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ABSTRACT 

 This work aimed to evaluate the effect of stem cells transplantation alone and in 

combination with hepatocyte growth factor (HGF) on various parasitological, immunological 

and pathological parameters reflecting schistosomiasis disease severity and improvement 

after stem cells treatment in murine schistosomiasis. Mice stem cells were isolated from bone 

marrow cells (BMSCs), then transplanted into Schistosoma mansoni-infected female mice. 

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. There was no significant change in the mean total 

number of worm burden in mice groups received BMSCs supplemented with HGF and the 

group received only BMSCs, but a significant reduction in the intestinal egg load was 

recognized. Histopathological examination of liver tissue of mice groups received BMSCs 

and BMSCs in combination with HGF showed marked improvement. Sections of stem cells 

treated groups revealed appearance of fewer fibrocellular granulomas than the infected 

control groups. The miracidia were degenerated in many of these granulomas and significant 

decrease in their number and area was recognized. Also, serum albumin level was increased 

and the levels of collagen and hydroxyproline were decreased after stem cells treatment.  This 

indicates that treatment with either BMSCs supplemented with HGF or only BMSCs 

interfered with the development of ovideposition  and both can modulate liver pathology and 

immunohistochemical parameters. These data suggest that stem cell therapy is a convenient 

and promising new trend that results in decreased morbidity in murine schistosomiasis. 

 

KEYWORDS: Bone-marrow, Stem cells, Hepatocytes, Transplantation, Liver fibrosis, 

Worm burden, Egg load, Granuloma, Collagen, Hydroxyproline, Albumin. 
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INTRODUCTION 

Amongst the tropical diseases caused by parasites, schistosomiasis ranks second only to 

malaria as a cause of catastrophic worldwide morbidity and mortality (Bica et al., 2000; 

WHO, 2002). Schistosomiasis is considered as a wide spread problem that affects Egyptians 

at different ages (El-Sayed et al., 1995; El-Rigal and Hetta, 2006). It is considered the major 

public health problem in rural Egypt, with almost six million Egyptians is infested (El-khoby 

et al., 1998). Schistosomiasis is considered to be ''a man made disease'' since man is the 

victim and the source of infection at the same time. 

Clinical manifestations and pathological changes caused by schistosomiasis infection may 

reflect the developmental stages of the parasites and host responses for toxic or antigenic 

substances derived from the parasite and its eggs (Wu and Halim, 2000). Three distinct 

syndromes caused by schistosomiasis have been described; cercarial dermatitis or swimmer's 

itch, acute schistosomiasis or katayama fever and chronic schistosomiasis (King, 1991; 

Gryseels et al., 2006). 

This syndrome occurs after few weeks to months after the primary infection and coincides 

with maturation of schistosomula and the onset of egg production. It is believed to be due to 

the worm and egg antigen stimuli that result from immune complex formation and not due to 

granuloma formation (Ross et al., 2007). Schistosome antigen released from the eggs is 

captured and processed by local antigen presenting cells (APCs) (B cells, dendritic cells and 

macrophages), which present it in association with major histocompatibility complex (MHC) 

class II molecules to antigen specific T-cell clones (Mosmann et al., 1986). The host's 

immune response to schistosome eggs and the granulomatous reaction evoked by the antigens 

are responsible for chronic schistosomiasis and for liver and intestinal fibrosis (King and 

Dangerfield-Cha, 2008).  

Hepatic fibrosis is considered, the result of the wound healing response to chronic liver injury 

(Friedman, 2003).  

Serum albumin (ALB) level was reduced due to S. mansoni infection when fibrosis lead to 

suppression of transaminase activity. The level of serum ALB has been used previously as an 

indicator of liver function (Salama et al. 2010).  

Chronic schistosomiasis is associated with peri-portal collagen deposition which leads to the 

progressive obstruction of blood flow and sustained heavy infection (Mohamed et al., 2008). 

Hydroxyproline is an essential amino acid component of collagen (Reedy and Enwemeka, 

1996). The amount of collagen could be estimated by determining the content of Hyp and 
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could be used to reflect the extent of fibrosis (Hanauska, 2003; Lai et al., 2009). Many studies 

reported that the levels of collagen I and III were increased during liver fibrosis (Tsukada et 

al., 2006).  

