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ABSTRACT

Aim. To develop a computer program to determine the probability of colorectal cancer based on the assessment of
the levels of CTLA-4 and its ligand B7.2.

Materials and methods. The study included 44 patients with colorectal cancer (CRC) and 25 patients with benign
tumors of the colon. The control group consisted of 25 individuals who had been operated for colon injury. We
determined the levels of CTLA-4 and B7.2 in the blood serum and in the supernatants of tumor tissue and lymph
node homogenates using flow cytofluorometry.

Results. We found that the level of CTLA-4 in the blood serum increased by 2.77 times in CRC patients compared
to the control group (p < 0.001). The concentration of CTLA-4 in the tumor tissue in patients with CRC was 2.34
times higher than in the control group (p = 0.007). The concentration of the B7.2 ligand in the blood serum of
patients with CRC exceeded this parameter in the control group by 2.51 times (p = 0.002). The concentration of
B7.2 in the tumor tissue of CRC patients was 1.68 times higher (p = 0.004) than in the control group. The analysis
of the obtained data determined the parameters that have prognostic value in the structure of the diagnostic model.
Using these parameters, we developed a computer program to determine the probability of CRC in the patient.

Conclusion. The data obtained demonstrate an increase in the levels of CTLA-4 and its ligand B7.2 in the serum
and tumor tissue of patients with CRC.
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MporHocTtnyeckoe 3HaueHne ypoBHA 6enka CTLA-4 v ero nuranpa B7.2
y 60/1bHbIX paKOM TOJICTOrO KMLIEeYHNKa

YeTBepsakos A.B., Llenenes B.J1.

Yumunckas eocyoapcmeennas meouyunckas axademus (YI'MA)

Poccus, 672000, e. Yuma, yn. I'opsvrozco, 39a

PE3IOME

Iean. PazpaboTaTh mporpamMmmy JUist ONPEAENICHHS BEPOSTHOCTH OHKOJIOTMYECKON MaTOJIOTUH TOJICTOrO KHIIEUHHU-
Ka Ha OCHOBaHHMHM oLleHKH ypoBH# Oenka CTLA-4 u ero nuranga B7.2.

Marepuanabl u MeToabl. B uccrienoBanue BKIOUeHB 44 manueHTa ¢ KoJopekTanbHbIM pakom (KPP) u 25
OOJIBHBIX C JIOOPOKAUECTBEHHBIMU OIYXOJISAMH TOJICTOTO KHIIeYHMKAa. KOHTPONBHYIO TPyNIly COCTaBHIM
25 manueHToB, ONIEPHPOBAHHBIX B INIAHOBOM HOPsAKE (IUIACTHKA KOJIOCTOMBI), cC(hOPMUPOBAHHON paHee MO IOBO-
Ity TpaBMbl ToicToi kumky. Konnentpanuto CTLA-4 u B7.2 onpenensiiu B CbIBOPOTKE KPOBH, a TAKXKE B CyIIepHa-
TaHTaX TOMOTCHATOB TKaHH OITyXOJIU U JINM(ATHIECKHX Y3JI0B C HOMOIIBIO METO/Ia IPOTOYHOH IIUTO(GIIyOMETPHH.

Pe3yabTaThl. YCTaHOBIIEHO, YTO Y MAIMEHTOB C PAKOM TOJICTOH KuIIKH ypoBeHb CTLA-4 B CHIBOPOTKE KPOBH
yBennuuBaercs B 2,77 pasa B cpaBHEHHH ¢ rpymmoi kontpois (p < 0,001). Konnentpamust CTLA-4 B TKaHH
HOBOOOpa3oBaHus y manueHToB ¢ KPP Obuta BbIIE aHATOrMYHOTO IOKa3aTels TPYIIBI KOHTpons B 2,34 pasa
(» = 0,007). Konnenrpanus nuranna B7.2 B ceiBopoTke kpoBu y nanueHToB ¢ KPP npeBsimana nanHsiii mokasa-
TeNb B Tpymmne KOHTpois B 2,51 paza (p = 0,002). KonuenTpanus nuranaa B7.2 B TKaHH OITyXOJH y MAIIMEHTOB C
KPP npeBrimrana TakoByro B rpyrie KoHTpois B 1,68 pa3za (p = 0,004). [Ipu ananu3e moixy4eHHBIX JaHHBIX OIpe-
JIETICHBI TTapaMeTpPhl, KOTOPbIe UMEIOT 3HAYNMOCTh B CTPYKTYpe JHAarHOCTHYecKoi monenu. Ha ocHoBaHMM 3THX
HapaMeTpoB pa3paboTaHa KOMIBIOTEpHAs MpOrpaMMa ISl ONpeeTIeHIs BEPOSTHOCTH HAJMYHS OHKOJIOTHIECKON
MaTOJOTUH TOJICTOTO KHUIICTYHHKA.

