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ABSTRACT 

 The development of hepatic fibrosis and portal hypertension is the principal cause of 

morbidity and mortality in Schistosomiasis mansoni. The present study was designed to 

evaluate the effect of bone marrow-derived stem cells on improvement of the Schistosoma 

mansoni-induced liver fibrosis in murine model. Unfractionated male mice-derived BMSCs 

were infused through caudal vein into female mice subcutaneously injected with S. mansoni 

cercariae on the 8th week post infection. Animals were divided into four groups: normal 

uninfected negative control, S. mansoni infected, S. mansoni infected mice then subjected to  

BMSCs infusion and S. mansoni infected and subjected to BMSCs infusion in combination 

with HGF. Animals were sacrified after the 1st, 2nd and third month post treatment. Liver 

histopathology and immuno-histochemistry investigations were performed for identification 

of liver fibrosis and to evaluate changes of granuloma size and number. Moreover, OV-6 

cells were detected for identification of newly formed hepatocytes. Levels of the cytokines 

(IL-2, IL-10, TNF-α and IFN-γ) that correlates positively with tissue fibrosis through 

inducing fibrogenic effect  as well as nitric oxide level were assessed in sera of all groups. 

Granuloma showed a marked decrease in size and number in BMSCs treated mice compared 

to the untreated Schistosoma infected group. Treatment of S. mansoni infected mice with 

BMSCs and BMSCs-HGF induced significant decreases in the level of IL-2 only at the 3rd 

month post treatment (PT) compared to its level in the infected control group, whereas the 

level of IL-10 in the treated groups showed significant increase at the 1st and 2nd month PT 

compared to that of the infected control group. Reduction in level of IFN-γ as well as TNF-α 

in comparison to the infected controls was detected in both BMSCs and BMSCs-HGF treated 

groups. A significant decrease in NO level was detected in treated groups compared to the 

infected control group. In conclusion, BMSCs and BMSCs-HGF infusion ameliorates 

Schistosoma mansoni induced liver fibrosis in murine model through the decrease in 

granuloma size and number and improvement in serum levels of NO and cytokines.  
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INTRODUCTION 

Hepatic fibrosis can be defined as an increase in the amount of fibrous connective tissue in 

relation to the parenchyma of the liver (Pauly and Ruebner, 1987). Fibrosis results when the 

rate of collagen synthesis is higher than that of collagen degradation (Chen et al., 2002).It can 

lead to impairment of liver function, development of hepatocellular carcinoma and portal 

hypertension with all its associated complications (Bhat and Bhat, 2008). So, Hepatic fibrosis 

is the first step toward a number of often mortal complications of the liver (Bataller and 

Brenner, 2005) and also it is associated with significant morbidity and mortality (Yang et al., 

2010). 

Schistosomiasis is an important cause of hepatic fibrosis. It is one of the most widespread 

parasitic infections. The incidence of the disease is very high in developing countries.   In 

Egypt Schistosoma mansoni and Schistosoma haematobium cause intestinal and urinary 

schistosomiasis respectively, and still a serious puplic health problem. The key event in 

Schistosomiasis mansoni is the formation of granulomas around eggs trapped in the portal 

venules of the liver tissue (Fallon, 2000). The eggs release a variety of substances of which 

some are toxic to host tissues whereas others are antigenic, leading to antigen-specific 

humoral and cell mediated immune responses (Baddamwar, 2004) which is a complex patho-

physiological cascade event which terminates in fibrosis and portal hypertension (Ghanem et 

al., 2010). The initial cytokines generated due to schistosomiasis infection is critical for the 

development of long-lasting adaptive immunity mediated by T cells and depend on the stage 

of infection (MacDonald et al., 2002). It was found that interleukin-2 was stimulating 

differentiation and activation of T-cells (Weinstock, 1992). Also, it appeared to play an 

important role in the generation of Schistosome eggs induced granulomas (Fidel and Boros, 

1990). Interleukin-10 was reported to be the key factor in preventing the polarization towards 

a Th1 or Th2 profile (Pyrrho et al., 2002). The down-regulation of egg induced pathology in 

schistosomiasis by IL-10 is due to the inhibition of accessory and T-cell secretion of 

inflammatory cytokines such as TNF-α, IFN-γ, IL-2, IL-3, IL-6, IL-8, lymphotoxin, and IL-

12 (Morris et al., 1994; Flores et al., 1996).  Immuno-modulated granulomas have been 

shown to display elevated IFN-γ levels (Grzych et al., 1991) and an exogenous IFN-γ has 

been found to suppress fibrosis in schistosome infected mice (Czaja et al., 1989). Tumor 

necrosis factor-α has been reported to play an important role in the granulomatous response 
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and is one of the earliest cytokines released during an inflammatory response (Boros, 1986), 

and neutralization of TNF-α with polyclonal antibodies resulted in a reduction in granuloma 

size during the acute stage of S. mansoni infection (Joseph and Boros, 1993). So, these 

cytokines play distinct roles in granuloma formation and hepatic fibrosis depending on the 

articular cytokine milieu in which it is expressed (Hoffmann et al., 1998). 

