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Abstract. Genetic variations in inflammation- and angiogen-
esis-related genes may alter the coded protein level and impact
the pathogenesis of breast cancer (BC). The present study
investigated the association of functional single nucleotide poly-
morphisms (SNPs) in the VEGFA, IL-1f, IL-1a. and IL-6 genes
with the early-stage BC phenotype and survival. Genomic DNA
and clinical data were collected for 202 adult Eastern European
(Lithuanian) women with primary I-II stage BC. Genotyping
of the SNPs was performed using TagMan SNP genotyping
assays. Nine VEGFA, IL-13, IL-1a and IL-6 polymorphisms
were analysed. The VEGFA and IL-6 haplotypes were inferred
using Phase software. Patients were prospectively followed-up
for recurrence, occurrence of metastasis and mortality until
April 30, 2019. All studied genotypes were in Hardy-Weinberg
equilibrium and had the same distribution as the 1,000 Genomes
project Phase 3 dataset for European population. Significant
associations of the studied SNPs with clinicopathologic vari-
ables were observed between IL-Ia rs1800587 C allele and
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larger primary tumour size; IL-6 rs1800797 A allele, rs1800797
GA genotype, 151800795 C allele, IL-6 (rs1800797-re1800795)
AC diplotype and hormonal receptor-positive disease; IL-6
rs1800797 A allele and HER?2 negative status. In univariate Cox
survival analysis, IL-Ia rs1800587 CC and IL-6 rs1800797 GG
genotype carriers exhibited worse disease-free survival (DFS),
metastasis-free survival (MFS) and overall survival (OS).
The IL-6 rs1800795 GG genotype was associated with worse
OS. IL-6 (rs1800797, rs1800795) GG/GG diplotype carriers
had shorter MFS and OS. Multivariate Cox survival analysis
revealed that the /L-/a rs1800587 CC genotype was an inde-
pendent negative prognostic factor for DFS, MFS and OS, and
the IL6 GG/GG diplotype was an independent negative prog-
nostic factor for MFS and OS. According to the present study,
functional SNPs in the /L-/a and IL-6 genes may contribute
to the identification of patients at higher risk of BC recurrence,
development of metastases and worse OS among early-stage
patients with BC.

Introduction

Breast cancer (BC) is one of the most commonly diagnosed
cancers and the leading cause of cancer death among women
worldwide (1). Improved diagnostic capabilities has led to an
increased rate of BC identified at an early stage (2). However,
despite early diagnosis and treatment, the rate of recurrence
and metastasis following radical treatment remains disap-
pointingly high, and survival varies considerably between
patients with closely matching tumour characteristics.

Inflammation and angiogenesis are the main drivers of
cancer. These processes are tightly interconnected in the
sense that many pro-inflammatory proteins possess proangio-
genic properties and vice versa. The formation of new blood
vessels in malignant tumours ensures the supply of nutrients
and oxygen, hence promoting the spread of tumour cells (3).
Microvessel density is a pivotal risk factor for metastasis and a
predictor of poor BC prognosis (4).

The vascular endothelial growth factor A (VEGFA, or
VEGEF) is the best-known proangiogenic molecule. VEGFA
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mediates the growth of new blood vessels by binding to the
endothelial cell surface receptors. It promotes endothelial cell
proliferation, migration and the formation of tubular struc-
tures (5). Another mechanism of tumour neovascularization is
the so-called inflammatory angiogenesis. Such pro-inflamma-
tory cytokines as interleukin-1p (IL-1p), interlukin-1o. (IL-1ct)
and interleukin-6 (IL-6) through a variety of signalling
pathways promote endothelial cell migration and prolifera-
tion, contributing to tumour angiogenesis that facilitates the
survival of cancer cells (6,7). Apart from stimulating angio-
genesis, VEGFA, IL-1p1, IL-1a and IL-6 are also involved in
inflammatory processes. These proteins may prevent apoptosis
and promote cancer cell proliferation, differentiation, migra-
tion and metastasis.

The association between the above-mentioned proteins
and BC prognosis was demonstrated by several authors. The
elevated serum level of VEGFA in metastatic BC patients is
linked to worse progression-free survival (PFS) and overall
survival (OS) (8). Another cytokine, IL-6, induces epithe-
lial-mesenchymal phenotype and therapeutic resistance in BC
cells (9). Higher circulating levels of IL6 were observed in
more advanced stages of the disease (10). It was also found that
high tumour co-expression of the VEGF and IL-6 family cyto-
kines significantly lowers the human epidermal growth factor
receptor 2 (HER?2) negative BC survival (11). Moreover, higher
expression of pro-inflammatory IL-1f cytokine is correlated
with higher BC stage and significantly worse survival (12). In
addition, IL-1a acts as a pro-inflammatory molecule itself and
also promotes the activity of IL-1f, resulting in an increased
growth of BC cells and tumour progression (13).

Common polymorphisms in proinflammatory and proan-
giogenic cytokine genes may influence their coded protein
production and play a role in the course of BC. The polymor-
phisms with proved functional activity are VEGFA (rs699947,
rs833061, rs25648, rs1005230), IL-15 (rs1143634, rs16944),
IL-1a (rs1800587) and IL-6 (rs1800795, rs1800797) (14-21).
Candidate gene studies as well as moderate-sized genome-wide
association studies (GWAS) highlight the important role of
these polymorphisms in BC risk and aggressiveness (22-32),
although substantial heterogeneity across studies exists.
The currently available results are inconsistent in terms of
different ethnicity and cancer stage; therefore, it is necessary
to further investigate the role of VEGFA, IL-1f, IL-1a and
IL-6 gene polymorphisms in breast carcinogenesis and cancer
progression.