3axuouenue. [loaydyeHHble faHHBIE AEMOHCTPUPYIOT yBenudeHue yposas CTLA-4 u ero quranga B7.2 B cbiBo-
POTKE KPOBHU U TKaHH OIyXOJIH Y MALUEHTOB C KOJIOPEKTaIbHBIM PAKOM.

KuroueBsble ciioBa: nMMyHHbIE KOHTpoJibHBIE Toukd, CTLA-4, B7.2, Kojg0peKkTaabHbIN pak

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTECHIUAJIBHBIX KOH(i)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/I€I>'I HaCTOS{H.[efI CTaTbHu.

Hcrounnk ¢puHaHCHPOBaHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUM (PUHAHCHPOBAHMS IPHU MPOBEICHUH HCCIIE0-
BaHMSI.

CooTBeTCTBHE IPUHIMIIAM THKH. Bee ManueHTs noAmcan HHPOPMUPOBAHHOE COTIacHe Ha y4acTHE B UCCIe-
noBaHuM. MccnenoBanue 0100pEHO JIOKaIbHBIM 3THYecKuM komuTeToM UI'MA (mpotoxon Ne 98 ot 27.11.2019).

Jns uutupoBanus: Yersepsikos A.B., Llenenes B.JI. [Iporaoctudeckoe 3HaueHne ypoBHs 6enka CTLA-4 u ero
muranga B7.2 y G0MbHBIX paKOM TOJICTOTO KHILIEUHUKA. broriemensb cudupckoti meouyunsl. 2023;22(2):104-110.
https://doi.org/10.20538/1682-0363-2023-2-104-110.

INTRODUCTION

Colorectal cancer (CRC) is one of the late-diag-
nosed tumors. Moreover, it ranks third worldwide for
mortality among malignant neoplasms [1, 2]. Its abil-
ity to escape the immune surveillance plays an essen-
tial role in the development and growth of the tumor.
To escape the immune surveillance, tumor cells use
certain molecular pathways, known as immune check-
points (ICP) [3, 4]. The main function of ICP is to
regulate immune processes and prevent the activated

immune system from attacking cells indiscriminately
[5]. These data made it possible to develop a new type
of targeted immunotherapy for cancer based on block-
ing ICP [6].

Cytotoxic T-lymphocyte-associated protein 4
(CTLA-4, CD152) is an ICP mainly expressed by T
cells [7, 8]. B 7.2 (CD86) is CTLA-4 ligand. The in-
teraction between CTLA-4 and this ligand is an im-
portant mechanism in the immunosuppressive regula-
tion of T cell activity [9—11]. The mechanism of this
regulation is triggered when CTLA-4 captures B 7.2
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from the surface of an antigen-presenting cell (APC)
or cancer cell and transfers them into the T lympho-
cyte via transendocytosis [12]. A number of studies
devoted to the analysis of the effectiveness of mono-
clonal antibodies to CTLA-4 demonstrated objective
positive responses in cases of breast cancer, melano-
ma, and kidney cancer [11]. However, studies con-
firming the effective use of monoclonal antibodies to
CTLA-4 in patients with CRC are insufficient.

The aim of our research was to study the level of
CTLA-4 and B7.2 in the blood serum and tumor tis-
sue, as well as to assess the diagnostic value of these
parameters in patients with CRC.

