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It is well recognised now that efficacy of anticancer
therapy strongly depends on application of combined
approaches based on surgery, chemotherapy and im-
munotherapy. That’s why the study of immune mecha-
nisms of anticancer defense and the cells involved in its
realization are of exceptional importance [1]. The spe-
cial attention has been paid to the subpopulations of lym-
phoid cells possessing cytotoxic activity toward tumor
cells [2]. Their phenotypes, cytotoxic activity, peculiari-
ties of activation upon action of various cytokines, cor-
relation with prognosis of the diseases have been re-
ported [3–6]. However, the data on prognostic value of
the level of activity of cytotoxic lymphocytes in patients
with colorectal cancer (CRC) remain controvercial [7].

The present study was aimed on evaluation of prog-
nostic value of activity of cytotoxic lymphocytes of pe-
ripheral blood of CRC patients. The study of cytotoxic
activity (CTA) of natural killer cells (NK) was determined
as well as proliferation level and the stage of differen-
tiation of tumor cells.

30 patients (18 females and 12 males, medium age —
63.65 ± 0.81 years) with CRC of stage II (T2–3N0–1M0G1–3),
2nd clinical group, cured in the Department of Abdominal
Surgery, Kyiv Municipal Oncological Hospital (Kyiv,
Ukraine) were involved in the study. All patients under-
went radical surgery, and in 5 cases — chemotherapy
(5-fluorouracyl and leucovorin).

CTA of lymphocytes toward cultured K562 cells in
relation 1 : 40 [10] was studied by MMT-test before
the surgery and 6 months after the surgery [8]. Surgi-
cally removed tumor tissue underwent histological ex-
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amination and immunohistochemical study for Ki-67
and p53 expression on paraffine slides using mono-
clonal antibodies (MIB-5 and DO-7, respectively) and
immunoperoxidase streptavidine-biotin method (Da-
copatts, Denmark). In each calculation, 300 tumor cells
have been used. Statistical analysis was performed
using computer program SPSS-II and Student’s t-test.
p values < 0.05 were considered significant.

During 2-year observation period, in the group of
studied CRC patients 7 patients died (2 — in the 1st

year, 5 — in the 2nd  year), in 8 patients developed re-
currency of the primary tumors or distant metastases.
So, the 2-year survival rate was 76.66%, and recur-
rency-free survival rate was 50%, what is in accor-
dance with the data of other authors [9]. On the mo-
ment of surgery, no patients have distant metastases,
and in 8 patients metastases in regional lymph nodes
were revealed. By the stage of tumor cell differentia-
tion, highly differentiated, moderately differentiated and
low differentiated adenocarcinoma were diagnosed in 5,
13 and 12 cases, respectively. Proliferative activity
of tumor cells varied significantly among studied cases
(Ki-67 was expressed in 1 to 60% of tumor cells).

The negative correlation between proliferative ac-
tivity and differentiation stage of tumor cells was re-
vealed (r = –0.53; p < 0.05). In the cases of highly dif-
ferentiated adenocarcinoma the proliferation level was
low, whilst in the cases of highly differentiated adeno-
carcinoma it was significantly higher (Ki-67 positive
tumor cells yield 1–7%, (3.21 ± 1.54%) and 12–48%
(34.31 ± 8.43), respectively, Figure). By this marker,
the mostly heterogenic group was that with moderately
differentiated tumor cells (Ki-67 positive tumor cells
represent from 1–2% to 60% of tumor cell population).

One should note that proliferative activity of tumor cells
positively correlate with the lymph node metastasis (r =
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0.76, p < 0.001) and negatively correlate with relative con-
tent of lymphocytes (r = –0.45; p < 0.05). At the same time,
we have shown that such parameters as the presense of
regional lymph node metastasis (r = –0.69; p < 0.001), pro-
liferative activity (r = –0.67; p < 0.001) and differentiation
stage of tumor cells (r = –0.40; p < 0.05) may serve as
significant prognostic factors for recurrency-free survival
(Table 1). Other indexes (age and sex of patients; hemo-
gramma’s indexes (anaemia syndrom, leukocytosis, throm-
bocyte’s content, relative and absolute lymphocytosis); cell
and humoral immunity indexes (subpopulational lympho-
cyte content, plasma content of immunoglobulins IgG, IgM,
IgA or immune complexes)) have no prognostic signifi-
cance. The level of p53 expression in tumor cells has no
significancy for prognosis, too (Table 2).

