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 Mesenchymal stem cells are proposed to facilitate repair of organ injuries. The aim of 

this study was to investigate whether intravenous infusion of stem cells could accelerate 

healing of experimentally induced gastric ulcer. Aspirin induced gastric ulcer in rats 

were treated either with intravenous infusion of mesenchymal stem cells or by oral 

omeprazole. Ten healthy Controls were included also in this study. Healing of gastric 
ulcer was assessed after 7 days by Quantitative analysis of EGF & VEGF expression in 

the gastric mucosa by real time PCR and serum levels of IL1β and TNF-α in blood 

samples withdrawn before animal scarification by enzyme-linked immunosorbent assay 
(ELISA). IL1β and TNF-α serum levels were significantly higher in Aspirin induced 

ulcer group (group II A) compared to control healthy group (group I). Also were 

significantly lower in the group treated with MSCs(Group II B) and treated with 
Omeprazol (groupII C)compared to Group II A. Group II A showed decreased 

expression of Both EGF and VEGF compared to Group I, while the expression of both 
were significantly higher in Group II B and II C compared to Group II A. This study 

explored the therapeutic potential of such mesenchymal stem cells for promotion of the 

healing of gastric  ulcer which. The increased expression of EGF and VEGF and 
reduced serum levels of IL1β and TNF-α provide evidence for enhancement of the 

healing process. 
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INTRODUCTION 

 

Peptic ulcer is the most common gastrointestinal disorder in clinical practice. Peptic ulcer is affecting 5-

10% of the world population living in different geographic regions [1]. Peptic ulcer results from imbalance 

between aggressive factors such as hydrochloric acid, pepsin, reactive oxygen species (ROS),non-steroidal anti-

inflammatory drugs (NSAIDs), corticosteroids, helicobacter pylori and defense factors such as mucin, 

prostaglandins,normal mucosal blood flow, anti-oxidants, leading to an interruption of mucosal integrity [2]. 

The mechanism of non-steroidal anti-inflammatory drugs (NSAIDs) as aspirin-induced peptic ulcers is 

multifactorial, including prostaglandin reduction through COX inhibition [3]. Mucosal pro-inflammatory 

mediators such as interleukin-1 beta (IL1β) and tumor necrosis factor alpha (TNF-α) are upregulated following 

NSAIDs and are key mediators of the ensuing gastric injury as they strongly promote inflammation and 

subsequent tissue destruction [4]. Several growth factors are involved in the healing of gastric ulcer among 

which epidermal growthfactor (EGF) and vascular endothelial growth factor (VEGF) play an important role [5]. 

Mesenchymalstem cells (MSCs) nowadays provide a promising alternative for the treatment of injured tissue. 

Several reports have indicated that stem cells play an important role in the healing of gut injuries [6,7]. 

Omeprazole is a proton pump inhibitors (PPIs) widely used in treatment of peptic ulcer. Recent studies have 

shown that PPIs also exert anti-inflammatory and anti-oxidant effects [8,9].  

 

MATERIALS AND METHODS 

 

Preparation of bone marrow (BM)-derived mesenchymal stem cells from rats: 

Bone marrow was harvested by flushing the tibiae and femurs of 6-week-old male white albino rats with 

Dulbecco’s modified Eagle’s medium (DMEM, GIBCO/BRL) supplemented with 10% fetal bovine serum 

(GIBCO/BRL). Nucleated cells were isolated with a density gradient [Ficoll/Paque (Pharmacia)] and 
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resuspended in complete culture medium supplemented with 1% penicillin–streptomy (GIBCO/BRL). Cells 

were incubated at 37°C in 5% humidified CO2 for 12–14 days as primary culture or upon formation of large 

colonies. When large colonies developed (80–90% confluence), cultures Were Washed twice with phosphate 

buffer saline (PBS) and the cells were trypsinized with 0.25% trypsin in 1mM EDTA (GIBCO/BRL) for 5 min 

at 37°C. After centrifugation, cells were resuspended in serumsupplemented medium and incubated in 50 cm2 

culture flasks (Falcon). The resulting cultures were referred to as first-passage cultures (10). Cells was identified 

as being MSCs by their morphology, adherence, and their power to differentiate into osteocytes and 

chondrocytes. Differentiation into osteocytes was achieved by adding 1-1000nM dexamethasone, 0.25 mM 

