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ABSTRACT

Background. Colorectal cancer is ranked third in terms of incidence and second in terms of mortality around the
world. Molecular markers of chemoresistance allow to determine the prognosis of the disease and sensitivity of the
tumor to drugs.

Aim. To assess the predictive value of expression of regulators of tumor-associated inflammation TGFbl and
CXCLS in the tumor tissue in colorectal cancer.

Materials and methods. Patients were divided into 3 groups: group I included patients without relapse of the disease,
group II encompassed patients with relapse of the disease (within 6—16 months after the end of chemotherapy),
group III included patients with disease progression. Expression of TGFbl and CXCLS8 in the tumor tissue
before treatment in patients with stage II-1II colorectal cancer (n = 77) was determined using quantitative real-
time polymerase chain reaction (PCR) on the Bio-Rad CFX-96 Touch Real-Time PCR Detection System (USA).
Statistical data processing was performed using Statistica 13.0 software (StatSoft, USA).

Results. We found that in samples of poorly differentiated colorectal cancer, the level of TGFb and CXCL8 mRNA
was significantly higher than in moderately and well differentiated tumors. We did not reveal any relationship of
the level of TGFb1 and CXCLS transcripts in tumor samples of patients with stage II-III colorectal cancer with age
and the presence of mutations in the EGFR (Epidermal Growth Factor Receptor) signaling pathway (RAS, BRAF).
We found a strong positive correlation between the levels of TGFb1 and CXCLS transcripts for the entire sample
of patients with colorectal cancer. We have found that the expression of TGFbI and CXCLS genes was significantly
higher in the tumor tissue of patients with disease progression.

Conclusion. Overexpression of 7GFbI and CXCLS, which are involved in the mechanism of tumor-associated
inflammation, can be considered as a negative prognostic factor for the progression-free interval when using the
FOLFOX / XELOX regimen for the treatment of colorectal cancer.
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PE3IOME

Konopexranbueiii pak (KPP) mo 3a6oneBaemocTr B Mupe HaXOAUTCS Ha 3-M MECTE M Ha 2-M — 110 CMEPTHOCTH.
Moseky sipHbIe MapKepbl XHMHOPE3UCTEHTHOCTH ITO3BOJIAT ONPEAIIATH IPOTHO3 3a00JI€BaHMs U Uy BCTBHUTEIBHOCTD
OITYXOJIU K JICKAPCTBEHHBIM IIperaparam.

Heas. OneHnTs NPEUKTHUBHYIO 3HAUUMOCTB dKcnpeccun paxropoB TGEbl u CXCLS — perynsTopoB OIyXoib-
aCCOLMUPOBAHHOIO BOCHAJICHUs B OILyXxoJieBoi Tkanu npu KPP.

Matrepuajbl 1 MeToAbl. IlanueHTs! ObUIM pa3zeneHsl Ha Tpu rpynmbl: I — 6e3 penuanea, I — ¢ peunnusom (B
TeyeHue 6—16 mec mocie okoH4YaHus xumuorepanuu), III — ¢ mporpeccupoBaHueM 3abosieBaHUs. DKCIPECCUIO
TGFb1 u CXCL8 B ommyxoneBoii TkaHu 10 Havyana ieueHus nanueHToB ¢ KPP wa [I-111 craguu (n = 77) onpeaensiin
C UCIOJIb30BaHNEM KOJIMYECTBEHHOI MOJIMMEPa3HOil IEMHOM peaklny B peaJbHOM BPEMEHH Ha aMIuindukarope
CFX-96 BioRad (CILIA). Cratuctudeckasi 00pabOTKa JaHHBIX BBIIOJHEHA C HCIIOJIb30BAHHEM IMPOTPAMMHOTO
obecrieuenus Statistica 13.0 (StatSoft, CLLIA).