The most effective therapy for treating hepatic fibrosis and cirrhosis are limited to remove the 

causative agent (Fang et al., 2010). Transplantation is a highly successful treatment for end 

stage cirrhosis with a 75% five years survival rate (Iredale, 2003). But, limited availability of 

organs, growing list of patients needing a transplant and co-morbid factors mean that not 

everyone is eligible for transplantation. As a result, effective anti-fibrotic treatment is 

urgently needed. So, cell therapy has emerged as a novel approach for many liver diseases 

(Fang et al., 2010).  

Adult bone marrow contains pluripotent stem cells with the ability to differentiate into 

diverse cell types including hepatocytes (Oliveira et al., 2008; Zhou et al., 2009). In an 

animal model of hepatic injury, the researchers suggested that BMSCs might become a 

suitable source for Stem Cell-based therapies, because of their immunological properties as 

they are less immunogenic and can induce tolerance upon transplantation. Moreover, BMSCs 

showed the highest potential for liver regeneration (Abdel Aziz et al., 2011; El-Ansary et al., 

2012).  

Hepatic progenitor oval cells (OV) cells were mentioned to express stem cell factor (SCF) 

indicating a potential hematopoietic origin (Petersen et al., 1999).  Oval cells have lineage 

options similar to those displayed by hepatoblasts in early stages of liver development 

(Vessey and de la Hall, 2001).  OV-6, the widely used monoclonal antibody to identify OV 

cells in liver stains similar structures, indicating that the epithelial cells residing within the 

Canal of Hering (CoH) are most probably candidates for resident liver stem cells (Sell, 2003). 

In patients with extensive chronic liver injury or submissive hepatic necrosis, regenerative 

structures have been identified by cells with the morphological appearance and 

immunohistochemical markers consistent with OV cells (Crosby et al., 2001; Tan et al., 

2002; Xiao et al., 2003). 

Materials and Methods 

Experimental Animals and Parasites: 

Ninety sixth female BALB/c mice aging 6-8 weeks and weighting 20-22 g, were divided into 

four groups (24 mice/group). Group A contained normal uninfected control mice which had 
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injected intravenously with saline; group B were infected subcutaneously with 60\ mouse S. 

mansoni cercariae (obtained from infected Biomphalaria alexandrina snails) and not 

subjected to BMSCs inoculation, group C and D were infected with the same number of 

cercariae and subjected to treatment with BMSCs (one million cell/mouse) separately and 

incombination with 2 μg/ml HGF, respectively on their 8th week post-infection. BMSCs were 

derived from male BALB/c mice and inoculated into female mice by peripheral injection 

route. 

Eight animals from each group were sacrificed after the first, second and third month post 

treatment and their livers were subsequently processed for histological and 

immunohistological examinations. Blood samples were also taken  for sera preparation, the 

sera were taken individually and kept at -20°C until used for immunological  examinations. 

 

Isolation, Culture and Purification of BMSCs:  

BMSCs were harvested from BM of the femurs and tibiae of donor male BALB/c mice 

according to El-Khafif et al. (2010), then cells were flushed with serum free media, vortexed, 

then filtered. After that the solution was centrifuged and the supernatant was decanted and 

10% lysing buffer  (Bio Whittaker) was added to get rid of RBCs then incubated on ice, after 

that centrifuged. The pellet was suspended in complete media, and then divided into two 

aliquots,  2μg/ml HGF (Koma Biotech) was added to one of them. Finally, the cells were 

incubated for 48 hrs at 37oC under 5% CO2 for pre-stimulation of BMSCs. The cells viability 

was measured after 48 hr incubation and counted using haemocytometer under graduated 

microscope (BOECO, Germany).   

A single intravenous inoculation of one million male unfractionated BMSCs was applied per 

mouse to the non ablated female S. mansoni infected mice of group C on the 8th wk post 

infection (Zheng and Liang, 2008). Also, another single inoculation with the same number of 

unfractionated BMSCs supplemented with HGF was injected intravenously into the non 

ablated female S. mansoni infected mice of group D on the 8th wk post infection. 