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

causative agent (underlying injurious stimulus); eradicating virus using IFN, ribavirin and 

lamivudine in viral hepatitis; and as a final resort, liver transplantation (Bataller and Brenner, 

2001; 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, issues of MHC compatibility and co-

morbid factors mean that not everyone is eligible for transplantation. As a result, effective 

anti-fibrotic treatment is urgently needed (Fang et al., 2010).  

Cell therapy has emerged as a novel approach for the treatment of many human degenerative 

diseases. Cell-based regenerative strategies aimed to replace, repair or enhance the biological 

function of damaged tissues or organs by utilizing cells and bioactive molecules to trigger, 

enhance, support and complement the residual capacity for repair. This could be achieved by 

the transplantation of cells, which are typically manipulated ex vivo, into a target organ in 

sufficient numbers for them to survive long enough to restore the normal function of organs 

and tissues (Levičar et al., 2007). Adult bone marrow contains pluripotent stem cells with the 

ability to differentiate into diverse cell types including hepatocytes (Krause et al., 2001; Jang 

et al., 2004; Sato et al., 2005; Oliveira et al., 2008; Zhou et al., 2009). The ability of stem 

cells to choose between prolong self renewal and differentiation is highly regulated by 

intrinsic signals and the external microenvironment (Watt and Hogan, 2000; Lysy et al., 

2008). They also have the ability to easily form clonal population. These characteristics make 

them very promising in treatment debilitating disorders like liver diseases (Habibullah, 2007). 

The cellular therapy with liver stem cells and their progeny is a promising  approach which 

contributes to gene therapy of liver diseases (Xue et al., 1999; Riordan and Williams, 2000; 

Chen et al., 2001).  

The regenerative potential of BM cells has been tested in experimental models of hepatic 

injury caused by parasitic infestation with S. mansoni, demonstrating the ability of BMSCs to 

generate hepatocytes under tissue stress in mouse and human in a trail to improve damaged 

liver function (Oliveira et al., 2008).  
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Materials and Methods 

Experimental Animals and Parasites: 

Experimental Animals: 

  Balb/c mice were used in the present study. Mice were bred at Theodor Bilharz 

Research Institute (TBRI), Egypt. Female Balb/c mice were used as recipients while male 

Balb/c mice were used as donors of BMSCs. All animal protocols were conducted in 

accordance with the valid international guidelines for animal experimentation and were 

approved by the TBRI’s animal research committee.  

Experimental Design: 

 Ninety six female Balb/c mice were divided into four main groups (24 mice/ group). 

Group A contained normal uninfected negative control mice which had injected 

intravenously with saline; the animals of group B were infected subcutaneously with S. 

mansoni cercariae (obtained from infected Biomphalaria alexandrina snails which were bred 

and maintained at the SBSP/TBRI), and not subjected to bone marrow stem cells inoculation. 

The animals of group C and D were infected with S. mansoni cercariae and subjected to 

treatment with BMSCs (one million cell/mouse) alone and BMSCs in combination with 

HGF, respectively on their 8th week post-infection (PI). BMSCs were derived from male 

Balb/c mice by peripheral injection route. 

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

treatment (PT) and their livers were subsequently processed for the histological and 

immunohistological examinations. The liver samples were fixed in 10% buffered formalin for 

histopathological study. Blood samples were taken individually for sera preparation, and kept 

at -20°C until used for examinations.  

Treatment with BMSCs: 

Isolation, Culture, Purification and Inoculation of BMSCs, serum free media were 

prepared using RPMI-(1640), supplemented with L- glutamine, hepes buffer, sodium 

bicarbonate and penicillin/streptomycin with pH 7.2-7.4. Then, complete media consisted of 

serum free media supplemented with 20% fetal calf serum (FCS). BMSCs were harvested 

from BM of the femurs and tibiae of donor male Balb/c mice according to the described 

method (Bartlett and Stirling, 2003; Elkhafif et al., 2008), with some modifications. Finally, 

the isolated cells were incubated for 48 hrs at 37oC under 5% CO2 for pre-stimulation of 

BMSCs. Cells viability was measured after 48hr incubation and counted using 

haemocytometer under graduated microsope. Then, a single intravenous inoculation of one 
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million male unfractionated BMSCs was applied per mouse to the non ablated female S. 

mansoni infected mice of group C on the 8th week post infection. 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 week 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. 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) (Bartlett and Stirling, 2003). 

