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Summary

Purpose: To investigate the effects of helicobacter pylori 
(H. pylori) infection on the quantitative changes of gastric 
mucosa in cancerous and precancerous lesions using stereo-
logical methods.

Methods: One hundred and twenty-two gastric samples 
were studied. After determination of H. pylori infection, 42 
gastric tissues of intestinal metaplasia (IM) patients, 38 
specimens from dysplasia (DYS), and  42 specimens from 
gastric cancer (GC) types were  selected from the pathol-
ogy archive of  Imam Ali Hospital, Zahedan, Iran. Gastric 
tissues were sectioned and stained with p53 and Ki-67 im-
munohistochemical (IHC) method and haematoxylin/eosin 
(H&E). Then, the numerical density (NV) of p53-positive, 
Ki-67-positive cells, eosinophil and polymorphonuclear 
(PMN) cells were estimated using dissector counting tech-
nique in IM, DYS and GC lesions.

Results: In IM, DYS and GC specimens, the NV of p53-

positive cells in the presence of H. pylori infection (H. py-
lori+) was significantly higher than in H. pylori absence (H. 
pylori-). The NV of Ki-67- positive cells only in DYS speci-
mens, showed significant difference between H. pylori+ and 
H. pylori- groups. The NV of eosinophil cells in DYS and 
GC specimens in H. pylori+ groups were significantly higher 
than in H. pylori- groups and the NV of polymorphonuclear 
cells in IM specimens showed significant difference between 
H. pylori+ and H. pylori- groups.

Conclusion: The results showed that H. pylori infection 
could cause significant quantitative changes in the cellu-
lar structure of gastric mucosa that might be influential on 
gastric carcinogenesis.

Key words: eosinophils, helicobacter pylori, gastric car-
cinogenesis, numerical density, polymorphonuclear cells, 
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Introduction

 Gastric cancer (GC) is one of the most com-
mon and most malignant tumors [1]. Although the 
prevalence and mortality from GC decreased over 
the past 15 years GC is still known as the fourth  
most common cancer and the second leading cause 
of cancer-related deaths worldwide [2-5], with ap-
proximately 700 000 people dying of this disease 
each year [6,7]. About 70% of cancer deaths occur 
in developing countries [8]. GC is the most com-
mon malignancy in Iran. In South-East Iran GC is 
the second intestinal-gastrointestinal malignancy 
[9]. Gastric carcinogenesis seems to be a multistep 

process including gastric inflammation, gastric 
mucosal atrophy, IM, DYS and eventually cancer 
[10]. The prevalence of GC  is influenced by genetic, 
environmental and infectious factors [9,11]. It has 
been shown that if genetic factors such as tumor 
suppressor gene p53 and nuclear proliferation an-
tigen Ki-67 are disturbed or changed, along with 
environmental and infectious factors, could cause 
an increased risk for inducing GC. Tumor suppres-
sor gene p53 plays an important role in cell cycle 
arrest and apoptosis in response to DNA damage. 
Mutation of this gene is common in many types of 
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human cancers. Inactivation of p53 gene by muta-
tion can allow a cell with damaged DNA to escape 
from normal into an uncontrolled growth. This 
uncontrolled growth leads to tumor formation and 
cancer development [12-15]. Ki-67 nuclear protein 
is associated with cell proliferation that can cause 
acceleration and progression of tumor growth. Ki-
67 nuclear antigen is expressed in growth phases 
(G1, S, G2 and M), but not in resting phase (G0) of 
the cell cycle. Differential expression of Ki-67 in 
different phases of the cell cycle provides informa-
tion about the active cells and growth rate in the 
cell cycle. Ki-67- positive cells can be used as a 
marker of proliferative activity [1,16]. 
 Normal gastric mucosa may contain only a 
few inflammatory cells. Given that H. pylori can be 
the most common cause of gastritis, and is consid-
ered as a risk factor for gastric carcinogenesis. So 
H. pylori could cause increased number of inflam-
matory cells in the inflamed gastric mucosa.  It is 
believed that H. pylori can induce proliferation of 
gastric epithelial cells. Accumulation of ammonia 
production on gastric mucous layer by H. pylori 
can lead to toxic effects and development of gas-
tritis, peptic ulcer and eventually GC [17-19]. Cell 
counting is a powerful tool for the assessment of 
the number of cells and other constituents in tis-
sue sections [20]. Zhang et al. in their study com-
pared PMN cells infiltration in H. pylori groups. 
Their results showed that PMN infiltration in H. 
pylori+ group  was higher than in H. pylori- group 
and the intensity of inflammation was related 
with the grade of the PMN cells infiltration and 
the grade of H. pylori infection [21]. 
 Stereology is a technique for accurate esti-
mates of the number of cells in biological struc-
tures. Stereology makes it possible to elicit three-
dimensional (3D) data from two-dimensional (2D) 
images [22-27]. Dissector technique allows esti-
mating the density of particles by counting small 
microscopic particles with unbiased manner in a 
virtual 3D volume, by two physical or optical con-
secutive sections separated by a distance “t”. By 
using the dissector method we can obtain estima-
tion of any numerical quantity without the factors 
arising from different causes including particle 
size, orientation of particles and section thickness 
[20,24]. As an advantage, the dissector method 
provides the possibility of generalizing data to 
the entire structure. Given that there is no precise 
data concerning structural changes of the stomach 
during carcinogenesis, and due to the prevalence 
of GC and changes in the gastric mucosa struc-
ture, the stereological changes of gastric mucosa 
in patients with GC and precancerous lesions were 
investigated in the present study.

