finally, the slides were rinsed with TBS and 1% Bo-

vine Serum Albumin (BSA) and incubated with horse-

radish peroxidase (HRP)-Streptavidin Conjugate (Cat 

number: 43-4323, 1:150; Invitrogen) at RT for 1 hr. 

Positive transplanted MenSCs were detected using 

HRP-DAB Detection System (Cat number: ab64264; Ab 

cam). After counter-staining with Mayer’s hematoxy 

Table 1. Sequences of the primers used in the qRT-PCR analysis 
 

Gene of interest Sequence Product size (bp) NCBI Accession No. 

TAT 
F:5´ -CGCTTCCTATTACCACTGTCC - 3´ 
R:5´- ACTCAGCCAATGTCCTGTAGA-3´ 

167 NM_146214 

CK-18 
F:5´-GTGAAGAGCCTGGAAACTGAGA -3´ 

R: 5´-CATCTACCACCTTGCGGAGT-3´ 
283 NM_010664 

ALB 
F:5´-AAGGCTACAGCGGAGCAAC-3´ 

R:5´-GACAAGGTTTGGACCCTCAGTC -3´ 
117 NM_009654 

CYP7A1 
F:5´-ACAACGGGTTGATTCCATACC -3´ 
R: 5´-GTCCAAATGCCTTCGCAGA -3´ 

228 NM_007824 

B-Actin 
F: 5´-GTCGAGTCGCGTCCACC -3´ 

R: 5´- CATTCCCACCATCACACCCTG -3´ 
114 NM_007393 
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lin, the slides were monitored under the phase-contrast 

microscope.  
 

Statistical analysis 
The data were presented as mean±Standard Devia-

tion (SD). The quantitative results were analyzed by 

SPSS 13 statistical software. Multiple comparisons 

among means were performed using  

ANOVA and student’s t-test was used for compar-

ing the means of two groups. Mean efficiencies and 

crossing point values for each gene were determined 

with LinRegPCR (Version 11.0) using relative expres-

sion software tool-2009 (REST-2009). A p-value<0.05 

denoted a statistically significant difference. 

 

Results 
 

In vitro characterization of isolated MenSCs 
Adherent mononuclear cell, isolated from menstrual 

blood exhibited spindle-shaped or fibroblastic mor-

phology as shown in figure 1A. These cells reached 70-

80% confluency during 10±3 days. The analysis of 

flow cytometry result showed that 99.6, 99.3, 75.8, 

90.8, and 98.6% of the cells were CD105, CD73, 

CD146, CD10, and CD29 positive (Mesenchymal stem 

cell markers), respectively. The immunophenotyping 

also revealed high expression of OCT-4 and the lack of 

the surface marker SSEA-4, CD34, and CD133 (Figure 

1C). 

As shown in figure 1C, MenSCs were differentiated 

into mesodermal lineages as shown by collagen II-

expressing chondrocyte-like cells and mineralized cal-

cium producing osteoblasts. However, MenSCs show-

ed a low potential for differentiation into adipocytes 

(Figure 1B). 
 

Establishment of acute liver failure  
Based on the result of previous study 21, one dose of 

1 ml/kg body weight CCl4 10% in mineral oil was in-

jected intraperitoneally into 8-10 week old Balb/C 

mice. After 48 hr, the mice showed less activity, ener-

gy, and aggressiveness. Necropsy of mice with CCl4 

injection showed severe adhesion in the peritoneal cav-

ity associated with ascites. The liver tissue surface was 

inflamed and coarse in texture with multiple nodules 

and a pale discoloration. 

HE staining of CCl4-treated liver tissues showed the 

multifocal areas of coagulation necrosis that occurred 

primarily in centrilobular zones with some foci of ne-

crosis diffusely dispersed to mid-lobular and periportal 

areas. However, in zone I and II, the most prominent 

features were vacuolar change and hydropic degenera-

tion of hepatocytes. Infiltration of inflammatory cells 

and activation of Kupffer cells were seen in areas of 

hepatic injury. Some foci of hemorrhage were also 

noted (Figure 2). 

Liver function assay of mice with liver failure 

showed that serum levels of liver enzymes including 

AST, ALT, total bilirubin, and urea collected 48 hr af-

ter injection were significantly (p<0.05) elevated com-

pared to the control healthy group (Table 2). All the 

above data indicated that AHF occurred. 
 

MenSCs transplantation improved the function of CCl4 

injured liver in both genders 
Based on the data of the previous study 21, the mice 

underwent intravenous tail vein transplantation of 8 

×105 MenSCs, 48 hr following CCl4 induced injury, 

while the control group received an injection of PBS. 