This paper describes a cohort study that aimed to examine
the contribution of VEGFA, IL-18, IL-1a and IL-6 gene
polymorphisms to the clinicopathologic features and survival
in a homogeneous group of Eastern European (specifically,
Lithuanian) early-stage BC patients.

Materials and methods

Patients. The study consisted of 202 adult Lithuanian women
with primary I-II stage BC. All patients were treated in the
Hospital of Lithuanian University of Health Sciences Kaunas
Clinics. The exclusion criteria were other malignancies, signif-
icant comorbidities and/or incomplete medical documentation.
Surgery and adjuvant therapy were chosen by the clinicians,
based on pathomorphologic characteristics and validated
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prognostic factors. The patients were followed until 30 April,
2019 (censoring date).

Candidate polymorphisms. The genes and polymorphisms
known to modulate inflammation and angiogenesis were
selected. The selection criteria included: i) functional single
nucleotide polymorphisms (SNPs) in the VEGFA, IL-10,
IL-1a and IL-6 genes predicting alterations in the protein
level; ii) SNP relevant to outcomes in other settings; and
iii) SNP with a minor allele frequency greater than 15% in the
study population. We selected nine SNPs: The VEGFA gene
r$699947, rs833061, rs25648, and rs1005230; the /L-15 gene
rs1143634 and rs16944; the IL-1a gene rs1800587; and the
IL-6 gene 151800795 and rs1800797.

Assay methods. Peripheral blood samples from the study
population were collected in 2009-2017. For genomic DNA
extraction from peripheral blood leukocytes, a commercially
available DNA extraction kit (i.e., Thermo Fisher Scientific
Baltics, Lithuania) was used. The DNA was stored at -20°C
prior to usage.

Genotyping of the selected polymorphisms was
performed at the Dr. K. Janusauskas Laboratory of Genetics
of the Institute of Biology Systems and Genetic Research of
Lithuanian University of Health Sciences Kaunas Clinics. The
SNPs of the target genes were estimated by using TagMan
SNP Genotyping Assays (C_8311602_10, C_1647381_10,
C_791476_10,C_8311612_10,C_1839697_20,C_1839695_20,
C_9546517_10, C_1839943_10, C_1839943_10; Applied
Biosystems; Thermo Fisher Scientific, Inc.). The polymerase
chain reaction was performed in a reaction volume of 25 ul
containing template DNA (2 ng), 2X TagMan Universal
Master Mix II, no UNG (Applied Biosystems; Thermo Fisher
Scientific, Inc.)-12,5 ul, 20X TagMan SNP Genotyping Assay
stock (initial stock of 40X or 80X was diluted to get 20X
working stock)-1,25 pl. The final volume of 25 ul was adjusted
by adding nuclease free ddH,O. Finally, the 2 ul of DNA was
added from each sample. For negative control, nuclease free
ddH,O was used instead of patient DNA, while for positive
control, the DNA of the known genotype was used. Each
sample genotyping was repeated twice for accuracy.

The Applied Biosystems 7900HT Real-Time Polymerase
Chain Reaction System (Applied Biosystems; Thermo Fisher
Scientific, Inc.) was used for SNP detection. The cycling
program started from heating up to 95°C for 10 min followed
by 40 cycles (at 95°C for 15 sec and at 60°C for 1 min). Finally,
allelic discrimination was done by using the SDS 2.3 software
provided by Applied Biosystems; Thermo Fisher Scientific,
Inc.

Study design. A prospective cohort study was conducted at
the Hospital of Lithuanian University of Health Sciences.
For the case selection, information on primarily BC patients
was retrieved from the hospital's Pathology Department. The
patients who fulfilled the inclusion criteria and signed the
informed consent document (approved by the Kaunas Regional
Ethics Committee for Biomedical research; Protocol number
BE-2-10) were enrolled in the study and their peripheral
blood samples were obtained. The characteristics of clinical
and pathological features and the course of the disease were
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obtained for all study subjects. The date of histological BC veri-
fication was time zero in the survival analysis. The endpoints
of interest were disease-free survival (DFS), metastasis-free
survival (MFS) and OS. We checked for associations of SNPs
with the known BC prognostic factors and survival endpoints.
The guidelines for the reporting of tumour marker prognostic
studies were applied while conducting the study (33,34).

Statistical analysis. The allele frequency distributions of the
investigated SNPs were compared with the European population
data from the 1000 Genomes project phase 3 database (35). For
each SNP a Hardy-Weinberg equilibrium was assessed by using
Pearson's chi square and Fisher's exact tests. The Haploview
v4.1 software was used to check for the linkage disequilibrium
between SNPs (36). The VEGFA and IL-6 haplotypes were
inferred from the tested SNPs by Bayesian methods as imple-
mented in the Phase software (v2.1; Department of Statistics,
University of Washington, Seattle, WA, USA) (37,38). The SNPs
were analysed under genotype, allelic and haplotype (for IL-6
and VEGFA SNPs) models. The associations of polymorphisms
with clinicopathologic variables were evaluated by Pearson's
Chi-square or Fisher's exact test. The Bonferroni-corrected
o level was used in the association analysis for multiple
comparisons. Moreover, the Cox proportional hazards model
was used to estimate the prognostic factors for DFS, MFS and
OS. In addition, multivariate analysis was used to determine
the interdependency of genotypes and other known prognostic
factors, such as age, tumour differentiation grade, tumour size,
lymph node status, oestrogen receptor status, progesterone
receptor status and human epidermal growth factor receptor 2
(HER?2) status. Hazard ratios (HR) and their 95% confidence
intervals (CI) were recorded for each tested marker. Finally,
the Kaplan-Meier analysis with the log-rank test was applied to
compare the survival of the patients with different genotypes.
Statistical significance was set at 5% (P<0.05). Statistical anal-
ysis was performed using SPSS for Windows v20.0 (Released
2011; IBM Corp).