ascorbic acid, and 1-10 mMbetaglycerophosphate to the medium. Differentiation of MSCs into osteoblasts was 

confirmed by morphological changes, Alzarin red staining of differentiated osteoblasts. Differentiation into 

chondrocyte was achieved by adding 500 ng/mL bone morphogenetic protein-2 (BMP-2;R&D Systems, USA) 

and 10 ng/ml transforming growth factor b3 (TGFb3) (Peprotech, London) for 3 weeks. In vitro 

differentiationinto chondrocytes was confirmed by morphological changes, Alcian blue staining of differentiated 

chondrocytes. Surface marker for MSCs characterization like CD45, CD29&CD90 was detected by RT by flow 

cytometry analysis. 

 

Labeling of MSCs with PKH26: 
MSCs were harvested during the 4th passage and were labeled with PKH26, which is a red fluorochrome. It 

has excitation (551nm) and emission (567 nm) characteristics compatible with rhodamine or phycoerythrin 

detection systems. The linkers are physiologically stable and show little to no toxic side-effects on cell systems. 

Labeled cells retain both biological and proliferating activity, and are ideal for in vitro cell labeling, in vitro 

proliferation studies and long, in vivo cell tracking. In the current work, MSCs were labeled with PKH26from 

Sigma Company (Saint Louis, Missouri USA). Cells were centrifuged and washed twice in serum free medium. 

Cells were pelleted and suspended in dye solution. Cells were injected intravenously into rat tail vein. Tissue 

was examined with a fluorescence microscope to detect and trace the cells. 

 

Experimental Animals:  

The study was carried on 40 female white albino rats, of an average weight 150-200 gm. Rats were housed 

in a wire-bottom cages maintained at 25C°, 35% to 75% humidity and in a 12/12-hour light/dark cycle under 

pathogen free condition and allowed unlimited access to chow and water. All the ethical protocols for animal 

treatment were followed and supervised by the animal unit, Faculty of Medicine, Cairo University.  

 

Experimental design: 

Animals were divided into 4 groups as follows: 

 Group I: consisted of 10 rats, used as healthy control group. 

 Group II A: consisted of 10 rats which received aspirin (from Bayer Co.) 100 mg/kg orally through a 

metal tube attached to a syringe. 

 Group II B: consisted of 10 rats with aspirin-induced ulcer which received MSCs in a single dose of 

10
6
 cells per rat, given by intravenous infusion at the rat tail vein following ulcer induction.   

 Group II C: consisted of 10 rats with aspirin-induced ulcer which received omeprazole (from 

AstraZeneca Co.) 20 mg/kg administrated by oral route once daily for one week, following ulcer induction. 

After 7 days animals were scarified, the isolated stomachs were cut along the greater curvature and washed 

with saline and the gastric mucosa was examined for: 

 Homing of MSCs labeled with PKH26 dye in gastric mucosa by fluorescent microscope to detect red 

fluorescence. 

 Quantitative analysis of EGF & VEGF expression in the gastric mucosa was done by real time PCR. 

 Blood samples were withdrawn before animal scarification and serum values IL1βandTNF-α were 

evaluated quantitatively by enzyme-linked immunosorbent assay (ELISA). 

 

Detection of EGF & VEGF gene expression using real timePCR (RT–PCR): 

RNA extraction: Total RNA was isolated from stomach tissue homogenates using RNeasy Purification 

Reagent (Qiagen, Valencia, CA) according to manufacturersinstruction . The purity (A260/A280 ratio) and the 

concentration of RNA were obtained using spectrophotometry (GeneQuant 1300, Uppsala, Sweden). RNA 

quality was confirmed by gel electrophoresis. 

cDNA synthesis: First-strand cDNA was synthesized from 4 μg of total RNA using an Oligo(dT)12-18 

primer and Superscript™ II RNase Reverse Transcriptase. This mixture was incubated at 42°C for 1 h,the kit 

was  supplied by  SuperScript Choice System (Life Technologies, Breda, the Netherlands). 
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Real-time quantitative polymerase chain reaction (qCR): 

Quantitative RT-PCR was performed in duplicate in a 25-μl reaction volume consisting of 2X SYBR Green 

PCR Master Mix (Applied Biosystems), 900 nM of each primer and 2-3 μl of cDNA. Amplification conditions 

were 2 min at 50°, 10 min at 95° and 40 cycles of denaturation for 15 s and annealing/extension at 60° for 10 

min. Data from real-time assays were calculated using the v1·7 Sequence Detection Software from PE 

Biosystems (Foster City, CA). Relative expression of VEGF and EGF mRNA was calculated using the 

comparative Ct method. All values were normalized to the beta actin gene [11]. Table 1 show the primer 

sequences used for RT-PCR. 