Parasitological Parameters: 

Worm Burden: 

Adult worm load (Hepatic and intestinal) was harvested by a perfusion technique previously 

described by Duvall and Dewitt (1967). The number of worms, sex (whether male, female), 

or couple were determined. They were counted in a round bottomed plate (Costar, Corning 

NY, USA) either by direct visualization or under a stereomicroscope (Olympus, CHK, Japan) 

(Kloetzel, 1967). The degree of protection or the percent reduction in challenge was 

calculated by comparing the number of worm recovered from each group of mice with their 

respective controls. 

Tissue Egg Load (Liver and Intestine): 

At the time of perfusion, livers and pieces of small intestine were collected to find out the 

number of eggs per gram tissue (EPG) (Cheever, 1968).  

Hepatic Histopathology and Immunohistochemistry Parameters: 

Parts from liver samples were collected from all mice groups for preparation of histological 

sections and microscopic study. Liver sections were stained with Hematoxylin and eosin stain 

(H&E) to study the hepatic morphological changes and hepatic schistosomal fibrosis 

(Elkhafif et al., 2008). 

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. The count was done under the light 

microscope (BOECO, Germany) (Lichtenberg and Mekbel, 1962). The MGD of each liver 
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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 suppression percent 

of MGD/ treated group was also calculated. 

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 were also studied 

(Mohamed et al., 2008). 

Sirius Red Staining for Collagen: 

Collagen fibers within the squares of the ocular reticule were counted at x200 magnification 

as described by Junqueira et al. (1979). The elongated dye molecules are attached to the 

collagen fiber in such a way that their long axes are parallel (Ghanem et al., 2010). 

Determination of Serum Albumin Concentration: 

Formation of albumin/bromcresol-green complex at pH 4.2 and photometric measurement of 

the absorbance were detected according to Doumas et al. (1971).  

 Determination of Hydroxyproline Content: 

The total collagen present in the liver was determined by estimating Hydroxyproline (Hyp) 

content using base hydrolysis for the dissolution of tissue (Singh et al., 2004; Pinlaor et al., 2009).  

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 (Duncan, 1955). 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 Fig. (1). 



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

 

147 
www.jiarm.com 

Parasitological Parameters: 

Worm Burden: 

The mean number of total worm burden was calculated for each studied group as showed in 

Table (1).  At the 1st and 3rd month PT with BMSCs, the mean total number of worm burden 

was reduced non-significantly as compared with the infected control group. While, the group 

of mice treated with BMSCs supplemented with HGF showed a significant reduction in the 

mean total number of worm burden as compared to the infected control group. The mean 

number of total worm burden in mice treated with BMSCs only and BMSCs in combination 

with HGF after the 2nd month PT were found to reduced non-significantly in comparing with 

the infected control group. 

On the other hand, there was no significant change in the mean total number of worm burden 

in mice group received BMSCs supplemented with HGF compared to the group received 

only BMSCs through the three months PT.  

Ova Count: 

A significant decreases in the mean number of eggs/g of liver and intestine were detected 

after the 1st, 2nd and 3rd month PT with BMSCs as compared to infected control groups (Table 

2). There was no significant change in the number of eggs/g of tissue (liver and intestine) in 

mice received BMSCs supplemented with HGF as compared to mice received only BMSCs 

in all periods PT. 

Hepatic Histopathology and Immunohistochemistry Parameters: 

Examination of liver tissue of mice groups received BMSCs and BMSCs in combination with 

HGF showed marked improvement. Sections of treated groups revealed appearance of fewer 

fibrocellular 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, 2 and 3).   

Mean Hepatic Granuloma Diameter (MDG): 

The diameter of the hepatic periovular granulomas was measured in each group. At the 1st 

month PT with BMSCs, the MGD was reduced significantly as compared to the infected 

control group. The group of mice treated with BMSCs supplemented with HGF showed a 

significant reduction as compared to the infected control group (Table 3). 

At the 2nd and 3rd month PT, the MGD in BMSCs treated groups revealed a significant 

reduction as compared to the infected control group. Treatment with BMSCs-HGF showed a 

significant reduction in comparison with the infected control group. 
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Mean Number of Hepatic Granuloma: 

The mean granuloma count in treated groups with BMSCs and BMSCs-HGF revealed a 

marked non significant reductions after the 1st month PT accompanied by an obvious 

reduction in the mean granuloma diameter as shown in Table (3). Whereas, at the 2nd and 3rd 

month PT, the mean number of granuloma counts in mice treated with BMSCs and BMSCs 

supplemented with HGF were reduced significantly reduction as compare to the infected 

control group.  