PCR Detection of Male Derived BMSCs: 

The presence of donor-derived Deoxy ribonucleic acid (DNA) in liver tissue was analyzed 

after BMSCs transplantation in mice of all studied groups. Genomic DNA was prepared from 

liver tissue homogenate of the mice in each group using the acid guanidinium thiocynate-

phenol-chloroform extraction methods (Sigma). 
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The presence or absence of the sex determination region on the Y chromosome male (sry) 

gene in recipient female mice was assessed by Polymerase Chain Reaction (PCR). Primer 

sequence for sry gene (forward 5`-AGGCCCTTTTTCCAGGAGGCAC-3`, reverse 5`-

TGTGGGTTCCTGTCCCACTGCA-3`) was designed from (www.NCBI.com). The reaction 

was done in PTC100TM system (MJ, USA), using PCR-reagent kits from (Bio Basic Inc, 

Markham Ontario, Canada). 

Histopathological Examination: 

Liver sections were examined by light microscope regarding the exerted hepatic schistosomal 

infection and portal fibrosis through the periods of the experiment. This study included the 

extent of fibro cellular granulomas mainly in parenchyma and in the portal tracts and the 

background fibrosis (Ghanem et al., 2010). Also this study focused on tracing the homing of 

the transplanted BMSCs and their differentiation into newly formed hepatocytes (Elkhafif et 

al., 2008) applying immunohistochemistry techniques using monoclonal anti-mouse anti-OV-

6 for detection of newly formed hepatocytes. 

Measurement of Granuloma Diameter: 

Liver tissue lesions from 5-6 animals were measured for each group. Measurements were 

done only for granulomas containing a single egg in the center, the mean granuloma diameter 

(MGD) was obtained in microns by measuring two diameters of the lesion at right angles to 

each other with the help of an ocular micrometer (Carl Zeiss, Thorn wood, USA).  The count 

was done under the light microscope (BOECO, Germany) (Lichtenberg and Mekbel, 1962). 

The MGD of each liver granuloma obtained in microns by dividing the sum of the measured 

vertical and transverse diameters of the lesion by two. 

            The mean diameter of all lesions measured was then calculated for each group 

(Mahmoud and Warren, 1974). According to Boros and Warren (1970), lesion counts 

between 50:100 were taken into consideration. The percent suppression of MGD/ treated 

group was calculated according to the formula: 

Measurement of Granuloma Number: 

Granuloma count was carried out at low power of magnification (10x10) of serial tissue 

section of more than 250 μm a part in all fields of liver sections. The mean number of 

granuloma was calculated for each mouse. The mean was calculated for each experimental 

group from the mean values of the individual mice. Granuloma structural configuration, 

including cellular components and associated histopathological changes was also studies 

(Mohamed et al., 2008). 
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Detection of OV-6 in Hepatic Tissue Using Immunohistochemical Technique: 

The presence of transplanted BMSCs in the liver tissue was analyzed by staining OV cells 

using a biotinylated anti-OV-6 antibody (R&D Systems, USA) followed by universal 

diaminobenzidine tetrahydrochloride (DAB) immunostaining detection kit. The standard 

avidin-biotin immunoperoxidase technique was used (Hsu and Raine, 1981). Paraffin blocks 

were cut by microtome and mounted on the positively charged glass slides then they 

incubated at 37oC overnight.  The endogenous peroxidase activity was quenched by 

incubation in 100% methanol with 3% hydrogen peroxide. Antigen retrieval (Dako, 

Denmark) was performed using primary antibody against monoclonal anti-human/rat OV-6 

antibody (R&D Systems, USA). The antibody was diluted 1:50 in PBS. After rising in PBS, 

the sections were incubated with biotinylated secondary anti-mouse antibody (Dako, 

Glostrup, Denmark) and after a further washing in PBS, the slides were incubated with an 

avidin-biotin complex horseradish peroxidase solution (HRP) (Dako, Denmark). The 

peroxidase reaction was developed using 0.01% H2O2 in 0.05% DAB. Sections were 

counterstained with Meyer's hematoxylin and dehydrated in ethanol prior to mounting. Liver 

sections, with the primary antibody replaced with PBS, served as negative controls. A 

negative staining was defined as absence of cells expressing the marker. The number of 

positively stained cells (as brownish cytoplasmic) were recorded in five consecutive fields 

with the highest expression and the percentage was calculated from their mean values. 

Immunological Parameters: 

Enzyme Linked Immunosorbent Assay (ELISA) (Engvall and Perlmann, 1971): 

Serum murine IL-2, IL-10, TNF-α and IFN-γ levels were measured using ELISA kit (www. 