Methods

Study group

 Gastric specimens obtained at endoscopic biopsy 
from patients admitted during 2010-2015 years were 
used. The specimens were obtained from the pathol-
ogy archives of Imam Ali hospital, Zahedan, Iran. This 
project was approved by the ethics committee of Za-
hedan University of Medical Sciences (IR.ZAUMS.
REC.1394.53).
 An experienced pathologist reviewed the original 
sections to confirm the histopathological diagnosis. 
From each selected formalin-fixed paraffin-embedded 
tissue block, two 3 µm-thick sections were cut and pre-
pared for the application of physical dissector method. 
One of these two sections was selected as the “refer-
ence section”, while the other was the “look-up section”. 
The distance between the surfaces of section pairs was 
15 µm. The sections were mounted on HistoGrip (CE-
DARLANE, Canada)-coated glass slides, then dewaxed 
and rehydrated in distilled water and finally stained 
according to the IHC and H&E staining protocols for 
stereological analysis. Immunostaining was done for 
the determination of the  p53-positive and Ki-67-pos-
itive cells, and the sections were boiled at 120ºC for 20 
min in sodium citrate buffer (PH:6.0). The p53 antigen 
was stained by applying a monoclonal antibody (RTU-
P53-DO7, Novocastra, England), and Ki-67 antigen 
was stained by applying another monoclonal antibody 
(RTU-Ki-67-MMI, Novocastra, England). Immunostain-
ing was precisely described in our previous studies 
[25,26].
 To calculate the NV of eosinophils and PMN cells, 
the H&E staining paired slides were used. The dissec-
tor counting technique was used to estimate the NV of 
cells using the formula:

Where NV is the estimated numerical density of cells 
(cell number per unit volume), ΣQ- is the total number 
of cells counted in the frames, Σframe is the number of 
frames in each sample which in this case was 10, and 
vdissector is the volume of each frame that was obtained 
using the formula:

Aframe is the area of each frame with the magnification 
(×400), H is the distance between sections which in this 
case was 15µm. Vdissector was 63375 µm3 in this study.
 Two pathologists examined the slides under a light 
microscope at high-power magnification (400×). In each 
slide, 10 fields were selected in systematic random man-
ner by movement of the microscope’s stage in X and Y 
directions with the aid of vernier scale in the reference 
section and then applying similar movements exactly 
on the second photomicroscope with look-up section 
[22] . Total cells were counted in the corresponding area 
(Aframe: 65×65 µm2), and only nuclei stained unequivo-
cally were considered positive. The fundamental rule of 
the dissector principle is to count the particle profiles 
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which are visible on the reference section but not in the 
look-up section. Since every particle generally has only 
one tip in a given direction, such an approach gives an 
unbiased estimate of the particle number in a given dis-
sector volume. It is crucial to distinguish the profiles 
belonging to different particles clearly for an unbiased 
estimation [20].
 H. pylori in gastric epithelial lesions was deter-
mined using a modified Giemsa staining method. 

Statistics

 Statistical analyses were performed using SPSS 16 
software. All data are presented as mean±standard error 
of the mean (SEM). Statistical differences between inde-
pendent groups were assessed using the nonparametric 
statistical tests of Kruskal Wallis and Mann-Whitney U 
tests. The significant level was set at p<0.05.