Collagen Content: 

Morphometric study using Sirius red staining showed a significant decrease in fibrous tissue 

in BMSCs and BMSCs-HGF treated groups compared to the infected control group (Table 4 

and Figure 12). 

The histopathological examination of liver tissue sections showed that BMSCs and BMSCs-

HGF treatment to mice resulted in marked antifibrotic effect as evidenced by the decrease in 

red staining compared to the S. mansoni infected control group (Plates 4, 5 and 6).  

Serum Albumin (ALB): 

The performance of the liver was monitored by the serum level of liver albumin. At the 1st 

month PT, both groups treated with BMSCs only and BMSCs supplemented with HGF 

showed non-significant increase in serum ALB level related to the infected control group. At 

the 2nd and 3rd month PT, the ALB level in sera of mice treated with BMSCs and BMSCs 

supplemented with HGF increased significantly as compared to the infected control group (Fig. 23). 

Hydroxyproline Content: 

The efficacy of treatment with BMSCs on protection of the liver against fibrosis was 

evaluated by using a quantitative method to determine the hepatic content of Hyp. After 

treatment with BMSCs only and BMSCs supplemented with HGF, the liver Hyp content was 

reduced significantly at all months PT as compared to the infected control group. The 

decrease in Hyp content was gradually until reaching normalization at the third month PT as 

shown in Fig. 24). 
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Table 1: Mean of total number of worm burden in S. mansoni infected, BMSCs and BMSCs-

HGF treated groups.  

 

 

 

 

 

 

 

 

 

 

 

All data were expressed as M±SE, the symbols a and b represents significance where P < 

0.05 (Means with different letter are significantly different).  

M: Mean total number of worm burden                                        

SE: standard error                

PT: Post treatment  

PR: % reduction 

 

Table 2: Effect of BMSCs and BMSCs-HGF on the number of ova/g tissue (liver and 

intestine) of S. mansoni infected mice.  

Number of ova/gm tissue (liver and intestine)  
Months PT PR Intestine PRLiver Animals groups 

- - - - Normal  
1st month - 18600±86.74a - 9850±58.79aInfected 

23.3 14275±71.04b 197975±35.36b BMSCs 
23.4 14250±72.88b 19.5 7925±62.53b BMSCs-HGF 

- - - - Normal  
2nd month - 18350±12.96a - 9475±60.54a Infected 

26.2 13550±44.48b 23.7 7225±56.34b BMSCs 
25.9 13600±45.98b 24 7200±37.25b BMSCs-HGF 

- - - - Normal  
3rd month - 17650±10.23a - 9300±60.19a Infected 

36.4 11225±44.49b 27.7 6725±36.37b BMSCs 
36.5 11200±52.99b 27.4 6750±38.13b BMSCs-HGF 

 

PR M±SE Animal groups Months PT 

- - Normal  
1st month - 26.25±0.9a Infected 

13.8 22.63±1.3ab BMSCs 
19 21.25±1.9b BMSCs-HGF 
- - Normal  

2nd month - 20.13±1.2a Infected 
11.8 17.75±1.87a BMSCs 
16.8 16.75±1.4a BMSCs-HGF 

- - Normal  
3rd month - 16.50±1.3a Infected 

15.9 13.88±1.6ab BMSCs 
28.3 11.83±1.1b BMSCs-HGF 
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All data were expressed as M±SE, the symbols a and b represents significance where P < 

0.05  (Means with different letter are significantly different).  

M: Mean 

SE: standard error  

PT: Post treatment  

PR: % reduction 

Table 3: 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 

 

All data were 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                                                          

PT: Post treatment 
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Table 4: Effect of BMSCs and BMSCs-HGF treatment on the collagen morphometric 
analysis of S. mansoni infected and treated groups. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

  1           2             3            4   

                                                                                 104 bp 
 
Fig. 1: UV transilluminated 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. 