Koma Biotech.com). Pre-coated 96 wells ELISA microplates with IL-2, IL-10, TNF-α and 

IFN-γ were used. Tte intensity of of colored end product provides a measure of the 

concentration of specific Abs in the serum under test (Engvall and Perimann ,1971). The 

absorbance was read spectrophotometrically at 450 nm with a Benchmark reader (Bio-Rad 

Laboratories Inc., Hercules, Calif.). The cytokine concentration was obtained from a 

regression curve prepared with the help of micro plate Manger software (Bio-Rad). 

Determination of Nitric Oxide level 

The determination of total NO is based on the enzymatic conversion of nitrate to nitrite by 

nitrate reductase (Green et al., 1982). Nitric oxide concentration was determined using the 

Griess reaction (Tracey et al., 1995) with modification. The absorbance was read using the 

spectrophotometer at 540 nm, and then a nitrite calibration curve was used to convert 
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absorbance into μM/ml nitrite.. NO concentration in serum was calculated from the optical 

density using the following equation: 

Concentration   = Optical Density (ng / ml) X 200 (constant) 

Statistical Analysis: 

The statistical analysis was performed using the SAS, ver.9.2 software program. Data were 

summarized as mean (M) ± standard error (SE) for values and percentages. For comparison 

more than two groups, the analysis of variance, ANOVA test was used. Comparison between 

percentages was calculated by the chi-square test. Significant differences between means 

were determined by Duncan Post Hoc test. P<0.05 implies statistically significance. 

 
Results 
 
PCR detection of male-derived BMSCs: 

The sry gene that was used as the Y chromosome marker was detected in liver tissue from the 

Schisto-BMSCs groups and Schisto-BMSCs-HGF groups, but not in the control infected or 

normal uninfected negative control groups as showed in figure (1). 

Liver histopathology : 

 Examination of liver tissue of mice groups received BMSCs (C) and BMSCs in 

combination with HGF (D) showed marked improvement. Sections of treated groups revealed 

appearance of fewer fibro cellular granulomas than the infected control groups. The miracidia 

were degenerated in many of these granulomas. Amelioration of pathological changes in 

these groups was improved by the decrease in the number and area of scattered inflammatory 

cells (Plates 1-3).   

Detection of OV-6 in Hepatic Tissue Using Immunohistochemical Technique: 

OV-6 antibody was used in the present study as a marker for newly formed hepatocytes 

differentiated from BMSCs as detected in (Plates 4, 5 and 6).  

Effect of BMSCs and BMSCs-HGF treatments on the mean hepatic granuloma 

diameter and number: 

The diameter and number of the hepatic granulomas were measured in each group at the 1st, 

2nd and 3rd month PT with BMSCs ± HGF with the percentage of reduction as shown in table 

(1) and figures (22, 23). 
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Immunological Parameters: 

IL-2, IL-10, TNF-α and IFN-γ levels in serum: 

The cytokines levels in sera of all mice groups were quantified after the 1st, the 2nd and the 3rd 

month PT by ELISA as shown in table (2) and figures (24, 25).  

Determination of Nitric Oxide level: 
Schistosoma mansoni infection has a great influence on NO production as shown in figure (26).  

 

 

 

Fig. 1: UV trans illuminated agarose gel of PCR products of sry gene. Lane 1: PCR marker, 

lane 2: Normal group, lane 3: Infected group, lane 4: BMSCs treated group, Lane 5: BMSCs-

HGF treated group. 

  1           2             3            4   
5 

104 bp 
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Liver histopathology: 

Plate (1) 

 

Fig. 2: Liver tissue section of normal uninfected negative control mice with normal liver 
architecture and normal hepatocytes (H&E x200). 
Fig. 3: Liver tissue section of mice infected with S. mansoni (60 cercaria/mouse) at the 12 
wk PI showing large fibrocellular granuloma in the portal tract with living miracidium in the 
center surrounded by large number of lymphocytes, eosionphils, epithelial cells, pigmented 
macrophages, plasma cells and collagen bundles (H&E x200). 
Fig. 4 and 5: Liver tissue sections of BMSCs and BMSCs-HGF recipient female mice at the 
1st month PT showing regressive medium fibrocellular granuloma in the portal tract with 
dead ovum in the center surrounded by large number of lymphocytes, eosionphils, epithelial 
cells, pigmented macrophages, plasma cells and collagen bundles (H&E x200). 
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Plate (2) 

 