Results 

 In this study, 122 tissue blocks were included, 
77 from male and 45 from female patients with a 
range age of 18-92 years (median 65). Gastric le-
sions based on histopathology and presence of H. 
pylori were selected as IM (n = 42; 20 H. pylori + 
and 22 H. pylori-), DYS (n = 38; 19 H. pylori+ and 
19 H. pylori-) and GC (n = 42; 19 H. pylori+ and 23 
H. pylori-). H. pylori was positive in 51(47.54%), 
and negative in 64 (52.45%) of all gastric lesions. 
The specimens selected were similar to our previ 
ous study [26].
 The NV of the p53 positive and Ki-67 posi-
tive cells was compared between H. pylori+ and H. 
pylori- subgroups in different pathological stages 
(Table 1). p53 and Ki-67 positivity was clearly lo-
calized in the nuclei of malignant cells. Our data 
showed that in IM, DYS and GC, the NV of p53 
positive cells in H. pylori+ subgroup were higher 
compared to H. pylori- subgroup (Table 1, Figure 
1). There were significant differences in the NV of 
p53 positive cells between all H. pylori+ and H. 
pylori- subgroups of all groups (p=0.001). From 
the IM to DYS there was a trend of progressive 
increase in NV of p53-positive cells in H. pylori+ 
subgroup.

Group H. pylori
p53 positive cells

(n/mm3)
p value

Ki-67 positive cells
(n/mm3)

p value

IM + 168204 ± 8142 0.001 103494 ± 11097 0.147
- 138138 ± 34767 83069 ± 7054

DYS + 206456 ± 10314 0.001 181375 ± 4890 0.001
- 139021 ± 7366 132211 ± 4559

GC + 184033 ± 22140 0.005 179715 ± 14236 0.146
- 134533 ± 8642 143795 ± 11224

Results are expressed as mean ± SEM. IM: intestinal metaplasia, DYS: dysplasia, GC: gastric cancer,  H. pylori: helicobacter pylori

Table 1. Comparison of numerical density (NV) of p53- positive and Ki-67- positive cells in gastric cancer and precan-
cerous lesions in the presence or absence of Helicobacter pylori.

Figure 1. Measuring numerical density of p53 positive 
cells in gastric mucosa. Intestinal metaplasia in H. pylori 
positive (A) and H. pylori negative cases (B); Dysplasia, in 
H. pylori positive (C) and H. pylori negative cases (D); gas-
tric cancer in H. pylori positive (E) and H. pylori negative 
cases (F). IHC stain× 400.

Figure 2. Measuring numerical density of Ki-67 positive 
cells in gastric mucosa. Intestinal metaplasia, in H. pylori 
positive (A) and H. pylori negative cases (B); Dysplasia in 
H. pylori positive (C) and H. pylori negative cases (D); gas-
tric cancer in H. pylori positive (E) and H. pylori negative 
cases (F). IHC stain× 400.
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 This study showed that in patients with DYS, 
the NV of Ki-67-positive cells in the presence of 
H. pylori infection was significantly higher than 
in the absence of the infection, while in the IM 
and GC specimens this difference was not statisti-
cally significant (Table 1, Figure 2). In addition, 
there were significant differences of NV of Ki-67 
positive cells between all H. pylori+ and H. pylori- 
subgroups of all groups (p=0.001). 
 The NV of the eosinophils and PMN cells 
was compared between H. pylori+ and H. pylori- 
specimens at different pathological stages (Table 
2). In the IM group no significant differences in 
NV of the eosinophil cells between H. pylori+ 
and H. pylori- subgroups were detected. In DYS 
and GC specimens, the NV of the eosinophil cells 
were higher in the H. pylori+ subgroup compared 
with the H. pylori- subgroup. There was a trend of 
progressive increase in NV of the eosinophil cells 
in H. pylori+ subgroups from IM to GC types of 
specimens (Table 2, Figure 3). Kruskal-Wallis test 
showed statistically significant differences in NV 
of the eosinophil cells between all H. pylori+ and 
H. pylori- subgroups of all groups (p=0.002).
 Only in the IM group the NV of the PMN cells 
was significantly different between H. pylori+ and 
H. pylori- subgroups, while in the DYS and GC 
groups no significant differences were noticed be-
tween their H. pylori+ subgroups (Table 2, Figure 
4). Kruskal-Wallis test showed no significant dif-
ferences between all H. pylori+ and H. pylori- sub-
groups of all groups (p=0.275).

