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Abstract. Background. The lymphocyte activation gene-3 (LAG-3) is involved in inhibiting the T-cell immune response. This
mechanism is used by tumor cells to «escape» from immunity. The role of LAG-3 in carcinogenesis at various localizations
requires further research. Aim. We aimed to assess LAG-3 level in blood serum and tumor tissue in patients with tumor of
the colon. Materials and methods. The study was carried out in the Regional Oncology Dispensary in Chita and included
44 patients with colorectal cancer and 25 patients with benign tumor of the colon who were treated between 2019 to 2020.
The control group comprised 25 patients who had been operated due to colon injury at the Regional Clinical Hospital in
Chita. We determined LAG-3 concentration in blood serum, the supernatant of the homogenate of tumor tissue and lymph
nodes using the flow cytofluometry method on the CytoFlex LX analyzer (Beckman Coulter, USA), using the LEGENDplex™
HU multiplex analysis kit (Immune Checkpoint, USA). The statistical significance of the differences was determined by the
nonparametric Mann-Whitney U test. Results. The level of LAG-3 in the blood serum of patients with colon cancer exceeded
this indicator in the control group by 2.42 times (p=0.02). The concentration of LAG-3 in the blood serum of patients with
colorectal cancer was 2.39 times higher (p=0.01) compared to the group of patients with benign colon tumor. LAG-3 level
in tumor tissue in patients with colon cancer was 5.15 times higher (p <0.001) than in the control group. The concentration
of LAG-3 in the lymph node tissue in patients with malignant neoplasm was 835.2 pg/ml. Conclusion. The data obtained
demonstrated an increase in LAG-3 level in blood serum in patients with colorectal cancer in comparison with the control
group. There was also an increase in the concentration of LAG-3 in tumor tissue in patients with colorectal cancer. The
obtained data can be used in the administration of targeted therapy for this group of patients.
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Pe3tome. BeedeHue. [eH akTusauuv numeoumtos-3 (Lymphocyte-activation gene 3, LAG-3) y4acTByeT B UHrMbmpo-
BaHWW T-KIIETOYHOrO MMMYHHOIO OTBeTa. [JaHHbIN MeXaHn3M UCMONb3YHOT OMyXONeBbIe KNETKN AN «YCKOMTb3aHUsa»
0T UMMYHHOTO Hag3opa. Ponb LAG-3 B kaHLeporeHese nNpu pasnnyHbix Nokanusauusx Tpebyet AanbHenwwero nay-
yeHns. enb uccnedosanus. OueHka ypoBHs LAG-3 B CbIBOPOTKE KPOBW, TKaHX ONYXONM U TUMaTUYeCKnX y3nos
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Yy NaLMeHTOB ¢ HOBOOOPa3oBaHWAMN TONCTON Kuwkn. Mamepuanbl u Memodsl. Mo HabnoaeHMeM Haxoaunnchb
44 naumeHTa ¢ KonopekTanbHbIM pakoM, a Takxe 25 6onbHbIX ¢ 4OBpoKayeCTBEHHLIMU HOBOOGPa30BaHUSAMI TONCTON
KuLKKM, npoxoamnsLUnX nevexne B Y3 «KpaeBon oHKonoruyeckui gucnancepy r. Yutsl B nepuog ¢ 2019 no 2020 rr.
KoHTponbHas rpynna Bkroyana 25 nayueHTos, KOTOPbIM BbINOMHANN NAACTUKY KONIOCTOMbI, CHOPMUPOBAHHON paHee
no nNoBoAy TpaBMbl TONCTON KuUWKK. KoHueHTpauuio LAG-3 onpefensnu B CbIBOPOTKe KPOBU, B CyrnepHaTaHTEroMo-
reHate TKaHu onyxonu u IuMaTnyeckux y3nos ¢ NOMOLLLIO MeToAa NPOTOYHOM LUTOnyoMeTpun. Pe3ynbmamsl.
YpoBeHb LAG-3 B CbIBOPOTKE KPOBW Y NALMEHTOB C PAKOM TONCTON KWLIKW NpeBbILLan AaHHbIA NokasaTtesnb rpynmbl
koHTpons B 2,42 pasa (p =0,02). KoHueHTpauus LAG-3 B CbiBOPOTKe KpOBU y BOMNbHBIX C KONOPEKTaNbHbIM pakom
Bbile B 2,39 pa3a (p=0,01) N0 OTHOLIEHWIO K rpynne nauneHToB ¢ 4OOPOKAYECTBEHHON ONYXOMNbK) TONCTOM KULUIKN.
YpoBeHb LAG-3 B TKaHW OMyX0nu y NaLMeHTOB C pakoM ToNcTon k1wku 6onble B 5,15 pasa (p <0,001), yem B rpynne
koHTpons. KoHueHTpauns LAG-3 B TkaHU NUMdaTUYeCcKux y3nos y NaLMeHToB CO 3M0KavyeCcTBEHHbIM HOBOOOPa3o0-
BaHueM cocTaeuna 835,2 nr/mn. 3akmoyeHue. PeynbTtaThl UCCNeLoBaHUI NOKa3biBaoT yBenuyeHmne yposHs LAG-3
B CbIBOPOTKE KPOBM Y BOMbHbIX PakOM TOSNCTOW KULLIKU B CPABHEHUU C KOHTPONbHOW rpynnon. OTMeYeHo Takxe
yBenuyeHne KoHueHTpauun LAG-3 B TKaHW OMyXOnu Yy NaLMEHTOB C KOTOPeKTanbHbIM pakoM. [onyyYeHHble faHHble