 Fig. 6: Liver tissue section of mice infected with S. mansoni (60 cercaria/mouse) at the 16 
wk PI showing large fibrocellular granuloma with living miracidium in the center 
surrounded by large number of lymphocytes, eosionphils, epithelial cells, pigmented 
macrophages, plasma cells and collagen bundles (H&E x200). 
Fig. 7 and 8: Liver tissue sections of BMSCs and BMSCs-HGF recipient female mice at the 
2nd month PT showing small fibrocellular granuloma with dead and degenerated ovum in the 
center surrounded by medium number of lymphocytes, eosionphils, epithelial cells, 
pigmented macrophages, plasma cells and collagen bundles (H&E x200). 
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Plate (3) 

 

 

 Fig. 9: Liver tissue section of mice infected with S. mansoni (60 cercaria/mouse) at the 20 
wk PI showing large fibrotic Bilharzial granulomatous reaction with living miracidium in the 
center surrounded by few number of lymphocytes, eosionphils, epithelial cells, pigmented 
macrophages, plasma cells and collagen bundles (H&E x200). 
Fig. 10 and 11: Liver tissue sections of BMSCs and BMSCs-HGF recipient female mice at 
the 3rd month PT showing small fibrocellular granuloma with dead and degenerated ovum in 
the center surrounded by few number of lymphocytes, eosionphils, epithelial cells, 
pigmented macrophages, plasma cells and collagen bundles (H&E x200). 
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Plate (4) 

 

Fig. 12: Immunostain for OV-6 antibody (DAB, x200) in liver section of normal uninfected 

negative control mice showing negative expression for OV-6 monoclonal antibody. 

Fig. 13: Immunostain for OV-6 antibody (DAB, x200) in liver section of infected control 

mice at the 12 wk PI showing negative expression of OV-6 monoclonal antibody in 

hepatocytes and granuloma cells. 

Fig. 14: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs recipient 

female mice at the 1st month PT showing markedly mild expression of OV-6 monoclonal 

antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma cells. 

Fig. 15: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs-HGF 

recipient female mice at the 1st month PT showing mild expression of OV-6 monoclonal 

antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma cells. 
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Plate (5) 

 

Fig.16: Immunostain for OV-6 antibody (DAB, x200) in liver section of infected control 

mice at the 16 wk PI showing negative expression of OV-6 monoclonal antibody in 

hepatocytes and granuloma cells. 

Fig 17: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs recipient 

female mice at the 2nd month PT showing marked and mild expression of OV-6 monoclonal 

antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma cells. 

Fig. 18: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs-HGF 

recipient female mice at the 2nd month PT showing moderate expression of OV-6 

monoclonal antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma 

cells. 
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Plate (6) 

 

 

 Fig. 19: Immunostain for OV-6 antibody (DAB, x200) in liver section of infected control 
mice at the 20 wk PI showing negative expression of OV-6 in hepatocytes and granuloma 
cells. 
Fig. 20: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs recipient 
female mice at the 3rd month PT showing marked and mild expression of OV-6 monoclonal 
antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma cells. 
Fig. 21: Immunostain for OV-6 antibody (DAB, x200) in liver section of BMSCs-HGF 
recipient female mice at the 3rd month PT showing moderate expression of OV-6 
monoclonal antibody (as cytoplasmic brown colour) in hepatocytes like cells and granuloma 
cells. 
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Table 1: Effect of BMSCs and BMSCs-HGF treatment on mean hepatic granuloma diameter 

and number.  

 

PR 

MGD (μm) 

M±SE 

 

PR 

No. of 

granuloma 

M±SE 

 

Animal groups 

 

Months PT 

- - - - Normal 

 

1st group 

- 281.2±12.7a - 22.8±0.66a Infected 

26.9 205.58±8.6b 16.7 19±2.68a BMSCs 

27.4 204.28±7.4b 23.7 17.4±1.75a BMSCs-HGF 

- - - - Normal 

 

2nd group 

- 272.95±12.5a - 19.8±0.73a Infected 

40.5 162.51±7.6b 37.4 12.4±1.4b BMSCs 

41.2 160.49±7.3b 41.4 11.6±0.51b BMSCs-HGF 

- - - - Normal 

 

3rd group 

- 260.74±16.5a - 16.6±3.22a Infected 

61.4 100.56±4.9b 66.3 5.6±0.8b BMSCs 

58.4 108.49±10.9b 67.5 5.4±0.8b BMSCs-HGF 

 

Data are expressed as M±SE, the symbols a and b represents significance where P<0.05  

(Means with different letter are significantly different).  

MGD: Mean granuloma diameter, SE: standard error, M: Mean, PR: % reduction, 
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Figure (22): Effect of BMSCs and BMSCs-HGF treatment on mean hepatic granuloma 

diameter in infected and treated groups.  

 

 
MGD: Mean granuloma diameter 

 

 

Figure (23): Effect of BMSCs and BMSCs-HGF treatments on mean hepatic granuloma 
count in infected and treated groups.  
 

