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30 patients with stage II and III of squamous cell carcinoma of the esophagus after surgical 
treatment were analyzed retrospectively. Prognostic significance of the expression of immuno-
histochemical markers p53, bcl-2, ki-67 and E-cadherin and tumor proliferative activity were stud-
ied. A significant decrease in the frequency of tumors expressing p53, as well as an increase in 
the number of tumors expressing bcl-2, was detected in the group of patients with an increase in 
the event-free period for up to 365-540 days. The mean numbers of bcl-2 positive cells in groups 
with progression from 181 to 364 days and from 365 to 540 days were 2.3 and 2.8 times higher 
than in patients with progression in 180 days and earlier. The ki-67 index in the latter was signifi-
cantly higher than in groups with progression within 181-364 and 365-540 days.

 An increased proliferative activity was registered only in patients with progression in 180 
days and earlier. The E-cadherin expression in the group with progression in 365-540 days was 
significantly higher than in patients with progression in < 180 and 181-364 days.
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Esophageal cancer is one of the most 
aggressive malignant diseases of the 
gastrointestinal tract significantly affect-
ing the quality of life of the patient with 
high rates of poor outcome [3, 10]. Tu-
mors of epithelial origin, mainly squa-
mous cell carcinoma and adenocarcino-
ma, are the most common. According to 
the International Agency for Research on 
Cancer (IARC), EC incidence and mor-
tality in 2008 were 49.2 and 34.3, respec-
tively, per 100 000 per year [12].

High expression of p53 mutant protein 
is known to predict poor survival in can-
cer of the stomach, lung, and other can-
cers [4]. However, the predictor role of 
p53 for EC remains a debatable [14]. In 
2015, British journal of cancer published 
a meta-analysis review of 11 large-scale 
studies on the role of p53 in EC over the 
past 20 years, in order to identify potential 
biomarkers that are sensitive and predic-
tive in EC. As a result, only three studies 
including 268 patients showed a connec-
tion between the poor prognosis and high 
expression of p53. The results of other 
studies contained conflicting data, most 
of which showed that the prognostic role 
of this marker was not obvious [13].

Among other markers considered to 
be oncogenes, the bcl-2 gene involved in 
the negative apoptosis regulation can be 
marked. Some authors regard high ex-
pression of bcl-2 as a negative prognos-

tic factor due to the fact that it contributes 
to the survival of tumor cells [6, 8]. Oth-
er researchers showed high expression 
of bcl-2 to be a prognostically favorable 
factor [5, 9].

Analysis of proliferative activity (PA) of 
a tumor is the most important character-
istic of cancer, which allows characteriz-
ing its biological behavior. It is estimated 
by the ki-67 index, as only dividing cells 
detect antibodies to ki-67 [7].

Disorders of intercellular adhesion as-
sociated with pathological changes in the 
membrane protein E-cadherin are one of 
the factors contributing to the metastasis 
and progression of malignant tumors [1]. 
Studies of E-cadherin expression in lung, 
bladder and gastric cancers showed the 
significance of its determination. Stud-
ies have shown that E-cadherin has the 
properties of a tumor growth suppressor 
and its invasion [2]. An imbalance in the 
cadherin system, in particular inhibition of 
E-cadherin expression and overexpres-
sion of N-cadherin, is considered an im-
portant component of the epithelial-mes-
enchymal transition process.

Thus, these IHC markers allow char-
acterization of the processes of adhe-
sion, apoptosis and proliferation of tumor 
cells, which seems significant for assess-
ing the potential of tumor progression. 
That is why we selected these markers 
and studied their expression in EC cells 
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in different periods of the disease pro-
gression after radical surgical treatment.

The purpose of the study was a com-
parative assessment of the expression of 
p53, bcl-2, ki-67, E-cadherin IHC mark-
ers in the tumor tissue of EC patients at 
different progression periods after surgi-
cal treatment.