MOryT ObITb MCMONb30BaHbI npu Ha3Ha4YeHun TapFeTHOIh Tepanuny [aHHOM Kateropuu OOnbHbIX.

KnioueBble cnoBa: konopekTanbHblid pak; LAG-3; UMMYHUTET; UMMYHHbIE KOHTPOIIbHbIE TOYKM.

INTRODUCTION

MATERIALS AND METHODS

Nowadays, an active research on mechanisms of the
inhibition of T-cell immune response in patient with malig-
nant neoplasms of various localizations is providing. It has
been established that this role is performed by immune
checkpoints, which facilitate the “escape” of malignant cells
from immune surveillance [1]. One of such molecules is
Lymphocyte-activation gene 3 (LAG-3, CD223) [2, 3]. The
expression of LAG-3 is found on the surface of T-cells, natu-
ral killers (NK-cells) and dendritic cells (DCs). LAG-3 con-
nects with major histocompatibility complex-Il (MHC-II) on the
surface of antigen-presenting cells (APC). This eliminates
the interaction of the T-cell receptor (TCR) with MHC-II and
leads to suppression of T-cell activation [4]. It is noted, that
LAG-3 effectively prevents the development of autoimmune
reactions. However, its unique and possibility to interact
with MCH-II is used by tumour cells to “escape” the immune
response [5]. Increased expression of LAG-3 has been es-
tablished in tumour tissue in patients with ovarian, gastric,
breast, pancreatic cancer, and in patients with melanoma
[6-8]. In the studies of R. Agocs (2021), data on increased
expression of LAG-3 in tumorous tissue in patients with
colorectal cancer (CRC) was resaved. The author also no-
ted that increased expression of this molecule may be used
as prognostic marker. Further study of the role of LAG-3 in
carcinogenesis in CRC is relevant.

AIM

The aim of our research is to study the level of LAG-3 in
blood serum, tumorous tissue, lymph nodes in patient with
neoplasms of the colon.