Results

Sample characteristics. A total of 202 Lithuanian women
with early-stage BC were included in the current analysis.
The frequency distributions of clinical and tumour biological
factors are shown in Table I. For all study participants,
primary treatments included surgery (100%), chemotherapy
(77%), hormone therapy (71%), trastuzumab (19%) and radia-
tion therapy (97%).

All the patients were genotyped for a panel of nine
SNPs: The VEGFA gene 15699947, rs833061, rs25648 and
rs1005230; the IL-15 gene rs1143634 and rs16944; the IL-1a
gene rs1800587; the IL-6 gene rs1800795 and rs1800797. The
genotypes were found to be in Hardy-Weinberg equilibrium in
all the nine SNPs. A strong linkage disequilibrium between
four VEGFA and two IL-6 polymorphisms was confirmed
(Fig. 1). Our cohort had similar allele distribution to that of the
1000 Genomes project phase 3 for European population. The
genotype and allele frequency data is presented in Table II.

Inferential analysis. The data on associations between the
analysed polymorphisms and clinicopathologic tumour
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Table I. Frequency data for clinical and tumour biological
factors.

Factor Patients, %

Age at diagnosis, years

<50 years 65

=50 years 35
Tumour size, cm

<2 64

2-5 36
Lymph node status

Positive 55

Negative 45
Grade

Gl and G2 78

G3 22
ER status

ER positive 68

ER negative 32
PR status

PR positive 60

PR negative 40
HER?2 status

HER?2 positive 19

HER?2 negative 81

ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.

features is shown in Tables SI-SVI. In the single-locus anal-
ysis, the genotype model revealed a significant link between
the IL-6 rs1800797 genotypes and the oestrogen receptor
(P=0.005) and the progesterone receptor (P=0.007) status
(Bonferoni adjusted; significant p value <0.008). The allelic
model showed that the A allele of this SNP is associated with
positive oestrogen receptors (OR 2.23; 95% CI: 1.19-4.08;
P=0.014). Patients carrying the IL-6 rs 1800797 A allele were
also predisposed to higher rates of HER2 negative BC (OR
2.21; 95% CI: 1.07-4.57; P=0.042). Additionally, another IL-6
polymorphism, rs1800795, in both genotype and allelic models
was linked to oestrogen receptor positive BC. Specifically, 72%
of patients carrying the /L-6 rs1800795 C allele had oestrogen
receptor positive disease, compared to 58% of non-carriers
(OR 1.92; 95% CI: 1.04-3.57; P=0.04).

Linkage disequilibrium analysis showed a high degree of
disequilibrium between the two IL-6 SNPs (1*=0.89), meaning
that the associations were not independent. As such, haplotype
analysis was performed to further explore the relationship
between IL-6 variations and other prognostic factors. Phasing
revealed three possible /L-6 (rs1800797, rs1800795) haplo-
types: GG (51.7%), AC (45.5%) and GC (2.8%). It was further
demonstrated that the AC haplotype was positively associ-
ated with oestrogen receptor positive BC (HR 2.13; 95% CI
1.14-3.98; P=0.018; Table SII).
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Table II. Allele and genotype frequencies of analysed single nucleotide polymorphisms in the study population and in European
population data from the 1000 Genomes Project Phase 3 database.

Study allele and genotype frequencies

Gene Polymorphism (1000 Genomes Project Phase 3 database allele frequencies)

VEGFA 1s699947 A,0.53 (0.50) C,0.47 (0.50) AA,0.28 CA,0.50 CC,0.22
rs833061 T, 0.47 (0.50) C,0.53 (0.50) TT,0.21 TC,0.51 CC,0.28
1$25648 C,0.81 (0.83) T, 0.19 (0.17) TT,0.03 CT,0.32 CC,0.65

rs1005230 T, 0.52 (0.50) C,0.48 (0.50) TT,0.28 CT,049 CC,0.23

IL-6 rs1800795 C,047(042) G,0.53 (0.58) CC,0.24 GC,047 GG, 0.29

rs1800797 A,046(041) G,0.54 (0.59) AA,0.23 GA, 047 GG, 0.30

IL-15 rs1143634 G,0.73 (0.75) A,0.27 (0.25) GG, 0.52 GA, 042 AA,0.06
1516944 G, 0.66 (0.65) A,0.34 (0.35) GG,043 GA, 047 AA,0.10

IL-1a rs1800587 C,0.69 (0.71) T, 0.31 (0.29) CC,048 CT,043 TT,0.09

VEGFA, vascular endothelial growth factor A; IL, interleukin.
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Figure 1. Linkage disequilibrium data for VEGFA, IL-1f and IL-6 single nucleotide polymorophisms. Numerical values are given of D' values, whereas the
colors are given to encode r2 (dark grey encodes high r2). VEGFA, vascular endothelial growth factor A; IL, interleukin.

By analysing the associations between the /L-/a SNP and
clinicopathologic factors (Table SIII), we found a link between
the IL-I1a rs1800587 SNP C allele and larger primary tumour
size (comparing tumours sized <2 vs. 2-5 cm) (OR 4.91;
95% CI: 1.09-22.01; P=0.022).

Other analysed polymorphisms of IL-1 and VEGFA
revealed no associations with the evaluated prognostic factors
in neither genotype nor allelic models (Tables SIV-SVI). Due
to the strong linkage disequilibrium, four VEGFA polymor-
phisms were also analysed in the haplotype model. Three main
haplotypes were identified: CCTC (45.5%), ATCC (33.4%) and
ATCT (17.6%), as well as several rare variants. None of the
VEGFA haplotypes was associated with clinicopathologic
prognostic variables.

