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S3HAYEHME INIOJIUMOP®U3MA I'EHOB B PAZBUTHUU
KOJIOPEKTAJIBHOI'O PAKA
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®I'bOY BO Psa3zanckuii rocy 1apCTBEHHBI MEIUITUHCKUN YHUBEPCUTET
M. akaa. M.I1. [TaBnoBa Munszapasa Poccuu, Ps3zans, Poccus

Ilenv. Onpenenuth 3HadeHwe noaumopdusma remoB MTHFR (Ala222Val), XPD
(Lis751GIn), XRCC1l (Argl94Trp), XRCC1 (Arg399GIn), XRCC1l (Arg208His), APEl
(Asp148Glu), hOGG1 (ser326Ces), P53 (Pro47Ser), VEGF (C654G), EGFR(A2073T),
TNF(G308A), CHEK2 (1le157Thr), MMP1 (1607 1G>2G), TIMP1(C53CT) B pa3BuTHH
KOJIOPEKTAILHOTO paka.

Mamepuanvt u memoowt. IlpoanaimsupoBanbl 106 ciydaeB KOJOPEKTAILHOTO paka y
ManrueHToB, mpoxoauBimx jeueHue B ['bY PO Ob6nacTHON KIMHUYECKUNA OHKOJIOTHYECKUN JUC-
nancep (Ps3anp). ['eHOTHIIMpOBaHKME BCceM OOJILHBIM BBIMOIHSIOCH MeTo1oM Bbiienenus JJHK u3
JICKOIIMTOB BEHO3HOM KPOBH C IMOCHeAyomIel noiaumepaznoi nennoit peakmueit (ILP) ¢ snek-
TpoOPETHUECKON AETEKIIUEH pe3yIbTaTa.

Pezynrbmamut. B3auMocCBsI3u MEX]ly BO3PaCTOM IAlIMEHTOB HA MOMEHT BepU(DUKALIUU 1A~
THO3a M TOJMMOP(U3MOM HH ISl OJHOTO U3 HMCCIICIYEMBIX TC€HOB 3apETUCTPUPOBAHO HE OBLIO
(p>0,05). CraTucTiuecku 3HaUMMast CBsI3b BbIsIBIICHA Mex 1y nonumopduszmom rera TNF (G308A)
¥ CTaJIMeil paka: ero roMO3MIOTHBIN MaKOpHBIH reHoTun G/G ropaszo Jaiie BcTpeyancs B rpyIe
nanueHToB ¢ [I-1V cragueit (p=0,047). [Ipu namuuuu amnens G/G TNF (G308A) coBmecTHO ¢ ro-
MO3HMTOTHBIM MyTaHTHBIM ajutesieM rena MMP1 (1607 1G/2G) ormeuaercs npsimast CBSI3b ¢ BO3pac-
TaHUEM JIOJIM MAIUEHTOB, AUAarH03 KOTOpbIM Obu1 tocTaBineH Ha -1V craguu. /lanHoe couetanue
JIBYX MOJUMOP(PU3MOB CTATUCTUUECKU 3HAUUMO PA3INIAIIOCh B 00cieayeMbix rpymnmax (p=0,025).
VY 8 u3 10 6onbHbIX ¢ IV craaueit ormeueHo Hamuuue nonumopduszma G/G B rene VEGF (C654G).
JlaHHBIM MYTaHTHBIM TOMO3MIOTHBIH BapuaHT BCTpedasics 3HAYUTENBHO peke y MauueHToB c |
(37,5%), 11 (40%) wmu 111 cragueit (37,5%) (p=0,0147).