The mice were sacrificed on days 1, 7 and 30 after cells 

transplantation. 

As shown in figure 3, in both cell treated groups, the 

levels of serum markers including AST, ALT, total 

bilirubin, and urea revealed a significant gradual de-

creasing trend over the treatment time. Statistically, 

there were no significant differences in the levels of 

these markers among the cell treated groups and CCl4 

Figure 1. A. Characterization of cell morphology in MenSCs in dif-

ferent passages: The isolated cells exhibited spindle-shape morphol-

ogy. Scale bar: 100 µm B: MenSC differentiation into chondrocytes 
(1), adipocytes (2), and osteoblast (3) judged by immunostaining of 

collagen type II and oil red O staining, and alizarin red staining, 

respectively. Scale bar=100 mm. C: Characterization of CD markers 
in MenSCs (black) and in isotype controls (white). Data represent the 

means ± SD (n=5).  
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injured group 1 day following cell transplantation. 

However, 7 and 30 days following transplantation, the 

levels of AST, ALT, total bilirubin, and urea in the 

male and female MenSCs-treated groups were signifi-

cantly lower compared with those in the control CCl4 

treated group (p<0.05). Notably, the female MenSCs-

treated group showed lower levels of AST and ALT 

compared with those in the male MenSCs-treated group 

(p<0.05) 7 days after transplantation, but there was no 

significant difference between the treated groups in 30 

days. The serum levels of total bilirubin, and urea in 

both female and male transplanted mice had the same 

reduction after 7 and 30 days (p>0.05). In 30 days fol-

lowing transplantation, the levels of these serum mark-

ers decreased to their lowest level (p<0.05). Further-

more, the level of albumin in the CCl4 treated group 

was slightly higher than that in both cell treated groups 

at three time points; however, the differences between 

the groups were not statistically significant. 

These data suggested that MenSCs transplantation 

could significantly decrease the serum level of liver 

injury markers, which indicate their efficiency in liver 

regeneration in both genders.  
 

MenSCs transplantation alleviates the histopathological 

features of liver damage in both genders 
Microscopical examination of liver on day 1 after 

transplantation showed expansive vacuolar degenera-

tion, infiltration of inflammatory cell in the periportal 

area, and necrosis. There was no noticeable difference 

between the two cells treated groups (Figure 2). On day 

7 following transplantation, tissue damage and necrosis 

happened to a lesser extent in both cell treated groups 

compared to CCl4 group. Additionally, in both groups, 

minor derangement of the hepatocyte cord and portal 

hepatitis was noted compared to CCl4 treated group. 

Slight bile duct hyperplasia, vascular congestion with 

some foci of necrotic cells and hemorrhage were also 

observed.  At this time point, no significant difference 

was observed in the histopathology of male and female 

MenSCs-transplanted groups (Figure 2). However, af-

ter 30 days post-transplantation, there was a significant 

improvement in the histopathological appearance of the 

liver. Mild hepatocyte vacuolation, minimal infiltration 

of inflammatory cells and mild to moderate congestion 

were seen in the male treated group (Figure 2). While 

microscopical examination of the female transplanted 

group exhibited clear hepatic recovery characterized by  

a relatively satisfactory regeneration of hepatocytes, 

few cells were damaged (Figure 2). 
 

Recovery of glycogen storage ability in MenSCs-treated 

liver tissues 
Liver tissues from mice with AHF showed notable 

depletion of glycogen deposition and coagulative ne-

crosis (Figure 4). After 1 day, there was no significant 

recovery in both MenSCs-treated groups; however, on 

day 7, male and female treated groups showed a partial 

increase in the intensity of PAS positivity especially in 

Figure 2. Comparison of liver histology between the control, liver 

failure model, and male and female cell-treated groups. CCl4 treated 
group showed hepatocyte cytoplasm vacuolization, and infiltration of 

inflammatory cells. During 30 days the cell transplantation signifi-

cantly ameliorated liver injury without any significant difference 

between both genders. Scale bar: 100 µm. 

Figure 3. Liver function analysis in male and female mice after 
MenSCs transplantations in different point times. Data were ex-

pressed as the means ± SD. *p< 0.05. 

Table 2. Liver enzymes analysis in healthy control and liver failure groups 

 AST (U/L)* ALT (U/L)* Total Bilirubin* Urea* Albumin 

Normal control group 98.66±15.63 37.66±5.20 0.41±0.13 45.76±5.14 3.16±1.30 

Liver failure control group 975.00±25.00 1149.50±12.41 0.78±0.24 67.36±4.23 3.62±2.28 
 

48 hr after CCl4 injection the analysis of serum was performed. 5 mice from each group were analyzed; *p<0.05. 
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the periportal areas (Figure 4). 