Survival analysis. In the mean follow-up time of 67 months
(range 28-202), progression of the disease was observed for
33 patients. Of those who progressed, 28 had distant metas-
tases. Twenty-two patients with progressive disease died, all

due to cancer. The Kaplan-Meier survival analysis showed that
the IL-10 rs1800587 SNP is associated with early-stage breast
cancer DFS, MFS and OS. In particular, patients homozygous
for the C allele (CC) had worse survival rates than patients
homozygous and heterozygous for the A allele (CT and TT)
(Fig. 2A-C).

The univariate Cox regression analysis (presented in
Tables III-V) revealed that L-/a rs1800587 CC genotype
carriers had 2.48 times higher risk of disease recurrence
(95% CI: 1.19-5.11; P=0.014), 3.12 times higher risk of metas-
tasis (95% CI: 1.37-7.10; P=0.007) and 2.63 times higher risk
of death (95% CI: 1.07-6.46; P=0.035) than the carriers of CT
and TT genotypes (Table III).

By analysing the SNPs of the /L-6 gene, we found that
the rs1800797 GG genotype was a negative prognostic factor
for DFS and MFS. Furthermore, IL-6 rs1800797 GG and
IL-6 151800795 GG genotype carriers displayed a shorter OS
(Table IV). In a haplotype model, the patients who inherited the
GG/GG diplotype (AC haplotype non-carriers) had a higher



3691

ONCOLOGY LETTERS 19: 3687-3700, 2020

‘wstydrowAod apnoafonu 9[3urs ‘gNS {[BATAINS
[[BI9A0 ‘SO {[BATAINS 9AIJ-SISBISLIAU ‘ SNl {[BATAINS 99IJ-UOISSAIF01d ‘ S d ‘un[napIayul ‘[ “[opout d1fa[e pue 2d£jouad ur sgN'S 2ul Jo Yord im SO pue SHIA ‘SAd 10J sonel prezey pajsnipeu) Jueoyrusig,

0950 (960 ¥-¥L0°0) 1SS0 85¢°0 (888°C-€50°0) T6€°0 0£9°0 (0¥6'2-891°0) €0L'0 81 SISLLIED UOU J[3[[e D
I I I ¥81 SIOLLIED J[3[[e D
:S€0°0 (19¥°9-2L0'1) 2€9°C +L00°0 (P01 LTLET) TTI'E 1070 FIT°S-661°T) 08+'C L6 SIOLLIED UOU J[9[[E [,
I I I SOl SIOLLIED O[9[[E [, IRV
€he0 (L81°0T-TSE'0) ¥99'CT S81'0  (4€0°6T-12S0) 168°C 97¢'0 (¥6L°8-98%'0) L9O'T L6 0%
686'0 (8TH'8-TCI°0) ST0'T 1180  (90S01-6ST°0) T6T 1 78L°0 (6TL €-¥LT'0) SO80 L8 1D
801°0 I ST00 I 600 I 81 LL  adfouan L8S008TSI D[-T]
660 (LLTY-€€T0) 6660 L16'0 (S06°¢-022°0) 9260 0L0 (SST°€-081°0) #SL'0 0T SISLLIED UOU J[3[[e D
I I I 81 SIOLLIED J[9[[E D)
4540 (¥89'1-962°0) 90L°0 691°0 (LT 1-65T°0) €LS°0 1020 (P6T 1-20€°0) €29°0 L8 SIOLLIED UOU J[3[[B Y/
[ [ I SIT SIOLLIED O[9[[B Y IRV
Y6L°0 (PE8'€-ELT'0) 1870 6CL0 (€£€6°€-691°0) €9L°0 €L60 (96€+-917°0) ¥L6'0 L8 [9)9)
9780 (L8TS+97°0) €81°1 £99'0 (S00°9-02€°0) 98¢'1 96t°0 (960°L-L8E'0) LSY'1 S6 VD
SIL0 I LYE0 I SeE0 I 0T vV  adfiouen r691SI g-1-T1
9780 (6£6'S-L01°0) 66L°0 €LS°0 (8F1°$-9L0°0) €950 6780 (€169-6LT0) ILI'T 4! SISLLIBD UOU J[3[[e D
I I I 061 SIOLLIED J[9[[E D
801°0 (TTI'S-158°0) L8O'T 850°0 (201'9-2€6'0) 989'C 950'0 (9YT S-vv6'0) 061 T SOl SI9LLIED UOU J[3[[e
I I I L6 SISLLIED O[9[[B Y IRV
17970 (0€9°C1-022°0) L99'1 8560  (8Y0'61-E€HE0) SSS'C 89L°0 (16T°6-26T°0) €¥T 1 SOT 0D
1180 (1T¥'9-€60°0) €LLO 09€°0 (889°L-911°0) S¥6°0 S0€'0 (001°2+60°0) €F¥0 S8 VD
ILT0 I 7900 I €400 I 4! vy  adfousn YEOSHIISIgI-11
anfea-d (ID %S6) onex anfea-d (1D) oner piezey anfea-d (ID %S6) oner u adfjordey [SPOIN Al NS 920Uy
plezey deLIeAnNA QJRLIBATUN) plezey 9)eLIRATU) sjuaned Ja111R/2dA10U20)
SO SAN Sdd