Bubigoowt. ViccnenoBaHHble TeHbl HE BIUSIOT Ha BO3PAaCTHOM KpUTepuid MaHuU(ecTalnuu
KOJIOPEKTAIIBHOTO paka U BCTPEYAIOTCS OJIMHAKOBO YaCTO Yy MAIIMEHTOB 00OMX IOJIOB BHE 3aBUCH-
MOCTH OT BO3PacTHOH Tpynmbl. JIokamuzamus u cTeneHb QU QepeHIIMPOBKH OMYXOIH TaKXKe He
3aBHUCSAT OT MOTMMOpdu3Ma uccaenyembix renoB. Hammure nonmumopdusma G/4 rena TNF (G308A)
CJIEZyeT CUATATh OJIATONPHUSATHBIM KPUTEPHEM, CITOCOOCTBYIOIINM MEHBIIIEH arpeCCHBHOCTH OITy-
xomu (p<0,05). BeisBnenue sxe maxxopaoro renotumna G/G oco0eHHO B COYETaHUU C TOMO3UTOTHBIM
myTaHTHbIM aiviesieM rena MMPL (1607 1G/2G) ssnsercs nebnaronpusatHbM pakTopom (p<0,05).
Hanuune romosurorHoro mytantaoro reaorumna G/G VEGF (C654G) MoskeT HanpsiMy o KOppeIT-
poBaTh ¢ OBICTPOIA porpeccueil onyxosei u akTUBHBIM MeTacTazupoBanueMm (p<0,05).

Knwuesvie cnosa: nonumopghuzm 2eHos;, KoiopeKmanibHulil pax, UHEA3UBHbIL POCH, Memd-
cmasupogauue.
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SIGNIFICANCE OF GENE POLYMORPHYSM IN DEVELOPMENT
OF COLORECTAL CANCER

E.P. Kulikov, A.l. Sudakov, A.A. Nikiforov, S.A. Mertsalov, V.A. Grigorenko
Ryazan State Medical University, Ryazan, Russia

Aim. To determine the significance of polymorphism of MTHFR (Ala222Val), XPD
(Lis751GIn), XRCC1 (Argl94Trp), XRCC1l (Arg399GIn), XRCC1 (Arg208His), APE1l
(Asp148Glu), hOGG1 (ser326Ces), P53 (Pro47Ser), VEGF (C654G), EGFR(A2073T), TNF
(G308A), CHEK?2 (I1e157Thr), MMP1 (1607 1G>2G), TIMP1(C53CT) genes in development of
colorectal cancer.

Materials and Methods. 106 Cases of colorectal cancer in patients who were on treatment in
Ryazan Clinical Oncological Dispensary (Ryazan) were analyzed. Genotyping in all patients was
performed using the method of isolation of DNA from leukocytes of venous blood with subsequent
polymerase chain reaction (PCR) with electrophoretic detection of the result.

Results. No interrelation between the age of patients and polymorphism of any studied gene
was recorded at the moment of verification of the diagnosis (p>0.05). Statistically significant rela-
tionship was identified between polymorphism of TNF (G308A) gene and the stage of cancer: its
homozygous major genotype G/G more commonly occurred in the group of patients with I111-1V stage
(p=0.047). In the presence of allele of G/G TNF (G308A) gene together with homozygous mutant
allele of MMP1 (1607 1G/2G) gene, a direct relationship with increase in the number of patients
diagnosed with I11-1V stage was noted. This combination of two polymorphisms showed a statistically
significant difference in the studied groups (p=0.025). In 8 out of 10 patients with IV stage, the pres-
ence of G/G polymorphism in VEGF (C654G) gene was noted. This mutant homozygous variant was
much more rare in patents with | (37.5%), Il (40%) or 111 stages (37.5%) (p=0.0147).

Conclusions. The studied genes do not influence the age of manifestation of colorectal cancer
and occur at the same frequency in patients of both genders irrespective of the age group. Localiza-
tion and the extent of differentiation of the tumor do not depend on polymorphism of the studied
genes either. The presence of G/A polymorphism of TNF (G308A) gene should be considered a
favorable criterion associated with lower aggressiveness of the tumor (p<0.05), whereas identifica-
tion of the major G/G genotype especially in combination with homozygous mutant allele of MMP1
(1607 1G/2G) gene is an unfavorable factor (p<0.05). The presence of G/G mutant genotype of
VEGF (C654G) gene may directly correlate with rapid progression of tumor and with active meta-
static spreading (p<0.05).

Keywords: polymorphism of genes; colorectal cancer; invasive growth; metastatic spreading.

