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ABSTRACT

Purpose of the study. Was to reveal characteristics of the immunocompetent cells in colon cancer (CC) according to the
disease stage, and to identify prognostic factors of cancer development.

Materials and methods. The study included 50 patients with CC: stage | — 4 patients (8 %), Il = 25 (50 %), Ill = 21 (42 %). All
patients underwent standard surgical intervention at the initial stage, the obtained material was used for subsequent studies:
a cell suspension was obtained from the tumor tissue, peritumoral zone (1-3 cm from the tumor), which was treated with an
antibody panel (Becton Dickinson, USA) to identify the main subpopulations of leukocytes and lymphocytes.

Results. The tumor tissues of patients with stages | + Il showed a decrease in the relative number of DP, DN, NKT and CD19+,
compared to peritumoral tissues, by 33 %, 42 %, 31 % and 82 % respectively. Tumor tissues of stage Ill patients demonstrated
elevated relative numbers of CD3+, CD4+, NK by 57 %, 34 %, 48 %, and decreased DP, DN, NKT, CD19+ by 33 %, 74 %, 31 %,
59 %, compared to peritumoral tissues. DP, DN, NKT and CD19+ in the tumor decreased by 78 %, 74 %, 39 %, 60 %, respectively,
and the relative number of lymphocytes increased by 138 %, compared to the tissues of the resection line. A comparative
analysis of local immunological parameters in the tumor tissues of patients with CC revealed that the relative numbers of
lymphocytes and CD19+ were 58 % and 87 % higher, and DP and DN were 33 % and 27 % lower in tumor tissues of stage llI
patients, compared to tumor tissues of stage | + Il patients.

Conclusion. Thus, the obtained features of the local population and subpopulation composition of immunocompetent cells
in CC, depending on the stage of the tumor process, can be used to predict the clinical course of the disease.
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PE3IOME

Lienb nccnefoBaHus. BoissBUTb 0CO6EHHOCTM COCTaBa MMMYHOKOMMETEHTHbIX KNETOK Npu pake 060404HOM Kuwku (POK)
B 3aBMCMMOCTM OT CTaguu NpoLecca 1 BblAeNnTb NPOrHOCTUYECKUE GakTopbl TeYEHUs 3a60/1eBaHUS.

Martepuanbl u MeToapl. B uccneposanue BkntoyeHo 50 naumeHtos POK: | cTaaums — 4 nauuenTa (8 %), Il — 25 (50 %), Il - 21
(42 %). BceM 60/bHbIM Ha Ha4ya/IbHOM 3Tane 6bI110 BbINOSHEHO CTaHAAPTHOE ornepaTUBHOE BMELLATENbCTBO. MofyYeHHbIN
MaTepuan 6bin UCNONIb30BaH NS NOCNeAYOWMUX UCCNeA0BaHMNIA: U3 TKaHW OMyXosu, NepuTymMopanbHoi 30Hbl (1-3 cM oT
onyxonu) 6bina nosiydeHa KeToYHas CycrneH3aus, KoTopyto o6pabaTbiBany Npu noMoLLy naHeny aHtuten (Becton Dickinson,
USA) ansi BbIiBNEHUs1 OCHOBHbIX Cy6Mnonynsiuui 1eikoumMToB u IMMEGOLMTOB.