MATERIALS AND METHODS

A total of 44 patients with CRC were included in
the study. The comparison group consisted of 25 pa-
tients with benign neoplasms of the colon who were
treated at the Regional Oncology Dispensary in Chita
from 2019 to 2020. The control group consisted of 25
patients admitted to the Regional Clinical Hospital for
elective surgery (reconstruction of colostomy) due to
prior colon injuries. All the patients were examined in
accordance with the clinical guidelines approved by the
Ministry of Healthcare of Russia [13]. In each case, a
patient signed an informed consent. The study was ap-
proved by the Ethics Committee of Chita State Medical
Academy of the Ministry of Healthcare of the Russian
Federation and complied with the requirements of the
Declaration of Helsinki of the World Medical Associa-
tion (2013). Inclusion criteria were a patient’s consent
to participate in the study and a history of colon tumor.
Exclusion criteria were HIV-positive status; autoim-
mune diseases; viral and bacterial infections; chemo-
therapy or radiation treatment before surgery.

A histologic examination of tumor tissue specimens
showed that 39 CRC patients (88.6%) had moderately
differentiated adenocarcinoma (G2). Well differentiat-
ed adenocarcinoma (G1) was diagnosed in three cases
(6.8%). Two CRC patients (4.6%) had poorly differ-
entiated adenocarcinoma (G3). Six patients had stage
I of the disease, 24 patients were diagnosed with stage
II. Stages III and IV were diagnosed in eight and six
patients, respectively.

Blood sampling was carried out in the morning,
2 hours before the surgery. The day before sampling,
patients received standard preoperative medication.
Biopsies of the tumor tissue, lymph node tissue, and
colon specimens in the control group weighing up
to 1 gram were homogenized using the Ultra-Turrax
T 10 basic homogenizer (IKA, Germany) in phos-

phate-buffered saline (pH 7.4). Then they were centri-
fuged at 5,000 rpm for 10 minutes, and a supernatant
was selected. The concentration of CTLA-4 and B7.2
in the blood serum and tissue homogenate supernatant
was determined by flow cytofluorometry on the Cyto-
Flex LX analyzer (Beckman Coulter, USA) using the
LEGENDplex™ HU multiplex immunoassay panel
(Immune Checkpoint, USA) in accordance with the
manufacturer’s instructions.

In the statistical analysis, we followed the recom-
mendations of the International Committee of Medical
Journal Editors (ICMJE) and Statistical Analysis and
Methods of Published Literature (SAMPL) Guidelines
[14, 15]. Nominal data were described in absolute and
relative values. The Pearson’s chi-square test (y2) was
used to compare the nominal data of the study, which
allowed to assess the significance of differences be-
tween the actual number of outcomes or qualitative
characteristics of the sample falling into each category
and the theoretical number that can be expected in the
studied groups if the null hypothesis is valid [16].

As the number of participants in the study groups
was less than 50, we used the Shapiro — Wilk test to
assess the normality of the distribution of quantita-
tive variables. Taking into account that the distribu-
tion of characteristics in all groups was different from
normal, the data obtained were presented in as the
median and the interquartile range Me [Q,; Q,]. The
Kruskal — Wallis H test was performed to compare
three independent groups in terms of one quantitative
characteristic. If there were statistically significant
differences, a pairwise comparison was performed
using the Mann — Whitney U test with the Bonferroni
correction [17]. The Spearman’s rank correlation co-
efficient was used to measure correlations between the
studied parameters. The strength of the relationship
between the studied parameters was determined by the
Chaddock scale [18].

The diagnostic model was constructed by bina-
ry logistic regression. To determine the value of the
model, we applied the ROC analysis, which made it
possible to assess the sensitivity, specificity, and ac-
curacy of the model. Statistical processing of the re-
search results was carried out using the IBM SPSS
Statistics Version 25.0 software package (Internation-
al Business Machines Corporation, USA).

RESULTS

We found that the level of CTLA-4 in the blood se-
rum in CRC patients increased by 2.77 times compared
to the control group (U=119.0, p <0.001). There were
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no significant differences in the level of CTLA-4 in the
blood serum of CRC patients and those with benign tu-
mors of the colon (Table 1). The data obtained indicate

that an increase in the concentration of CTLA-4 in the
blood serum may be a marker of a colon tumor, but it
does not allow to determine its nature.

