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Summary

Purpose: The purpose of our work was to investigate the 
association between proliferative index [proIDX] and expres-
sion index p53 (p53IDX) with the clinical and pathological 
characteristics of gastric adenocarcinoma. 

Methods: The biopsy material of 90 patients operated on 
for gastric cancer was routinely processed in paraffin and 
archived. After the histopathological report was made, two 
study groups were formed, the first group (n=45) comprised 
biopsies with intestinal carcinoma and the second (n=45) 
biopsies of diffuse gastric cancer. In both cases, the control 
group consisted of biopsies of surrounding non-tumor tissue 
The routine Hematoxylin-Eosin and immunohistochemical 
ABC method with anti-Ki67 and anti-p53 antibodies was 
applied at sections 3-5 μm thick. The expression of Ki67 and 
p53 was quantified stereometrically. For statistical analysis 
SPSS (19.0) was used. 

Results: Significantly higher Ki67 expression was found 
in both types of adenocarcinoma compared to the control 
group, as well as significant association of proIDX with most 
of testing parameters. Expression of p53 was significantly 
higher in the intestinal type compared to the diffuse type 
and the control group and was significantly associated with 
age and histological grade. Diffuse type particulary showed, 
significant association of p53IDX with most of the histologi-
cal parameters tested.

Conclusion: Our results point a highly significant correla-
tion of the Ki67 and p53 expression with indicators of gastric 
adenocarcinoma progression, which may help to identify pa-
tients with an aggressive gastric adenocarcinoma phenotype.

Key words: stomach, adenocarcinoma, immunohistochem-
istry, expression of Ki67 and p53

Introduction

 Gastric cancer, behind lung, colorectum, breast, 
and prostate cancers, is the fifth most common ma-
lignant tumor in humans [1] and the second most 
common cause of death [2]. There were 723,100 
deaths reported worldwide just in 2012. The high-
est rates of cancer patients and deaths are in East 
Asia (Korea, Mongolia, Japan and China), Central 
and Eastern Europe and South and Latin America [1, 
3]. There are reports that more than 40% of gastric 
cancer cases in the world are reported in China [1].

 Gastric cancer rarely occurs in people under 
30 and its incidence in older age groups increas-
es markedly with every decade of life after 55-65 
years old, reaching its highest incidence around 
75-85 years old [2].
 In relation to histogenesis, gastric cancers are 
the most common adenocarcinomas accounting 
for more than 95% of malignant gastric tumors 
[2]. There are numerous histological classification 
systems, but the most commonly used is the his-
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tological classification of Pekka Lauren from 1965 
and the classification of the World Health Organi-
zation (WHO) from 2010. According to Lauren, gas-
tric cancers are divided into an intestinal type that 
occurs in about 50% and a diffuse type that occurs 
in about 33% of cases, and there is a mixed, unclas-
sified type that accounts for about 17% of cases of 
gastric cancer [4].
 Gastric carcinogenesis is a multi-stage process 
in which various molecular disorders occur that 
lead to neoplastic transformation. Numerous epi-
demiological and genetic studies indicate that gas-
tric cancer is a multifactorial disease resulting from 
the interaction of endogenous and environmental 
factors [4-9]. Key developments in this process in-
clude alterations of the oncogene and inactivation 
of the tumor suppressor gene, conditioning cell 
migration and proliferation, which determine the 
biological behavior of the tumor. Numerous studies 
have highlighted the association of cell kinetics and 
proliferation with aggressive behavioral and tumor 
prognosis of different histogenesis [10 -13].
 One of the most sensitive markers of the cell’s 
proliferative potential is the Ki67 protein encoded 
by the Ki67 gene, which is located on the 10q25 
chromosome [13,14]. Antigen expressed exclusive-
ly in the nucleus and only detected in the dividing 
cell detects monoclonal Ki67 antibodies. The as-
sociation of proliferative Ki67 antigen with p53 
expression has been established in several tumors 
[14].
 The p53 protein is a multifunctional, nucleo-
protein encoded by the tumor suppressor TP53 
gene located on the short arm of chromosome 
17(17p13.1). Unlike normal p53 protein, which 
rapidly disappears from the nucleus, mutant forms 
have a prolonged half-life, accumulate in the nu-
cleus and can be detected by immunohistochemical 
methods [15]. Expression of p53 has been described 
in many malignant and benign tumors [11,16]. 
Known as the “guardian of the genome,” p53 plays 
a role in cell cycle control, DNA repair, apoptosis, 
and prevention of tumor mutations [16].
 In this study, we examined the association of 
proliferation index and p53 expression index with 
the clinical-pathological characteristics of intesti-
nal and diffuse gastric cancer.