Discussion 

 In this research, the NV of p53, Ki-67, eosino-
phils and PMN cells in GC and precancerous le-
sions (IM and DYS) were compared in the presence 
or absence of H. pylori.  The NV of p53 positive 
cells was significantly higher in H. pylori+ com-
pared with the H. pylori- subgroups in all study 
groups. It is considered that the increased number 
of p53-positive cells in the gastric mucosa in these 

Figure 3. Measuring numerical density of eosinophil 
cells in gastric mucosa. Intestinal metaplasia in H. pylori 
positive (A) and H. pylori negative cases (B); Dysplasia in 
H. pylori positive (C) and H. pylori negative cases (D); gas-
tric cancer in H. pylori positive (E) and H. pylori negative 
cases (F). H&E stain× 400.

Figure 4. Measuring numerical density of polymorpho-
nuclear cells in gastric mucosa. Intestinal metaplasia in H. 
pylori positive (A) and H. pylori negative cases (B); Dys-
plasia in H. pylori positive (C) and H. pylori negative cases 
(D); gastric cancer in H. pylori positive (E) and H. pylori 
negative cases (F). H&E  stain× 400.

Group H. pylori
eosinophil cells

(n/mm3)
p value

polymorphonuclear cells
(n/mm3)

p value

IM + 19648± 4353 0.138 164338 ± 35820 0.024
- 11619 ± 2954 66989 ± 2179

DYS + 22422 ± 4756 0.04 62119 ± 24674 0.37
- 9218 ± 2939 106467 ± 33653

GC + 34858± 6596 0.002 113027 ± 40889 0.769
- 10084 ± 2874 91381 ± 29884

Results are expressed as mean ± SEM. IM: intestinal metaplasia, DYS: dysplasia, GC: gastric cancer, H.Pylori: helicobacter pylori

Table 2. Comparison of numerical density (NV) of eosinophil and polymorphonuclear cells in gastric cancer and pre-
cancerous lesions in presence or absence of Helicobacter pylori 
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lesions may result from DNA damage induced by 
H. pylori infection. These results are in agreement 
with the results of the expression of p53 in our 
previous study [26].
 Only in DYS the NV of Ki-67-positive cells 
showed significant difference between H. pylori+ 
and H. pylori- subgroups. 
 This investigation was the first to study the 
NV of p53 and Ki-67-cells in gastric lesions. No 
quantitative and stereological studies have been 
carried out yet on microscopic parameters of the 
gastric mucosa and the number of p53 and Ki-67 
positive cells. Based on cell counting method our 
results suggested that the number of p53 and Ki-
67 positive cells can be associated with H. pylori 
infection, and thus it can be concluded that H. py-
lori can be a risk factor for gastric carcinogenesis.
 In this study, no statistically significant dif-
ference was identified in the IM group between 
the NV of eosinophil cells in H. pylori+ and H. 
pylori- subgroups, but in DYS and GC groups the 
differences between their subgroups were statis-
tically significant. Piazuelo et al [27] evaluated 
the eosinophil cells density in gastric mucosa in 
two different contains: low-risk and high-risk of a 
Colombian population. In their study eosinophil 
density in the mucosal layer was lower in early 
stages of gastric carcinogenesis, then in advanced 
disease stages in low-risk areas. The authors sug-
gested that the high density of eosinophils in the 
early stages of gastric carcinogenesis was due to 
long-term Th2 response to the presence of H. py-
lori and proposed that it was a limiting factor for 
further tissue damage and disease progression to-
wards gastric carcinogenesis. On the other hand, 
they stated that in high-risk areas eosinophil den-
sity in IM, DYS and GC was higher in early stages 
of gastric carcinogenesis and they noted that eo-
sinophils likely had a poor/weak anti-inflammato-
ry response to the presence of H. pylori in gastric 
carcinogenesis in the early stages. Delays in the 
inflammatory response leads to tissue damage and 
disease progression to cancer . Our study showed 
that the number of eosinophil cells in advanced 
stages was increased significantly in the gastric 
mucosa infected with H. pylori and we pointed 
out the possible roles for H. pylori infection in the 
development of gastric cancer. The results of our 
study are aligned with results from high-risk ar-
eas proposed by Piazuelo et al [27].
 Our data showed that in the IM group, the NV 
of PMN cells in H. pylori+ specimens was higher 
than H. pylori- ones. With regard to DYS group, 
the NV of PMN cells in H. pylori+ group were low-