CTLA-4 level in patients with colon tumor, pg / ml, Me [Q; O ]

Table 1

Parameter

Group

Control group, n =25

Benign tumor, n =25

Colorectal cancer, n = 44

Test statistics, df = 2

Blood serum

4.88 [4.38; 6.22]

10.48 [10.30; 14.50]

13.50[13.07; 20.80]

H=34.26,p<0.001

Tumor tissue

6.06 [6.03; 8.40]

9.42 [8.84; 11.37]

14.17 [13.72; 27.28]

H=28.82,p=0.012

Note: H - the Kruskal-Wallis H test, p — the achieved level of significance (here and in Table 2).

Similar changes were observed in the study of the
CTLA-4 concentration in the tumor tissue. The level
of CTLA-4 in the tumor tissue was 2.34 times high-
er in CRC patients compared to the control group
(U = 334.0; p = 0.007). This parameter in CRC pa-
tients was 1.5 times higher than in patients with be-
nign colon tumors (U=371.0; p=10.02) (Table 1). The
results obtained allowed to note that an increase in the
CTLA-4 concentration was associated with the nature
of the tumor. However, these statistically significant

data are of no practical interest, since a histologic ex-
amination of the obtained material can determine the
nature of a neoplasm.

The concentration of the B7.2 ligand in the blood
serum of CRC patients was 2.51 times higher than
in the control group (U = 302.5; p = 0.002). We also
found that the levels of B7.2 in the blood serum of
patients with colon cancer and patients with benign
colon tumors had no statistically significant differenc-
es (Table 2).

Table 2

B7.2 level in patients with colon neoplasms, pg/ ml, Me [0 ; O.]

Parameter

Group

Control group, n =25

Benign tumor, n =25

Colorectal cancer, n = 44

Test statistics,
df=2

Blood serum

33.00 [30.08; 40.11]

79.00 [78.68; 97.46]

82.93 [76.70; 113.26]

H=23.08,p<0.001

Tumor tissue

37.09 [34.11; 44.34]

40.40 [43.36; 48.90]

62.31[61.74; 79.93]

H=9.96,p=0.007

The data obtained demonstrate an increase in the
concentration of B7.2 in patients with colon tumors.
However, it is impossible to differentiate between a
benign and a malignant tumor by analyzing the con-
centration of this biological marker.

A similar increase in the parameters was noted in
the tumor tissue. The concentration of the B7.2 ligand
in the tissue in CRC patients was 1.68 times higher
than in the control group (U = 319.0; p = 0.004). The
level of B7.2 in CRC patients was 1.54 times higher
than in patients with benign colon tumor (U = 387.0;
p = 0.04) (Table 2). The concentration of the B7.2
ligand was increased in the tumor tissue, as was the
CTLA-4 level in the tissue. The data obtained allow
to differentiate between a benign and a malignant neo-
plasm in the colon.

We determined the concentration of CTLA-4
and B7.2 in the tissue of regional lymph nodes in
CRC patients. The level of CTLA-4 in the lymph
node tissue was 132.22 [117.36; 174.40] pg / ml;

the concentration of B7.2 was 537.35 [466.76;
650.84] pg / ml.

The analysis of the data obtained indicated that the
level of CTLA-4 in the blood serum had a moderate
correlation with the level of CTLA-4 in the tissue (p
=0.37; p < 0.01). No statistically significant correla-
tions were found for B7.2 ligand. The level of B7.2 in
the blood serum did not correlate with its level in the
tumor tissue (p = 0.008; p= 0.94). At the same time,
a pronounced correlation was revealed between the
levels of CTLA-4 and B7.2 in the blood serum (p =
0.57; p < 0.01). At the same time, there was a weak
direct correlation between the described membrane
molecules in the tissue (p = 0.28; p = 0.004), which
confirmed the role of B7.2 as a ligand for CTLA-4,
and not as a separate biomarker.

