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Abstract

Several genes have been associated with breast cancer (BC) susceptibility. The tumor
necrosis factor receptor superfamily, member 1A (TNFRSFIA), and interferon lambda
receptor 1 (IFNLRI) genes encode receptors that mediate the action of inflammatory
cytokines. Previous studies have demonstrated the association of the variants rs1800693
(TNFRSF1A) and rs4649203 (IFNLRI) with some inflammatory diseases. The present
study aimed to verify a possible association of these variants with BC, its clinical patho-
logic features, as well as epidemiological data in a Brazilian population. A total of 243
patients and 294 individuals without history of BC were genotyped for these polymor-
phisms through TagMan® SNP genotyping assays by qPCR. For the TNFRSFIA gene,
no significant results were found. For IFNLRI, the AA genotype (p=0.008) and the A
allele (p=0.02) were significantly associated with a lower risk of developing BC. When
analyzing the age, it was observed that each increase of one year contributes to the devel-
opment of BC (p<0.001). Also, the smoking habit (p<0.001) and body mass index
(p=0.018) increase the risk of disease development. Analyzing progesterone receptor
factor an association was found with the AA genotype of the IFNLRI (p=0.02). The
findings suggest that polymorphism in the immune-related /FNLRI gene contribute to
BC susceptibility in a Brazilian population. These findings can contribute to the further
understanding of the role this gene and pathways in BC development.
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Introduction

Breast cancer (BC) is the most commonly diagnosed and the most deadly cancer
in women worldwide (The Union International Cancer Control 2018). The GLO-
BOCAN estimates approximately 2 million (24%) new cases and 622,000 deaths
of women of BC worldwide in 2018 (representing the fifth cause of death in the
world) (Bray et al. 2018). BC is the main type of cancer among Brazilian women,
according to the Instituto Nacional de Cancer. In 2018 approximately 17,000 BC
deaths (16.4%) were registered in Brazil (Instituto Nacional de Céancer José Alen-
car Gomes da Silva 2019) and 66,280 (29.7%) new cases of BC per year are pre-
dicted to occur in the next triennium. This value corresponds to an estimated risk
of 61.61 new cases per 100 thousand women.

The tumor progression is controlled by a complex interplay between the host
immune response and the cancer cells (Gonzalez et al. 2018). However, can-
cer cells tend to accumulate mutations, which can acquire specific phenotypes,
such as the ability to avoid and resist the host immune response (de Kruijf et al.
2010; Parcesepe et al. 2016). Previous studies have shown that chronic inflam-
mation in the vicinity of the tumor microenvironment can promote the growth
as well as the progression of BC (Ben-Baruch 2003; Lu et al. 2006; Elinav et al.
2013; Iyengar et al. 2015). Inflammatory responses play decisive roles at different
stages of tumor development, including pathogenesis, invasion, and metastasis,
and therefore, inflammatory cytokines are critical components of tumor progres-
sion. Cytokines activate their immunomodulatory effects through their interaction
with specific receptors. Thus, genetic polymorphisms in genes responsible for
coding these receptors may result in altered expression and/or structural changes
that may affect cytokine biological activity (Dhiman et al. 2010; Moudgil and
Choubey 2011).

Genetic variants in inflammation-related cytokine receptors genes tumor necro-
sis factor receptor superfamily, member 1A (TNFRSFIA), and interferon lambda
(INF-A) receptor 1 (IFNLRI) also known as interleukin 28 receptor, alpha (/L28RA)
have been associated with inflammatory diseases (De Jager et al. 2009; Strange et al.
2010b; Gregory et al. 2012; Lopez de Lapuente et al. 2012; Li et al. 2013; Park et al.
2013; Yang et al. 2013; Xu et al. 2014; Hoffjan et al. 2015; Ma et al. 2017; Javor
et al. 2018; Shao et al. 2018; Watts et al. 2019; Dashti et al. 2020). The interac-
tion of these receptors with their ligands can regulate inflammation and increase the
invasive activity and metastatic potential of tumor cells as reported by a few studies
(Xu et al. 2014; Hengeveld and Kersten 2015; Jiang et al. 2017). However, currently
there are few studies relating these genes to susceptibility to BC.