SPANDIDOS
[} PUBLICATIONS

*SAN'S P[~7] PU® g[~7] 103 [9POW JJPLIBATUN §,X0D) "TI] J[qBL


https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521

KOROBEINIKOVA et al: ANGIOGENESIS AND INFLAMMATORY GENE POLYMORPHISMS IN BC PROGNOSIS

3692

‘wistydiowAjod apnosponu 9[SuIs ‘NS ([BAIAINS [[BISAO ‘SO ‘[BAIAINS

901J-SISBISBIAUW ‘SN ‘[RAIAINS 931j-uoIssaISoid ‘S d ‘9-unynafraul ‘g-r ‘sfepowr adAKjordey pue orjoqe ‘adKjouas ur SGNS 9y JO yoea yam SO pue SN ‘SAd 10J sonel piezey pajsnfpeun) ‘juedoyusis,

00  (T0¥'9-095°0) #68'1T  29¥0 (I6L°¢-9vS0) 8T 6120  (SILH-10L°0) 8181 P37 s1a1Led uou adKjojdey Ho
I I I 611 s1orred adKyordey Ho
SE00 (19962901 SSHT +SH00  (PISHITOD THI'T  $600  (L19€-S06°0) 608 T 09 s1otLed uou adKjordey Dy
I 1 1 o€l sioued adfyordey Dy adKjojdey
0ST0  (I9T°6°TIL0)SSST  $0T0  (S8Y'S-669°0) €S6'T  €v1°0  (L96°S-TLLO) 91T €9 0D/DO
6850  (PEYST8CO) IFI'T  0€80  (S0E€€8€0) STI'T  82€0  (#€9$-6650) 999' 1 08 JV/DD
0ST0 I 670 I 6£€0 I 8t OV/OV  =dKjoldiq  S6L008TSE-L6L0081S} 911
60C0  (8YSI-SE1'0) 8SH' 0 LICO  (909°1-2€T0) 0190 HEI'0  (ISTT-981°0) €870 oF SIQLLIED UOU J[I[[E D
I I I 961 SISLLIBD S[3[[e O
FP00  (I9VS-€EO0TD) €LET  oLVO0  (OLYP-600T) $ST'C  #700 (494 S-TEOT) OLET 19 SIQLLIED UOU J[9[[B
I I I 171 SIQLLIED J[3[[e oIV
LLOO  (SSETI-8SSO) VLIS +OT'0  (LZ9°9-1¥80) 19€T L9000  (SITL¥E60) 965T 19 fss)
8750 (€8L°6-8I+'0) 9¢S'T ILLO  (OPFE90v0) €LT'T 9620  (L8LH-129°0) ¥TL'T S6 VD
LITO I 9¢1°0 I 0LT'0 I 9t vV adKousn L6L008TSI 971
6£€0 (998 T1-€9T°0) TSSO 6670 (888 T-TLTO)9IL0  SHTO0 (€LY 1-61T0) 8950 8t SISLLIBD UOU J[3[[e D
I I I 4! SISLLIBD 9[9[[8 O
€00 (LELSSLODPSET  SSO0  (SLEV-€86'0) PLOT  #IT0  (TOSEPLS0) OSL'T 6V SISLLIED UOU J[3[[e D
I I I 94! SIQLLIED J[3[[E D B[V
6010 (€61°01-86L°0) ¢S T  PLI'O0  (I9L°S9€L°0) €S0°C 6110 (LLT9-118°0) LSTT (4 I9)9)
6LL0  (09SP-IZE09ITT  TL60  (I88T-9¢£0) €860 870  (O10+-81S0) It 1 6 0D
101°0 I 091°0 I 6£70 I 8t DD ed&ousp S6L008TSX 9-T1
anfeA-q (ID %S6) oner anfeA-q (ID %S6) oner  anfea-d (ID %66) onex u adfyordey [9POIN dI NS douaIajoy
plezey djeLIBATU) pIezey djeLIRATU) plezey djelreArun  ‘sjyuaned Jo19118/2d K10U00)

SO

SN

Sdd

"SANIS 977 103 [SpOUI JJELIBATUN §,X0D) "A IqBL



A IL-1a 11800587
1.04 -H\—|_\_I_‘q
-
0.84 L T allele carriers
b L (CT+TT genotypes)
a |
2 0.6 —[
_E . T allele non carriers
=04 (CC genotype)
]
0.2
0.0l P=0.011
0 50 100 150 200 250
Time to recurrence (months)
B IL-1a rs1800587
1.0
1 = T allele carriers
0.8 L
! y (CT+TT genotypes)
v L
o
= 0.6 L
2
g T allele non carriers
_E 0.4+ (CC genotype)
S
02
0.0 P=0.004
0 50 100 150 200 250
Time to metastasis (months)
C IL-1a 11800587
1.07 T
i
0.8 s - T allele carriers
' L L (CT+TT genotypes)
%2 1 T allele non carriers
C‘U 0.6 (CC genotype)
5
2 0.44
S
02
0.04 P=0.028
0 50 100 150 200 250

Time to death (months)

Figure 2. Kaplan-Meier survival curves for /L-/a rs1800587 single nucleo-

tide polymorphism. (A) DES, (B) MFS and (C) OS. IL, interleukin; DFS,

disease-free survival; MFS, metastasis-free survival; OS, overall survival.

risk of disease recurrence, metastasis and death (Table IV;
Fig. 3A and B).