Pe3yabTathl. B o6pasunax auskoauddepenmpoBannsix omyxosnei mpu KPP yposens MPHK TGFb u CXCLS 6b11
CYIIECTBEHHO BBIIIE, YEM B OIYXOJEBBIX 00pa3Iax ¢ YMEPEHHOH U BBICOKOH (D HepeHIIMPOBKON. 3aBUCHMOCTH
ypoBus TpanckpuntoB TGFbl u CXCLS B 0o6pasuax omyxonu y narueHToB Ha [I-III craguu KPP ot Bo3pacta u
nanmynst Mmytauuii EGFR (Epidermal Growth Factor Receptor) curnansnoro mytu (RAS, BRAF) He BbIsiBIICHO.
VcTaHOBIIGHA TIOJOKHMTENbHAS CHJIbHAS KOPPEIALMOHHAS CBA3b MEXIy ypoBHsAMH TpanckpuntoB TGFbl u
CXCLS8 s Beeii Beroopku nanuenToB ¢ KPP. Okenpeccus renoB 7GFb1 u CXCLS 3Ha4MMO BBILIE B OIyXOJIEBOM
TKaHU MAILMEHTOB C POrPECCHPOBAHNUEM 3a00JIEBAHMS.

3akmouenne. ['nnepakcnpeccust TGFbl u CXCLS, y4acTBYIOIIMX B MEXaHH3ME OITyXOJIb-aCCOLMHPOBAHHOTO
BOCHAJICHHS, MOXKET PAcCMaTPUBATBHCS KaK HEraTHBHBIA (akTop MporHo3a BpeMeHH 0e3 MpOrpecCHpoBaHUs IPH
ucnonb3oBannu cxeMbl FOLFOX/XELOX neueHus: KOJOPEKTAILHOTO paKa.

KuiroueBnble cioBa: konopektansHblii pak, TGFbl, CXCL8, EGFR, omyxomneBas mporpeccus

Kondaukr unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIMIEH CTaThu.

Hcrounuk ¢puHAHCHPOBAaHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBMH (PMHAHCHUPOBAHMS TPU NPOBEACHUH MCCIIEIO-
BaHUSL.

CooTBeTcTBHE MPUHIOUNAM THKH. VccienoBaHue o00pEeHO ITHYECKMM KOMHTETOM VHCTHTYTa MEIULINHEL,
9KOJIOTHH H (u3ndeckoil KyabpTypsl Yal'yY (mporokoa Ne 9 ot 15.09.2014).

[ nurupoBanusi: boromonosa M.A., Honrosa [I.P., AuroneeBa M.U., Abakymosa T.B., Maraguesa U.P.,
IMeckoB A.B., I'ennnr T.II. [NpenuxruBnas 3Haunmocts peryisitopoB Bocnanenust TGFbl u CXCL8 B omyxo-
JICBOM TKaHW MPH KOJIOPEKTAIbHOM pake. bromnemens cubupckoii meduyunsl. 2023;22(1):7-13. https:/doi.
org/10.20538/1682-0363-2023-1-7-13.
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INTRODUCTION

Colorectal cancer (CRC) is a malignant tumor that
develops in the colonic and rectal mucosa. CRC is
ranked third in terms of incidence and second in terms
of mortality around the world [1]. Molecular markers
of chemoresistance can be used for early diagnosis of
CRC, assessment of patient prognosis, and prediction
of tumor sensitivity to chemotherapy. In ordinary cells,
transforming growth factor beta 1 (TGFb1) stimulates
production of collagen and fibronectin, reducing
secretion of enzymes that are responsible for degrading
the extracellular matrix [2]. At different stages of
malignant transformation in colonic epithelial cells,
TGFbl acts both as a suppressor and a promoter of
tumor growth [3]. TGFDb1 is involved in inhibition of
cell proliferation, induces apoptosis and angiogenesis,
and has immunosuppressive effects [4-7]. Previous
studies have shown a relationship between a high level
of TGFD1 in the blood serum in patients with CRC and
a poor disease prognosis [8]. TGFb1 is also involved in
the epithelial — mesenchymal transition (EMT) [9-11].