 
Table 1: Primer sequences used for RT-PCR 

 primer sequence 

VEGF Forward:5'GCCTGAAATCTACCAGATCATGTTG 3΄ 

Reverse:3'TTCCACAAGCTCCACGAATCTT 5΄ 

EGF Forward:5'-TGTGTTATI'GGCTATrCrGG-3'  
Reverse:5'-TCTFGGGGTCITGGTGT1TCT-3',  

Beta actin Forward 5'-TGTTGTCCCTGTATGCCTCT-3' 

Reverse 3'-TAATGTCACGCACGATTTCC-5' 

 

Estimation of IL-1β beta and TNFα: 

IL-1β beta and TNFα were measured using ELISA kit supplied by RayBiotech,Inc. according to 

manufacturer's directions. 

 

Statistical methods: 

Data was analyzed using IBM SPSS advanced statistics version 22 (SPSS Inc., Chicago, IL). Numerical 

data were expressed as mean and standard deviation and range. Data were tested for normality using 

Kolmogorov-Smirnov test and Shapiro-Wilk test. Data were found to be normally distributed so we used the 

parametric tests for comparison between groups. Comparison between more than two groups was done using 

Analysis Of Variance (one-way ANOVA) then post-Hoc "Schefe test" was used for pair-wise comparison. All 

tests were two-tailed. A p-value < 0.05 was considered significant. 

 

Results: 
MSCs culture, identification & homing: 

Isolated and cultured undifferentiated MSCs reached 70-80% confluence at 14 days (Figure1 A&B). In 

vitro osteogenic andchondrogenic differentiation of MSCs were confirmed by morphological changes and 

special stains (Figure 2 C&D) and (Figure 3 E&F) respectively). In addition, MSCs were identified by surface 

marker CD45 (-ve),CD90 (+ve) and CD29 (+ve) detected by flow cytometry (Figure 4A,B and C) respectively. 

MSCs labeled with PKH26 fluorescent dye were detected in the gastrictissues confirming that these cells homed 

into the gastric tissue (Figure 5). 

 

A B 

Fig. 1: MSCs in culture 

C D 

Fig. 2: C: MSCs differentiated into osteoblasts in culture, D:Alzerin red stained differentiated osteoblasts. 
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        E                                                                      F 

Fig. 3: E: MSCs differentiated into chondrocytes in culture, F:Alcian blue stained differentiated chondrocytes. 

A B

C 

 

Fig. 4: Characteristics of BM-MSCs. Cells were stained with the CD45, CD29 & CD90 antibody and analyzed 

by flow cytometry. The expression levels of CD45-ve (A), CD29+ve (B) CD90+ve (C), of BM-MSCs 

are presented as a histogram. The percentage of expression of the indicated markers was defined in the 

figure. 

 

 
 

Fig. 5: Detection of MSCs labeled with PKH26 fluorescent dye in gastric tissue. 

 

 EGF and VEGF gene expression: 

EGF genes expression measured by real time PCR wasfound significantly lower in Group IIA compared to 

Group 1(p <0.001),but significantly increased in Group II B and Group II Ccompared to Group II A(p <0.001) 

andp=0.007, respectively) (Figure 6).  
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VEGF genes expression decreased significantly in Group IIA compared to Group I(p <0.001). The 

expression increased significantly in Group II Band Group II C compared to Group II A(p =0.015 and p=0.042, 

respectively) (Figure 7). The difference of expression of both genes is insignificant between group II B and II C 

(p = 0.53 for EGF and 0.90 for VEGF). 

 

 
 

Fig. 6: Mean level of EGF gene expression in all groupsFigur (7): Mean level of VEGF gene expression in all 

groups 

 

 IL1β and TNF-α level: 

IL1βlevel measured by ELISA wasfound to be significantly higher in Group II A compared to GroupI,(p 

<0.001), howeverit was significantly lower in Group II Band Group II Ccompared to Group II A,(p <0.001and p 

= 0.001, respectively) (Figure 8, table 2). 

