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Abstract: 

 

Objectives: Investigate the relationship between in situ expression of Helicobacter 

pylori CagA and the numbers of gastrin (G-cells) and somatostatin (D-cells) in gastric 

tissue investigated by immunohistochemical analysis. Methods: The paraffin embedded 

sections for antral mucosal biopsy specimens were examined using in situ hybridization 

technique  with probe specific for CagA and investigated the expression of gastrin (G-

cells) and somatostatin (D-cells)   proteins by immunohistochemistry using specific 

monoclonal antibodies. Results:  The number of G-cells per gastric gland was 

significantly higher in patients infected with H.pylori compared with uninfected patients 

or normal mucosa subjects(p<0.01). The number of D-cells was significantly higher in 

uninfected patients and normal mucosa subjects patients compared with H.pylori 

infection (p<0.01). In patients with chronic gastritis the presence of CagA were 

associated with higher expression of G cell and not influence to D cell. Conclusions: the 

results of this study was strongly suggest that H.pylori infection induction protein 

expression of  G-cell and reduction of protein expression of D-cells and the H.pylori 

positive CagA might play a role in up-regulation of the expression of G- cells but not 

effects on the expression of D-cells. The resulting relative hypofunction of the inhibitory 

action of D-cells against G-cells might be one of the reasons for the existing 

hypergastrinemia. 

  

  :المستخلص

  

  Helicobacter pyloriلجـين        الهدف من هذه الدراسة هو إيجاد العلاقة بين  مستويات التعبير في الموضع 

CagA  في نسيج المعدة والتي تـم الكـشف عنهـا بالتحليـل     )  د(والسوماتوستاتين) ج(على عدد خلايا الكاسترين

  . الكيميائي النسيجي المناعي

 في المقاطع النسيجية المطمورة بـالبرافين للخـزع   H.pylori CagA لتحري عن  تعبير جين تم ا: طريقة الدراسة

   CagA في الموضع باستعمال مـسبار خـاص بجـين    نالنسيجية المأخوذة من المعدة وذلك باستخدام تقنية التهجي

التحليل الكيميـائي النـسيجي     وذلك باستخدام   )  د(والسوماتوستاتين)  ج(كذلك تم التحري عن تعبير خلايا الكاسترين        

  .المناعي وباستعمال  أضداد وحيدة النسلية

 اذا ما تم مقارنتهـا   H.pyloriتزداد معنويا في المرضى المصابين ببكتيريا  )  ج(وجد ان نسبة عدد خلايا : النتائج

تزداد معنويا في ) د(وعدد خلايا . (p<0.01) والاشخاص الاصحاء H.pylori  ببكتيريا  نمع المرضى غيرا لمصابي
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 ـ           ووجـد إن جـين     . االمرضى الغير المصابين بالبكتريا والأشخاص الأصحاء مقارنة مع المرضى المصابين بالبكتيري

CagA د(بينما ليس له تأثير على خلايا ) ج( يشارك في ارتفاع نسبة خلايا.(  

وان ) د(و تختزل  تعبيـر خلايـا   ) ج( لايا  تزيد تعبير خ H.pyloriتبين  الدراسة  إن الاصابة ببكتيريا  : الاستنتاج

H.pylori    الموجبة لجين CagA          ولكن ليس لها تأثيرا على تعبيـر       )  ج( قد تلعب دورا مهما في ازدياد تعبير خلايا

التي ربما تكون احـد أسـباب       )  ج(مقارنة مع خلايا    ) د(وفي النتيجة سوف يصبح هبوط في وظيفة خلايا         ) د(خلايا  

  .استرين في المعدة وبالتالي في الدم نسبة الكةزياد

  

Introduction: 