TNFR1 is a major receptor for tumor necrosis factor alpha (TNF-a) and
belongs to a superfamily of receptors for TNF. TNF-« is produced by neoplastic
cells or cells in the tumor microenvironment and can acts as an endogenous tumor
promoter. In normal breast tissue, TNF-a regulates cell proliferation through its
pro-apoptotic effects, but in BC, the inhibition of the apoptotic pathway and the
enhancement of the survival and proliferation effects contribute to tumor cell pro-
liferation (Garcia-Tufién et al. 2006).
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As one of the receptors for TNF-a, TNFRI1 can activate NF-Kappaf}, medi-
ate apoptosis, and regulate inflammation (Xu et al. 2014). Genetic variants in the
TNFRSFIA gene may be responsible for causing structural and/or functional
changes in the receptor, which in turn may result in an imbalance in TNF cytokine
action (Dhiman et al. 2010). A variant in this gene (rs1800693) has been identified
and functional studies showed that this variant leads to the production of a novel
isoform of TNFR1 (Comabella et al. 2013; Kulakova et al. 2018). This isoform
lacks the C-terminal portion, including the transmembrane domain and the intra-
cellular regions that are essential for its appropriate cellular localization (Gregory
et al. 2012; Comabella et al. 2013). The rs1800693 is located at intron 6 of the
TNFRSFIA gene and is believed to influence exon 6 splicing. In an in vitro splic-
ing assay, the C allele resulted in a transcript that does not have exon 6, A6-TNFR1.
When analyzing A6-TNFR1-mediated signaling, it was observed that the absence of
the death domain affected the signal transduction that induces apoptosis (Gregory
et al. 2012).

The protein encoded by IFNLRI gene belongs to the class II cytokine receptor
family and forms a receptor complex with interleukin 10 receptor, beta (IL10RB).
This complex has been shown to interact with type III interferons (Sheppard et al.
2003; Cheng et al. 2015). The IL28RA interacts with INF-A which has immunomod-
ulatory properties, including the process of cellular apoptosis, important in the can-
cer scenario (Numasaki et al. 2007; Li et al. 2009). The cellular signaling of IFN-
A, through its receptor complex, induces the activation of the JAK/STAT pathway
(Janus Kinase/Signal Transducers and Transcription Activators). Ultimately, this
pathway results in the induction of responsive elements stimulated by IFN and initi-
ates the transcription of target genes (de Groen et al. 2014). In the context of cancer,
these IFN-A-activated genes are involved in inducing antiproliferative responses on
tumor cells (Li et al. 2009). Alterations in the gene encoding one of the IFN-A recep-
tor subunits, IL28RA, may disrupt the pathway this cytokine acts on. One of the
changes reported is variant rs4649203, located in the 3’ untranslated region (3'UTR)
of the IFNLRI gene which may affect IL28RA receptor expression (Griffiths et al.
2015; Cai et al. 2015).

Thus, both genes code for receptors for key cytokines in inflammatory pathways.
The tumor necrosis factor (TNF) pathway has long been implicated in inflammatory
diseases and cancer and is one of the essential pro-inflammatory cytokines found
in the tumor microenvironment of breast cancer patients. Concerning the receptor
gene, SNP rs1800693 had previously been associated with BC in a Chinese popula-
tion (Xu et al. 2014), but no other studies followed up this association or in other
populations.

IL28RA receptor is also a key receptor in the Interferon (IFN)-lambdas path-
ways and meta-analysis of the prognostic value of JFNLRI gene in various cancers
found that the expression of IL28RA was indeed related to the cancer prognosis in
certain cancers (Yang et al. 2010a). The variant rs4649203 in this gene has been
implicated in inflammatory diseases (Strange et al. 2010a; Lopez de Lapuente et al.
2012; Li et al. 2013; Yang et al. 2013) and is believed to have impact on several
inflammatory pathways that are important in cancer development. Beyond the Chi-
nese study, no other study investigated the association of these variants with any
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type of cancer. Thus, it was hypothesized that those variants could also contribute to
BC susceptibility.

Considering the role of these receptors in inflammatory responses and potentially
to tumorigenesis, in this case—control study was investigated whether variants in the
immune modulating cytokine receptors genes TNFRSFIA (rs1800693) and IFNLRI
(rs4649203) contribute to the susceptibility to BC. Furthermore, was investigated
how some epidemiological factors and clinical features may be associated with BC
development and the genetic variants analyzed.

Materials and Methods
Patients and Controls

This study involved a total of 537 women (20 to 96 years of age): 243 BC patients
(27 to 96 years of age) and 294 controls (20 to 94 years of age) without documented
history of cancer, from the state of Santa Catarina, Southern Brazil (covering an area
of approximately 95.000 km2). Epidemiological data, such as age (years), smok-
ing habits, and body mass index (BMI), were collected. All patients had histopatho-
logically confirmed primary BC diagnosis (TNM stages [-III). The clinical features
of the BC patients analyzed included lymph node metastasis, the estrogen receptor
(ER), progesterone receptor (PGR), and human epidermal growth factor receptor 2
(C-erbB-2). Samples were obtained at the Polydoro Ernani de Sao Thiago Univer-
sity Hospital (HU/UFSC) following the ethics standards on human experimentation.
Only the women who agreed to participate and gave their written informed consent
were included in this study. This study was approved by the local ethics committees
(protocol n°® 922.167).