PesynbraTbl. B TKaHsx onyxonew rpynnbl naynmeHToB | + Il cTagumn oTMeYeHo yMeHbLUIeHMe OTHOCUTENIbHOIO KonyecTBa
An, AH, NKT n CD19+ no cpaBHeHUto ¢ neputymopanbHon 30HoM Ha 33 %, 42 %, 31 % 1 82 % COOTBETCTBEHHO. B TKaHsx
onyxonu nauuneHToB c |l cTaguen BbISIBIEHO NOBbILEHWe OTHOCUTENbHOro Konnyectea CD3+, CD4+, NK Ha 57 %, 34 %, 48 %
n cHuxenune AI, OH, NKT, CD19+ Ha 33 %, 74 %, 31 %, 59 % no cpaBHEHUIO C TKaHbIO NepuTyMopasnbHOM 30HbI. B onyxonu
BbisiB/IeHO yMeHbLieHune A1, AH, NKT, CD19+ Ha 78 %, 74 %, 39 %, 60 %, a Tak)xe yBesim4yeHne OTHOCUTESIbHOIO KOsIMyecTBa
NMMOOLNTOB MO CPABHEHMIO C JIMHUEN pe3eKLmM Ha 138 % coOTBETCTBEHHO. [1py NpoBeAeHUN CPABHUTENTbHOIO aHanmaa
JI0KaNIbHbIX UMMYHOJIOTMYECKUX NOoKa3aTesNien B TKaHaX onyxoner 60nbHbix POK BbISIBNIEHO, YTO B TKAHSAX OMyXOnei rpynnbl
nauueHToB |l cTagnn 0TMeYEHO yBENIMYEHNE OTHOCUTENBHOIO KonnmyecTea nnMdouuntoB u CD19+ Ha 58 % 1 87 % 1 CHUXEHUe
O v OH Ha 33 % 1 27 % no cpaBHEHUIO C TKaHAMM onyxonen rpynnbi | + Il ctagun.

3akntoyeHune. Takum 06pasoMm, NoslyYeHHble 0CO6EHHOCTU TOKANbHOro MNOMYMSILMOHHOIO U CY6GMNOonysLMOHHOIo cocTaBa
MMMYHOKOMMETEHTHbIX KNeToK npu POK B 3aBUCMMOCTU OT CTaZ MK OMNyX0JIeBOro Npouecca MoryT 6bITb UCMNOJIb30BaHbI
Nnpv NPOrHO3MPOBaHNM KIIMHUYECKOTO TeYEeHNs 3ab60neBaHus.
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RELEVANCE

Colorectal cancer (CRC) occupies one of the first
places in the structure of morbidity from cancer in
the Russian Federation [1; 2]. About 60 % of cases of
CRC occur in colon cancer (CC), which occupies the
4th place in the structure of female cancer incidence,
the 5th place — male cancer incidence [3].

To date, there are a large number of modern meth-
ods of diagnosing the oncoprocess. However, despite
this, the level of neglect of colon tumors remains
quite high. As a rule, at the time of treatment of pa-
tients, the cancer process has advanced stages [4; 5].

More and more research in oncology is associated
with the study of the role of the links of the immune
system in the occurrence, course, and progression
of the cancer process. Its dual role has been proven:
on the one hand, the presence of antitumor effects,
on the other — tumor-activating. This fact determines
the relevance of studying the role of individual com-
ponents of both innate and adaptive immunity in
colocancerogenesis.

The immune system of the gastrointestinal tract
plays an important role in protecting the body from
the action of infectious agents and toxins, their in-
activation and elimination is carried out. It has been
proven that both local and systemic inflammatory
reactions play an important role in the progression
of the tumor process, thereby affecting the outcome
of the disease [6; 7]. Colorectal tumors are infiltrated
by immune and inflammatory cells, the most signif-
icant of which are T-lymphocytes. It is also known
that the tissue of tumors of the colon and rectum
contains a small number of T-lymphocytes with CD4+
and CD8+ receptors [8].

II stag

)X+

Fig. 1. Distribution of patients according to their disease stage.
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Infiltration by macrophages of the tumor and perifo-
cal zone is used as a prognostic factor: low infiltration
density is associated with high invasive properties
of tumors [9; 10]. There are a number of works in the
literature devoted to the study of tumor-infiltrating
immunocompetent cells and the assessment of their
prognostic significance in CRC, which are very con-
tradictory [11-13]. There is no doubt about the high
importance of studying the role of tumor infiltration
of lymphocytes, which determine the biological prop-
erties of the tumor and the features of the clinical
course of the disease. At the same time, there is
a small amount of information reflecting the features
of lymphocytic infiltration in the tumor tissue, perifo-
cal zone, resection line, depending on the stage of the
disease, which determines the purpose of the study.