In a multivariate Cox regression model including age at
diagnosis, tumour size, lymph node status, tumour differen-
tiation grade, oestrogen receptor, progesterone receptor and
HER?2 status, the IL-1a 1800587 CC genotype remained a
significant predictor of poor DFS, MFS and OS. Furthermore,
the IL-6 GG/GG diplotype (non-carrying the AC haplotype)
was an independent negative prognostic factor for MFS and OS
(Table VI). Finally, other polymorphisms and VEGFA haplo-
types were not associated with any of the survival endpoints.
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Discussion

In the present study, we investigated the associations between
nine functional SNPs in four cytokine genes (i.e., VEGFA,
IL-1a, IL-15 and IL-6) and the clinicopathologic profiles and
survival rates in a group of Lithuanian women with early-stage
BC. We found an association between the IL-6 SNPs and the
oestrogen receptor positive, progesterone receptor positive
and HER2 negative status, and a link between IL-lo. SNP
and larger primary tumour size. Furthermore, we confirmed
a negative prognostic value of the /L-6 rs1800797-rs1800795
GG/GG diplotype on MFS and OS and of the /L-/a rs1800587
CC genotype on DFS, MFS and OS in a highly homogeneous
group of patients.

Several authors have demonstrated that carrying the IL-6
151800795 G or IL-6 rs1800795 G alleles is associated with
higher IL-6 protein production (19-21). Specifically, IL-6 is a
cytokine which is considered a prognostic marker as well as
a potential therapeutic target for BC patients. This cytokine
acts through several pathways, regulating the proliferation,
apoptosis and metabolism of BC cells. However, the most
important role of IL-6 in breast carcinogenesis is its potential
to induce breast metastasis by enhancing angiogenesis and
tumour cell migration (39). According to previous studies,
IL-6 151800797 and rs1800795 polymorphisms appear to be
biologically important; however, the data on their clinical
importance is still heterogeneous.

The association of /L-6 polymorphisms with BC survival
was analysed in several studies (Table VII). Snoussi et al (32)
and DeMichele er al (27) analysed patients with non-meta-
static stage I-III BC. In both studies the /L-6 rs1800795
GG genotype was associated with decreased DFS and OS.
In DeMichele et al (27) the presence of at least one copy of
the haplotype rs1800797G-rs1800796G-373(10A/11T)-rs18
00795G was associated with worse DFS. Snoussi et al (32)
also found a significant link between IL-6 rs1800797 GG
polymorphism and decreased DFS and OS. However, in
DeMichele et al (28), where only locally advanced stage 111
patients with more than 10 positive lymph nodes were studied,
the results were not replicated. Specifically, there was no
impact of IL-6 polymorphisms on DFS and OS in the study
population. In the same study, only an unplanned sub-analysis
showed an association of the rs1800795 GG and rs1800797
GG genotypes with lower DFS but not OS in the oestrogen
receptor positive patient subgroup. Our study is the first to
confirm the prognostic value of IL-6 polymorphisms (namely,
the IL-6 GG/GG diplotype) on MFS and OS in early-stage BC.
Therefore, IL-6 GG/GG may potentially be used for the selec-
tion of patients who need intensified adjuvant BC treatment.

The above-mentioned studies by Snoussi et al (32) and
DeMichele et al (27,28) did not analyse MFS as a survival
endpoint. To the best of our knowledge, the only study that
evaluated the association between IL-6 polymorphisms
and BC metastasis was a case-control study conducted by
Abana et al (26). The authors demonstrated the significant link
between the IL-6 rs1800795 GG genotype and the develop-
ment of BC metastases with an OR of 1.52. However, due to
case-control design, we have no data on MFS differences. In
our study /L-6 GG/GG predicted MFS and OS, but not DFS.
Taking into account the critical role of IL-6 in the development


https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521

KOROBEINIKOVA et al: ANGIOGENESIS AND INFLAMMATORY GENE POLYMORPHISMS IN BC PROGNOSIS

3694

0110 (Fr8'+-158°0)
1€0'C ¥8€'0 (69T €¥€90) OV 011°0 (Pr8'+-LS8°0) #€0'C 9t SIOLLIED UOU J[I[[e L,
I I I 961 SIOLLIED AR I,
6£°0 (ESLT-8€T0)
LY9°0 8960  (SEVTI-1€€0) 6LL0  LETO (€6€1-297°0) ¥09°0 Sh1 SIOLLIED UOU 9[o[[e D
I I I LS SIOLLIED J[[[E D SUEIINY
6¥1°0 (¥L6°9-€SL°0)
18C°¢C 180  (SSEH-1LS0) ¥8S'1 LOTO (€80°S-T0L'0) ¥68'1 9t o)
0L 0 (€65°€-201°0)
Y0T' 1 €9L0  (1687T-S9%0) €ST'T LTE0 (SSL'€-9%9°0) €551 66 LD
897°0 I LS90 I 8¢ 0 I LS LL adfjousny  0€TSO0TST VIDHA
S6€°0 (09L 1-6£T°0)
6¥9°0 €860 (€S8 I-¥€€0)98L°0  SHTO (SO¥ 1-¥92°0) 6090 9 SIOLLIED UOU J[[[€ L,
I I I 9p1 SIOLLIED AR I,
8500 (¥66'S-7S6°0)
11S°C L6T'0  (S06°€-SSL0)8ILT TLT0 (L89°¢-T6L0) 60L'T 57 SISLLIED UOU J[3[[E D
I I I 681 SIOLLIED Q[ D BUElIN
€800 (0ST'8-088°0)
769'C LSTO  (PL6'-TS9'0) 1081 1210 (768°6-€18°0) 681'C 9% 1L
wWs0 (Pre €-LLEO)
748! G180  (€0LT-6TH0) I180'T 01¥0 (66¥'€-009'0) Stt'1 €01 oL
SIT'0 I 0€r 0 I S6T0 I 96 o) adfjouan 190€€8ST VAIDHA
66€0 (99L° 1-0¥T0)
159°0 650 ($98°1-9€€°0) 16L°0  TSTO (ST#'1-992°0) £19°0 96 SIOLLIED UOU J[3[[e D
I I I 91 SIOLLIED A[R[[E D
8500 (€4S°S-€L6°0)
T LT0 (P09°€-L69°0) S8S'T 1ST0 (€8¢°¢-LTL0) 89S T S SIOLLIED UOU J[9[[e
I I I LST SIOLLIED J[Q[[E Y/ BUElIN%
S01°0 (€L L-TT8°0)
¥Is'T P80 (TTOP-€19°0) 689'1 091°0 (L¥'S-9L°0) €0°C St o0)
€180 (F1#°€-€8€°0)
S48 LIE0  (WSL'T-LYY0) vOI'T L8E0 (S96°€-919°0) €841 101 VO
910 I 8¢S°0 I €LEO I 96 'A% adfjoudn 11666951 VAIDIA
onfeA-q (ID %S6) oner  anfea-4 (ID %$6) oner onfeA-q (1D %S6) u adKyordeyyoore/edfiousy  [opoy dI dNS 90udI10joy
prezey djeLIeATU ) prezey djeLIRATU ) onel plezey dJelleAlun)  ‘syudned

