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Aim. Comparison analysis of expression levels of Ki-67, p53, and caspase 3 was performed between the tumor cells and the stromal 
cells of non-invasive intestinal-type gastric adenocarcinoma on the one hand and the tumor cells and the stromal cells of invasive 
intestinal-type gastric adenocarcinoma on the other hand. 

Materials and methods. For this purpose, pathohistological and immunohistochemical studies were used. The surgical material of 10 
patients with non-invasive (pTis, pT1) intestinal-type gastric adenocarcinoma and 10 patients with invasive (pT2, pT3, pT4) intestinal-
type gastric adenocarcinoma were analyzed. 

Results. It was established that intestinal-type gastric adenocarcinoma is characterized by the medium Ki-67 labeling index, the low 
expression level of p53, the low expression level of caspase 3 in the tumor cells, and also the low Ki-67 labeling index and the extremely 
low expression level of caspase 3 in the stromal cells. The tumor cells of invasive intestinal-type gastric adenocarcinoma are characterized 
by the 2 times higher expression level of p53, than the tumor cells of non-invasive intestinal-type gastric adenocarcinoma. Moreover, 
direct correlation between the medium Ki-67 labeling index of the tumor cells and the low Ki-67 labeling index of the stromal cells, 
and also direct correlation between the medium Ki-67 labeling index in the tumor cells of intestinal-type gastric adenocarcinoma and 
the low expression level of p53 in these cells were identifi ed. 

Conclusions. These data demonstrate a signifi cantly more activity of proliferation and apoptosis in the tumor cells of intestinal-type 
gastric adenocarcinoma, in comparison with the stromal cells of this tumor. Invasive intestinal-type gastric adenocarcinoma differs 
by the 2 times higher expression level of p53, in comparison with the same index for non-invasive carcinoma. Furthermore, a tight 
association between proliferative processes in the tumor cells and in the stromal cells of intestinal-type gastric adenocarcinoma, and 
also an association between proliferative processes and accumulation of mutant protein p53 in the tumor cells of intestinal-type gastric 
adenocarcinoma were identifi ed.

Порівняльна імуногістохімічна характеристика експресії Ki-67, p53, каспази-3 в неінвазивній 
та інвазивній аденокарциномі шлунка кишкового типу
В. О. Туманський, Т. О. Христенко
Мета роботи – порівняти рівні експресії маркерів Ki-67, p53, каспази-3 в пухлинних клітинах і клітинах строми неінвазив-

ної та інвазивної аденокарциноми шлунка кишкового типу, а також дослідити наявність кореляційних зв’язків між рівнями 
експресії відзначених маркерів. 

Матеріали та методи. Здійснили патогістологічне та імуногістохімічне дослідження операційного матеріалу 10 хворих на 
неінвазивну (pTis, pT1) аденокарциному шлунка кишкового типу, а також 10 хворих на інвазивну (pT2, pT3, pT4) аденокарци-
ному шлунка кишкового типу. 

Результати. Встановлено, що аденокарцинома шлунка кишкового типу характеризується середнім індексом проліферації, 
низьким рівнем експресії р53, низьким рівнем експресії каспази-3 в пухлинних клітинах, а також низьким індексом проліферації 
та вкрай низьким рівнем експресії каспази-3 у клітинах строми. При цьому для пухлинних клітин інвазивної аденокарциноми 
шлунка кишкового типу є характерним удвічі більший рівень експресії р53, аніж для пухлинних клітин неінвазивної адено-
карциноми шлунка кишкового типу. Крім того, виявлено наявність прямого кореляційного зв’язку між середніми значеннями 
індексу проліферації пухлинних клітин і низькими значеннями індексу проліферації клітин строми аденокарциноми шлунка 
кишкового типу, а також наявність прямого кореляційного зв’язку між середніми значеннями індексу проліферації пухлинних 
клітин аденокарциноми шлунка кишкового типу та низьким рівнем експресії р53 у них. 