Material and methods. The study in-
cluded 30 patients diagnosed with stage 
II (n=15) and III (n=15) middle and lower 
thoracic esophageal squamous cell car-
cinoma undergoing treatment in Rostov 
Research Institute of Oncology. All pa-
tients received Lewis surgery with stan-
dard bizonal lymph node dissection. No 
special antitumor therapy was performed 
until progression was detected. Median 
age of patients was 57.83 years. All pa-
tients developed progression within 1.5 
years (up to 540 days). Depending on the 
time to progression, the patients were di-
vided into 3 groups: up to 180 days; from 
181 to 364; from 365 to 540 days. In 11 of 
30 cases (36.7%), progression occurred 
within 180 days; in 9 (30%) - from 181 
to 364; in 10 (33.3%) - from 365 to 540 
days. The median event-free survival 
was 9 months.

The IHC study was performed on 3-4 
µm sections from paraffin blocks pre-
pared using the Thermo Scientific Mi-
crom HM 325 rotary microtome (Great 
Britain). Automated immunohistochemi-
cal staining was carried out in the Ther-
mo Scientific 480S IHC stainer. The 
following monoclonal antibodies were 
used for the study: to p53 (clone DO-7, 
DAKO, 1:100 dilution), bcl-2 (clone Sp 
66, DAKO, 1:100 dilution), ki-67 (clone 
H3060, Spring Biosience, 1:200 dilu-
tion), E-cadherin (clone EP700Y, Ther-
mo scientific, 1:100 dilution). Dewaxing 
and dehydration stages were performed 
according to the standard scheme. The 
PT-LinkThermo was used for antigen 
unmasking. The Reveal Polyvalent HRP-
DAB Detection System (Spring Biosci-
ence) was used for imaging. The cut-off 
point for positive tumor assessment was 
25% for both nuclear staining for p53 and 
cytoplasm staining for bcl-2. Proliferative 
activity (PA) was calculated by counting 
the proportion of positively stained cells 
to the ki-67 marker per 100 tumor cells. 
The ki-67 index was determined by the 
formula: proliferative activity = the num-
ber of positively stained cells to the tumor 
marker ki-67 x 100/total number of cells. 
Statistical analysis of the results was pro-
cessed using the Statistica 8.0 program 
[9], and the Student’s t-test was calculat-
ed.

Results and discussion. The results 
were expressed in a comparative anal-

ysis of the frequency of expression and 
average values of indicators depending 
on the time to EC progression. An in-
creased time interval to disease progres-
sion was accompanied by an increase in 
the frequency of expression of bcl-2+ and 
a decrease in p53+ (table 1). No correla-
tion was observed between the disease 
stage and event-free period.

Table 1 demonstrates that longer re-
lapse-free survival was accompanied by 
decreased rates of tumors expressing 
p53, with their minimal number (1.5 times 
lower compared with patients who did not 
survive six months without progression) 
in patients with the longest event-free pe-
riod (365-540 days).

In these patients, the maximum rate of 
positive bcl-2 expression was found – 1.4 
(p<0.05) and 1.2 (p<0.05) times higher 
than in groups with progression-free pe-
riods of ˂180 and 181-364 days, respec-
tively (Table 1, Figure 1).

Table 2 presents the results of a com-
parative analysis of average expression 
of IHC markers. A statistically significant 

decrease in the proportion of p53 positive 
tumor cells was detected as the time to 
progression increased. With an increase 
in the time to progression to 540 days, 
the number of p53 positive cells was 2.2 
times lower than in patients with progres-
sion within 180 days from the surgery, 
and 1.5 times lower than in cancer pro-
gression from 181 to 364 days. The dif-
ferences were statistically significant in 
all cases (p<0.05).

While expression of p53+ positive 
cells decreased significantly with longer 
time to progression, expression of bcl-2 
showed the opposite tendency. The av-
erage number of bcl-2 positive cells in tu-
mors was 2.3 times higher in progression 

from 181 to 364 days, compared to pa-
tients with progression within 180 days. 
When progression-free period lasted for 
up to 540 days, the value increased by up 
to 2.8 times (differences were statistically 
significant, p<0.05).