Colorectal cancer (CRC) is the third diagnosis. Late identification of CRC (llI-1V

most common type of cancer in Russia. Annu- stages) is the result of absence of screening
ally 60,000 cases of CRC are newly diagnosed. programs of diagnosis, insufficient knowledge
In total, in our country more than 350,000 of the causes and risk factors for initiation
patients with this pathology are under regular of this pathology, and peculiarities of the
medical check-up. course of the disease that in some cases may
With this, the results of treatment of this be very rapid.

category of patients are unsatisfactory in a Currently, CRC is treated with combined
large extent due to advanced stage of the or complex approach using surgical, radiation
process at the moment of verification of the and medicinal methods [1].
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Peculiarities of initiation of cancer,
response to the conducted treatment may be
largely determined by the individual patient’s
genotype that codes for mechanisms that both
participate in the carcinogenesis and oppose
it [2,3]. In this context, many scientific works
are devoted to identification of the connection
of polymorphism of genes with pathological
processes [4,5] and with different localizations
of the tumor [6,7].

The aim of work was to determine
the significance of polymorphism of MTHFR
(Ala222val), XPD (Lis751GIn), XRCC1
(Arg194Trp), XRCC1 (Arg399GIn), XRCC1
(Arg208His), APE1l (Asp148Glu), hOGG1
(ser326Ces), P53 (Pro47Ser), VEGF
(C654G), EGFR(A2073T), TNF(G308A),
CHEK?2 (11e157Thr), MMP1 (1607 1G>2G),
TIMP1(C53CT) genes in development of
colorectal cancer.

In accordance with the set aim, interrela-
tion of polymorphism with gender, age of
patients, localization of tumor process; the
degree of tumor differentiation, stage of the
disease, depth of invasion and metastatic
spread of the tumor was evaluated.

Materials and Methods

The study was carried out on the base
of RyazSMU and Ryazan Regional Clinical
Oncological Dispensary and was approved by
Local Ethic Committee (Protocol Ne5S of
06.11.15). The patients’ data were used in the
work after signing of Informed consent.

Genotyping for polymorphism of the fol-
lowing genes was conducted: MTHFR
(Ala222Vval), XPD (Lis751GIn), XRCC1l
(Argl94Trp), XRCC1 (Arg399GIn), XRCC1l
(Arg208His), APE1 (Aspl48Glu), hOGG1l
(ser326Ces), P53 (Pro47Ser), VEGF (C654G),
EGFR (A2073T), TNF (G308A), CHEK2
(11e157Thr), MMP1 (1607 1G>2G), TIMP1
(C53CT).

Genotyping was conducted in the Cen-
tral Research Laboratory of Ryazan State
Medical University by isolation of DNA from
leukocytes of venous blood of the examined
patients with subsequent PCR with electropho-

retic detection of the result using SNP-
EXPRESS» (SPC «Litechy, Russia).

The study involved 106 patients recei-
ving treatment for colorectal cancer. The gen-
der composition of the examined patients was
approximately equal: 58 men (55%) and 48
women (45%). By the age the patients were
divided to 3 groups according to the full
amount of years at the moment of manifesta-
tion of the disease. | group included patients
with relatively early manifestation — before 55
years (the mean age 45.7 years — 24 patients),
Il - from 55 to 65 years (60.1 — 48 patients) and
Il group above 65 years (71.6 years — 43
patients). The mean age of all patients at the
moment of diagnosis was 61.5 years.

76 Patients (72%) had the diagnosis of
colorectal cancer and in 30 patients (28%)
tumors were localized in other parts of the
large intestine.

The diagnosis was verified in 100% of
patients. Histologically, all tumors were repre-
sented by adenocarcinomas, mostly with
moderate differentiation (G-2, 81%).

The stage of the disease was determined
according to the International TNM classifica-
tion of 8" revision (2018). By the extent of
spread of the process, a share of patients with
I-11 stage (without metastatic lesion of regional
lymph nodes) was 45.3% (48 patients), with I11
stage — also 45.3% (48 patients), and 10
patients (9.6%) had IV stage at the moment
of making diagnosis.