Висновки. Дані свідчать про значно більшу активність проліферативних та апоптотичних процесів у ракових клітинах 
аденокарциноми шлунка кишкового типу порівняно з клітинами строми цієї пухлини. Інвазивну аденокарциному шлунка 
кишкового типу відрізняє вдвічі більший показник рівня експресії р53 порівняно з аналогічним показником неінвазивної 
карциноми. Окрім того, отримали дані, що свідчать про асоціацію проліферативних процесів у пухлинних клітинах і клітинах 
строми аденокарциноми шлунка кишкового типу, а також про асоціацію проліферативних процесів і накопичення мутантного 
білка р53 в пухлинних клітинах аденокарциноми шлунка кишкового типу.
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Сравнительная иммуногистохимическая характеристика экспрессии Ki-67, p53, каспазы-3 
в неинвазивной и инвазивной аденокарциноме желудка кишечного типа
В. А. Туманский, Т. А. Христенко
Цель работы – сравнить уровни экспрессии маркеров Ki-67, p53, каспазы-3 в опухолевых клетках и клетках стромы неин-

вазивной и инвазивной аденокарциномы желудка кишечного типа, а также изучить корреляционные связи между уровнями 
экспрессии данных маркеров. 
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Материалы и методы. Проведено патогистологическое и иммуногистохимическое исследование операционного материала 
10 больных неинвазивной (pTis, pT1) аденокарциномой желудка кишечного типа, а также 10 больных инвазивной (pT2, pT3, 
pT4) аденокарциномой желудка кишечного типа. 

Результаты. Установлено, что аденокарцинома желудка кишечного типа характеризуется средним индексом пролифера-
ции, низким уровнем экспрессии р53, низким уровнем экспрессии каспазы-3 в раковых клетках, а также низким индексом 
пролиферации и крайне низким уровнем экспрессии каспазы-3 в клетках стромы. При этом для опухолевых клеток инвазив-
ной аденокарциномы желудка кишечного типа характерен в 2 раза более высокий уровень экспрессии р53, чем для опухо-
левых клеток неинвазивной аденокарциномы желудка кишечного типа. Кроме того, выявлена прямая корреляционная связь 
между средними значениями индекса пролиферации опухолевых клеток и низкими значениями индекса пролиферации кле-
ток стромы аденокарциномы желудка кишечного типа, а также прямая корреляционная связь между средними значениями 
индекса пролиферации опухолевых клеток аденокарциномы желудка кишечного типа и низким уровнем экспрессии р53 
в них. 

Выводы. Полученные данные свидетельствуют о значимо большей активности пролиферативных и апоптотических процессов 
в опухолевых клетках аденокарциномы желудка кишечного типа в сравнении с клетками стромы данной опухоли. Инвазивную 
аденокарциному желудка кишечного типа отличает в 2 раза больший показатель уровня экспрессии р53 в сравнении с анало-
гичным показателем неинвазивной карциномы. Кроме того, получены данные, свидетельствующие об ассоциации пролифе-
ративных процессов в раковых клетках и клетках стромы аденокарциномы желудка кишечного типа, а также об ассоциации 
пролиферативных процессов и накопления мутантного белка р53 в опухолевых клетках аденокарциномы желудка кишечного типа.
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According to L. A. Torre et al. (2015), 951.600 new cases 
of gastric cancer (GC) and 723.100 deaths from this 

disease were registered throughout the world in 2012 [1]. GC 
rates are generally about twice as high in men as in women and 
vary widely across countries, traditionally incidence rates are 
the highest in Eastern Asia, Central and Eastern Europe, and 
South America [1]. According to the National Cancer Registry 
of Ukraine, 10291 new cases of GC and 7766 deaths from 
GC were registered in 2013 [2]; and also 8350 new cases of 
GC and 6414 deaths from this disease were registered in 2014 
[3]. At the same time GC takes the 4th place in the ranking of 
cancer incidence in men and the 8th place in the ranking of 
cancer incidence in women. Moreover, GC takes the 2nd place 
in the ranking of cancer related death in men and the 3rd place 
in the ranking of cancer related death in women [2,3]. These 
data demonstrate the signifi cant aggressiveness of GC and 
the imperfection of the methods of diagnosis and treatment 
of this disease used today.