It has been shown that CRC cells can produce
interleukin (IL)-8 (IL-8 / CXCLS8), which mediates
neutrophil chemotaxis [12]. Activated neutrophils
secrete CXCLS8, which can interrupt the apoptotic
effect of Bcl-2, prolong the presence of neutrophils
in the tumor stroma, and block the anti-inflammatory
effect of factors [13, 14]. CXCLS is also involved in
tumor vascularization [15].

Due to conflicting literature data on the role of
inflammatory mediators in carcinogenesis, the aim of
the study was to assess the predictive value of TGFb1
and CXCLS expression in the tumor tissue in CRC.

MATERIALS AND METHODS

A retrospective study was carried out at Ulyanovsk
Regional Clinical Oncology Center and Research Medi-
cal and Biological Center of Ulyanovsk State University
from 2014 to 2020. The study protocol was approved
by the Ethics Committee at the Institute of Medicine,
Ecology, and Physical Education of Ulyanovsk State
University (Protocol No. 9 of 15.09.2014).

Detailed characteristics of patients are given in
Table 1.

Table 1

Characteristics of patients with colorectal cancer included
in the study, n =77

Parameter Number of patients ‘
Gender:
—male; 42
— female 35

Table (continued)

Parameter Number of patients ‘

Age, years:

—25-44 9

—45-59 40

—60-75 28
Stage of the disease:

-1I 16

—1II; 37

-1v 24

Assessment of regional lymph node
metastasis (N):

—NO; 34

—NI1; 44

-N2 16
Degree of tumor differentiation:

— poorly differentiated; 7

— moderately differentiated,; 44

— well differentiated 26
Tumor location (side):

— left-sided 59

right-sided 18

The presence of mutations in the EGFR
signaling pathway:

—nRAS; 5
—kRAS; 21
— BRAF; 5
— undefined 12
Family history of the disease:
—yes; 12
—no; 49
— undefined 16
Polychemotherapy according to the
FOLFOX / XELOX regimen:
—adjuvant; 53
— palliative 24

Assessment of prevalence of stage 11-I11
primary tumor:

-T, 3
- T, 34
- T4a 9
-T 7

Presence of negative prognostic factors
(stage II-11I tumors):
—yes 23
—1no 30

Treatment efficacy was evaluated every 2 months
(after 4 courses of FOLFOX / 2 courses of XELOX),
as well as after completion of all chemotherapy
courses. The examination plan included: complete
blood count and blood biochemistry, urinalysis,
assessment of serum carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA 19-9) levels,
chest radiography in two projections, abdominal,
pelvic, and retroperitoneal ultrasound, and endoscopic
methods (fiberoptic colonoscopy, if indicated). In case
of doubtful results of standard examination methods,
contrast-enhanced multislice computed tomography
(MSCT) or magnetic resonance imaging (MRI)
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of the chest, abdomen, and pelvis was performed.
At the end of treatment, patients were followed up
by an oncologist, with periodic health checkups in
accordance with standard WHO guidelines.

Depending on the response to FOLFOX /
XELOX chemotherapy regimens, the patients were
divided into 3 groups: group I included patients
without relapse of the disease (more than 3 years after
the end of chemotherapy), group II encompassed
patients with relapse of the disease (within 616
months after the end of chemotherapy), group III
included patients with disease progression during
chemotherapy.

A molecular genetic study of formalin-fixed
paraffin-embedded (FFPE) tumor samples by
polymerase chain reaction (PCR) was performed in
the following way. Histological sections of tumors
containing at least 80% of cancer cells were used as
biomaterial for the study. Sections of tissue blocks
obtained from resection margins of the same tumors
were taken as a conditional norm. DNA / RNA was
isolated from FFPE blocks from 10-15 pm-thick
tumor sections (with a total area of at least 2 cm?) using
SileksMagNA magnetic particles (Kit KIRFFPE0100,
Sileks LLC, Moscow, Russia).