Methods 

Patients and tissue samples

 The tissue material of patients operated on for gas-
tric cancer at the Surgical Clinic of Clinical and Hospital 
Center Zemun in the period from the beginning of year 
2005 to June 1, 2014. was used for the research. In the 
Department of Clinical Pathology, according to the es-

tablished protocol, 10-15 biopsies, including 3-4 biopsies 
of surrounding non-tumor tissue of the stomach, are 
taken from each surgical preparation, depending on the 
size of the tumor. After fixation in 4% neutral buffered 
formaldehyde solution, biopsy material was routinely 
processed, paraffin molded, and archived.
 Based on the archived standard pathohistological 
report, from the stated period, two study groups were 
formed: the first group (n=45) consisted of operative bi-
opsies with intestinal type of cancer, and the second 
study group (n=45) consisted of operative biopsies of 
diffuse gastric cancer. The control group of both, the first 
and the second study group, in this study, are biopsies of 
proximal non-tumor tissue, which are taken according 
to the protocol from an operative preparation delivered 
to the Department of Pathology. Differentiation of the 
histological type of the tumor was done according to 
Lauren’s criteria. The study protocol was approved by 
the local Ethics Committee, which gave permission for 
the use of paraffin embedded tissues.

Immunohistochemical examination

 From paraffin blocks, in which samples of tumor 
tissue and regional lymph glands were molded, 3-5 μm 
thick cuts were made and heated at 55°C to melt the 
paraffin, deparaffinized in xylene (3 times per 5 min) 
and then rehydrated trough graded ethanols. Antigen 
retrieval was enhanced by autoclaving slides in sodium 
citrate buffer (pH 6.0) for 30min. Endogenous peroxidase 
activity was blocked by 0.3% hydrogen peroxide-metha-
nol buffer for 25 min. Mouse monoclonal p53 antibody 
(1:100, DAKO, Denmark) and rabbit monoclonal Ki67 
antibody (1:100, Abcam, Burlingame, CA, USA) were 
incubated at +4°Covernight. Immunostaining was per-
formed by the avidin-biotin peroxidase complex (ABC) 
method (Vectastain ABC-Elite kit, Vector Laboratories, 
Burlingame, CA, USA). Staining was visualized with 3.3 
diaminobenzidine tetrachloride (DAB). The slides were 
counterstained with Mayer hematoxylin and mounted 
in Canada balsam. In negative controls the primary anti-
body was replaced with phosphate buffered saline (PBS).

Quantification of immunohistochemical staining

 For the determination of Ki67 and p53 values, only 
the discoloration of the nuclei was taken into account, 
and for the determination of the density of Ki67 and 
p53 positive cells in mm2 of surface, we used the mul-
tifunctional test system M42 by Weibel. An objective 
micrometer (Reichert Wien 2mm / 200) calibrated the 
test system on a Nikon Eclipse Ni microscope (MBP 99 
400) at a magnification of 400 (10 eyepiece x 40 lens), 
with a measurement field of 0.016mm2. For the assay 
of Ki67 and p53 positive cells / mm2 density, 10 “hot 
spots” were counted successively. The absolute value of 
the density of positive cells in the hot spot was deter-
mined stereometrically [17]. The arithmetic mean of the 
obtained hotspot values represents the finite number of 
positive cells in mm2 per case. Then, the median was de-
termined and the subjects were divided into two groups: 
those with low levels of expression (values less than or 
equal to the values of the median) and those with high 
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Clinical and pathological factors Number of cases (n=90)
n (%)

Gender

Males 53 (58.9)

Females 37 (41.1)

Intestinal carcinoma 45 (50)

Males 33 (73.3)

Females 12 (26.7)

Diffuse carcinoma 45 (50)

Males 20 (44.4)

Females 25 (55.6)

Average age (min-max) [years] 64,11 (37-84)

Intestinal carcinoma 67,11 (33-81)

Diffuse carcinoma 61,11 (37-84)

Location

Intestinal carcinoma

The upper half of the stomach 15 (33)

The lower half of the stomach 30 (66,7)

Diffuse carcinoma,

The upper half of the stomach 17 (37,8)

The lower half of the stomach 28 (62,2)

Growth pattern

Intestinal carcinoma/Diffuse carcinoma

Ulcerative type 16 (35,6) / 8 (17,8)

Ulceroinfiltrative type 9 (20) / 20 (44,4)

Vegetative type 4 (8,9) / 2 (4,4)

Vegetative infiltrative type 11 (24,4) / 5 (11,1)

Infiltrative type 0 (0) / 6 (13,3)

Ulcerovegetative type 5 (11,1) / 4 (8,9)

Grade of tumor

Intestinal carcinoma G1 0 (0); G2 31 (68,9); G3 14 (31,1);

Diffuse carcinoma G1 0 (0); G2 8 (17,8); G3 37 (82,2);

Lymphatic invasion

Intestinal carcinoma L0 11 (24,4); L1 34 (75,6);

Diffuse carcinoma L0 14 (31,1); L1 31 (68,9)

Vascular invasion

Intestinal carcinoma V0 25 (55,6); V1 20 (44,4)