 
 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 12, January 2014 

 

814 
www.jiarm.com 

 

Table 2: Effect of BMSCs and BMSCs-HGF on IL-2, IL-10, TNF-α and IFN-γ level in sera 

of S. mansoni infected and treated groups. 

 

Months PT Animal groups IL-2 IL-10 TNF-α IFN-γ 

 

1st month 

Normal 59.56±0.4b 239.45±28.26b 390.37±48.8b 129.23±14.6b 

Infected 292.51±80.1a 581.55±62.03b 1312.88±130.92a 382±85.39a 

BMSCs 298.32±89.82a 925.51±75.12a 1086.04±119.48a 319.24±83.93ab 

BMSCs-HGF 163.74±27.35ab 905±56a 1037.09±151.08a 287.96±69.87ab 

 

2nd month 

Normal 60.05±0.6b 268.13±29.13c 377.43±33.66c 124.69±15.09b 

Infected 221.1±42.47a 539.65±64.12b 1427.45±78.86a 1065.03±151.34a 

BMSCs 178.17±8.15ab 605.12±55.61a 985.84±204.2b 176.23±41.72b 

BMSCs-HGF 156.78±25.48ab 726.21±34.34a 782.87±117.26b 185.4±48.82b 

 

3rd month 

Normal 59.82±0.43c 246.03±28.37c 380.8±40.36a 127.11±16.93b 

Infected 209.73±28.92a 513.43±49.67a 962.28±397.4a 1484.12±104.62a 

BMSCs 138.14±20.56b 696.06±31.86a 682.44±107.57a 140.36±20.5b 

BMSCs-HGF 125.41±13.8b 572.19±41.17a 654.92±79.87a 140.23±17.12b 

 

Data are expressed as M±SE, the symbols a, b and c represents significance where P < 0.05.  

(Means with different letter are significantly different).  

PT: Post treatment, IL-2: Interleukin-2,  IL-10: Interleukin-10, IFN-γ: Interferon-gamma,                 

TNF-α: Tumor necrosis factor-alpha 
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Fig. 24: Effect of BMSCs and BMSCs –HGF on IL-2 and IL-10 level in sera of S. mansoni 

infected and treated groups 

 

 
 

 

Fig. 25: Effect of BMSCs and BMSCs-HGF on TNF-α and IFN-γ level in sera of S. 

mansoni infected and treated groups. 

 

Fig. 26: Effect of BMSCs and BMSCs-HGF on serum nitric oxide (NO) level in S. mansoni 

infected mice in different studied groups. 
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Discussion 
Hepatic fibrosis occurs in the setting of chronic liver injury of different etiologies. 

Spontaneous regression of fibrosis occurs when the stimulus for hepatic liver damage is 

removed, but in some diseases the stimulus cannot be completely eradicated (Oliveira et al., 

2008). Thus, it is of great interest to explore new therapeutic strategies to cure the damages 

caused by fibrogenesis in chronic liver diseases. Lorenzini et al. (2008) stated that stem cell 

therapy have a potential role to support tissue regeneration, requiring minimally invasive 

procedures with few complications. 

As for the mechanisms by which liver regeneration occurs after bone marrow cells 

transfusion, many mechanisms have been suggested: fusion between hepatocytes and 

transplanted bone marrow cells has been substantiated as a mechanism by which hepatocytes 

that carry a bone marrow tag are generated, although many studies suggested that cell fusion 

was not the main mechanism involved in parenchymal repopulation with exogenous cells. 

Another mechanism may be that the stem cells provide cytokines and growth factors in their 

microenvironment that promote hepatocyte functions by paracrine mechanisms (Abdel Aziz 

et al., 2011). Abdel Aziz et al. (2012) reported that transplantation of BMSCs can restore 

liver mass and function, alleviate fibrosis, and correct inherited liver diseases. Therefore, it 

can significantly improve the liver function of patients with terminal liver disease, with good 

safety and effectiveness.  

Schistosoma mansoni infection is detected by the first line of defense-the innate immune 

system- which does not detect the whole parasite but responds to molecules released by S. 

mansoni or molecular changes induced by the parasite. Accordingly, the innate immunity is 

able to detect the pathogen associated molecular pattern (PAMP) and the primary 

inflammatory response induced (Ghanem et al., 2010). The immuno-pathology of the 

granulomatous response has been studied extensively in murine models for their close 

similarity to that in human schistosomiasis (Cheever, 1969). Many studies revealed that the 

intensity of schistosomal infection which represented by the worm burden and egg count 

increase the degree of liver fibrosis and granulomatous reaction (El-Lakkany et al., 2004). 