After 1 month, a moderate PAS positivity was ob-

served in hepatic lobules of the female MenSCs-treated 

group; and male MenSCs-treated group demonstrated a 

noticeable improvement in glycogen content (Figure 

4). These data from microscopical examination of 

PAS-stained liver sections demonstrated that MenSCs 

transplantation could recover glycogen storage ability 

of CCl4-injured livers in both genders without signifi-

cant difference. 
 

Expression levels of hepatic genes improved following 

MenSCs transplantation in both genders 
Real-time quantitative PCR analysis was performed 

to detect the expression levels of albumin, CK-18, cy-

tochrome P450 family 7 subfamily A member 1 (CYP-

7A1), and TAT in mice liver tissues. In CCl4 control 

group, the expression level of albumin decreased sig-

nificantly while in both cell treated groups the level of 

this liver-specific marker gradually increased from day 

1 to 30 following transplantation and the female 

MenSCs-treated group showed the highest level of 

albumin after 30 days of treatment (p<0.05) (Figure 5). 

Similarly, CK-18 mRNA showed marked down-re-

gulation following CCl4 injection and gradually up-

regulated from days 1 to 30 post cell transplantation. In 

30 days following transplantation, the expression of 

CK-18 exhibited significant up-regulation in the female 

MenSCs-treated group compared to the male MenSCs-

treated group (p<0.05). In addition, the expression of 

CYP7A1 and TAT genes at the mRNA level showed 

significant up-regulation in 1 month following cell tra-

nsplantation in both cells treated groups (p<0.05). Al-

so, comparison between both cells treated groups 

showed that the female MenSCs-transplanted group 

had significantly greater expression of CYP7A1 and 

TAT compared with the male MenSCs-treated group 

on day 7 post-transplantation (p<0.05); however, there 

was no significant difference in TAT and CYP7A1 

gene expression level between two treated groups on 

day 30 (Figure 5). 
 

Localization of transplanted MenSCs in injured liver 
To localize the infused MenSCs in the CCl4-injured 

liver, liver tissues were immunohistochemically stained 

using anti-human mitochondrial antibody. It was ob-

served that 7 days after transplantation, MenSCs could 

engraft into the portal areas of the injured liver in both 

genders, especially around portal areas (Figure 6). 

 
Discussion 

 

In the last decade, various types of stem cells have 

been introduced and their differentiation into three 

germ layers cells has been investigated. Mesenchymal 

stem cell therapy, with the characteristics of anti-inflam-

mation, immunomodulation and trophic effects, has 

been proposed as an alternative treatment for ortho-

tropic liver transplantation 23,24. 

In the present study, MSCs were successfully isolat-

ed from menstrual blood samples, obtained from 

Figure 4. Comparison of liver tissue glycogen content between 

male and female mice treated with MenSCs. There was no nota-

ble difference between the two genders. 

 

Figure 5. RT-PCR detection of the mRNA expression of hepatic 

genes in liver tissues from different groups. Data were normalized to 

corresponding β-Actin and calculated in reference to control normal 
(NL) group. *p<0.05. 

 

Figure 6. Immunohistochemical staining of mitochondrial protein 
(red box) in liver samples retrieved from male and female MenSCs-

treated groups after 7 days. Liver section from normal mice served as 

negative control. Scale bar: 100 μm. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwj4-oq_p6LOAhUCSBQKHWpPDgkQFgg7MAI&url=http%3A%2F%2Fwww.medscape.org%2Fviewarticle%2F583924&usg=AFQjCNEm9SK9QzRYvgn3UTMzetu4Bn7TTA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwj4-oq_p6LOAhUCSBQKHWpPDgkQFgg7MAI&url=http%3A%2F%2Fwww.medscape.org%2Fviewarticle%2F583924&usg=AFQjCNEm9SK9QzRYvgn3UTMzetu4Bn7TTA
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healthy women during the first days of menstrual cy-

cles. The experimental acute liver injury was induced 

by intraperitoneal CCl4 injection. Consistent with pre-

vious studies, no deaths were observed in CCl4 treated 

group after transplantation of MenSCs in both male 

and female immunocompetent Balb/C mice, while 

without cell therapy all mice died during the first 48 hr 
25,26. The efficacy of MenSCs transplantation was in-

vestigated by improvement in liver biochemical func-

tions, the decrease in hepatocytes degradation, and 

alleviating the histopathological liver tissue damage in 

both male and female groups. 