Diffuse carcinoma V0 27 (60); V1 18 (40)

Grade of tumor

Intestinal carcinoma pT1a/T1b/T2/T3/T4 1 (12,2); 0 (0); 7 (15,6); 34 (75,6); 3 (8,7)

Diffuse carcinoma pT1a/T1b/T2/T3/T4 4 (8,9); 5 (11,1); 3 (6,7); 26 (57,8); 7 (15,6)

Lymph node metastases

Intestinal carcinoma pN0/N1/N2/N3a/N3b 13 (28,9); 10 (22,2); 9 (20,0);11 (24,4); 2 (4,4)

Diffuse carcinoma pN0/N1/N2/N3a/N3b 17 (37,8); 5 (11,1); 6 (13,3); 8 (17,8); 9 (20,0)

Distant metastases

Intestinal carcinoma pM0/M1 42 (93,3); 3 (6,7)

Diffuse carcinoma pM0/M1 40 (88,9); 5 (11,1)

Stage of tumor

Intestinal carcinoma IA/IB/IIA/IIB/IIIA/IIIB/IV 2 (4,4); 4 (8,9); 8 (17,8); 11 (24,4); 8 (17,8); 10 (22,2); 2 (4,4)

Diffuse carcinoma IA/IB/IIA/IIB/IIIA/IIIB/IV 8 (17,8); 3 (6,7); 7 (15,6); 4 (8,9); 6 (13,3); 12 (26,7); 5 (11,1)
L0, V0 - negative lymph and blood vessels; L1, V1 - positive lymph and blood vessels

Table 1. Clinical and pathological features of gastric carcinoma studied
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levels of expression (values greater than the values of 
the median). From the absolute values of p53 and the ab-
solute values of the proliferative antigen Ki67 relative to 
deviations from the median, we obtained the expression 
index p53 (p53IDX) and the proliferation index (proIDX). 
Expression of the investigated markers was evaluated by 
two pathologists.

Statistics

 The statistical software package SPSS for Windows 
(19.0 IBM Corp) was used for conducting statistical anal-
ysis. For the purpose of conducting the analysis of the 
significance of differences of parametric and nonpara-
metric features, between and within the groups, were 
used χ2-test (chi-square test), the Mann-Whitney U-test, 
Fisher exact test and Student’s t-test. Afterwards, the 
Kolmogorov-Smirnov normality test, univariate statisti-
cal analysis and correlation analysis (Spearman’s rank 
correlation coefficient) were used. P values less than 0.05 
were considered statistically significant.

Results

Observed groups of subjects with gastric cancer

 This study included 90 subjects with intestinal 
and diffuse gastric cancer, of which 45 were with 
intestinal and as many subjects with diffuse gastric 
cancer. Of the total number 53 (58.9%) were male 
and 37 (41.1%) were female. The main clinical and 
pathological characteristics of intestinal and dif-
fuse gastric carcinoma are shown in Table 1.

Ki67 and p53 expression in gastric adenocarcinoma 
and in adjacent non-tumor tissue

 High or moderate intranuclear expression of 
Ki67 was observed in all cases of both intestinal 
and diffuse gastric cancer. Also, intranuclear, high 
or moderate expression of p53 was found in 31 
(68.9%) cases of intestinal and in 24 (53.3%) diffuse 
adenocarcinomas.
 Statistical expression of Ki67 and p53 expres-
sion obtained absolute distribution of immuno-
histochemically positive cells in mm2 of tissue. 
The basic characteristics of these sizes (median, 
minimum and maximum values, significance of 

differences) for expression of Ki67 and p53 in in-
testinal, in diffuse cancer and in the control group 
are shown in Table 2.
 The applied median test for expression of Ki67 
immunopositive cells shows that Ki67 expression 
is similar in both histopathological types of gastric 
cancer, i.e. that the difference in median is not sig-
nificant (approximately both types of tumors have 
about 3000 Ki67 immunopositive cells in mm2 of 
tissue) but relative to the control group the median 
test showed significantly higher Ki67 expression 
values in both intestinal and diffuse gastric cancer.
 The expression of p53 shown by the number of 
positive cells in mm2 of tissue (median=2462.522) 
in intestinal gastric cancer was significantly higher 
compared to the diffuse gastric cancer and control 
group.

Association of Ki67 expression and clinicopathologi-
cal characteristics of gastric adenocarcinoma (Table 3)

 Expression of immunoreactive Ki67 cells in 
mm2 or proliferation index (proIDX) was not signifi-
cantly associated with the sex of subjects, either in 
intestinal or diffuse gastric adenocarcinoma. How-
ever, a slightly higher incidence of high proIDX in 
males was observed in both histopathological types 
of adenocarcinoma.
 No significant difference in Ki67 / proIDX ex-
pression was observed with respect to age of sub-
jects by type of gastric adenocarcinoma. In both 
types of cancer, the prevalence of low proIDX was 
observed in subjects younger than 60 years, while 
in diffuse cancer, a higher incidence of high proIDX 
was observed in subjects older than 60 years, but 
without statistical significance.
 Ki67 / proIDX expression was not significantly 
associated with macroscopic tumor type in either 
intestinal or diffuse adenocarcinoma, but it was 
observed that high proIDX was significantly more 
common in ulcerative vegetative macroscopic tu-
mor types in both histological types (in intestinal 
in 60% and in diffuse adenocarcinoma in 75% of 
cases).