 
 
 
 
 
 
 
 
 
 
 
 

PR  Optical density of 
red stained collagen 

Animal groups     Months PT 
    

- -      Normal  
1st month - 14.23±0.83a Infected 

59.38 5.78±0.64b BMSCs 
65.71 4.88±1.27b BMSCs-HGF 

- -    Normal  
2nd month - 12.32±0.73a Infected 

86.12 1.71±0.53bBMSCs
86.53 1.66±0.47b BMSCs-HGF 

- -                 Normal  
3rd month - 9.84±1.05a Infected 

87.3 1.25±0.06b BMSCs 
91.4 0.85±0.18b BMSCs-HGF 
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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: Liver tissue section of BMSCs 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). 

Fig. 5: Liver tissue section of 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: Liver tissue section of BMSCs 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).  

Fig. 8: Liver tissue section of 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 fibrocellular granuloma 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: Liver tissue section of BMSCs 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). 

Fig. 11: Liver tissue section of 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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Figure 12: Effect of BMSCs and BMSCs-HGF on PR of collagen content in liver tissue 
sections of S. mansoni infected and treated groups.   PR: % reduction  

Plate (4) 

 
 
Fig. 13: Liver tissue section of normal uninfected negative control mice (Sirius Red x200). 

Fig. 14: Liver tissue section of infected control mice at the 12th wk PI showing a large fibrocellular 

granuloma surrounded by pink-red dense collagen bundles (Sirius Red x200). 

Fig. 15: Liver tissue section of BMSCs recipient female mice at the 1st month PT showing a medium 

fibrocellular granuloma with red-stained concentric collagen bundles (Sirius Red x200).  

Fig. 16: Liver tissue section of BMSCs-HGF recipient female mice at the 1st month PT showing a 

characteristic medium fibrocellular granuloma surrounded by red-stained dense collagen bundles 

(Sirius Red x200). 
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Plate (5) 

 
 

Fig. 17: Liver tissue section of infected control mice at the 16th wk PI showing a medium 

fibrocellular granuloma surrounded by red-stained concentric collagen bundles (Sirius Red x200). 

Fig. 18: Liver tissue section of BMSCs recipient female mice at the 2nd month PT showing a 

small fibrocellular granuloma surrounded the parasite's ovum with scattered concentric red-

stained collagen bundles (Sirius Red x200).  

Fig. 19: Liver tissue section of BMSCs-HGF recipient female mice at the 2nd month PT 

showing a small fibrocellular granuloma surrounded the parasite's ovum with concentric red-

stained collagen bundles (Sirius Red x200). 
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Plate (6) 

 

Fig. 20: Liver tissue section of infected control mice at the 20th wk PI showing a 

characteristic large fibrocellular granuloma surrounded the parasite's ovum with dense red-

stained collagen bundles (Sirius Red x200). 

Fig. 21: Liver tissue section of BMSCs recipient female mice at the 3rd month PT showing a 

diminished fibrocellular granuloma surrounded the parasit's ovum with scattered concentric 

red-stained collagen bundles (Sirius Red x200). 

Fig. 22: Liver tissue section of BMSCs-HGF recipient female mice at the 3rd month PT 

showing a diminished fibrocellular granuloma surrounding the parasit's ovum with scattered 

concentric red-stained collagen bundles (Sirius Red x200) 

 
 
Fig. (23): Effect of BMSCs and BMSCs-HGF on serum ALB level of S. mansoni infected mice in 
different studied groups. 
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Fig.(24): Effect of BMSCs and BMSCs-HGF on liver hydroxyproline content of S. mansoni infected 
mice in different studied groups. 
 
Discussion 

 Schistosomiasis is a common chronic helminthic disease that causes hepatic fibrosis 

and portal hypertension contributing to the death of over half a million people yearly.  

The major form of disease results from the chronic granulomatous response to parasite ova 

trapped in host tissues. Modulation of the granulomatous response have been the subject of 

intense study and have important implications for control of Schistosoma-induced liver 

disease and other diseases associated with granulomatous inflammation(Abou Rashed et 

al.,1997). Several reports have demonstrated the capacity of bone marrow stem cells to trans 

differentiate into hepatocytes. These reports account for the recent growing interest in 

regenerative medicine (Salama et al., 2010). 

The present study was designed to evaluate the effect of bone marrow-derived stem cells on 

ameliorating the S. mansoni-induced liver fibrosis in mice. 

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 and a primary inflammatory response 

is induced, eventually resulting in an immune response (Ghanem et al., 2010). The immuno-
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pathology of the granulomatous response has been studied extensively in murine models as 

there to a close similarity to that in human schistosomiasis (Cheever, 1969).  