The number of granulomas correlated with the severity of disease. As granulomas develop in 

response to egg deposition in the tissue, it can be possible to assess the amount of eggs 

retained in liver and intestine (Ghanem et al., 2010). This is in agreement with the present 

histopathological finding of schistosomal liver which confirmed by increased number and 

diameter of granuloma, liver and intestinal eggs and extensive accumulation of fibrous 

tissues. After treatment with BMSCs only and BMSCs-HGF, there was improvement in the 
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histopathological picture of liver which appeared in diminution in number and diameter of 

granulomas accompanied with a reduction in the fibrotic content. These findings coincided 

with the decrease in the total egg burden proved in the current study, suggesting that the 

BMSCs treatment has a protective beneficial effect in reducing the intensity of schistosomal 

infection. 

Oliveira et al. (2008) reported that infection with S. mansoni caused an increase in the 

number of OV cells which were mainly found in periportal areas of the hepatic lobe in saline 

treated, as well as in BMSCs treated mice. The results of the current study showed that OV 

cells constituted the dominant forms of newly formed cells observed in the grids of the 

treated group. Stem cells in this study had plenty of time to develop and differentiate as the 

experiment last for three moths post transfection with BMSCs. Using the anti-mouse OV-6 

marker, the liver sections of  treated groups with both BMSCs only and BMSCs 

supplemented with HGF showed positive staining results revealed increase in number of 

cells. Negative reaction for OV-6 marker was noticed in the liver sections of either normal 

uninfected negative control groups or the infected untreated groups. 

In this study, the transplanted BMSCs were detectable in the liver by “sry” gene analysis only 

in the mice groups infected with S. mansoni and after granulomas formation they treated with 

both BMSCs and BMSCs-HGF. This indicates that liver injury is required for BMSCs 

migration to the liver. Sry gene positive analysis result provided evidence of successful 

transplantation and migration of BMSCs and BMSCs-HGF to liver of the experimental S. 

mansoni infected mice. These results are in agree with Elkhafif et al. (2010), who stated that 

the murine schistosomiasis model showed the importance of liver injury as a selective 

pressure as observed nearly no donor Y chromosome in control liver of mice transplanted 

with BMSCs in the absence of hepatic schistosomiasis infection. According to Zheng and 

Liang (2008), about 10% Y chromosome positive hepatocytes occurred in the damaged liver 

after three months post BMSCs transplantation after diethylnitrosamine (DEN) induction.  

According to Chen et al. (2006), the transplanted cells take part in the immune regulation of 

the liver causing the modulation of fibrosis and cytokines production. Cytokines are believed 

to modulate the amount of fibrosis and granuloma size and to play a fundamental role in the 

pathology of schistosome infection (Aly et al., 2010). In the present study, treatment of S. 

mansoni infected mice with BMSCs and BMSCs-HGF induced significant decreases in the 

level of IL-2 only at the 3rd month PT compared to its level in the infected control group, 

whereas the level of IL-10 in the treated groups showed significant increase at the 1st and 2nd 
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month PT compared to that of the infected control group. Interleukin-10 is an important 

immuno-regulatory cytokine in acute schistosomiasis (Wynn et al., 1998). It has an important 

role in the modulation of Th2 immune response in chronic patients and this cytokine is the 

key factor in avoiding an increase in disease morbidity (Caldas et al., 2008; Aly et al., 2010).  

The present study demonstrated that, the mean granuloma size in animals treated with 

BMSCs only and BMSCs-HGF have shown significant decrease, probably due to the high 

levels of IL-10 induced by treatment. This observation is in accordance with that of 

Franchimont et al. (1999), who showed that administration of exogenous IL-10 resulted in 

reduction of granuloma size. Also, human studies have suggested a pivotal role for IL-10 in 

the modulation of the immune response in chronic schistosomiasis (Montenegro et al., 1999). 

Teixeira-Carvalho et al. (2008) reported a clear increase on the number of IL-10 cells as the 

major putative regulatory event controlling morbidity during chronic schistosomiasis.  