The study of CTA of peripheral blood lymphocytes
has revealed the significant decrease of that index in
CRC patients before surgery in comparison  with healthy
donors (46.35 ± 2.43 vs 77.9 ± 2.49, p < 0.05) and its
negative correlation with tumor cell proliferation
(r = –0.35; p < 0.05). However, CTA has no prognostic
significance in pre-surgical period.

In contrary, the restoration of the level of CTA of EK
during post-surgical period positively correlated with re-
currency-free survival (r = 0.46; p < 0.01) (Table 2). For
example, in all CRC patients that died during the 2nd year

of observation, CTA level of peripheral blood lympho-
cytes altered in the range of 1.29 ± 0.57  (p > 0.05) in 6
moths after the surgery in comparison with that in pre-
surgical period; in CRC patients with recurrency — re-
mained unaltered or increased non-significantly
(by 13.10 ± 6.25, p > 0.05); in CRC patients with 2-year
recurrency-free survival — significantly increased in
comparison with the group of patients with recurrency
(p < 0.05) (by 38.18 ± 16.91%). One should note that
post-surgical chemotherapy positively correlated with
recurrency-free survival, too (r = 0.40; p < 0.05).

The data of other authors show that the CTA level
of EK may serve as a criterium for application of im-
munotherapy for CRC patients after surgery [7] and an
important factor influencing recurrency-free survival of
patients after combined therapy [11]. Presently, the
stimulation of activity of EK and other subpopulations
of cytotoxic cells either by non-specific immunostimu-
lators or vaccines directed on stimulation of antitumor
immunity is considered as a perspective approach in
the therapy of CRC patients [11–16].

In conclusion, our data have demonstrated that alter-
ation of CTA of EK cells toward K562 cells may be used
for evaluation of prognosis of CRC patients undergoing
combined therapy. If CTA indexes remain unaltered and
tumor cells possess high proliferation rate, the prognosis
of CRC is unfavorable. Restoration of CTA value in post-
surgical period and low proliferation rate of tumor cells
correlate with good prognosis of the disease.
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Table 1.  Prognost ic factors for CRC pat ients in corellation with recurrency-
free survival 

Index Corellat ion coefficient, r p < 
Presence of regional node metastases –0.69884 0.001 
Proliferation activity of tumor cells  –0.67344 0.001 
Restored funct ion of NK after surgery 0.46833 0.01 
Performed chemotherapy af ter surgery 0.406747 0.05 
Tumor dif ferentiation stage –0.40171 0.05 

Table 2. Cytotoxic activit y of NK cells, stage of different iation and prolife-
ration rate of tumor cells from CRC patients 

Stage of tu-
mor diffe-
rentiat ion  

Cytotoxic activity of NK 
cells, % 

ð53 and Ki-67 expres-
sion in tumor cells 

(% of positively 
stained cells) 

Patients 

GI GII GI II Before 
surgery 

6 monthes 
after sur-

gery 

ð53 Ki-67 

Died  
(n = 5) 

0 3 2 49.36 ± 
3.96 

46.30 ±  
5.16 

31.5 ± 
12.44 

52.14 ± 
4.08 

Recurrency  
(n = 8) 

0 5 3 50.66 ± 
4.35 

52.87 ± 
3.93 

55.67 ± 
17.07 

15.33 ± 
2.07 

Recurrency 
free (n =15) 

5 5 5 42.26 ± 
4.85 

58.44 ± 
2.38 

47.15 ± 
10.88 

10.16 ± 
6.22 

 