The research was carried out in Regional Oncology Dis-
pensary of Chita. 44 patients with colorectal cancer, and
25 patients with benign colon neoplasms took part in the
study. All of them underwent treatment in 2019-2020. The
control group included 25 patients who underwent treatment
(plastic surgery of a colostomy formed earlier due to colon in-
juries) at the Regional Clinical Hospital in Chita. Patients were
examined in accordance with clinical guidelines approved by
the Ministry of Health of the Russian Federation [10]. The
study was performed in accordance with the requirements of
Ethics Committee of the Chita State Medical Academy of the
Ministry of Health of the Russian Federation, as well as in ac-
cordance with the requirements of World Medical Association
Declaration of Helsinki (2013). The inclusion criterion was the
patient's consent to participate in the study, and presence
of a colon tumour. The exclusion criteria were patients with
positive HIV status, autoimmune diseases, viral and bacterial
infections, as well as patients who underwent chemotherapy
or radiation therapy before surgery.

Histological examination revealed that in 39 cases
(88.6 %) the tumour tissue was represented by moderately
differentiated adenocarcinoma (G2), in three cases (6.8 %)
it was a highly differentiated adenocarcinoma (G1), in two
cases (4.6 %) it was a poorly differentiated adenocarcinoma
(G3). Stage | of the process was diagnosed in 6 patients,
stage Il was in 24 cases, stage Ill was in 8 cases, and
stage IV was in 6 patients.

Blood sampling was performed 2 hours before surgical
treatment. Biopsy samples of tumour tissue and lymph nodes
weighting up to 1g were homogenised using Ultra-Turrax T
10 basic (IKA, Germany) in phosphate buffered saline (pH 7.4).
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Then this was centrifuged at 5000 rpm for 10 minutes and the
supernatant was collected. The concentration of LAG-3 in the
blood serum and supernatant was determined by flow cyto-
metry on a CytoFlex LX analyzer (Beckman Coulter, USA) us-
ing the LEGENDplex™ HU multiplex assay kit (Immune Check-
point, USA) in accordance with the manufacturer’s instructions.

When performing statistical processing, the International
Committee of Medical Journal Editors (ICMJE) and Statistical
Analyses and Methods in the Published Literature (SAMPL)
were used [11, 12]. Nominal data was described with indication
of absolute values and percentages. The results of the study
were compared using the Pearson’s chi-squared test. This al-
lows one to assess the significance of differences between the
actual number of outcomes or qualitative characteristics of the
sample falling into each category and theoretical number that
can be expected in the studied groups if the null hypothesis is
true [13]. The normal distribution of quantitative characteris-
tics in the groups of less than 50 people was assessed using
Shapiro-Wilk test. Taking into account the distribution of cha-
racteristics that differed from normal in all groups, the obtained
data were presented as a median, first and third quartiles: Me
[Q1; Q3]. Kruskal-Wallis test (H-test) was performed to com-
pare three independent groups for one quantitative trait. Then,
in the presence of statistically significant differences, taking
into account the Bonferroni correction, pairwise comparisons
were performed using the Mann-Whitney U test [14]. To deter-
mine the actual degree of parallelism between the parameters
under study, the Spearman rank correlation coefficient was
used. The strength of the relationship between the studied
parameters was determined using the Chaddock scale [15].
Statistical processing of the results was carried out using IBM
SPSS Statistics Version 25.0 software package (International
Business Machines Corporation, USA).

RESULTS

We have found that the level of LAG-3 in blood serum
of patient with colorectal cancer was 2.42 times higher than

in controls [1.69; 3.44] (U=273.5, p=0.02). The level of
LAG-3 in blood serum of patients with CRC was 2.39 times
higher [1.5; 3.29] than in patients with benign tumour of the
colon (U=266.0, p=0.01). It should be noted, that the le-
vel of the molecule in controls and patients with benign tu-
mour of the colon has no statistically significant differences
(U=189.0, p=0,78) (Table 1).

Similar dynamics were observed when studying this
molecule in neoplasm tissue. The level of LAG-3 in tumo-
rous tissue in patients with CRC was 5.15 times higher
[4.09; 7.13] than in controls (U=23.0, p<0.001). The level
of LAG-3 in tumorous tissue in patient with CRC was 1.8
times higher [1.43; 2.58] than in patients with benign tumour
of the colon (p=0,008). In patients with CRC we determined
the level of LAG-3 in lymph nodes. The level was 835.2
[708.5; 1082.2] pg/ml.