Purpose of the study was to identify the features
of the population and subpopulation composition
of immunocompetent cells locally in colon cancer,
depending on the stage of the process and to identify
prognostic factors of the course of the disease.

MATERIALS AND METHODS

The study included 50 patients with CC who were
treated at the National Medical Research Centre for
Oncology: 26 of them were women (52 %), whose
average age was 67 = 0.4 years and 24 men (48 %),
the average age was 66 * 0.3 years.

According to the results of postoperative histolog-
ical analysis, the following distribution was revealed
by stages of CC: | — 4 patients (8 %), Il = 25 (50 %),
Il - 21 (42 %), subsequently patients of groups | and
Il were combined (Fig. 1).

The spread of the tumor within the intestinal wall
(T1-3) was noted in 38 (76 %) patients, and a tu-
mor that sprouted into other organs and/or visceral
peritoneum T4 - in 12 (24 %). Regional lymph nodes
(I.n.) (N+) were affected in 27 patients (54 %). At the
1st stage of treatment, all patients underwent sur-
gical intervention with the collection of material for
subsequent studies. A cell suspension was obtained
from tumor tissues, the peritumoral zone, and the
resection line, processed using an antibody panel
(Becton Dickinson, USA) in order to identify the main
populations and subpopulations of leukocytes and
lymphocytes using a BD FACSCanto flow cytometer
(Becton Dickinson, USA). The results were expressed
in the relative number of the main populations and
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subpopulations of lymphocytes: CD45+ - total num-
ber of lymphocytes (Lymph), CD3+ - T-lymphocytes,
CD3+CD4+ - T-lymphocytes helper, CD3+CD8+ -
cytotoxic T-lymphocytes, CD3+CD4+CD8+ — double
positive lymphocytes (DP), CD3+CD4-CD8- - double
negative lymphocytes (DN), CD3-CD56+CD16+ — NK
lymphocytes, CD3+CD56+CD16+ — NKT lymphocytes,
CD19+ - B lymphocytes relative to the total number
of lymphocytes.

Statistical processing of the obtained results was
carried out using the STATISTICA 13.3 package (Stat-
Soft Inc., USA), which involved calculating the main
statistical characteristics of the samples, determin-
ing the nature of the distribution of the determined
indicators using the Shapiro-Wilk criterion. Due to
the fact that the obtained results did not obey the
law of normal distribution, the reliability of the differ-
ences between the samples was evaluated using the
nonparametric Mann-Whitney criterion. The results
were considered statistically significant at p < 0.05.

DResection line (provisionally healthy fissue)

Perifocal zone

B Tumor

452 4075 433

AN

%

CD3+ CD4+ CD8+ CD19+

RESEARCH RESULTS AND DISCUSSION

We conducted a comparative analysis of the relative
number of the main populations and subpopulations
of lymphocytes, depending on the stage, the depth of
the lesion of the intestinal wall tumor (T), the presence
or absence of lesion of regional lymph nodes (N).

When analyzing the data, depending on the stage
of the tumor process, it was revealed that in the tu-
mor tissues of the group of patients of stage I-1I,
there was a decrease in the relative number of DP
and DN cells, NKT and CD19+ lymphocytes compared
with similar indicators in the peritumoral zone by
33 %, 42 %, 31 % and 82 %, respectively (p < 0.05).
Compared with conditionally healthy tissue, tumor
fragments showed an increase in the relative num-
ber of T-lymphocytes, CD3+ and NK cells by 41 %,
35 %, 50 %, while the content of DP-, DN-, NKT-, CD19+
lymphocytes was reduced by 33 %, 42 %, 31 %, 82 %
(p < 0.05).

e DOResection line (provisionally healthy tissue)

14 ’
@APerifocal zone
12
ETumor
10

[
% s

Fig. 2. Subpopulation composition in the tissues of patients with stage | — Il colon cancer.
Note: A — statistically significant differences from the indicators of the resection line (conditionally healthy tissue); * - statistically

significant differences from the indicators of the peritumoral zone.
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Fig. 3. The subpopulation composition in the tissues of the group of patients with stage Ill colon cancer.
Note: a — statistically significant differences from the indicators of the resection line (conditionally healthy tissue); * — statistically

significant differences from the indicators of the peritumoral zone.
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In the peritumoral zone, a low content of CD19+
(by 52 %) was noted, as well as an increased con-
tent of lymphocytes, CD8+, DP, NK, NKT on 62 %,
25 %, 27 %, 36 % and 69 %, respectively, compared
with the indicators in the resection line (p < 0.05)
(fig. 2).