It is known that the key event in the development of cancer 
is non-lethal damage of one or more genes, which control the 
processes of the DNA repair, apoptosis, cell proliferation and 
differentiation [4]. The increase of the proliferative activity, 
which is determined by increasing expression of nuclear 
Ki-67, the decrease of the apoptosis level and the caspase 
3 expression level, which is associated with the accumula-
tion of the mutant p53 protein, are developing as a result of 
these mutations. Such changes have been identifi ed in breast 
cancer [5], in hepatocellular and cholangiocellular liver 
carcinoma [6] and also in endometrial adenocarcinoma [7].

Literature data about the features of immunohistochemical 
expression of Ki-67, p53 and caspase 3 in GC are contra-
dictory. According to N. M. Fonores et al. [8] the indices of 
cell proliferation and apoptosis progressively increase with 
increasing the depth of the intestinal-type gastric adenocar-
cinoma invasion. L. Xiao et al. [9] indicated that the intesti-
nal-type gastric adenocarcinoma is characterized by the higher 
expression level of caspase 3 and p53 (in comparison with 
the diffuse-type gastric adenocarcinoma), but the correlation 

between the expression levels of Ki-67, p53, caspase 3 and 
the depth of the tumor invasion was not identifi ed.

Aim – to compare the expression levels of Ki-67, p53, 
caspase 3 in the tumor cells and the stromal cells of invasive 
and non-invasive intestinal-type gastric adenocarcinoma, 
and also to explore the correlations between the expression 
levels of these markers.

Materials and methods
Pathohistological and immunohistochemical study of 

non-invasive (pTis, pT1) intestinal-type gastric adenocar-
cinoma (10 patients, the age of the patients ranged from 45 
to 83 years) and invasive (pT2, pT3, pT4) intestinal-type 
gastric adenocarcinoma (10 patients, the age of the patients 
ranged from 58 to 72 years) was performed.

The microstructure of the cancer was evaluated in the 
paraffi n sections, which were stained by hematoxylin and 
eosin. IHC study was performed according to the standard 
procedures [10] using the monoclonal antibodies Mo a-Hu 
Ki-67 Antigen (Clone MIB-1, „DAKO”, Denmark), Mo 
a-Hu p53 Protein (Clone DO-7, “DAKO”, Denmark), Mo 
a-Hu Caspase Ab-3 (Сlone 3CSP03, “Thermo Scientifi c”, 
USA) and visualization system DAKO EnVision+ with 
diaminobenzidine (“DAKO”, Denmark). The results of 
the study were evaluated using the Axioplan 2 microscope 
(“Carl Zeiss”, Germany), microsections were photographed 
by digital camera “Canon EOS 1000D” (Japan) with an 
increasing of x200 in 5 fi elds of view.

Nuclear expression of Ki-67 and p53 by the tumor cells 
and the stromal cells were studied in the digital images 
using Photoshop CC (2014). Proliferation index (PI) of the 
tumor cells and the stromal cells of the intestinal-type gastric 
adenocarcinoma (as percentage of cells with nuclear Ki-67 
expression in the standardized fi eld of view of a microscope 
[12]) was determined and, based on the data of M. Uhlén 
(2015), was graduated as a low (if less than 25 % of immu-
nopositive cells was determined), as a middle (if the presence 
of 25–75 % immunopositive cells was determined) and as a 
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high (if the fi eld of view of more than 75 % immunopositive 
cells was determined) [14]. Expression level of p53 was 
determined and graduated in the same way [14].

The expression of caspase 3 by the tumor cells and the 
stromal cells of the intestinal-type gastric adenocarcinoma 
was determined by the digital morphometry method [15]. 
In this way, the expression level of caspase 3 was expressed 
in the conventional units of the optical density (CUOD) and 
was graduated on 4 levels: lack of expression – 0–20 CUOD, 
the low expression level of caspase 3 – 21–50 CUOD, the 
moderate – 51–100 CUOD and the high expression level of 
caspase 3 – more than 100 CUOD.