Statistical processing of the results was
conducted using Excel 2007 (MS, USA),
Statistica 10.0 (Stat Soft Inc., USA) software
package and online calculators (for Hardy-
Weinberg equilibrium — https://wpcalc.com/
en/equilibrium-hardy-weinberg/). Description
and comparison of differences in frequencies
of qualitative characteristics in the indepen-
dent groups were based on Pearson chi-squared
test, with Yates correction if the quantity of ex-
pected events was from 5 to 9, or with Fischer
exact test if the quantity was less than 5. The
prognostic significance of the characteristic was
evaluated with determination of relative risk
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(RR) with 95% confidence interval (CI). In
groups of patients deviation of allele frequency
from Hardy-Weinberg equilibrium was also
evaluated. In the analysis, statistically signifi-
cant were considered differences at p<0.05.
Results and Discussion

No statistically significant gender differ-
rences were found in the population of indivi-
duals of male and female gender (p>0.05). No
interrelation was established between the age of
patients and polymorphism of a single studied
gene in the groups at the moment of verification
of the diagnosis (p>0.05). Besides, in all the age
groups Hardy-Weinberg equilibrium was pre-
served which shows reliability of distribution of
allele frequency inside age population groups.

In the analysis of relationship between
polymorphism of the studied genes and locali-

zation of the tumor process, no statistically sig-
nificant differences were recorded (p>0.05), as
well as in the evaluation of the influence of
polymorphism of the studied genes on the ex-
tent of tumor differentiation (p>0.05).

The relationship with the stage of tumor
process at the moment of diagnosis was evalu-
ated. For the majority of polymorphic genes no
direct relationship with increase in stage was
noted (p>0.05). A statistically significant rela-
tionship was found for polymorphism of TNF
G308A gene coding for tumor necrosis factor: its
homozygous major genotype G/G was more
common in the group of patients with newly
identified 111-1V stage of the disease (in 69% of
patients) in comparison with the group of pa-
tients diagnosed at I-11 stage (40% of patients,
¥*=3.96, p=0.047, RR=1.45[1.0; 2.03], Table 1).

Table 1

Relationship of Polymorphism of TNF and MMP1 Genes with Stage of Disease

Genotype/allele I-11 stage IH1-1V stage v p RR [95% CI]
TNF(G308A)

G/G 18 33 3.96, 1.45
G/A 30 25 p=0.047 [1.0;2.03]
A/IA 0 0

G 66 91 2.57, 0.77

A 30 25 p=0.11 [0.57;1.04]

TNF(G308A) + MMP1 (1607 2G/2G)

G/G 3 16 5.04, 1.85
G/A 12 10 p=0.025 [1.13;3.05]

Besides, relationship of polymorphism
of the given gene with other genes was ana-
lyzed. It was found that in the coexistence of
G/G TNF (G308A) allele with homozygous
mutant allele of MMP1 (1607 1G/2G) gene a
direct relationship was noted with increase in
the number of patients who were first diag-
nosed at IlI-IV stage. Proteins encoded by
these genes are similar in their biological role
and interrelated in terms of potentiating each
other. This combination of two polymor-

phisms showed a statistically significant dif-
ference in the studied groups (x*=5.04,
p=0.025, RR=1.85[1.13; 3.05], Table 1).

Despite a small share of patients with 1V
stage of the disease included into the study, in
8 of 10 patients of this group G/G polymor-
phism in VEGF (C654G) gene was noted. This
mutant homozygous variant was relatively rare
in patients with | (37.5%), Il (40%) or IlI
stages (37.5%) (p=0.0147, RR=5.42 [1.21;
24.32], Table 2).
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Table 2

Stage of Tumor and Polymorphism of VEGF Gene

Genotype/Allele I-11 Stage I11-1V Stage p RR [95% CI]
VEGF (C654G)
c/C 10 1
5.42
C/IG =
49 1 p=0.0147 [1.21:24.30]
GIG 37 8
c 69 3 2.90
p=0.1 ;
G 123 17 [0.88;9.62]

On the basis of frequency of genetic
polymorphism, no differences in dependence
on age of the patient at the moment of mani-
festation of CRC were revealed. It is quite pos-
sible that development of cancer at younger
age has genetic substantiation, but it was not
shown in the given study.