Figure. Immunohistochemical staining of low differentiated ade-
nocarcinoma of stage III (a) and highly differentiated adenocar-
cinoma of stage I (b) using anti-Ki-67-MABs. Immunopexidase
ÀÂÑ-method, õ 320
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ÑÒÅÏÅÍÜ ÄÈÔÔÅÐÅÍÖÈÐÎÂÊÈ, ÓÐÎÂÅÍÜ ÏÐÎËÈÔÅÐÀÖÈÈ
ÎÏÓÕÎËÅÂÛÕ ÊËÅÒÎÊ È ÖÈÒÎÒÎÊÑÈ×ÅÑÊÀß ÀÊÒÈÂÍÎÑÒÜ

ËÈÌÔÎÖÈÒÎÂ ÏÅÐÈÔÅÐÈ×ÅÑÊÎÉ ÊÐÎÂÈ ÁÎËÜÍÛÕ
ÊÎËÎÐÅÊÒÀËÜÍÛÌ ÐÀÊÎÌ

Öåëü: îïðåäåëèòü ïðîãíîñòè÷åñêîå çíà÷åíèå öèòîòîêñè÷åñêîé àêòèâíîñòè ëèìôîöèòîâ ïåðèôåðè÷åñêîé êðîâè
áîëüíûõ êîëîðåêòàëüíûì ðàêîì (ÊÐÐ). Ìåòîäû: ïðîàíàëèçèðîâàíà äâóõëåòíÿÿ âûæèâàåìîñòü 30 áîëüíûõ ðàêîì
òîëñòîãî êèøå÷íèêà II ñòàäèè (T

2–3
N

0–1
M

0
G

1–3
) ïîñëå ïðîâåäåííîãî êîìïëåêñíîãî ëå÷åíèÿ. Öèòîòîêñè÷åñêàÿ

àêòèâíîñòü åñòåñòâåííûõ êèëëåðîâ (ÅÊ-êëåòîê) ïî îòíîøåíèþ ê êëåòêàì ëèíèè Ê562 èçó÷àëàñü ñ ïîìîùüþ
ÌÒÒ-òåñòà. Ïðîëèôåðàòèâíàÿ àêòèâíîñòü îïóõîëåâûõ êëåòîê îöåíåíà ñ ïîìîùüþ ýêñïðåññèè Ki-67 ïóòåì
èììóíîãèñòîõèìè÷åñêîãî îêðàøèâàíèÿ ïàðàôèíîâûõ ñðåçîâ îïóõîëè. Ðåçóëüòàòû: óñòàíîâëåíî, ÷òî ôàêòîðàìè
ïðîãíîçà çàáîëåâàíèÿ ÿâëÿþòñÿ ïîðàæåíèå ðåãèîíàðíûõ ëèìôàòè÷åñêèõ óçëîâ (r = –0,69), ïðîëèôåðàòèâíàÿ
àêòèâíîñòü îïóõîëè (Ki-67+) (r = –0,67), âîññòàíîâëåíèå   àêòèâíîñòè ÅÊ ïîñëå îïåðàöèè (r = 0,46), ïðîâåäåíèå
àäúþâàíòíîé õèìèîòåðàïèè (r = 0,41), ñòåïåíü äèôôåðåíöèðîâêè îïóõîëåâîé òêàíè (r = 0,40). Âûÿâëåíà íåãàòèâíàÿ
çàâèñèìîñòü ìåæäó öèòîòîêñè÷åñêîé àêòèâíîñòüþ äî îïåðàöèè è ïðîëèôåðàòèâíîé àêòèâíîñòüþ îïóõîëåâîé
òêàíè (r = –0,35). Âûâîä: ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò îá ó÷àñòèè ÅÊ â êîíòðîëå îïóõîëåâîãî ðîñòà,
ïðîâåäåíèå èììóíîòåðàïèè áîëüíûì ÊÐÐ ÿâëÿåòñÿ ïåðñïåêòèâíûì.
Êëþ÷åâûå ñëîâà: êîëîðåêòàëüíûé ðàê, öèòîòîêñè÷åñêàÿ àêòèâíîñòü, Ki-67-ïîçèòèâíîñòü, âûæèâàåìîñòü.
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