Analysis of the results of the study of tissues of
patients with stage Ill CC showed that in the tumor
tissue there is an increase in the relative number of
CD3+, CD4+, NK lymphocytes by 57 %, 34 %, 48 %
and a decrease in DP, DN, NKT, CD19+ cells by 33 %,
74 %, 31 %, 59 % by compared with the tissue of the
peritumoral zone (p < 0.05). In the tumor, there is
a decrease in DP, DN, NKT, CD19+ by 78 %, 74 %,
39 %, 60 %, against this background, an increase in
the relative number of lymphocytes compared to the
resection line was revealed by 138 %, respectively
(p < 0.05) (Fig. 3).

A comparative analysis of local immunological pa-
rameters in the tumor tissues of CC patients revealed
that in the tumor tissues of the group of stage Il

%0 8.8 82.1
LA
80 Ol+listage

11l stage
70
60
% 50
40
30
20
10

patients there was an increase in the relative number
of lymphocytes and CD19+ cells by 58 % and 87 %
and a decrease in DP and DN of lymphocytes by 33 %
and 27 % compared with the tissues of tumors of
stage I and Il (p < 0.05) (fig. 4).

Based on the data obtained, it was revealed that
the tumor is characterized by the accumulation of
T-lymphocytes, in particular, T-helper-inductor and
B-cells (CD19+), which is especially pronounced
in stage Il of the disease in patients with CC and
a low content of DP and DN lymphocytes, as well
as NKT cells.

The existing data in the literature indicate that
the tissue of tumors of the colon and rectum is infil-
trated by a small number of T-lymphocytes. In 1987,
J. R. Jass et al. It has been shown that pronounced
lymphocytic infiltration of the perifocal zone is a prog-
nostic factor for longer overall survival of CRC pa-
tients [11-13]. It has been proven that the pronounced
accumulation of CD8+ T cells in tumor tissue cor-
relates with longer survival of patients [14; 15].

12

=23
N

10 Ol+listage

Il stage

LYMPH DP DN NK NKT CD19+

Fig. 4. The subpopulation composition in the tumor tissues of a group of colon cancer patients, depending on the stage.

Note: * — statistically significant differences (p < 0.05).
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Fig. 5. The subpopulation composition in the tumor tissues of a group of colon cancer patients, depending on the criterion T.

Note: * - statistically significant differences (p < 0.05).
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Analysis of the subpopulation composition of
lymphocytes in tumor tissue, depending on the cri-
terion of the level of invasion of the intestinal wall
tumor (T), showed that in the tumor tissues of the
T4 patient group, an increase in the relative number
of DP cells and CD19+ lymphocytes was noted com-
pared to the tissues of the T1-3 group by 56 % and
186 %, respectively (p < 0.05), and also, a decrease
in the relative number of NKT lymphocytes by 41 %
(p < 0.05) (fig. 5).

When comparing the results obtained, depending
on the lymph node lesion, it was noted that in the
tumor tissues of the group of patients with node
lesion (N+), an increase in the relative number of
lymphocytes and CD19+ was noted by 96 % and 97 %,
as well as a decrease in the relative number of NKT
lymphocytes by 32 % compared with the tumor tis-
sues of the group of patients NO (p < 0.05) (Fig. 6).

Our results somewhat contradict the data of Tachi-
banaT. et al., according to which tumor infiltration by
NKT cells positively correlated with a smaller number
of lymph node metastases [16].