Statistical processing of the results was performed on a 
personal computer using program “Statistica® for Windows 
6.0” (StatSoft Inc., License № AXXR712D833214FAN5). 
The median (Ме), and also the lower and the upper quartiles 
(Q1; Q3) were calculated. Comparison was performed using 
Wilcoxon t-test and Mann-Whitney U-test (the difference 
was considered as statistically signifi cant when p<0.05). The 
study of correlations between the studied parameters was 
performed using Spearman’s rank correlation test.

Results and discussion
Immunohistochemical studies results showed that nuclear 

expression of Ki-67 was determined in the tumor cells and 
the stromal cells of intestinal-type gastric adenocarcinoma, 
nuclear expression of p53 was determined in the tumor cells 
only and nuclear-cytoplasmic expression of caspase 3 was de-
termined in the tumor cells and the stromal cells of this tumor.

The median of the PI of the tumor cells of non-invasive 
intestinal-type gastric adenocarcinoma was 44.46 % (36.96; 
80.28) and for invasive intestinal-type gastric adenocarcinoma 
the fi gure was 37.80 % (28.64; 69.22). The difference between 
these fi gures was not statistically signifi cant (p>0.05). Accord-
ing to H. Amrani et al. (2014), the proliferative activity of the 
tumor cells of gastric cancer (estimated by Ki-67) corresponds 
to the average level (M = 46.4 %) [11], that agrees with our 
data. The median of the PI of the stromal cells of non-invasive 
intestinal-type gastric adenocarcinoma was 3.68 % (2.94; 
8.94) and for invasive intestinal-type gastric adenocarcinoma 
the fi gure was 4.35 % (3.72; 6.84). The difference between 
these fi gures was not statistically signifi cant (p>0.05). How-
ever, there was statistically signifi cant difference between the 
PI of the tumor cells and the PI of the stromal cells in each of 
the study groups (p˂0.05). According to all these fi ndings, we 
can make a conclusion, that the cancer cells of intestinal-type 
gastric adenocarcinoma are characterized by the middle pro-
liferative activity level and the stromal cells of this tumor are 
characterized by the low proliferative activity level (Fig. 1).

It was found, that the tumor cells of intestinal-type gastric 
adenocarcinoma are characterized by the low expression 
level of p53: the median of p53 expression by the tumor 
cells of non-invasive intestinal-type gastric adenocarci-
noma was 12.64 % (11.40; 15.40) and for invasive intes-
tinal-type gastric adenocarcinoma the fi gure was 24.99 % 
(6.56; 77.44). The difference between the expression levels 
of p53 in the study groups was statistically signifi cant 
(p˂0.05) (Fig. 2).
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Fig. 2. The expression level of p53 in the tumor cells of intesti-
nal-type gastric adenocarcinoma (p˂0.05).

It is known, that in 60 % of highly differentiated gastric 
cancer, including intestinal-type gastric adenocarcinoma, 
TP53-mutations are identifi ed [12,14]. TP53-gene encodes 
the synthesis of p53, which is detected by the correspond-
ing immunohistochemical reaction [13]. Literature data 
concerning the expression level of p53 in gastric cancer 
with the different parameters of the invasion depth are 
contradictory. H. Zheng et al. (2006) [16], and Y. Joo et al. 
(2006) [12] found that there is a direct correlation between 
the p53 expression level and the depth of invasion of gastric 
cancer. At the same time, L. Xiao et al. (2013) did not found 
any correlation between the p53 expression level and the 
depth of invasion of gastric cancer [9]. Our data indicate that 
the expression level of p53 by the tumor cells of invasive 
intestinal-type gastric adenocarcinoma is two times higher 
than the expression level of this marker by the tumor cells 
of non-invasive intestinal-type gastric adenocarcinoma.