The maximal index of proliferation of 
tumor cells determined by ki-67+ was de-
tected in tumors with the shortest time to 
progression. It was 3.1 and 2.5 times high-
er, compared to the values in groups with 
progression in 181-364 and 365-540 days.

No statistically significant differenc-
es in proliferation indices determined by 
ki-67+ cell proportion were observed in 
patients with progression within 181-364 
and 365-540 days. Therefore, this indi-
cator can be considered as a marker of 
early (up to six months after surgery) pro-
gression of esophageal cancer.

Assessment of the proliferative poten-
tial of tumors in the same patients also re-

Frequency of expression of IHC markers (p53 and bcl-2) depending on the time
to progression, absolute count (%)

Time to progression, 
days

Markers (IHC)
p53+ p53- bcl-2+ bcl-2-

< 180 9 (81.8) 2 (18.2) 7 (63.6) 4 (36.4)
from 181 to 364 6 (75) 2 (25) 6 (75) 2 (25)
from 365 to 540 6 (54.5) 5 (45.5) 10 (90.9) 1 (9.1)

Fig. 1. Squamous cell carcinoma of the esoph-
agus: A - 360 days to progression. Low ex-
pression of bcl-2; Б - 540 days to progression. 
High expression of bcl-2. 400x magnification

Table 1

Table 2

Expression of studied markers in patients with different periods to progression, %

Time to progression, 
days

Expression of IHC markers
p53 bcl-2 ki-67 E-cadherin

< 180 60.9±7.4 21.4±3.9 49.7±8.6 65.5±4.6
from 181 to 364 41.9±6.6°↓ 48.9±4.6°↑ 15.9±4.8°↓ 66.3±8.8
from 365 to 540 28.2±4.2°↓ 59.5±4.8°↑ 19.7±4.9°↓ 89.1±4.9°↑°°↑

Note .  ° – differences from values < 180 days; °°– differences from values 181–364 days. 
Differences were statistically significant in both cases (p<0.05).
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vealed a number of differences (Figure 2).
Tumors with high PA were found only 

in patients with an early period before 
progression (up to 180 days), while such 
activity was not detected in tumors of pa-
tients with progression from 181–364 and 
365–540 days.

Tumors with low PA were most often 
observed in the group with progression in 
181-364 days, and tumors with moderate 
PA were found in the group of 365–540 
days. The number of tumors with mod-
erate PA in the 365–540 day group was 
1.8 times (p<0.05) higher than in the 
181–364 day group. It should be noted 
that tumors with moderate PA were not 
detected in the group with progression in 
<180 days.

Patients in groups with progression 
within <180 and 181-364 days did not 
show statistically significant differenc-
es in the average values of E-cadherin 
expression. However, when the time to 
progression increased to 365–540 days, 
this indicator became 1.4 and 1.3 times 
higher, respectively (the differences were 
statistically significant, p<0.05); table 2, 
figure 3).

Conclusions. Immunohistochemical 
analysis allowed identification of some 
differences in occurrence rates and ex-
pression of molecular and biological 
markers p53, bcl-2, ki-67 and E-cadherin 
associated with the processes of prolifer-
ation, adhesion and apoptosis of tumor 
cells at different periods to the progres-
sion of esophageal cancer (<180 days; 
from 181 to 364; from 365 to 540 days). 
The results showed that the most favor-
able outcome of surgical treatment for 
esophageal cancer was characterized by 

high expression of bcl-2 and E-cadherin 
with low proliferative activity of the tumor 
and low expression of p53, suggesting 
the potential use of these markers as 
prognostic ones along with well-known 
clinical prognosis factors.
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Figure 2. Proliferative activity of tumors (per-
centage) in dependence on time to progression 
in patients with stage II-III EC. The Y axis - %.

Fig. 3. Squamous cell carcinoma of the 
esophagus. Days to progression: A – 180, Б - 
364 days, В – 540. Expression of E-cadherin. 
400x magnification.
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