Groups Intestinal type Diffuse type Control group

Marker Ki67 p53 Ki67 p53 Ki67 p53

Median 2795.617 2462.522 3200.089 1070.662 547.227 142.755

Minimum 1617.889 0.000 1439.445 0.000 452.057 0.000

Maximum 3759.213 10159.390 4235.063 7934.793 761.360 606.708

Significance (p) 0.522 0.010 <0.001 <0.001 <0.001 <0.001
*significant at p<0.05, Median test

Table 2. Expression of Ki67 and p53 positive cells per mm2 in examened and control group
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 It was observed that in intestinal adenocar-
cinoma located in the upper half of the stomach, 
proIDX is high in about two thirds of cases (66.7%), 
which is significantly higher than low proIDX (χ2 
test, p=0.025). However, there is no significant dif-
ference in Ki67 expression, i.e. the incidence of 
high and low proIDX in intestinal cancers located 
in the lower half of the stomach. No significant dif-
ference in Ki67 / proIDX expression was observed 
in diffuse adenocarcinoma in relation to the loca-
tion of gastric cancer.
 Significant association of Ki67/proIDX expres-
sion with histological grade of gastric adenocarci-
noma was observed. Specifically, high proIDX was 
associated with poorly differentiated intestinal 
cancer in 78.6% of cases (p=0.033). In diffuse ad-
enocarcinoma, low proIDX in significant 100% of 
cases was associated with moderately differenti-
ated tumor (G2), while high proIDX in most (62%) 
cases, but with no significant difference with low 
proIDX, was associated with poorly differentiated 
tumor (G3).
 Ki67 / proIDX expression is significantly as-
sociated with invasion of lymphatic vessels in 
both intestinal and diffuse gastric carcinoma. In 

both histologic types of carcinomas in which no 
lymphatic invasion was identified, low proIDX 
was found in significant 100% of cases (p=0.001). 
In the case of intestinal carcinoma, in the case of 
lymphatic invasion, a high but not statistically sig-
nificant percentage (64.7%) was recorded with high 
proIDX, while in the case of diffuse carcinoma with 
present lymphatic invasion a significantly higher 
incidence of high proIDX was observed (74.2%).
 No significant association of proIDX with vas-
cular invasion was observed in intestinal gastric 
cancer. However, in diffuse cancer, a significant 
association of high proIDX with vascular invasion 
was shown.
 There is a significant association of proIDX 
with lymph node metastases in both cancer his-
tological types. Low proIDX was found in 100% of 
cases in tumors without metastasis in the lymph 
nodes, both in intestinal and diffuse gastric cancer. 
In both histological types, a significant association 
of high proIDX with metastases was found in more 
than 7 lymph nodes (in 92.3% of cases in intestinal 
and in 100% in diffuse cancer).
 High proIDX is associated with distant metas-
tases in diffuse gastric cancer in 100% of the cases. 

Figure 1. Gastric adenocarcinoma: a: Low proliferation index in intestinal type of gastric adenocarcinoma (Ki67×200). 
b: Overexpression of p53 in intestinal type of gastric adenocarcinoma (p53×200). c: High proliferative index in diffuse 
type of gastric adenocarcinoma (Ki67×200). d: Moderate to pronounced expression of p53 in diffuse type of gastric 
adeocarcinoma (p53×200).
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However, no statistically significant association of 
proIDX with distant metastasis was observed in 
intestinal cancer.
 In both types of gastric cancer, a significant 
association of pT1-pT2 stages with low pro IDX 
was observed in 100% of cases. No statistically sig-
nificant difference in the incidence of low and high 
proIDX was observed in intestinal cancer in pT3-
pT4, although high proIDX was present in most 
cases (60% vs. 40%, p=0.250). However, in diffuse 
cancer there was a significant association of high 
proIDX pT3-pT4 (p=0.024).
 Significant association of low proIDX with 
stage I-II tumor (83.3-89.5%, p=0.001) and high 
proIDX with stage III-IV (95.0%, r <0.001) was 
observed in intestinal cancer. In diffuse cancer, a 
significant association of proIDX with the stage of 
tumor disease was also noted, so that low proIDX 
in 100% of cases was associated with stage I-II and 
high in 100% with stage III-IV of tumor.