The Gram negative bacterium Helicobacter pylori (H.pylori) colonies, the gastric 
mucosa at the antrum in particular. H.pylori infection has several sequelae, including antral 
gastritis, chronic atrophic gastritis and duodenal ulcer, gastric adenocarcenoma and 
MALToma. [1, 2]. The wide spectrum of diseases from the same microorganism may depend 
on differences in the host response, but also on differences between the strains of H.pylori 
causing infection [3]. Two types of H.pylori have been described: type one produces a 
vacuolating cytotoxin which plays a fundamental role in pathogenicity [4]. This cytotoxin is 
not produced by type II strains. The cytotoxine associated with antigen (CagA) gene which 
also found in type I strains. Encoding a highly immunogenic protein, this gene is completely 
absent in type II strains. The CagA positive strain cause more server inflammations [5, 6, 7].                          
            Helicobacter pylori infection interferes with the physiological control processes, 
resulting in alterations of gastric acid secretion. H.pylori infection results in a cascade of 
biochemical event in the gastric mucosa, including enhanced gastrin release after meal caused 
by reduced somatostatin production [8, 9].                                          The secretion of acid is 
an important function of the human stomach. In humans, although the rate of secretion varies, 
acid is continuously secreted by the gastric mucosa. During periods of fasting, the rate of acid 
secretion is low but sufficient to maintain an intragastric pH below 2 [10, 11].  The regulation 
of gastric acid secretion is achieved by the interplay between two major gastric endocrine 
cells: the gastrin G cell and the somatostatin D cell. Regulation of these cells occurs via 
stimulatory or inhibitory paracrine, endocrine, and neural pathways [12]. When food enters the 
stomach, the protein component stimulates G cells situated in the antral region of the stomach 
to release the hormone gastrin, which stimulates the enterochromaffin-like cells to release 
histamine and stimulates parietal cells to secrete acid. When the acidity of the stomach and 
duodenum increases, protective feedback pathways are activated to inhibit further acid 
secretion [13].                         .                                                                                   The 
relationship between H.pylori infection, gastric acidity and plasma gastrin levels, some 
evidence of an increase in gastrin and gastric acid secretion due to H.pylori infection (14). 
Gastrin, which is secreted by the G cells in the gastric mucosa then secreted into both the 
blood circulation and stomach lumen, enhances HCl secretion from the gastric parietal cells 
[15, 16].  There are different opinions as to how H.pylori infection contributes to 
gastroduodenal lesions. Goodwin and colleagues have suggested that H.pylori disrupts the 
local mucosal defense, which leads to gastroduodenal damage [17], while others noted that 
H.pylori infection increases gastric acid secretion, which in turn causes mucosal damage and 
the H.pylori infection blocks the normal inhibitory pathway through G cells [18].                          
The aim of this study were to determine whether there is an association between the H.pylori 
status, the numbers and function of gastric mucosal D, G in the gastric mucosa, to clarify the 
mechanisms of altered acid secretion as a result of infection. 



Patients and Methods: 

 

Subjects: The study included 70 gastritis patients and 50 apparently healthy controls with a 
mean age of 50.3 years ( range between  20-75 year). The study was carried at the 
gastrointestinal unit at Al-Yarmook Teaching Hospital, and informed consent was obtained 
from all patients and controls . Two antral biopsies were obtained. The paraffin embedded 
blocks biopsies were used for histological evaluation and immunological staining for gastrin 
and somatostatin and another biopsy was used for the rapid urease test.  
 
  Histological evaluation: 

 

 The one biopsy specimen from the antrum of the stomach was fixed in 10% formalin 
then processed paraffin wax embedded section was cut into (3-4µm)thick section and stained 
with haematoxylin and Eosin. Giemsa staining was performed to detect or absence of H.pylori 
were assessed by the pathologist, who were unaware of the clinical and endoscopic finding. 

 
Rapid urease test (RUT)  

  

One biopsy was inoculated on urea agar slant, and then incubated at 37 C for (15 min-
1hr) . Slant was examined for color change from yellow to pink if the bacteria was present 
secret urease and hydrolysis the urea to ammonia and raises the pH of the medium which 
change the color  

All subjects were divided into three categories on the basis of histology and the results 
of the rapid urease test as those with: H pylori positive gastritis, H pylori negative gastritis, 
and histological normal gastric mucosa. Patients were classified as positive for H pylori if 
these two tests (RUT and Giemsa staining) were positive and as negative if both tests were 
negative.  