Localization and the extent of differen-
tiation of the tumor neither depend on poly-
morphism of the studied genes.

Polymorphic genes MTHFR (Ala222Val),
XPD (Lis751GlIn), XRCC1 (Arg194Trp), XRCC1
(Arg399GIn), XRCC1 (Arg208His), APE1l
(Asp148Glu), P53 (Pro47Ser), EGFR (A2073T),
CHEK?2 (11e157Thr), TIMP1 (C53CT) did not
show any influence on the tendency of the
tumor to more aggressive invasive growth and
to metastatic spreading.

With this, a direct relationship was
revealed between carriage of major homozy-
gote of TNF (G308A) G/G gene and a high
capacity of the tumor to rapid invasion mani-
fested in identification of the disease already in
I1I-1V stage. Carriers of at least one mutant
allele of TNF (G308A) gene probably have a
weakened function of this cytokine, and, ac-
cordingly, its reduced biological influence.
These data confirm the known relationship
between the activity of cytokine TNF-a and
tumor progression due to its ability to enhance
cell proliferation, stimulate neoangiogenesis
and also to potentiate other factors of inflam-
mation accelerating growth of tumor [8]. Iden-
tification of heterozygous condition of the
given gene (G/A) may be of favorable prog-

nostic significance due to a longer time
required by the tumor for lymphogenic and
remote metastasis.

It was also noted that the presence of mu-
tant homozygous allele MMP1 (1607 2G/2G),
besides TNF (G308A) G/G genotype, leads to
a more aggressive and rapid growth of tumor
and is a poor prognostic criterion. This is prob-
ably associated with excessive inducing influ-
ence of TNF-a cytokine on matrix metallopro-
teases coded for by MMP1 gene which, in turn,
promote early metastatic spread of tumor [9].

Mutation of vascular endothelial growth
factor VEGF is a reliable aggressive risk factor
of rapid progression of tumor. In our study we
did not qualitatively determined expression of
this gene in tumor cells, however, it is quite
possible that mutant genotype of this allele
(G/G) is associated with enhanced growth of
vessels and rapid progression of tumor. A
small amount of patients with IV stage of
tumor process involved into the study did not
permit a unambiguous interpretation of the ob-
tained results, but the revealed sharp increase
in the mutation of the given gene in this group
requires further investigation and probably an
additional immune-histochemical examination
of tumorous tissues of these patients.

Conclusion

The significance of polymorphism of
MTHFR (Ala222Val), XPD (Lis751GIn), XRCC1
(Arg194Trp), XRCC1 (Arg399GIn), XRCC1
(Arg208His), APE1l (Aspl48Glu), hOGG1
(ser326Ces), P53 (Pro47Ser), VEGF (C654G),
EGFR (A2073T), TNF(G308A), CHEK2
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(1e157Thr), MMP1 (1607 1G/2G), TIMP1
(C53CT) genes in development of colorectal
cancer was analyzed.

The studied genes were equally common
in both genders irrespective of the age and did
not produce any influence on the age criterion
for manifestation of colorectal cancer, neither
on localization and the extent of differentiation
of tumor.

A reliable connection between polymor-
phism of TNF (G308A) gene and a tendency of
the tumor to rapid invasion into the deeper
lying tissues was established that was reflected
in identification of the disease at Il1-1V stage.
The existence of G/A polymorphism should
be considered a favorable factor promoting a

lower aggressiveness of tumor (p<0.05). The
existence of G/G major genotype, especially
in combination with homozygous mutant
allele of MMP1 (1607 1G/2G) gene is an
unfavorable factor that is most common in
patients with the newly diagnosed colorectal
cancer at I11-1V stage (p<0.05).

The presence of homozygous mutant
G/G genotype of VEGF (C654G) gene may
correlate with rapid tumor progression and
active metastatic process.

Extension of knowledge of the nature
of cancer, peculiarities of its treatment in a
particular patient in future will help improve
the results of patients’ treatment and to transi-
tion of personalized therapy.
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