Association of p53 expression and clinicopathological 
characteristics of gastric adenocarcinoma (Table 3)

 No significant association of p53 expression 
index (p53IDX) with sex and age of subjects was ob-
served, although there had been a slight dominance 
of high p53IDX in men with intestinal cancer and 
women with diffuse cancer. No significant associa-
tion of p53IDX with macroscopic type and tumor 
location was observed.
 In a significant number of cases (78.6%; 
p=0.002), high p53IDX was associated with poorly 
differentiated intestinal cancer. In most cases of 
moderately differentiated intestinal cancer, p53 ex-
pression was not verified (41.9%), with no statisti-
cal significance, but in poorly differentiated tumors 
of this histologic type, high p53IDX was found in 
significant 78.6% of cases (p=0.002).
 In moderately differentiated diffuse gastric 
cancer, p53 expression was not found in 100% 
of cases. In the poorly differentiated type of this 
tumor, no significant difference was observed be-
tween absence (35.1%) and high p53IDX (62.2%, 
p=0.128).
 It was observed that p53IDX in intestinal gas-
tric cancer was not significantly associated with 
lymphatic vessel invasion, that is, no significant 
difference in p53IDX level between cases with in-
vasion and those without lymphatic invasion was 
found.
 Significant association of p53IDX with lym-
phatic vessel invasion was identified in diffuse gas-
tric cancer. In a significantly high number (85.7%, 
p <0.001), no p53 expression was found in the ab-
sence of lymphatic invasion, while high p53IDX 
was significantly higher (67.7%, p <0.001) in diffuse 

gastric cancer with invasion of lymphatic vessels.
 In this study, no significant association was 
found with p53IDX with vascular invasion in either 
intestinal or diffuse gastric cancer.
 In intestinal gastric cancer, p53IDX was not 
significantly associated with lymph node metas-
tases, but in diffuse type it was significantly as-
sociated with the presence of metastases and the 
number of lymph nodes involved. In a significant 
number (76.5%) of cases, p53 expression was not 
present in diffuse cancer when there was no lymph 
node metastasis. When there were metastases in 
7 or more lymph nodes, high p53IDX was present 
(76.5%, p=0.012). However, in diffuse gastric can-
cer, no significant difference (p=0.763) was found 
between absence of p53 expression (45.5%) and 
high p53IDX (p=0.763) if metastases were present 
in 1-6 lymph nodes.
 No significant association of p53IDX with 
distant metastasis was found in intestinal cancer. 
However, in diffuse carcinoma, p53IDX in cases 
where no metastases were identified was signifi-
cantly different from those where they were pre-
sent. In the presence of distant metastases, p53IDX 
was in most cases high (80% vs. 20% low, p=0.180).
 The expression index of p53 was not statisti-
cally significant in the pathological (pT) stage of in-
testinal gastric cancer. However, in diffuse cancer, 
p53 expression was not found in the pT1-pT2 stage 
in a significant number of cases (91.7%, p=0.004). 
Also in pT3-pT4, there was a statistically signifi-
cant difference in the frequency of high p53IDX and 
in the absence of its expression (63.6% vs. 30.3%, 
p=0.001).
 No association of p53IDX with the stage of dis-
ease was observed in intestinal gastric cancer. In 
diffuse cancer, p53 expression was absent in 100% 
of the cases in stage I. In stage II, no difference 
was found between high p53IDX and the absence 
of its expression (p=0.527). In this type of tumor, a 
significant association of high p53IDX with stage 
III-IV of disease was found (78.3%, p=0.003).

Correlation analysis of proliferation index, p53 expres-
sion index and clinical and pathological characteristics 
of gastric cancer

 In the previous analyses of the proliferation 
index, the p53 expression index and the clinical 
and pathological characteristics of gastric cancer, 
it was noted that there were highly significant as-
sociation in individual relationships. A measure of 
their correlation is shown by a correlation analy-
sis where the significance of that relationship is 
proved by the significance of the correlation coef-
ficient and the strength of the relationship by its 
magnitude.
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 In Table 4, in the correlation matrix, the corre-
lation coefficient (r) with its statistical significance 
(p) shows all the parameters that were the subject 
of our previous analyzes in intestinal and diffuse 
gastric cancer.
 In intestinal gastric cancer, the proliferation 
index / Ki67 expression was significant and highest 
correlation coefficient associated with lymph node 
metastases and tumor stage (r=0.756; r=0.722). A 
slightly lower but still high and significant corre-
lation coefficient was proIDX associated with lym-
phatic vessel invasion, pT tumor stage, and tumor 
histological grade (r=0.556; r=0.503; r=0.399).
 In diffuse cancer type, proIDX was also with 
very high positive correlation coefficients associ-
ated with lymph node metastases and tumor stage 
(r=0.898, r=0.881). High, significant, and positive 
correlation coefficients, higher than those of the 
intestinal type, made proIDX associated with lym-
phatic vessel invasion, pT tumor stage, and histo-
logical grade (0.687, 0.598, 0.475). In diffuse cancer, 
two slightly weaker links were identified, which 
were not found in intestinal cancer. Specifically, 
proIDX with moderate, significant, and positive 
correlation coefficients is associated with vascular 
invasion and distant metastasis (0.436 and 0.346).
 Index of p53 expression (p53IDX) in intestinal 
cancer was positive but with lower correlation coef-
ficients associated with the histological grade and 
age of the subjects (r=0.391; r=0.348) (Figure 1). 
 Index of p53 expression in diffuse cancer was 
with significant, positive, high and moderate cor-
relation coefficients associated with tumor stage 
(r=0.656), lymphatic vessel invasion (r=0.556), pT 
stage (r=0.555), lymph node metastases (r=0.554), 
histological grade (r=0.486), and invasion of blood 
vessels (r=0.306).
 Unlike intestinal, a significant positive asso-
ciation of proIDX with the expression index of p53 
was observed in diffuse gastric cancer (r=0.614).