When analyzing the data, we identified parameters
that may be essential in the diagnostic model for de-
termining the probability of cancer (Table 3) and ob-
tained the following equation:
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Table 3
Value of CTLA-4 and B7.2 in the structure of the diagnostic model
Root mean square Degree of free- . o
Parameter B error Wald test dom, df Significance, p | Exp (B) 95% CI for Exp B
CTLA-4 in the blood serum | 0.42 0.132 9.98 1 0.002 1.52 1.17-1.96
B7.2 in the blood serum 0.03 0.013 3.78 1 0.05 1.03 1.01-1.05
Constant -3.25 0.968 11.28 1 0.001 0.04 -
Note: CI- confidence interval.
1

T 1+e325-0,42+xCTLA4ser—0,03xB7.2ser’

where CTLA-4ser is the level of the CTLA-4 protein
in the blood serum; B7.2ser is the level of B7.2 in the
blood serum; 3.25 is the constant of the logistic re-
gression level; 0.42 and 0.03 are non-standardized B
coefficients, e-exponent ~ 2.72. When the coefficient
C is > 0.59, the development of a tumor in the colon

1.0

0.8

0.6

Sensitivity

0.4

0.2 |

0.0

0.0 0.2 0.4 0.6 0.8 1.0

Specificity

The described method can be used in both out-
patient departments and surgical hospitals to predict
the presence of cancer in the colon. We developed a
program for the Windows-based Object Pascal devel-
opment environment (Borland Delphi) to simplify the
method when used in clinical practice. A set of actions
is created in a special mode of the user window, in
which the user gets access to entering data on the level
of CTLA-4 (pg / ml) and its B7.2 ligand in the blood
serum (pg / ml) in patients with complaints of func-
tional intestinal disorders. The program is applicable
and provides an opportunity to determine the proba-
bility of cancer in the colon, which makes it possible
to identify a risk group and optimize the strategy for
their examination and treatment [19].

is diagnosed. In the control group, this parameter (C)
was 0.40 [0.36; 0.50], it was 0.86 in the patients with
cancer [0.82; 0.87]. The controls were found to have
C > 0.59 in 20% of cases (5 / 25), CRC patients had
C>0.591n94.2% (65 / 69) of cases (Sensitivity of this
conclusion is 0.94, specificity and accuracy are 0.80
and 0.90, respectively (AUC = 0.88 [95% CI 0.79—
0.97], p <0.001) (Figure).

== Curve for the information value of the developed model

= Reference line

Figure. Evaluation of the diagnostic value of the developed
model by the ROC analysis

DISCUSSION

We found that the levels of CTLA-4 and B7.2 in-
creased in the blood serum of CRC patients. There
were no significant differences between the concentra-
tions of CTLA-4 and B7.2 in the blood serum of CRC
patients and patients with benign intestinal neoplasms.
The data obtained demonstrate that an increase in the
level of CTLA-4 and B7.2 indicates the presence of a
colon tumor, but it is impossible to determine whether
it is malignant or benign.

Similar changes in their concentration were ob-
served in the study of these markers in the tumor
tissue. The levels of CTLA-4 and B7.2 in the tumor
tissue in CRC patients were higher than in the control
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group. In addition, the concentration of these markers
in CRC patients was increased in comparison with pa-
tients with a benign colon tumor.

We also determined cut-off values for CTLA-4 and
B7.2 markers in the blood serum, which are significant
in the structure of the diagnostic model. The devel-
oped computer program makes it possible to suspect a
colon tumor, which will allow to form risk groups and
optimize the examination strategy.

Similar data on high CTLA-4 expression in the
tumor tissue were obtained in patients with breast
cancer and cholangiocarcinoma [20, 21]. This fact
indicates that the presence of CTLA-4 in the tumor
microenvironment is one of the markers of immune
suppression development, which contributes to the
growth and spread of tumor cells. We believe that the
CTLA-4 protein is an important link in the pathogen-
esis of cancer cells escaping from the immune sur-
veillance. X.J. Guo (2021) discussed the role of the
CTLA-4 protein in the activation of regulatory T cells
(Treg), which are the strongest inhibitors of the im-
mune response [21]. Therefore, the role of CTLA-4
in the activation of regulatory T cells in malignant
neoplasms of various localizations requires further
comprehensive studies.

CONCLUSION

The data obtained demonstrate an increase in the
levels of CTLA-4 and B7.2 in the blood serum and
tumor tissue in CRC patients, as well as their direct
correlation with each other. Thus, we suppose that
these proteins are essential in the pathogenesis of can-
cer cells escaping from immune surveillance in colon
cancer. Based on the established patterns, we devel-
oped a computer program to determine the probability
of colon cancer in the patient.
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