It has been demonstrated that MSCs could promote 

liver tissue regeneration through inhibition of inflam-

mation, reduction of apoptosis, suppressing T lympho-

cytes and intrahepatic Natural Killer cells (NKs), and 

modulation of Hepatic Stellate Cells (HSCs) 5,27. Pre-

vious studies have suggested two possible mechanisms 

for stem cell therapy for repairing damage to the liver; 

migration, engraftment, and transdifferentiation of 

stem cells at the site of cell injury or stem cells fusion 

with host hepatocytes, and the paracrine secretion of 

various cytokines and growth factors such as HGF, 

Vascular Endothelial Growth factor (VEGF), interleu-

kin-6, and insulin-like growth factor binding proteins 

that stimulate revascularization and endogenous cell 

proliferation 28,29. 

Here, engraftment of transplanted MenSCs into in-

jured areas of the liver host of both genders were 

shown; however, due to the rapid improvement in the 

liver tissue regeneration in a short time (1 week), 

MenSCs homing and transdifferentiation seem unlikely 

to be the main mechanism of liver tissue repair after 

cell transplantation. Furthermore, previous studies 

manifested that about 1 to 3% of the host liver were 

repopulated by donor stem cells and about 4 to 5% of 

transplanted stem cells were engrafted into the recipi-

ent's liver during 1 month following transplantation 5. 

Therefore, it can be concluded that the trophic effect of 

transplanted stem cells may be the main mechanism of 

hepatic tissue regeneration. 

Recent studies revealed that sex differences are an 

important factor that affects the properties of some 

adult stem cells. Crisostomo et al demonstrated that 

there are differences in the activation of the MSCs in 

the two sexes. They stressed murine MSCs in vitro 

with hypoxia, Lipopolysaccharide (LPS), and hydrogen 

peroxide and showed that female cells secreted more 

VEGF and less Tumor Necrosis Factor alpha (TNF-α) 

than male cells 16. A review by Ray et al showed that 

sex hormones influenced the characteristics of many 

types of mesenchymal stem cells, with effects that vary 

according to cell type 30. 

There is no study about the effect of gender on 

MSCs efficacy in liver injury; however, some studies 

have investigated the efficacy of MSCs transplantation 

in other diseases. Deasy et al reported that the female 

muscle-derived stem cells could regenerate skeletal 

muscle more efficiently than male muscle-derived stem 

cells 31. In addition, in an experimental myocardial 

infarction mouse model, infusion of female-derived 

MSC resulted in more noticeable improvement in left 

ventricular function 32. On the other hand, there is some 

evidence that Haematopoietic Stem Cells (HSCs) in 

mice exhibited differences in cell-cycle regulation ac-

cording to gender which results in more proliferation 

rate in female-derived HSC compared with male-

derived HSC 33. The results of a study of 1,386 patients 

undergoing allogeneic HSC transplantation showed 

that sex matching between donors and recipients corre-

lated with better overall survival, although HSCs from 

male donors were associated with better long-term sur-

vival 34. Jernberg et al showed that in pediatric leuke-

mia, HSC transplantation from a female donor to a 

male recipient produced unfavorable outcomes com-

paring with all other sex combinations. They also 

demonstrated that the transplantation of cells derived 

from pregnant women to male patients increased the 

risk of graft-versus-host disease 35. Furthermore, in the 

experimental mice model of atherosclerosis, transplan-

tation of Mononuclear Cells (MNCs) from the female 

bone marrow into male mice caused the release of anti-

inflammatory and haematopoietic regulatory cytokines, 

whereas infusion of cells derived from the male bone 

marrow into a female recipient mouse did not demon-

strate the same efficacy 36.  

Researchers reported sex differences in cell behav-

ior that may be of relevance in developing therapeutics; 

therefore, it was hypothesized that male recipients may 

not show noticeable improvement in liver function as 

well as female recipients. Surprisingly, our data 

showed that although MenSCs originated from fe-

males, but they can be equally effective in male recipi-

ents’ liver regeneration. It was shown that menstrual 

stem cells transplantation is not limited by sex. 

 

Conclusion 

In summary, in this study, gender-specific MSCs 

were presented that can be used in human tissue engi-

neering. Menstrual blood-derived stem cells could be 

collected from healthy women of reproductive age and 

banked for future use after expansion in culture. En-

graftment of MenSCs in injured liver tissues of both 

genders of immunocompetent Balb/C mice caused a 

notable improvement in liver function assays. Our find-

ings cleared the effect of recipient gender on MenSCs 

efficacy in acute liver injury. Further studies are need-

ed to clarify the exact mechanism of sex differences in 

stem cells behaviors which results in improving the 

effectiveness of MenSCs transplantation. 
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