Discussion

 During multi-stage carcinogenesis of H. pilory-
induced chronic gastritis via multifocal atrophy, 
intestinal metaplasia, and dysplasia to gastric car-
cinoma (Correa sequence), disorders of cell prolif-
eration, adhesion, differentiation, signal transduc-
tion and telomerase gene activity with alteration 
occur [18,19].
 The biological behavior of gastric cancer is 
primarily defined on the basis of its locally inva-
sive and destructive growth. In the context of ag-
gressive tumor behavior, numerous studies have 
focused on the study of cell proliferation, which is 
one of the most important biological mechanisms V
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in carcinogenesis [12-15]. Nuclear antigen was iso-
lated from proliferating cells to which a monoclo-
nal Ki67 IgG1 class antibody was made [20]. The 
antigen detected by this antibody is present in cell 
nuclei during the late G1, S, G2, and M phase, and 
cannot be detected in the G0 phase [21]. The prog-
nostic significance of proliferative activity has been 
established in many tumors [12-14,21], but reports 
regarding the importance of proliferation in gastric 
cancer are heterogeneous and inconsistent [22-24].
 In this study, when examining the expression 
of nuclear antigen of proliferating Ki67 cells in 
the intestinal and diffuse Lauren subtype of gas-
tric carcinoma, we observed that their prolifera-
tive activity was similar, i.e. no statistically sig-
nificant difference was found in the expression of 
this antigen (about 3000 Ki67 immunopositives 
were verified in both cell types in mm2 of tumor 
tissue). Compared to the control group, both types 
of adenocarcinoma show significantly higher Ki67 
expression values, i.e. significantly higher prolif-
eration index (proIDX), which is consistent with 
numerous literature reports [24-26].
 We further concluded that there is no signifi-
cant association of proIDX with sex, age, and mac-
roscopic tumor type, in either intestinal or diffuse 
type of carcinoma. However, in both histologic 
types, there was a higher incidence of high proIDX 
in men and a dominance of high proIDX in the in-
dex in male subjects, but unlike us, they reported 
the prevalence of a high proliferation older than 60 
years, but without statistical significance, which 
is in agreement with the observations of other au-
thors [24]. Amrani et al, 2014, also observed the 
prevalence of a high proliferation index in subjects 
younger than 60 years but again without statistical 
significance [27].
 In both histological types of adenocarcinomas, 
proIDX is significantly associated with histological 
grade, lymphatic vessel invasion, lymph node me-
tastases, pT1 and pT2, and stage of tumor disease, 
such that low proIDX is significantly associated 
with absence of lymphatic invasion, absence of 
lymph node metastases, pT1-pT2 and stage I-II, and 
high proIDX with lymphatic invasion, with metas-
tases in more than 7 lymph nodes and with stage 
III-IV of disease (TNM) Amrani et al also found 
significantly low proIDX in pT1-pT2 adenocarcino-
mas and significantly high proIDX in tumors with 
lympho-nodular metastases, with pT3-pT4, and in 
stage III-IV of disease [27]. Significant association 
of proIDX with histologic grade and pT1, pT2, and 
pT3 tumors has been observed by other authors, 
however, their results do not indicate an associa-
tion of proIDX with lympho-vascular invasion, 
lymphatic metastasis, and tumor stage [24,28]. In 