By a group of authors A. C. Diederichsen et al. It
has been demonstrated that a low CD4+/CD8+ ratio,
i.e. the prevalence of cytotoxic T-lymphocytes in the
tumor against the background of a decrease in T-cells
with helper-inductor function, is a prognostic factor
for long-term survival of CRC patients [17]. The data
obtained in our study, indicating certain features of
the tissue composition of immunocompetent cells in
the tumor and its microenvironment, in some cases
agree with the data of other authors and may, in our
opinion, be the basis for the development of criteria
for the prognosis of the development of CRC me-
tastases [18].
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% 38.7
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20 *

10
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DN lymphocytes — Pinocchio cells (Pinocchio
cells) are intermediate elements of differentiating
T-lymphocytes. This type of cells resembles cells of
innate immunity in functional activity, they form early
barrier formations aimed at maintaining immune
homeostasis [19].

When studying the features of the immunological
organization of soft tissue sarcomas, it was shown
that in the tissue of recurrent sarcomas there is
a high level of DN T-lymphocytes, which belong to
a subpopulation of T cells with TCRyA and may have
the properties of T-regs [20]. An increase in their level
in the blood in some malignant tumors presupposes
some negative changes in the immune status [21].

However, there is also an opposite opinion, accord-
ing to which both DN and DP lymphocytes, being cells
of innate immunity, have the opposite effect. In our
study, the opposite trend was found - in the case of
disease progression, its later stages or the presence
of metastases, it was accompanied by an increase
in the content of these cells, which, however, does
not allow us to draw a final conclusion about the
functional significance of this fact.

Currently, there is no clear opinion about the role
of B-lymphocytes in the development of tumors and
sensitivity to therapy. It has been shown that the num-
ber of circulating antibodies increases in the blood
of cancer patients, and in the tumor tissue of tumor-
infiltrating B-lymphocytes, which perform a protective
function [22]. According to another opinion, B cells
increase the aggressiveness of the tumor, thereby
worsening the prognosis [23]. Under certain condi-
tions, B cells can perform the function of antigen-
presenting cells: express stimulating CD80, CD86 and
ICOS molecules and activate CD4+, CD8+ T cells [24].

anNo N+ 6.1

4.8
*
3.95 K2
%

31 235
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1 0.55 o5

LYMPH DP DN NK NKT

Fig. 6. The subpopulation composition in the tumor tissues of the CC patient group, depending on criterion N.

Note: * — statistically significant differences (p < 0.05).
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However, activated B-lymphocytes and plasmocytes
synthesize antibodies that block the antigens of tu-
mor cells, disrupting their recognition [25]. It has
been shown that one of the varieties of B-lympho-
cytes are cells with high regulatory potential, which
is expressed in the secretion of IL-10, IL-35, IL-6,
transforming growth factor-B (TGF-B), which caus-
es immunosuppression of antitumor immunity [26]

Despite certain differences in the results of study-
ing the immunological microenvironment of various
malignant tumors obtained by various research
groups, understanding the mechanisms involved in
the interaction between tumor cells and the microen-
vironment opens up a great prospect for changing the
treatment strategy that will help fight tumors more
effectively [27].

CONCLUSION

1. The tumor tissue in CC is characterized by the
accumulation of T-helper-inductor lymphocytes and

B cells (CD19+) and depletion of DP and DN lympho-
cytes, as well as a decrease in the number of NKT
cells, which is more pronounced in stage Il of the
disease in patients with CC.

2. At the Ill stage of the disease, in CC, there is
a decrease in the activity of local innate immunity,
which is manifested in a decrease in the content
of NKT cells in the primary tumor, as well as the
tension of the humoral link of immunity, due to the
high content of tumor CD19+ lymphocytes, the same
trend is observed with the defeat of regional lymph
nodes (N+).

3. It is possible that an increased number of CD19+
cells is a factor predisposing to the occurrence of
lymphogenic metastasis, and is also associated with
a more advanced stage of CC.

Thus, the data obtained on the features of the lo-
cal population and subpopulation composition of
immunocompetent cells in colon cancer, depending
on the stage, T and N, can be used in the prognosis
of the clinical course of the disease.
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