In the present work, the study intended to demonstrate the fate of murine BMSCs after 

inoculation into murine diseased liver, in an attempt to set an experimental model of in vivo 

hepatocyte differentiation from BMSCs.   

One strategy to track bone marrow transplantation, which permits the use of animals with 

identical major histocompatibility antigens and obviates the need to introduce foreign marker 

genes, is to use male-female combinations. Using markers that can detect DNA specific for 

the Y chromosome, it is possible to track the progeny of male cells within a female recipient. 

The sry gene located on the short arm of the Y chromosome (An et al., 1997). 

Using primers designed for mice sry gene, the specificity of these primers for the Y 

chromosome was demonstrated by the fact that they did not amplify female mice DNA. An et 

al. (1996; 1997), used this tool to confirm engraftment of male bone marrow cells injected 

into female recipient mice.  

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. So, BM-derived hepatocytes have a strong survival 

advantage over resident hepatocytes, allowing them to progressively repopulate the liver of 

recipient. They also reported that, persistent liver injury induced by DEN may be important 

for generating a specific differentiation niche to activate the plasticity of BMSCs and their 

subsequent differentiation into hepatocytes. 

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. This result are in agree with Elkhafif et al. (2010), they 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.  

Different studies suggest that injured liver tissue secretes various paracrine factors that have a 

remarkable role in stem cell recruitment and engraftment (Mohsin et al., 2011). There are 
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different factors which have played a role in hepatic differentiation; one of them is HGF 

(Ishii et al., 2008).  

The current study demonstrated that administration of BMSCs only and BMSCs-HGF to 

mice harboring S. mansoni resulted in significant reduction in number of worm burden in 

treated groups compared to infected control group. The decrease in number of worms was 

coincided with a decrease in hepatic and intestinal egg load. This may be due to enhancement 

of immune response. The treatment with BMSCs only and BMSCs-HGF showed no effect on 

ovum itself, so this observation may be due to minor effects of BMSCs on the vitality of 

schistosome as well as the fecundity of the remaining female adult worms. 

One of the major pathological features of S. mansoni infection is their ability to persist and 

establish a chronic infection which leads to chronic inflammation that leads to severe fibrotic 

modification of infected tissues and organs (Meneghin and Hogaboan, 2007). Previous 

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 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. 

Similar to the present finding, a study of Abdel Aziz et al. (2012), focused on the antifibrotic 

effect of MSCs on liver of S. mansoni infected mice. In his model, once the granulomas 

formed around the S. mansoni ova, the rate of spontaneous change of the collagen content of 

the granuloma is low, thereby providing a relatively stable in vivo model for analyzing 

collagen turnover. The histopathological examination of the liver of the S. mansoni infected 

mice showed characteristic granuloma, which were cellular and contain thick collagen bands. 

After MSCs infusion, the granulomas decreased in size and number and become less cellular, 

although the concentric fibrous bands were still discernible.    
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In this study, the extent of fibrosis was estimated by the quantitative morphometric analysis 

of collagen content in Sirius red stained liver sections. The results revealed significant 

decrease in collagen content after BMSCs only and BMSCs in combination with HGF 

treatment. Ghanem et al. (2010), demonstrated that fibrosis develops during chronic phase of 

granulomatous inflammation in murine schistosomiasis and it represents a protective function 

during infection by neutralization and sequencing egg antigens that can potentially damage 

host tissues. The inhibitory effect of inoculated BMSCs on collagen deposition may be 

related to enhance fibrotic degradation rather than decrease fibrosis synthesis. According to 

Mohsin et al. (2011), pretreatment with MSCs significantly reduced liver fibrosis compared 

to untreated cells. Anti-fibrotic effect of MSCs has been previously documented by Zhao et 

al. (2005) and Abdel Aziz et al. (2007), and this might have a contributing factor for the 

observed decline in liver fibrosis. In the same manner, Abdel Aziz et al. (2012), reported a 

significant reduction of collagen content estimated by sirius red staining in MSCs infusion 

group compared to post infection control values.  Abdel Aziz et al. (2012), reported that 

resorption of fibrous tissue was observed from first month post BMSCs administration. This 

is more rapid than fibrous tissue resorption observed with anti-Schistosoma drug treatment, 

where resorption starts three months after treatment.  