a large-scale meta-analysis involving 29 studies 
and 5600 patients with gastric cancer, no signifi-
cant association of high proIDX with histological 
grade and lymph node metastasis was observed. 
However, essentially the proliferation index in this 
meta-analysis indicates that there is a significant 
relationship between Ki67 expression and an un-
favorable prognosis in patients with stage III-IV 
tumor disease [29].
 In intestinal type of gastric cancer, high proIDX 
was significantly associated with tumor localization 
in the upper half of the stomach, but no statistically 
significant association of proIDX level with gastric 
tumor localization was observed in diffuse cancer. 
It has been pointed out in the literature that gastric 
tumor localization is an important prognostic factor 
[30,31], and in support of this there are differences 
in incidence and mortality between proximal and 
distal localization tumors. The incidence of proxi-
mal and carcinomas of cardia has been increasing, 
especially in the male population [30, 32, 33]. It is 
further noted that gastric cancers located in cardia 
are mainly diffuse type and that the cancers located 
in the distal part of the stomach are predominantly 
intestinal [34]. Proximal carcinomas have also been 
observed to have a significantly poorer prognosis, 
with shorter five-year survival and higher operative 
mortality [35, 36].
 In contrast to the intestinal one, in the diffuse 
type, pro IDX is significantly associated with vas-
cular invasion, distant metastasis, and pT3-pT4 tu-
mor stage. In diffuse cancer, high proIDX in 77.8% 
of cases was associated with vascular invasion, in 
significant 69.7% with pT3-pT4 and in 100% of 
cases with distant metastases. Consistent with our 
results, a significant association of high prolifera-
tion index with pT3-pT4 tumors has been found by 
other authors [28,37].
 Ki67 expression varies during the cell cycle, 
whereby it becomes detectable during the mid- to 
late G1 phase, when levels are low and then its 
expression increases through the S and G2 phase, 
and peaks in the early M phase. In the late stages 
of mitosis (during anaphase and telophase), Ki67 
expression decreases rapidly and disappears. Anti-
gen cannot be detected in the G0 phase. Notably, 
during mitosis, Ki67 is subject to phosphorylation 
and dephosphorylation, and its amount is regulated 
by proteolytic pathways by the involvement of pro-
tease complexes. All these result in a short Ki67 
half-life of 60-90 minutes [14].
 An important role in the regulation of the cell 
cycle and apoptosis is played by the tumor suppres-
sor TP53 gene located on the short arm of chromo-
some 17 [17p13.1]. It encodes a protein that inhib-
its tumor formation by affecting genome stability, 
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cell growth and differentiation, and stimulation of 
apoptosis. There is Wild type (normal form) and 
mutant type p53, where Wild type p53 is tumor 
suppressor [38].
 P53 performs its function of “guardian of the 
genome” under conditions of DNA damage, by in-
ducing cell cycle arrest at the G1/S regulatory point 
so that DNA repair proteins have time to repair the 
damaged DNA before cell division occurs. If DNA 
repair is unsuccessful then it activates apoptotic 
mechanisms by which the damaged cells are re-
moved. The pro-apoptotic effect of p53 manifests 
itself by inhibiting the transcription of the anti-ap-
optotic Bcl-2 gene on the one hand, while inducing 
the production of pro-apoptotic Bax protein, FAS 
and other death receptors from the tumor necrosis 
factor [TNF] family [39]. The amount of accumu-
lated p53 in cells determines the mode of response 
to damage. If the amount of p53 accumulated is 
smaller, the cell cycle will stop and DNA repair 
will occur, and if the accumulation is greater the 
apoptosis will occur [40].
 In normal cells, the Wild p53 type has a short 
half-life (6-30 minutes) and due to its constant deg-
radation is found in very small amounts and is dif-
ficult to identify by standard immunohistochemical 
methods. Various forms of stress, especially geno-
toxic damage through post-transcriptional modi-
fications, stabilize p53 and it is not susceptible to 
degradation, has no tumor-suppressor character-
istics, remains stable for a long time and can be 
immunohistochemically detected [38, 41]. In addi-
tion to the role of transcription factor, p53 exerts 
its tumor-suppressor activity through its ability 
to modulate cell migration. Loss of p53 function 
increases cell motility, which contributes to tumor 
invasiveness [42].
 The mutated gene changes the structure and 
function of the encoded protein, initiates carcino-
genesis and, due to impaired degradation, leads to 
p53 accumulation in tumor cells. Point mutations, 
deletions, and epigenetic gene inactivation are re-
sponsible for the mechanisms of tumor-suppressor 
gene inactivation, with point mutations being the 
most common [38]. In about 75% of cases, these are 
missense mutations. These are mutations in which 
the replacement of a single nucleotide results in 
the synthesis of a mutated protein that accumu-
lates in the cell and differs from the wild allele in 
a single amino acid [41]. Numerous carcinogens 
act differently on the TP53 gene and the pattern of 
mutations is specific to each tumor. Unlike cancers, 
where missense point mutations are most com-
mon, sarcomas have deletions and insertions most 
commonly, and some sarcomas have found ampli-
fications of the MDM2 oncogene whose product 

