
ORIGINAL PAPERS12

 RUSSIAN BIOMEDICAL RESEARCH VOL 8   N 2   2023 ISSN 2658-6584

UDC 616.345-006.6-04-076-092.6-085-089.86+612.017.1+576.385
DOI: 10.56871/RBR.2023.82.53.002

PATHOGENETIC SIGNIFICANCE OF LAG-3 IN PATIENTS 
WITH COLORECTAL CANCER
© Andrey V. Chetveryakov, Victor L. Tsepelev
Chita State Medical Academy. Gorky str., 39a, Chita, Russian Federation, 672000

Contact information: Andrey V. Chetveryakov — Postgraduate Student, Department of Hospital Surgery. E-mail: yasnogorsk94@gmail.com 
ORCID ID: 0000-0002-8472-107X

For citation: Chetveryakov AV, Tsepelev VL. Pathogenetic signifi cance of LAG-3 in patients with colorectal cancer // Russian biomedical research 
(St. Petersburg). 2023; 8(2): 12–17. DOI: https://doi.org/10.56871/RBR.2023.82.53.002

Received: 06.03.2023 Revised: 05.04.2023 Accepted: 10.05.2023

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.
Key words: colorectal cancer; LAG-3; immunity; immune control check points.
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Резюме. Введение. Ген активации лимфоцитов-3 (Lymphocyte-activation gene 3, LAG-3) участвует в ингибиро-
вании Т-клеточного иммунного ответа. Данный механизм используют опухолевые клетки для «ускользания» 
от иммунного надзора. Роль LAG-3 в канцерогенезе при различных локализациях требует дальнейшего изу-
чения. Цель исследования. Оценка уровня LAG-3 в сыворотке крови, ткани опухоли и лимфатических узлов 
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у пациентов с новообразованиями толстой кишки. Материалы и методы. Под наблюдением находились 
44 пациента с колоректальным раком, а также 25 больных с доброкачественными новообразованиями толстой 
кишки, проходивших лечение в ГУЗ «Краевой онкологический диспансер» г. Читы в период с 2019 по 2020 гг. 
Контрольная группа включала 25 пациентов, которым выполняли пластику колостомы, сформированной ранее 
по поводу травмы толстой кишки. Концентрацию LAG-3 определяли в сыворотке крови, в супернатантегомо-
генате ткани опухоли и лимфатических узлов с помощью метода проточной цитофлуометрии. Результаты. 
Уровень LAG-3 в сыворотке крови у пациентов с раком толстой кишки превышал данный показатель группы 
контроля в 2,42 раза (p = 0,02). Концентрация LAG-3 в сыворотке крови у больных c колоректальным раком 
выше в 2,39 раза (p = 0,01) по отношению к группе пациентов с доброкачественной опухолью толстой кишки. 
Уровень LAG-3 в ткани опухоли у пациентов с раком толстой кишки больше в 5,15 раза (p < 0,001), чем в группе 
контроля. Концентрация LAG-3 в ткани лимфатических узлов у пациентов со злокачественным новообразо-
ванием составила 835,2 пг/мл. Заключение. Результаты исследований показывают увеличение уровня LAG-3 
в сыворотке крови у больных раком толстой кишки в сравнении с контрольной группой. Отмечено также 
увеличение концентрации LAG-3 в ткани опухоли у пациентов с колоректальным раком. Полученные данные 
могут быть использованы при назначении таргетной терапии у данной категории больных.
Ключевые слова: колоректальный рак; LAG-3; иммунитет; иммунные контрольные точки.

MATERIALS AND METHODS

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 Fede ration, as well as in ac-
cordance with the requirements of World Medi cal 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 I of the process was diagnosed in 6 patients, 
stage II was in 24 cases, stage III 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). 

INTRODUCTION

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-II (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.
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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 dif ferences, 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

Таблица 1
Уровень LAG-3 у больных с новообразованиями толстого кишечника

LAG-3 level (pg/ml)
Groups of patients

Test statistics,
df = 2control group,

n = 25
benign tumor,

n = 25
colorectal cancer,

n = 44
Blood serum 15,0

[14,5; 20,8]
15,2

[15,1; 23,4]
36,3

[35,1; 49,7]
H = 9,3

p = 0,009
Tumor tissue 16,8

[ 16,5; 20,1]
46,4

[ 45,6; 57,5]
86,6

[82,3; 117,7]
H = 42,7
p < 0,001

Note: H — Kruskal-Wallis test; p — level of signifi cance 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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