Schistosoma mansoni infection caused hypo-albuminemia in mice and this phenomenon 

occurs simultaneously to the increase in collagen deposition and could be associated with the 

decrease in albumin mRNA (Saber et al., 1983).  

The present results are in accordance with Abdel-Rahim et al. (1990), they reported that the 

low serum ALB level reflected an impaired protein synthesis due to liver destruction of 

parenchymal liver cells. The same results were also reported by Mahmoud et al. (2002), they 

found significant reduction in ALB level due to S. mansoni infection. After treatment with 

BMSCs, the present results revealed significant increase in serum ALB level at the 2nd and 3rd 

month PT in groups transplanted with BMSCs only and BMSCs-HGF compared to the 

infected control group reaching normalization at the 3rd month PT. The autologous 

transplantation of BMSCs may be differentiate into hepatocytes, restore serum ALB and 

suppress transaminase activity and liver fibrosis in the present experimental model of liver 

injury. Salama et al. (2010), demonstrated that there were borderline significant 

improvements in the serum ALB level of the transplanted group compared to the control 

group at the end of the 6th month PT. Mohsin et al. (2011), showed that the significant 

reduction in ALP serum level was observed in experimental animals transplanted with 
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pretreated MSCs compared to the control. Level of ALP serum has been used previously as 

an indicator of improved liver function. 

Pulavendran et al. (2010) found that the increase in ALB level in serum was an   indicative 

for normalization of liver function by MSCs treatment, which could be either due to 

prevention of apoptosis of parenchymal cells or inhibition of proliferation and infiltration of 

inflammatory cells. In agree with the previously mentioned results, Abdel Aziz et al. (2012), 

induced that BM-MSCs infused intravenously, localized to the liver and resulted in 

improvement of albumin levels. Hydroxyproline is an amino acid found almost exclusively in 

collagens. The alteration of Hyp levels in liver is considered as an index of collagen 

metabolism and provided valuable information about the biochemical and pathologic events 

of hepatic fibrosis. Determination of the content of liver Hyp is regarded as a good method to 

quantify fibrosis and to evaluate the effectiveness of new potentially antifibrotic agents 

(George and Chandrakasan, 2000; Dong et al., 2009).  

Sakaida et al. (2004), investigated the effect of BMSCs transplantation on mice with liver 

fibrosis induced by CCl4 administration. Four wks after BMSCs transplantation, the mice 

showed significantly reduced liver fibrosis as assessed by Hyp content in the livers compared 

to mice treated with CCl4 alone. In addition, improvement of liver parameters of liver 

function, such as ALB and bilirubin levels and prothrombin time has been reported. Liver 

fibrosis in response to S. mansoni infection in the current study was documented by marked 

increase in the level of liver Hyp in group of infected mice versus normal healthy animals. 

This reflects the extensive degradation of newly synthesized collagen in the liver by 

collagenolytic enzymes during fibrosis.    

Similar result was obtained by Marck (2005); Metwally (2006) and Mohamed, et al. (2008), 

they emphasized that elevated liver Hyp content was associated with S. mansoni infection 

and this  may be attributed to that S. mansoni egg granulomas contain factors responsible for 

the elevation of free  liver Hyp content in the fibrotic liver. 

In the present study, After cell therapy with BMSCs only and BMSCs-HGF, the significant 

reduction of liver Hyp content related to control infected mice appeared to indicate 

antifibrotic effects of these cells and their effective role in reducing granuloma formation 

which is associated with liver fibrosis. This also indicated that fibrosis did not hamper the 

influx of cells to the liver of S. mansoni mice. In accordance Higashiyama et al. (2007), 

demonstrated that, BMSCs which migrated to fibrotic livers express MMPs. Thus, the 
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transplanted cells found in the hepatic parenchyma of S. mansoni infected mice might be 

acting directly to increase the degradation of ECM components. 

Generally BMSCs infusion significantly enhanced hepatic regeneration and alleviated hepatic 

fibrosis in a S. mansoni induced fibrotic liver model and has therapeutic effects which 

appeared in reduction of immnuo-pathology, granuloma formation and hepatic fibrosis 

related to S. mansoni infection.  

 

CONCLUSION 

This infusion could generate new hepatocytes to improve the function of residual 

hepatocytes. Therefore, autologous BMSCs transplantation may be considered as a curative 

or supportive therapy for liver disorders. 
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