Using the QuantumDNA-211 kit, the concentration
of DNA isolated from paraffin-embedded colorectal
tissue and suitable for amplification was determined,
and the presence of PCR inhibitors in the sample
was identified. In 92% of cases, the samples did
not contain PCR inhibitors and had a concentration
of DNA fragments suitable for PCR. Furthermore,
using the Insider NRAS-3 and Insider KRAS-2
Mutation Detection Kits (StepOne Plus, Evrogen Lab,
Moscow, Russia), the presence of RAS mutations
was determined. To analyze mutations in the BRAF
(V600OE) gene in tumor DNA samples, the kit
manufactured by Syntol (Moscow, Russia) was used.
For the transcript analysis, a reverse transcription PCR
was performed immediately after the isolation. Then
quantitative real-time PCR was performed in triplets
on the Bio-Rad CFX-96 Touch Real-Time PCR
Detection System (USA) using the DNA intercalating
dye SYBR. Primer sequences synthesized at Evrogen
Lab are given in Table 2. The GAPDH gene was used
as a housekeeping gene. Normalized expression of
target genes with respect to the housekeeping gene
was calculated using the Bio-Rad CFX Manager
Software [16].

Statistical data processing was performed using
Statistica 13.0 (StatSoft, USA). Non-normally

distributed variables were compared using the
nonparametric Mann — Whitney test and the Pearson’s
correlation coefficient. To analyze regression for
overall and relapse-free survival, the Cox regression
model and the Kaplan — Meier analysis were used. The
data were presented as the median and the interquartile

range Me (Q,—0,).

Table 2
Primer sequences in the studied genes [17]
Studied Primer annealing
Sequence o
gene temperature, °C
F5’-CGA CTC GCC AGA GTG
GTT AT -3’
TGFbI R5-AGT GAA CCC GTT GAT 39
GTC CA-3’
F5’-CTC CAAACC TTT CCA
ccece-y
CXCL8 R5’-GAT TCT TGG ATA CCA 60
CAG AGAATG - 3
F5’-GCA CCG TCAAGG CTG
AGAAC-3
GAPDH R5”-TGG TGA AGA CGC CAG 39
TGGA-3
RESULTS

Following our studies, we found that the level of
TGFbl mRNA in the tumor in patients with stage
II-IIT CRC did not depend on patient’s age and the
presence of mutations in the EGFR signaling pathway
(RAS, BRAF). Pronounced differences in the levels
of TGFbl mRNA in CRC were detected in poorly
differentiated tumors (Table 3).

A strong positive correlation was found between
the levels of TGFbl and CXCLS transcripts in all
CRC samples ( = 0.730; Rho = 0.852; p = 0.00001)

(Fig. 1).

16
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=

o 5 10 15 20
CxCLE

Fig. 1. Scatterplot (Pearson’s correlation coefficient) of TGFbl
and CXCL8 mRNA values in the tumor in CRC patients
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Table 3

Transcript level in 7TGFb1 and CXCL8 genes in FFPE colorectal cancer samples, Me (0,-0Q,)

Parameter

Normalized expression of TGFb1
in colorectal cancer samples

Normalized expression of CXCLS
in colorectal cancer samples

Patient’s age:
— over 55 years;
—under 55 years

1.845 (0.910-3.906)
2.702 (0.895-4.145)
»=0.690

1.968 (1.127-5.114)
2.210 (1.549-4.997)
»=0.560

CRC stage:
-1I
—1I

2.558 (1.427-7.167)
1.490 (0.867-3.769)
p=0.114

2.446 (1.469-5.348)
2.212 (1.320-5.657)
p=0819

Degree of tumor differentiation:

— poorly differentiated;
— moderately differentiated;
— well differentiated

7.168 (4.120-12.553)
2.568 (1.856-6.345)
1.427 (0.809-2.628)

p,=0.035,p,=0.023

8.770 (1.127-15.114)
2.262 (1.454-6.872)
1.408 (0.849-2.997)
p,=0.004, p,=0.012

The presence of mutations in the EGFR signaling

pathway (RAS, BRAF):
—yes;
—1no

1.630 (0.840-3.843)
2.578 (1.12-4.411)
p=0.371

1.597 (1.107-3.224)
2.822 (1.647-5.294)
p=0.246

Note: the nonparametric Mann — Whitney test was used; the differences between two independent groups were assessed; the differences were

statistically significant at p < 0.05.