  
In situ hybridization (ISH) for detection of H.pylori / CagA gene 

 

  In situ hybridization (ISH) is a technique makes use of the high specificity of 
complementary nucleic acid binding to detect specific DNA or RNA sequence in the cell. For 
detection of this markers , the biotinylated DNA probe hybridize to the target sequence 
(H.pylori / CagA mRNA sequence) then a streptavidin-AP  (streptavidin-alkaline 
phosphatase) Conjugate is applied followed by addition of the substrate promo-chloro – 
indolyl – phosphatel / nitro-blue tetrazolium (BCIP/NBT) which yield      an intense blue – 
black signal appears at the  directly specific site of the hybridized probe. This strepteividin – 
Ap conjugate like the biotinylated probe provides raid and highly sensitive detection method 
[19;20]. 
 The use of Biotin –Labeled DNA probe for H.pylori / CagA (8 µg/10015 µl ddH2O ). 
Probe size: 349 bp (Maxim Biotech, Inc., U.S.A). 

Hybridization /Detection System will give an intense blue –black color at the specific 
sites of the hybridization probe in both   positive test tissues. Evaluation of the ISH signaling 
was done with the assistance of a histopathologist. The observer was blinded to the clinical 
diagnosis of the tissues at the time of assessment, and tissues were independently assessed by 
two observers positive or negative cases, positive cells in the gastric tissue which gave a blue-
black nuclear staining under the light microscope. The extent of the ISH signaling the cells of 
the examined tissue was determined in 10 fields under power microscope (100X) [21].  

  
  



Immunohistochemical analysis (IHC) for detection of G and D cells  

 

Mucosal biopsies were immunostaining with polyclonal antibodies to gastrin and 
somatostatin by the avidin-biotin complex (DakocCrop, Denmark). The primary antibody 
reacts with antigen in the tissue, and then a biotin labeled secondary antibody (link antibody) 
binds to the primary antibody. When the conjugate is added, the biotinylated secondary 
antibody will form a complex with the peroxidase-conjugated streptavidin and by adding the 
substrate, which contains 3,3 -diaminobenzidine (DAB)   in a chromogen solution, a brown-
colored precipitate will form at the antigen site. 

In the peroxidase secondary detection system, the presence of a brown reaction 
product at the site of the target antigen is indicative of positive reactivity. Counter stain will 
be pale to dark red coloration of the cell nuclei [13]. 
The use of universal DakoCytomation streptavidin- biotin system purchased from 
DakoCytomation (USA) Immuno-histochemistry detection kit. The rabbit anti-human 
antibodies against gastrin and the rabbit anti-human antibodies against somatostatin were 
from DakoCrop (Denmark). 
  Counting the number of positive cells which gave brown cytoplasmic staining system 
under light microscope. The extent of the IHC signal was determined in 10 fields 
(X100magnification). In each field the total number of cells was counted and the extent of 
cytoplasmic staining cells was determined as a percent. The total staining score was divided 
by the number of whole cells per field in 10 fields, so the percentage of positively stained 
cells in the 10 fields was calculated for each case by taking the mean of the percentage of the 
positively stained cell in the 10 fields [13]. 
 

 

Statistical analysis 

 

       Statistical analysis was performed using ANOVA test to determine whether the means 
were equal among three groups – i.e. CagA-, CagA+ and controls, p value of  < 0.05 was 
considered statistically significant. 