Also, TNF-αserum level was significantly higher Group II A compared to Group I,(p <0.001). butit 

decreased significantly in groupII B and Group II C compared to Group II A,(p <0.001and p = 0.001, 

respectively) (Figure 9, table 2). The difference in these inflammatory cytokines was insignificant between 

group II B and II C (for IL1βp = 0.16 and 0.15 forTNF-α). 

 

 
Fig. 8: Mean level of  serum IL 1β in all groups    Fig. 9: Mean level of  serum TNFα in all  groups 

 
Table 2: Comparison of mean ± SD values of the estimated serum parameters in the studied groups: 

 Group I Group IIA Group IIB Group IIC P value 

IL-1β (pg/ml) 46.7±9.4 143.5±19.1 73.2±15.3 95.2±11.5 <0.001 

TNF𝛂 (pg/ml) 31.2±4.0 109.5±17.3 53.2±8.7 71.8±13.3 <0.001 
* Significant difference in comparison to control group (group I) (p ≤ 0.05) 
** Significant difference in comparison to ulcer group (Group II A) (p ≤ 0.05) 
*** Significant difference in comparison to ulcer group (Group II A) (p ≤ 0.05) 

 

Discussion: 
Mesenchymal stem cells are undifferentiated cells capable of developing into many cell types. They have 

been investigated as clinical therapy to promote tissue repair, where they provide a promising alternative for the 

treatment of injured tissue [12]. 

This study showed that stem cells could migrate and locate in injured gastric mucosa and accelerate the 

repair of gastric ulcer in rats. This was noticed by several authors, who noticed that stem cells play an important 

role in gastric ulcer healing in rats [13,14,15]. 

In this study treatment with stem cells was accompanied by a significant increase in growth factors, EGF 

was found to be significantly higher in Group II B when compared to Group II A.  
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Epidermal growth factor is a low-molecular-weight polypeptidefound in many human tissues. EGF is a 

growth factor that stimulates cell growth, proliferation, and differentiation by binding to its receptor EGFR. 

EGF was found able to promote mucosal healing of the rats with gastric and duodenal ulcer by stimulating 

mucosal proliferation, inhibition of gastric acid secretion, as well as mucosalprotection from intraluminal 

injurious factors suchas gastric acid, pepsin, and  bile acids [16,17,18]. 

Also VEGF was found to be significantly higher in Group II B when compared to Group II A.Vascular 

endothelial growth factor (VEGF), is a signal protein produced by cells. It is part of the systemthat restores the 

oxygen supply to tissues when blood circulationis inadequate. VEGF is known to be the most potent promoter 

of angiogenesis. Angiogenesis is a critical component of the ulcer healing process because it enables delivery of 

oxygen and nutrients to the healing sites. Hence, VEGF dramatically accelerates healing of experimental gastric 

and duodenal ulcers in rats [19,20,21].  

In accordance with our results, the increase in growth factors at the site of injury following stem cell 

administration has been noticed by many authors [22]. Other authors reported that the administration of 

recombinant or natural analogues of growth factors may improve ulcer repair while the inhibition of their effects 

by neutralizing antibodies may result in delayed ulcer healing [23].  

Furthermore, in the present study, mesenchymalstem cells have shown one more advantage which is their 

ability to significantly reduce the inflammatory cytokines IL1β and TNFα as demonstrated by the significant 

decrease of IL1β and TNFα in Group II B when compared to Group II A. 

IL1β and TNFα are key cytokines in many inflammatory processes. The expression of IL1β mRNA and of 

TNFα mRNA is increased in gastric ulceration, they are also highly expressed in gastric mucosa in helicobacter 

pylori-positive patients with gastritis and ulcers [4]. 

Hence by their ability to differentiate into gastric cells and their ability to increase growth factors EGF & 

VEGF as well as reducing inflammatory mediators, stem cells have shown potential efficacy in treating gastric 

ulcer, where their effect was as good as that of omeprazole. 

 

Conclusion: 

These findings suggested that mesenchymalstem cells have therapeutic potential in the treatment of gastric 

ulcers.We encourage further studies to confirm the usefulnessof stem cells in the treatment of gastric ulcers. 
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