inactivates p53.Such cells are genetically unstable 
and accumulate mutations resulting in tumor pro-
gression [43,44].
 In agreement with most authors [15,16,45] we 
also found in our study that p53 expression, ex-
pressed by the number of immunoreactive cells in 
mm2 in the intestinal type, was significantly higher 
than the diffuse type and control group, but there 
are reports in the literature in which no significant 
difference in p53 expression was found between 
these two types of adenocarcinoma [46].
 In no histologic type did we identify a signifi-
cant association of p53IDX with sex, macroscopic 
type, tumor localization in the gastric and vascular 
invasion, but a slight dominance of high p53I DX 
in men was observed in intestinal gastric cancer, 
and in diffuse type dominance of high p53IDX in 
women in both cases without statistical signifi-
cance. In our study, Spearman’s correlation analy-
sis showed that p53IDX, in intestinal cancer, had a 
positive but poor correlation coefficient [r=0.348] 
related to the age of the subjects. Several studies 
have highlighted higher expression of p53 in men 
and persons over 60 years of age, but, unlike us, 
they also observed a significant correlation of p53 
expression with the location of tumors in the upper 
third of the stomach [15,45]. In 2015 Weii et al also 
showed, in a meta-analysis covering 32 studies, a 
significant association of high levels of p53 expres-
sion with the sex of the patient [47], and Poteca et 
al, 2014 highlighted a significant correlation of p53 
expression with the male gender, advanced age and 
with the location of tumors in the upper gastric 
parts [16].
 In our study, in both histologic types, there was 
a relationship between p53IDX and tumor histo-
logic grade. In intestinal gastric cancer, this rela-
tionship is defined by a significant, positive but low 
correlation coefficient (r=0.391). In diffuse gastric 
cancer, the bond is stronger and is defined by a sig-
nificant, positive, moderate correlation coefficient 
(r=0.486). Unlike intestinal, in diffuse gastric can-
cer, p53IDX with significant high and moderate cor-
relation coefficients is associated with tumor stage 
(r=0.656), lymphatic vessel invasion (r=0.556), pT 
stage (r=0.555), lymph node metastases (r=0.554), 
vascular invasion (r=0.306), and distant metasta-
ses (r=0.280). In a meta-analysis involving 6599 
subjects with gastric cancer, a significant associa-
tion of high levels of p53 expression with patient 
gender was found, with Lauren classification, depth 
of invasion, lymph node metastases, TNM stage of 
tumor, and lymphovascular invasion [47].
 We found in diffuse gastric cancer another con-
nection that was not found in the intestinal type. 
In diffuse gastric cancer there is a high and sig-
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nificant interdependence between the proliferation 
index and the p53 expression index (r=0.614). The 
accumulation of p53 resulting from the TP53 mu-
tation most likely leads to a loss of control over 
cell proliferation, and our results are related to the 
significant increase in p53IDX in pT3-pT4 and in 
stage III-IV of diffuse gastric cancer.
 Somatic mutations of the TP53 gene are the 
most frequent mutations in human cancers. They 
are estimated to occur in 5-90% of malignant tu-
mors, depending on the type and stage of the tumor 
[48,49]. There are reports in the literature that more 
than 35,000 TP53 gene mutations have been report-
ed in different types of tumors in 2,700 published 
papers [49]. There is a suggestion in the literature 
that a mutation of the TP53 gene is an early event 
in gastric carcinogenesis, since p53 expression is 
present in gastric mucosa in chronic gastritis and 
intestinal metaplasia, with the expression index 
increasing with lesion progression (dysplasia, early 
and invasive carcinoma) and the highest index is 
in metastatic cancer [15]. However, the results of 
the study by Busuttil et al. 2014 indicate that mu-
tations of the TP53 gene in gastric carcinogenesis 
occur late and contribute to the final transition to 
cancer [50]. In our study, the high p53 expression 
index was most frequent in the III-IV stages of 
tumor disease in both intestinal and diffuse adeno-
carcinoma (60%, 79.3% of cases).
 Although Ki67 and p53 expression levels 
have been identified as independent prognostic 

survival factors in several studies [25,51], there 
are still no unique criteria for p53 status assess-
ment in the diagnosis and prognosis of tumor 
disease. The reason for this is probably the large 
heterogeneity of TP53 mutations, the diversity 
in patient selection, the choice of immunohisto-
chemical methods and methods for quantifying 
immunoreactions [15].
 There is strong evidence that Ki67 plays a 
key role in the proliferation and control of tumor 
cell vitality, since its suppression by antisense oli-
gonucleotides (ASOs) prevents cell proliferation 
[39,52,53]. Regarding to this, it has been pointed 
out that the antisense strategy against Ki67 mRNA 
represents a promising antiproliferative approach 
in the treatment of tumors [14].
 Finally, our study confirms the importance of 
Ki67 and p53 expression in the pathogenesis of 
gastric adenocarcinoma. 
 As our results point to a highly significant 
correlation of the indexes of expression of Ki67 
and p53 with indicators of gastric adenocarcinoma 
progression, this study supports the view that the 
indexes of expression of Ki67 and p53 may help to 
identify patients with an aggressive gastric adeno-
carcinoma phenotype. 
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