 

:Results 

 

 This work was performed on 120 subjects referred to the gastrointestinal endoscopy 
unit at Al-Yarmook Teaching Hospital. The patients profiles are listed in (Table 1). 
  The Rapid urease test and Giemsa staining showed that H. pylori infection was 
detected in 53 (75.71%) from 70 patients with both procedure, whereas the patients without 
H.pylori were 17 (24.28%) (Table 2).  
  In addition ,Table 3 and Figure 1 shows the expression of CagA was detected by in 
situ hybridization technique. From 53 patients complaining chronic gastritis and infected with 
H.pylori who were tested for CagA, 37 (69.81%) were found to be positive CagA and 16 
(30.18%) patients have CagA – negative. 

The results in Table 4 and 5, Figure 2 and 3 compares the immunoreactive G cells 
and D cells in each group. The  highly significant increased number of immunoreactive  G 
cells was found among H pylori infected patients compared wit with uninfected patients or 
normal mucosa (p<0.001)  . In contrast, the highly significant increased immunoreactive D 
cells was seen in normal gastric mucosa and uninfected patients  compared with H pylori 
infected patients(p<0.001). The mean percents of immunoreactive D cells in patients with 
H pylori positive chronic gastritis and with normal mucosa were not significantly 



different(p>0.05). The number of immunoreactive G cells was higher and the number of D 
cells lower in those with H pylori infection compared with the H pylori negative group. 

Furthermore, the H pylori infected individuals had significantly higher numbers of 
immunoreactive G cells in patients with H.pylori positive CagA than negative CagA and not 
influenced the numbers of immunoreactive D cells in patients with H.pylori positive CagA 
than negative CagA (Table 6). 

 
 

Table (1): characteristics of 120 subjects used in the current study. 

                                                                    

 
Table (2): The prevalence of H.pylori infection in patients with chronic gastritis depend on Rapid urease test and 

Giemsa staining. 

  

 
 

Table (3): Expression of CagA mRNA in H.pylori –positive patient with chronic gastritis by (ISH). 

 

 

 

 

 

Variable No. (%) 

Chronic  gastritis 70 58.33 

Healthy subjects 50 41.66 

Total 120 100 

H.pylori status No. (%) 

H.pylori - positive 53 75.71 

H.pylori - negative 17 24.28 

Total 70 100 

Group  CagA status No. (%) 

positive 37 69.81 

negative 16 30.18 

H.pylori -positive 

 

Total 53 100 



 Table (4): Expression of G cell in patients with chronic gastritis(H.pylori positive and negative)  and healthy 
volunteers. 

  **= highly significant difference(p<0.01); (+ve)=positive ; (-ve)=negative 

 

 

 

Table 5: Expression of D cell in patients with chronic gastritis(H.pylori positive and negative)   and healthy 

volunteers. 

 

ⁿ= not significant(p>0.05) ;**= highly significant difference(p<0.01); (+ve)=positive ; (-ve )=negative   

  

Table 6: Expression of G cell in patients with chronic gastritis and healthy volunteers.    

 

 

 

 

 

 

 

 

 

 

 

 

 (p<0.01)= highly significant difference; (p>0.05) = not significant 

  

  

  

  

Groups No. Mean(%)  ± SE 

 

p value between  
groups 

H.pylori(+ve) 53 75.2 ± 3.2 

H.pylori (-ve) 17 51.4 ± 2.5 

Control 50 22.8 ± 0.6 

Control ―  H.pylori(+ve)** 

Control ― H.pylori (-ve)** 

H.pylori (+ve) ― H.pylori (-ve)** 

 

Groups No. Mean(%) ± SE 
p value between  

groups 

H.pylori(+ve) 53 23.2 ± 5.2 

H.pylori (-ve) 17 38.5 ± 4.5 

Control 50 20.1 ±3.7 

Control ―  H.pylori(+ve)ⁿ 

Control ― H.pylori (-ve)** 

H.pylori (+ve) ― H.pylori (-ve)** 

Variables 
H.pylori (+ve) 

CagA status 
No. Mean(%) ± SE p value 

CagA + 37 72.4±5.1 
G cell 

CagA - 16 54.3± 3.8 

p<0.01 

 

CagA + 37 30. 5±1.9 
D cell 

CagA - 16 35.2 ± 2.2 

p>0.05 



  

  

  

  

 

  

  
Figure(1):Detection of CagA in patients with chronic gastritis disease by in situ hybridization(ISH). Staining of 
CagA mRNA by BCIP/NBT(blue-black),counterstained with nuclear fast red. Tissue from patients with antral 
gastritis shows positive CagA by hybridization signal.  