er than H. pylori-, while in the GC group the NV 
of PMN cells in H. pylori+ samples were slightly 
higher than in H. pylori- ones, but these differenc-
es were not statistically significant.
 Similarly, Brenes et al. [28] showed that the 
number of PMN cells was higher in the early stag-
es of gastric carcinogenesis in the H. pylori infect-
ed group, but  in the specimens from the patients 
cleared from H. pylori  there was a significant re-
duction in the number of PMN cells  and also oth-
er histopathological parameters were improved 
after H. pylori eradication . In another study van 
Grieken et al [29]. found that in H. pylori infected 
patients the numbers of inflammatory cells were 
higher than in non-infected patients. Satoh et al. 
[30] found that before eradication, in the early 
stages of gastric carcinogenesis the number of 
PMN cells was significantly higher in regions 
with p53-positive cells, but after eradication the 
number of PMNs was significantly reduced in 
these areas.
 Our data suggested that the number of cells at 
the earlier stages of carcinogenesis were affected 
by H. pylori infection, and H. pylori infection is 
essential for the onset of disease. However, with 
disease progressing to cancer no increase in the 
number of cells was shown in presence or absence 
of H. pylori. According to the results of this study, 
it can be concluded that H. pylori infection inflicts 
some changes in gastric mucosa structures in-
cluding increase in the number of p53, Ki-67, eo-
sinophils and PMN cells, all of which might even-
tually lead to gastric carcinogenesis. In summary, 
the cell counting method is a powerful tool for the 
assessment of mucosal structure, number of cells 
and grade of inflammation.

Acknowledgements

 This research was approved by the ethics com-
mittee of Zahedan University of Medical Sciences 
(ZAUMS). This article is the result of a university 
research dissertation (MSc thesis of M. Narouei 
at the Department of Histology, ZAUMS, Zahedan, 
Iran, no. IR.ZAUMS.REC.1394.53). The authors ap-
preciate the Vice Chancellor of Research and Tech-
nology of ZAUMS, that financially supported the 
research, and also the Department of Pathology 
Ali Ebne Abitaleb Hospital, Zahedan, Iran.

Conflict of interests

 The authors declare no confict of interests.



Stereological methods in gastric lesions910

JBUON 2017; 22(4): 910

References

1. Mattioli E, Vogiatzi P, Sun A et al. Immunohistochem-
ical analysis of pRb2/p130, VEGF, EZH2, p53, p16IN-
K4A, p27KIP1, p21WAF1, Ki-67 expression patterns in 
gastric cancer. J Cell Physiol 2007;210:183-191.

2. Strehl JD, Hoegel J, Hornicek I, Hartmann A, Riener 
MO. Immunohistochemical expression of IMP3 and 
p53 in inflammatory lesions and neoplastic lesions of 
the gastric mucosa. Int J Clin Exp Pathol 2014;7:2091-
2101.

3. Poteca T, Poteca A, Sajin M, Comanescu M. Biological 
prognostic parameters in gastric carcinomas. Chirur-
gia (Bucur) 2014;109:347-354.

4. Xiao LJ, Zhao S, Zhao EH et al. Clinicopathological 
and prognostic significance of Ki-67, caspase-3 and 
p53 expression in gastric carcinomas. Oncol Lett 
2013;6:1277-1284.

5. Zali H, Rezaei-Tavirani M, Azodi M. Gastric cancer: 
prevention, risk factors and treatment. Gastroenterol 
Hepatol from Bed to Bench 2011;4:175-185.

6. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer 
statistics, 2002. CA Cancer J Clin 2005;55:74-108.

7. Matysiak-Budnik T, Mégraud F. Helicobacter pylori 
infection and gastric cancer. Eur J Cancer 2006;42:708-
716.

8. Jemal A, Bray F, Center MM, Ferlay J, Ward E, For-
man D. Global cancer statistics. CA Cancer J Clin 
2011;61:69-90.

9. Mashhadi M, Nazem K, Abdollahinejad M. Gastric 
Cancer in South East of Iran. Int J Hematol Oncol 
Stem Cell Res 2009;3:38-42.

10. Gucin Z, Cakmak T, Bayyurt N, Salih B. Helicobacter 
pylori infection and relationship with gastric epithe-
lial cell proliferation and apoptosis. Turk J Med Sci 
2013;43:739-746.

11. Stanculescu D, Taslica R, Simionescu C. Helicobacter 
Pylori And Gastric Carcinogenesis. Curr Health Sci J 
2010;36:189-192.

12. Azarhoush R, Keshtkar AA, Amiriani T, Kazemi-
Nejad V. Relationship between p53 expression and 
gastric cancers in cardia and antrum. Arch Iran Med 
2008;11:502-506.