SO

SAN

Sdd

'SANS VDFA 10§ [9POW JRLIBAIUN §,X0D) "A J[qRL



3695

"TEATAINS [[BIOAO ‘SO {[BATAINS 93TJ-SISBISLIOW ‘SN {[BATAINS d31j-uoIssaigord
‘Sdd ‘wsrydiowAjod opriosonu 9[3uIs ‘GNS ¢V 103108} YIMO0I3 [RI[OYIOPUD JB[NOSBA ‘V/HHA ‘[opouwr d1d[[e pue 2dAjouad ur sqNS 2yl JO yoed yim SO pue SN ‘SAd 1o} sonel prezey pajsnlpeun

S (Y61 S1-08T°0) (9SS €1-8¥T0)
S vLY'0 €80°C 7550 Ges'l L¥90  (€OLTI-LITO) €6S'T 9 SISLLIED UOU J[3[[E )
S I I I 961 SIOLLIED J[R[[E D
m (891°€-92S0) (T19T¥€S0)
g LLSO 16C1 189°0 1811 1920 (EPE€1TL0) €SS'T 1€l SIQLLIED UOU J[3[[E L,
& [ I I IL SISLLIED IR L, PRIV
2 (L8O ¥1-9¥T 0) (Y6LCT1-82C0)
m 8750 1981 €09°0 90L'1 960  (I8T01-S8T°0) €LE'T 9 LL
= 1LY'0 (618 1-¥LT0) (0TS 1-8¥€°0)
% 90L°0 6850 96L°0 LITO (SYET1-1LT0) ¥09°0 S9 1D
m 2090 I LTLO I STH0 I I€1 o) adAjouan 8Y9STST VAIDHAA
O
5 anfeA-4 (ID %S6) oner aneA-d4 (ID %»S6) oner  anfea-d (1D %S6) u adfyordeyysare/edKiousy  [PPOIN AL NS 0UIJY
plezey deLIBATU) plezey d)eLIBATUN) onel plezey 9jelleAlu)  ‘sjuaned
SO SAN SAd

penunuoD ‘A dlqeL

W
Q5
o
25
A
a ¥

T



https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521
https://www.spandidos-publications.com/10.3892/ol.2020.11521

KOROBEINIKOVA et al: ANGIOGENESIS AND INFLAMMATORY GENE POLYMORPHISMS IN BC PROGNOSIS

3696

(OV/OV +DV/DD)

1 1 - _C1 s1otred adKjordey DV
adKyordey 9-11
9LE0 (S¢L°6-81S°0) (I29°$-1¥9°0) (L18'9-1¥8°0)
SIL'T 9vC0 06’1 01°0 €6€°C 8¢ 9ANISO
I I I 91 9ATIESON
snye}s g 103dadar
10300} y3moi3 [ewaropide uewny
(SEY9T-S1€T) (82T 6-v91°1) (€66'L-€61°T)
81070 0L9'V 200 8T ¢ <0200 880°¢ 8 EINSLREIN]
I 1 1 1C1 QANISOq
snye)s 101dooa1 au0ISaS0I]
(SSS'+-S¥S°0) (SS¥ €-96%°0) (6£6'C-87°0)
S6€°0 08¢S'1 6S°0 ! [TL0 e8I <9 JAne3ON
I I I LET 9ANISOq
snje}s 101dooar ua3onsyg
(S¥9°6-9€9°0) (829°6-S18°0) (6TL°6-916°0)
LYTO 706'1 €Ccro SvI'e 6L00 18C°C 144 159
I I I 8C1 O pue [H
apein
(6867980 T)
SIT0 (095°6-7€8°0) 1ST°C 6€0°0 (L8S°S-1SO' D) €1+’ C 0€0°0 1€€°¢C 16 9ANISOq
I 1 1 IT1 9ABSON
snje)s opou ydwi
(616'1-62S°0) (P28 1-72S°0) (66£'T-€85°0)
6990 [20'1 [€9°0 8101 S6L°0 0TI €L ¢-C
I I I 6¢Cl (e
wo “9ZIS Jowng,
(TET LS-€86'0) (619°9%-98L°0) (069°95-066'0)
1600 LET6 2800 1809 61700 €S’ L 1€1 0S>
! I I IL 0S=<
s1eak ‘stsougerp 1e o3y
anfeA-d (ID %S6) onex an[eA-4 (ID %S6) oner an[eA-4 (ID %S6) oner u ‘syusned S[qelIeA

pIezey SJeLA[NIA

pIezey AeLRAR[NIA

pIezey AeLRAR[NIA

SO

SHIN

Sdd

"TopowW JBLIBATI[NW §,X0)) ‘TA 9[qBL



w2

Table VI. Continued.