DISCUSSION

Our studies showed that in patients with colon cancer, the
concentration of the soluble form of LAG-3 in the blood se-
rum was higher than in controls and in group of patients with
benign colon tumours. In the studies of Ying Peng (2022),
increased level of this protein was noted in patients with non-
small cell lung cancer [16], as well as in patients with gastric
cancer [17]. We have noted similar dynamics of the LAG-3
level in tumour tissue. Data on increased expression of LAG-3
in tumorous tissue was registered in patients with B-cell lym-
phoma, lung and ovarian cancer [18].

Proteins MHC-II and fibrinogen-like protein 1 (FGL-1)
are ligands for LAG-3 [4]. At the early stages of ontogene-
sis, MHC-II recruits CD-4+ T-cells and enhances the antitu-
mor immune response. At the same time, after connection
of MHC-II and LAG-3 immune suppression mechanisms
are activated, and disruption in T-cells proliferation and
cytokine secretions appears. It is known, that melanoma
cells expressing MCH-II block CD4+ T-cell function, thereby
evading recognition and destruction by the immune system

Table 1
LAG-3 level in patients with colon tumor
Tabnuuya 1
YpoBeHb LAG-3 y 60nbHbIX C HOBOOOPa30BaHNAMU TOJICTOIO KULIEYHMKA
Groups of patients o
- Test statistics,
LAG-3 level (pg/ml) control group, benign tumor, colorectal cancer, df=2
n=25 n=25 n=44
Blood serum 15,0 15,2 36,3 H=9,3
[14,5; 20,8] [15,1; 23,4] [35,1; 49,7] p=0,009
Tumor tissue 16,8 46,4 86,6 H=427
[16,5; 20,1] [45,6; 57,5] [82,3; 117,7] p<0,001

Note: H — Kruskal-Wallis test; p — level of significance of differences.
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[19, 20]. It is worth paying attention to the fact of high ex-
pression of LAG-3 on tumour-infiltrating lymphocytes (TILS).
In particular, high level of LAG-3 expression was noted in
patients with non-small cell lung cancer, sarcoma of soft
tissue, ovarian cancer, melanoma [18, 21]. Increased ex-
pression of LAG-3, finding in T-cells, is a marker of aggres-
sive course of malignant neoplasm. It affects survival and
prognosis for patients [22]. Moreover, some authors noted
the role of LAG-3 in differentiation of T-reg cells, which con-
tribute to the development of immunosuppression. At the
same time, LAG-3 inhibits T-reg induction [23]. Of particular
interest is the ability of the LAG-3 molecule to interact with
other immune checkpoints, particularly PD-1 (programmed
cell death-1). This interaction results in a combined sup-
pressive effect on the TCR and T-cell immune response as
a whole [24].

So, our studies showed that LAG-3 plays an important
role in mechanisms of carcinogenesis and is a promising im-
munotherapeutic target for colorectal cancer.

CONCLUSION

The results demonstrate increased levels of LAG-3 in
blood serum and tumours tissue in patients with CRC com-
pared to controls. The obtained data can be used when pre-
scribing targeted therapy for this category of patients.
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AOMNONIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpOB. Bce aBTOPbI BHECIU CYLLECTBEHHDI
BKnag B pa3paboTKy KOHLEeNnuuu, NpoBeAeHne nccneosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYIM M 0f400PUNKM hUHANBHYO
Bepcuio nepep nybnukauyuen.

KoHnukT mHTepecoB. ABTOpPbI EKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuKk puHaHcmpoBaHuA. ABTOPbI 3asBNsOT 06
OTCYTCTBUM BHELUHErO DMHAHCUPOBAHUS NPU NPOBEAEHUM
nccneaoBaHus.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX SaHHBbIX.
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