Chensue et al. (1993) and Hoffman et al. (1998), stated that IFN-γ and TNF-α appears to play 

an important role in generation and maintenance of egg-induced granuloma. The diminished 

focal and systemic production of IFN-γ and TNF-α may be implicated in the down-

modulation of the granulomatous response (Hassanein et al., 1999). Singh et al. (2004) stated 

that the decrease of the gene expression of TNF-α and TGF-β few months following 

successful treatment of S. mansoni infected mice, was correlated with resorption of liver 

fibrous tissue (Rabia et al., 2010). Interferon-γ is known to limit Th2 cytokine dependent 

events (Wilson et al., 1999) and can augment macrophage functional activity by promoting 

the production of TNF-α. Also, IFN-γ was shown to play an anti-inflammatory role in egg 

induced lesion formation (Wynn et al., 1995). Previous studies showed that IFN-γ could 

suppress hepatic fibrosis in schistosome infected mice (Czaja et al., 1989). So, IFN-γ 

emerged as a central mediator because depleting of this cytokine alone exerted the most 

dramatic effects on pathology while simultaneously decreasing the expression of the other 

cytokines (Hoffmann et al., 1998). TNF-α behaved in a manner similar to IFN-γ, acting as a 

key macrophage activating cytokine. It regulates IL-2 receptor expression leading to 

enhanced IL-2 mediated T cell response (Shalaby et al., 1988), and IL-2 has been suggested 

to enhance TNF production (Joseph and Boros, 1993). 

Tumor necrosis factor-α has a crucial role in the modulation of granulomatous reaction 

induced by the eggs (Joseph and Boros, 1993; Haseeb et al., 2001). Increased level of this 

inflammatory cytokine after egg excretion may an indication of its effect in complications of 

schistosomiasis, it capable of inducing tissue injury and fibrosis through inducing reactive 
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oxygen species production, collagen synthesis, other fibrogenic risk factors and inhibiting 

MMPs production, the key enzyme in the degradation of collagen. Chronic exposure to TNF-

α was found to be associated with high risk of periportal fibrosis, ascites accumulation and 

splenomegaly (Mohamed et al., 2008). Pulavendran et al. (2010), reported that the low level 

of TNF-α in the MSCs treated group clearly demonstrate the down regulation of pro-

inflammatory cytokines by BM-MSCs.  

In the present study the protective effect induced by BMSCs only and BMSCs-HGF 

manifested by reduction in level of IFN-γ as well as TNF-α in comparison to the infected 

controls, showing the pronounced reduction of granuloma diameter. Those results indicated 

that the previously mentioned cytokines play an important role in the regulation of  

inflammatory granulomatous response of schistosomiasis.  

Nitric oxide plays a unique role in liver, and its involvement in a verity of hepatic process is 

supported by Brunet et al. (1999), finding that the majority of cells found in the liver are able 

to produce NO under adequate stimulation. They also reported that the balance between NO 

and other inflammatory cytokines and mediators (such as TNF-α, IFN-γ, reactive oxygen 

species) is crucial in determining its effect on the host. It was mentioned that NO has a 

functional role during schistosomiasis, At the onset of egg deposition when the host immune 

response is characterized by the production of Th1 cytokines (Gryzch et al., 1991; Sher et al., 

1991), NO may act in limiting hepatocyte damage caused by the arrival of eggs in the liver. 

With the induction of the Th2 response stimulated by the parasite eggs themselves, the Th1 

response is down-regulated and NO is no longer required to protect hepatocytes. Rather, tight 

regulation of NO production is required to prevent the harmful effects associated with the 

excess production of this inflammatory mediator (Brunet et al., 1999). Also, NO can induce 

oxidative stress and inflect tissue injury (Mohamed et al., 2001; Harrison, 2002). On the other 

hand, the production of NO was found to be associated with the elevated level of TNF-α in 

response to the activation of Th1 cells as an early response to parasitic infection (James et al., 

1998; Mohamed et al., 2008). Excessive NO production was reported to exert various 

influences on the pathogenesis of tissues (Mohamed et al., 2001). The direct toxicity of NO is 

enhanced by reacting with superoxide radical to give powerful secondary toxic structure and 

causes lipid peroxynitrite which is capable of oxidizing cellular structure causing lipid 

peroxidation (Beckman and Koppenol, 1996; El-Sokkary et al. 2002; Eboumbou et al. 2005), 

that process leads to membrane damage and correlates positively with tissue fibrosis through 

inducing fibrogenic cytokines and increase collagen synthesis. 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 12, January 2014 

 

820 
www.jiarm.com 

In the present study, serum NO level increased in infected groups compared with healthy 

control groups. After BMSCs and BMSCs in combination with HGF treatment, there was a 

significant reduction near to normalization after the third month post treatment.  

In conclusion, the present findings demonstrated that BMSCs infusion might be an anti 

fibrotic agent for the suppression of inflammation and fibrosis formation related to S. 

mansoni infection. Also, this infusion could generate new hepatocytes which regulate 

cytokines and functions of diseased liver. So, BMSCs could be considered of great 

therapeutic benefits in terms of tissue remodling as well as repopulation of the hepatocytes in 

liver fibrosis experimental models. 
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