It was found that the cancer cells of intestinal-type gastric 
adenocarcinoma are characterized by the low level of apop-
tosis: the median of caspase 3 expression by the tumor cells 
of non-invasive intestinal-type gastric adenocarcinoma was 
69.35 CUOD (52.15; 95.42), and for invasive intestinal-type 
gastric adenocarcinoma the fi gure was 63.11 CUOD (45.94; 
86.16). The difference between these fi gures was not statisti-
cally signifi cant (p>0.05). Moreover, our studies have shown 
that the stromal cells of intestinal-type gastric adenocarci-
noma are characterized by the very low level of apoptosis: 
the median of caspase 3 expression by the stromal cells of 
non-invasive intestinal-type gastric adenocarcinoma was 
23.54 CUOD (22.22; 25.76), and for invasive intestinal-type 
gastric adenocarcinoma the fi gure was 23.44 CUOD (22.84; 
26.72). Thus, it was shown that the level of apoptosis of the 
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Fig. 1. The proliferation index of the tumor cells and the stromal 
cells of intestinal-type gastric adenocarcinoma (p˂0.05).
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cancer cells in intestinal-type gastric adenocarcinoma is 
signifi cantly higher than the level of apoptosis of the stromal 
cells in this tumor (p˂0.05) (Fig. 3).
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Fig. 3. The expression level of caspase 3 in the tumor cells and the 
stromal cells of intestinal-type gastric adenocarcinoma (p˂0.05).

According to the literature data, the expression level of 
caspase 3 in normal gastric mucosa is signifi cantly higher 
than in gastric cancer [9]. Our fi ndings are agreeing with 
the results of L. Xiao et al. (2013), according to which, the 
low level or the lack of caspase 3 expression in the tumor 
cells in most cases of gastric cancer were revealed [9]. Our 
fi ndings are also agreeing with the results of molecular-ge-
netic studies of J. Kania et al. [17], according to which, the 
mRNA and protein expression of caspase 3 was detected only 
in normal gastric mucosa. In gastric cancer, only the expres-
sion of procaspase 3 was observed, while the expression of 
active caspase 3 was completely undetectable. In the gastric 
mucosa, surrounding gastric cancer, no gene and protein 
expression for caspase 3 was detected. The authors have 
made a conclusion that the lack of expression of the active 
form of caspase 3 associated with the increasing activity of 
survivin, whose main function is the down-regulation of 
apoptosis [17].

Correlation analysis showed a strong direct correlation 
between PI of the tumor cells and PI of the stromal cells 
in intestinal-type gastric adenocarcinoma: the Spearman’s 
coeffi cient for the tumor cells and the stromal cells of non-in-
vasive intestinal-type gastric adenocarcinoma was 0.87, for 
invasive intestinal-type gastric adenocarcinoma the fi gure 
was 0.83. These data indicate the close association between 
proliferative processes in the cancer cells and in the stromal 
cells of intestinal-type gastric adenocarcinoma. We could not 
fi nd any original research on the issue of correlation between 
Ki-67, p53, caspase 3 expression levels in the tumor cells and 
the stromal cells of intestinal-type gastric adenocarcinoma. 
As a rule, researchers tend to focus their attention on the 
issue of correlation between the expression levels of these 
markers in the cancer cells only.

A direct weak correlation between Ki-67 and p53 expres-
sion levels in the tumor cells of non-invasive intestinal-type 
gastric adenocarcinoma and a direct medium correlation be-
tween the same expression levels for invasive intestinal-type 
gastric adenocarcinoma were revealed. The Spearman’s 
coeffi cient for the tumor cells of non-invasive intestinal-type 
gastric adenocarcinoma was 0.31 and the fi gure for invasive 

intestinal-type gastric adenocarcinoma was 0.49. Y. Joo et 
al. (2006) [12] reported, that there is a direct correlation 
between Ki-67 and p53 expression levels in the tumor cells 
of gastric cancer.