13. Li J-H, Shi X-Z, Lv S, Liu M, Xu G-W. Effect of Heli-
cobacter pylori infection on p53 expression of gastric 
mucosa and adenocarcinoma with microsatellite in-
stability. World J Gastroenterol 2005;11:4363-4366.

14. Kamran Ghaffarzadegan M, Mohammad-Reza Zali M, 
Khadijeh Jami-Ahmadi Pharm D, Hamid Asadzadeh M. 
Correlation of nuclear P53 Immunoreaction with the 
histopathologic features in gastric carcinoma. Arch 
Iran Med 2004;7:279-283.

15. Ozturk Y, Ozer E, Lebe B, Bekem O, Buyukgebiz B. Im-
munohistochemical evaluation of p53 expression and 
proliferative activity in children with Helicobacter py-
lori associated gastritis. J Pediatr Gastroenterol Nutr 
2005;40:467-470.

16. Inwald E, Klinkhammer-Schalke M, Hofstädter F, Ze-
man F, Koller M, Gerstenhauer M, Ortmann O. Ki-67 

is a prognostic parameter in breast cancer patients: 
results of a large population-based cohort of a cancer 
registry. Breast Cancer Res Treat 2013;139:539-552.

17. Pal S, Bhattacharjee A, Ali A, Mandal NC, Mandal SC, 
Pal M. Chronic inflammation and cancer: potential 
chemoprevention through nuclear factor kappa B and 
p53 mutual antagonism. J Inflamm (Lond) 2014;9:11-23.

18. Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis 
of Helicobacter pylori infection. Clin Microbiol Rev 
2006;19:449-490.

19. Correa P, Piazuelo MB. The gastric precancerous cas-
cade. J Digest Dis 2012;13:2-9.

20. Kaplan S, Odaci E, Canan S, Onger ME, Aslan H, Unal 
B. The Dissector counting technique. NeuroQuantol-
ogy 2012;10:44-53.

21. Zhang C, Yamada N, Wu Y-L, Wen M, Matsuhisa T, 
Matsukura N. Helicobacter pylori infection, glandu-
lar atrophy and intestinal metaplasia in superficial 
gastritis, gastric erosion, erosive gastritis, gastric 
ulcer and early gastric cancer. World J Gastroenterol 
2005;11:791-796.

22. Heidari Z, Mahmoudzadeh-Sagheb H, Moudi B. A 
quantitative study of sodium tungstate protective ef-
fect on pancreatic beta cells in streptozotocin-induced 
diabetic rats. Micron 2008;39:1300-1305.

23. Heidari Z, Saberi EA, Mahmoudzadeh-Sagheb H, 
Farhad-Mollashahi N, Zadfatah F. Stereological analy-
sis of the dental pulp in patients with advanced peri-
odontitis. Zahedan J Res Med Sci 2013;15:44-49.

24. Garcia Y, Breen A, Burugapalli K, Dockery P, Pan-
dit A. Stereological methods to assess tissue re-
sponse for tissue-engineered scaffolds. Biomaterials 
2007;28:175-186.

25. Heidari Z, Sagheb HM, Rad AA, Keikhaee MA. Im-
munocytochemical Study of p53 Protein in Exfoliated 
Cells of Oral Mucosa in Patients With Type 2 Diabe-
tes. Gene Cell Tissue 2015;2(1):e24881.

26. Mahmoudzadeh-Sagheb HM, Heidari Z, Jahantigh M, 
Narouei M. Immunohistochemical Expression of p53 
and Ki-67 Genes in Gastric Cancer and Precancerous 
Lesions in the Patients with Helicobacter pylori Infec-
tion. Gene Cell Tissue 2016 (in press).

27. Piazuelo MB, Camargo MC, Mera RM et al. Eosinophils 
and mast cells in chronic gastritis: possible implica-
tions in carcinogenesis. Hum Pathol 2008;39:1360-
1369.

28. Brenes F, Ruiz B, Correa P et al. Helicobacter pylori 
causes hyperproliferation of the gastric epithelium: 
pre-and post-eradication indices of proliferating cell 
nuclear antigen. Am J Gastroenterol 1993;88:1870-
1875.

29. Van Grieken N, Weiss M, Meijer G et al. Rapid quanti-
tative assessment of gastric corpus atrophy in tissue 
sections. J Clin Pathol 2001;54:63-69.

30. Satoh K, Kihira K, Kawata H et al. p53 expression in 
the gastric mucosa before and after eradication of Hel-
icobacter pylori. Helicobacter 2001;6:31-36.