  
  

  
 

Figure(2):Immunohistochemical staining(IHC) by DAB chromogene (dark brown), counterstained with nuclear 
fast red. Antral mucosa stained for gastrin positive G cells.  

    
  

  
Figure(3):Immunohistochemical staining(IHC) by DAB chromogene (dark brown), counterstained with nuclear 
fast red. Antral mucosa stained for somatostatin positive D cells.   



 

:Discussion 

  
Helicobacter pylori associated with chronic mucosal inflammation might alter normal 

gastric physiology, and peptic acid secretion, either directly or through alterations to cells 
involved in the regulation of the gastric secretary process, such as antral G or D cells, 
enterochromaffin-like (ECL) cells [22]. Gastrin G and somatostatin D cells are the major 
endocrine cells in the stomach known to play an important role in acid secretion [8]. 

The G and D cells counts in the antrum were assessed in this study. A higher G cell 
count and lower D cells were established in patients with chronic gastritis in course of 
H.pylori infection in comparison with patients without infection and healthy subjects. These 
results are comparable to other data were rapidly confirmed, and it was also shown that this 
increase was reversed after H pylori eradication [23, 24, 25]. That confirmed the cell counts 
of G and D cells were altered in H pylori infected gastric mucosa, with an increase in the 
proportion of G cells and a decrease in D cells. But other reports assessing G cell counts in 
chronic gastritis patients that did not discover significant differences in G cell count between 
patients with or without infection. Although D cell count was lower in the infection [26; 27].  
            Moreover, in the present study was found that 74% of patients who have H.pylori 
infection have CagA positive strains. This results in agree with previous study that showed 
the  H.pylori strains were positive for the CagA in 74.4% of Costa Rica patients [28]. Other 
study reported the prevalence of CagA was more than 80% among patients with chronic 
gastritis [6]. Increasing of CagA mRNA among those patients may explain the role of CagA 
positive H.pylori in the development of gastritis [29]. The mechanisms by which CagA 
modify the activity of epithelial cells is explaining by serving as scaffolding protein able to 
interact and modify the function of a variety of molecules involved in cell to cell interaction, 
cell motility, and proliferation [6;30]. 
   The CagA positive H.pylori strains played a major role in causing the infection and a 
higher levels of G cell count were associated with CagA, while somatostatin was not 
influenced by CagA positive H.pylori strains. Possibly through gastrin stimulation H.pylori 
infection sustained by CagA strains may cause sever gastric damage than strains without 
CagA, since the later may not only cause less extensive epithelial damage, but may also 
favors the defense mechanisms of the stomach against mucosal injury [31; 32]. The 
hypergastrinemia in H.pylori associated gastritis is relevant to the presence of CagA, and the 
possible mechanism of hypergasrinemia may be related to antral D-cell deficiency, which 
caused by H.pylori infection with expression of CagA [32].                                                                                                           
            The fact that there was an association with the severity of inflammation is more 
consistent with a role for cytokines released by inflammatory cells (for example, interleukin -
1b, tumor necrosis factor and interferon- γ). The increase in inflammation associated with 
presence of more virulent H.pylori type containing CagA would have a more profound effect 
on gastrin / somatostatin homeostasis [33]. 

In conclusions: the results of this study was strongly suggest that H.pylori infection 
induction protein expression of  G-cell and reduction of protein expression of D-cells and the 
H.pylori positive CagA might play a role in up-regulation of the expression of G- cells but not 
effects on the expression of D-cells.The resulting relative hypofunction of the inhibitory 
action of D-cells against G-cells might be one of the reasons for the existing 
hypergastrinemia. 
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