PANDIDOS
UBLICATIONS

oS

MFS

PFS

Multivariate hazard Multivariate hazard

Multivariate hazard

P-value ratio (95% CI) P-value ratio (95% CI) P-value

ratio (95% CI)

Patients, n

Variable

0.049

2.631 (1.042-7.670)

0.048

2.750 (1.184-7.690)

63

AC haplotype non carriers (GG/GG)

IL-10 rs1800587

3.442 (1.484-7.994) 0.004* 3.181 (1.252-8.134) 0.016
2.750 (1.184-7.690) 0.048" 2.631 (1.042-7.670)

0.009*

2.704 (1.280-5.683)

105

T allele carriers (CT+TT genotypes)
T allele non carriers (CC genotype)

0.049*

97
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Significant. -, not significant in univariate analysis. Adjusted hazard ratios for PFS, MFS and OS. PFS, progression-free survival; MFS, metastasis-free survival; OS, overall survival.
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Figure 3. Kaplan-Meier survival curves for the /L-6 haplotype (rs1800797,
rs1800795). (A) MFS and (B) OS. IL-6, interleukin-6; MFS, metastasis-free
survival; OS, overall survival.

of BC metastasis and our study results, we propose the hypoth-
esis that IL-6 polymorphisms may predict the development of
metastasis rather than loco-regional relapse.

It is important to mention that, in contrast with the find-
ings of the above-mentioned studies, Markkula ez al (29),
who analysed a Swedish cohort of patients with any primary
stage non-metastatic BC, demonstrated that the carriers of
the C allele in rs1800795 SNP had a higher risk of early BC
events. The authors, however, conducted no DFS, MFS or OS
analyses. Furthermore, none of the GWAS studies showed a
statistically significant association between /L-6 polymor-
phisms and BC survival (23,24). The contrasting findings in
IL-6 polymorphism studies may be due to sampling errors
or differences in patient ethnicity. Nevertheless, most of
the experimental data and the possible biological pathway
support our findings.

IL-6 also acts as a regulator of oestrogen synthesis and
may modulate the tumour cell growth related to the hormone
receptor status (40). Hormone-sensitive cells exhibit a higher
response to IL-6, while ER-negative cells are suppressed by
IL-6 (41). However, there is no clear mechanism of associa-
tion between IL-6 SNPs and the oestrogen receptor positive,
progesterone receptor positive and HER2 negative status.
Therefore, further studies are needed.
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As far as IL-1a SNP is concerned, Um et al (18)
demonstrated that the IL-/a rs1800587 CC genotype is asso-
ciated with higher transcriptional activity of the IL-/a gene.
Overexpression of the /L-/a promotes tumour invasiveness
and metastasis by inducing the expression of angiogenic genes
and growth factors (12). A large meta-analysis performed by
Xia et al (30) showed that the IL-1a rs1800587 C allele and CC
genotype are associated with increased cancer risk in general.
The studies which investigated the associations between IL-/a
rs1800587 polymorphism and BC survival are presented
in Table VII. Grimm et al (31) analysed 262 Caucasian BC
patients and found that the /L-/a rs1800758 C allele in the
univariate model is associated with OS; however, the multi-
variate model failed to repeat the association. In our study,
the multivariate survival analysis confirmed the statistically
significant impact of the CC genotype on DFS, MFS and OS.
Contrasting data is provided by Snoussi et al (32), who anal-
ysed North African BC patients and found that the rs1800587
homozygous TT genotype showed a significant association
with reduced DFS and OS rate. However, the allele and
genotype frequency of rs1800587 SNP in African population
differs substantially from that in the population with European
ancestry. This difference may be the cause of the observed
inconsistency between these studies. We demonstrated that in
an Eastern-European population the /L-/a rs1800758 C allele
is associated with more aggressive local disease (i.e., larger
tumour size) and for the first time we proposed that the IL-Ia
rs1800758 CC genotype is an independent negative prognostic
biomarker for early-stage BC. As the allele frequencies of
the IL-1a rs1800758 SNP in our study correspond to those
of the 1000 Genomes project phase 3 database for European
population, these findings could potentially be replicated for
European population, but larger confirmatory studies are
warranted.

Although experimental data suggests that VEGFA and
IL-1p play a role in BC, our findings, along with the results
from several other studies (22-24), do not suggest that several
common polymorphisms in these genes are associated with
BC clinical and morphological variables and BC survival rates.

Potential limitations of our study include a limited sample
size, lack of access to tumour and/or tumour stromal tissue
(which would have allowed for the assessment of the pres-
ence of SNPs in those tissues), the risk of other confounders,
possible gene-gene and gene-environment interactions, and
non-random sampling. We also acknowledge that VEGFA,
IL-1a, IL-13 and IL-6 measurements were not available in
the current study. However, our study supports the relevance
of functional IL-6 and IL-Ia germline polymorphisms to BC
prognosis. Further investigations, preferable on larger cohorts
with different ethnic origins, are needed to confirm the results
of the current study.

In conclusion, we found an association between the IL-/a
rs1800587 C allele and larger primary tumour size. The IL-6
rs1800797 A allele, GA genotype, IL-6 rs1800795 C allele
and IL-6 (rs1800797-re1800795) AC diplotype were linked to
hormonal receptor positive BC. Additionally, /L-6 rs1800797
A was associated with HER?2 negative status. The multivariate
IL-1a: 151800587 CC genotype was confirmed as an independent
negative prognostic factor for DFS, MFS and OS, and the IL6
GG/GG diplotype for MFS and OS in early-stage BC patients.
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Our findings confirm the hypothesis that functional SNPs in
angiogenesis- and inflammation-associated genes are associ-
ated with early-stage BC prognosis in Lithuanian population.
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