It was found that the expression of TGFb1 in the
tumor differed significantly in groups of patients with
CRC, depending on the tumor response to standard
chemotherapy. In the group of patients with disease
progression during chemotherapy, the levels of TGFb1
mRNA were higher than in the group of CRC patients
with relapse of the disease (within 6—16 months after
the end of chemotherapy — group II) and the group
of patients without relapse of the disease (for more
than 2 years) — group I (p,= 0.009; p,= 0.0007). A
similar trend was observed when the level of CXCLS8
mRNA was analyzed (Fig. 2). Overexpression of
CXCLS8 in CRC was observed in the group of patients
with disease progression (group III) (p, = 0.0008;

p,=0.001).
b 5563 5.630
2208
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Fig. 2. TGFbl and CXCLS transcript levels in tumors of CRC
patients depending on the tumor response to chemotherapy:

* data are significantly different from those in group III
(p=<0.05)

The Cox regression analysis showed that the
progression-free survival depended on the expression
of TGFbl in the primary tumor (y2 = 8.158; p =
0.0043). The Kaplan — Meier analysis of relapse-free
survival (PFS) in CRC patients also showed the effect
of TGFbl expression on PFS. In the group of
patients with tumor TGFbI expression of more
than 2 (group I), the follow-up median was 11.3
months versus 62.9 months (group 0) (log-rank-test,
p=0.041) (Fig. 3).
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Fig. 3. Progression-free survival curve in CRC patients
depending on the expression of TGFb1 in the tumor

DISCUSSION

Ambiguous functioning of TGFbl in malignant
transformation and tumor progression may be explained
by the fact that, besides the two main pathways in
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which TGFb is involved [18], the cytokine contributes
to a number of signaling cascades, which are linked
through activation of TGFb-EGFR proteins [19,
20]. During CRC progression, mutation-associated
inactivation of the TGFb1 signaling pathway occurs.
TGFbl is believed to inhibit tumor growth in the
intestine due to inactivation of TGF beta receptors
(TGFb-R1 and R2) or intracellular SMADs (SMAD 2/
3/4)[21]. Cells that lack signals from TGFb1 increase
production of proinflammatory cytokines and thereby
cause transformation of colonic epithelium [22, 23].

Our data on the increase in TGFbl mRNA
expression in group III with a decrease in tumor
differentiation confirm the results of studies by A.
Calon et al. (2012) on more frequent cancer relapses,
advanced cancer stage at diagnosis, and reduced
survival of patients with colon cancer [24]. The loss of
the ability to suppress tumor growth (group III), which
accompanies TGFb1 overexpression, determines cell
selection for survival in CRC. In turn, secretion of
chemokines in the tumor activates immune infiltration
in the tissue and promotes migration of cancer cells to
the vessels, accelerating angiogenesis. The observed
coexpression of TGFbl and CXCLS genes in the
CRC samples may indicate a relationship between
the factors involved in the control over proliferation
(TGFb1) and proinflammatory microenvironment, in
particular CXCLS, during progression of CRC [24].
A shorter relapse-free interval during chemotherapy
in patients with overexpression of TGFbI and CXCLS
can be explained by the fact that TGFbl protects
cancer cells from apoptosis by activating the ErK
signaling pathway [25].

Therefore, we found significant differences in
the levels of TGFbl and CXCL8 expression in the
tumor tissue of CRC patients depending on the tumor
response to chemotherapy, tumor differentiation, and
the duration of the progression-free interval during
FOLFOX / XELOX chemotherapy.

CONCLUSION

Overexpression of TGFbl and CXCLS, which
are involved in activating the mechanisms of tumor-
associated inflammation, can be considered as a
negative prognostic factor for progression-free
survival using the FOLFOX / XELOX treatment
regimen for CRC.
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