Moreover, a direct strong correlation between Ki-67 and 
caspase 3 expression levels in the tumor cells and the stromal 
cells of intestinal-type gastric adenocarcinoma was deter-
mined. The Spearman’s coeffi cient for the Ki-67 and caspase 
3 expression levels in the tumor cells of non-invasive and 
invasive intestinal-type gastric adenocarcinoma was 0.98. An 
inverse correlation between Ki-67 and caspase 3 expression 
levels in the stromal cells of non-invasive intestinal-type 
gastric adenocarcinoma was also found: the Spearman’s 
coeffi cient was -0.38. Any correlation between Ki-67 and 
caspase 3 expression levels in the stromal cells of invasive 
intestinal-type gastric adenocarcinoma was not revealed. 
According to our fi ndings, increased proliferative activity in 
gastric cancer is associated with increased level of apoptosis. 
These fi ndings are agreeing with the literature data [8,9].

A direct weak correlation between p53 and caspase 3 
expression levels in the tumor cells of non-invasive intesti-
nal-type gastric adenocarcinoma, and also a direct medium 
correlation between the same expression levels for invasive 
intestinal-type gastric adenocarcinoma were revealed. The 
Spearman’s coeffi cient for p53 and caspase 3 expression 
levels in the tumor cells of non-invasive intestinal-type 
gastric adenocarcinoma was 0.35 and the fi gure for inva-
sive intestinal-type gastric adenocarcinoma was 0.56. Our 
fi ndings are agreeing with the literature data [9] and indicate 
the relationship between the accumulation of p53 in the 
tumor cells and the activation of apoptosis level of these 
cells, that measured by the nuclear-cytoplasmic expression 
of caspase 3.

Conclusions
1. The tumor cells of non-invasive and invasive intes-

tinal type gastric adenocarcinoma are characterized by 
the medium proliferation index, the low p53 expression 
level and the low caspase 3 expression level, while the 
stromal cells of this tumor are characterized by the low 
proliferation index and the extremely low caspase 3 ex-
pression level (p˂0.05).

2. The direct correlations between the medium prolifer-
ation index and the low p53 expression level, between the 
medium proliferation index and the low caspase 3 expression 
level, and also between the low levels of p53 and caspase 
3 expression in the tumor cells are characteristic of intesti-
nal-type gastric adenocarcinoma.

3. The direct strong correlation between the medium pro-
liferation index of the tumor cells and the low proliferation 
index of the stromal cells of intestinal-type gastric adenocar-
cinoma indicates a close association between the prolifera-
tive processes in the tumor cells and in the stromal cells of 
this carcinoma (the Spearman’s coeffi cient for non-invasive 
carcinoma was 0.87, and for invasive carcinoma it was 0.83).

4. The tumor cells of invasive intestinal-type gastric ade-
nocarcinoma differs by the two times higher accumulation 
of p53 in comparison with the tumor cells of non-invasive 
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intestinal-type gastric adenocarcinoma (p˂0.05) [the medi-
ans of p53 expression level were 24.99 % (6.56; 77.44) and 
12.64 % (11.40, 15.40), respectively]. Besides, the tumor 
cells of non-invasive and invasive intestinal-type gastric 
adenocarcinoma are characterized by the low level of apop-
tosis, which is defi ned by the caspase 3 expression level [the 
medians of caspase 3 expression were 63.11 CUOD (45.94; 
86.16) and 69.35 CUOD (52.15; 95.42), respectively].

5. The tumor cells of invasive intestinal-type gastric ad-
enocarcinoma are characterized by the stronger association 
between the proliferation index and the accumulation of p53, 
compared with the tumor cells of non-invasive carcinoma 
[in the tumor cells of non-invasive carcinoma a direct weak 
correlation was revealed (the Spearman’s coeffi cient = 0.31) 

and in the tumor cells of invasive carcinoma a direct me-
dium correlation was revealed (the Spearman’s correlation 
coeffi cient = 0.49)].

6. The tumor cells of invasive intestinal-type gastric ad-
enocarcinoma are characterized by the stronger association 
between the level of p53 accumulation and the caspase 3 
expression level, compared with the tumor cells of non-inva-
sive carcinoma [in the tumor cells of non-invasive carcinoma 
a direct weak correlation was revealed (the Spearman’s coef-
fi cient = 0.35) and in the tumor cells of invasive carcinoma 
a direct medium correlation (the Spearman’s correlation 
coeffi cient = 0.56) was revealed].
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