Genotyping of Variants

DNA was extracted from peripheral blood samples by salting-out method (Miller
et al. 1988). The variants rs1800693 in TNFRSFIA and rs4649203 in IFNLRI were
genotyped by pre-designed TagMan genotyping assay (Thermo Fisher Scientific, cat
nr 4,351,379; C_2645714_10 and cat nr 4,351,379; C_27915464 10, respectively)
following the manufacturer recommendations.

Statistical Analysis

The Hardy—Weinberg equilibrium (HWE) for the distribution of the two variants
was analyzed using the goodness-of-fit > test by comparing the observed geno-
type frequencies with the expected frequencies in both groups the cases and con-
trols (GENEPOP by Rousset and Raymond 1995). To analyze the association of the
genetic factors with BC development, a univariate logistic regression (Model 1) was
performed, with unadjusted odds ratios (OR) and 95% confidence intervals (CI) esti-
mated. Three epidemiological characteristics were included (age, BMI, and smoking
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habit) for univariate logistic regression as confounders. Significant associated vari-
ables with the outcome were selected and included in a multivariate logistic regres-
sion (Model 2). Poisson regression analysis was performed to analyze the genetic
variables associated with the pathological characteristics (ER; PGR; C-erbB-2; LN
involvement). The factors associated with univariate analysis were identified, with
estimation of unadjusted prevalence ratios (PR) and 95% confidence intervals (CI)
using a robust variance. Next, a multivariate Poisson regression was performed
adjusting for the significant variables. Univariate analyses were called Model 1 and
multivariate analyses were called Model 2 (Barros and Hirakata 2003). Statistical
analyses were performed using the SPSS 20.0 software and a p-value of <0.05 was
considered statistically significant. In addition, the Pearson Chi-square test was used
to analyze the association of the genetic variants with BC through the genetic mod-
els dominant, recessive, and codominant. For this analysis, the WinPepi 11.65 soft-
ware (by Joseph H Abramson 2016) was used and a p-value of <0.05 was also con-
sidered statistically significant.

Results
Epidemiological Features and Genotypic and Allelic Frequencies

The mean age was 53.75+13.61 years in patients (27 to 96 years of age) and
45.00 +16.14 years in controls (20 to 94 years of age). Approximately 40% (n=94)
of patients and 11% (n=32) of controls were smokers. In the BC group the mean
BMI was 27.05 £5.29 (15.06 to 54.08) and in the control group it was 25.79 +£5.70
(16.88 to 47.48).

The genotypic and allelic frequencies in BC patients (cases) and controls are
described in Table 1. Frequency distributions for polymorphic sites in cases and
controls were not in accordance with the HWE (p <0.001). However, the absence
of HWE does not affect the results found, since the two groups (case and control)
for both loci share the deviation due to excess heterozygotes. This deviation can be
explained by chance or even by the samples selection, women with and without can-
cer, with preference for a similar age group. For TNFRSFIA polymorphism the C
allele had a frequency of 0.45 and for the T allele it was 0.55 in both controls and
cases. For the IFNLRI polymorphism the A allele presented a frequency of 0.54 in
the control group and 0.49 in the cases group, and in the G allele it was 0.46 in the
controls and 0.51 in the cases.

Associations Between Epidemiological Data and Breast Cancer Development

Analyzing the epidemiological data individually, some associations were found.
Considering the age, it was observed that an increase of one year contributes to
an increase of 0.03 in the risk for BC (p <0.001, OR=1.03, 95% CI: 1.02—- 1.05)
(Table 1). The same pattern was observed with BMI, where an increase of one unit
was associated with an increment of 0.04 in the risk of developing BC (p=0.018,
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Table 1 Genotype and allele distribution of TNFRSFIA and IFNLRI genes polymorphisms in individual
cases (with breast cancer) and controls and logistic regression

Model 1 Model 2
Factor Genotypes/ Controls: Cases OR (95%  p-value OR (95%  p-value
alleles n (%) n (%) CI) CI)
Age 45.00+16.14 53.75+13.61 1.03(1.02- <0.001
1.05)
Smoking Yes 32(11.43%) 94 (40.69%)  5.32(3.42- <0.001
habit 8.46)
No 248 (88.57%) 137(59.31%) 1
BMI 25794570  27.05+5.29  1.04 (1.00- 0.018
1.08)
TNFRSFIA CC 27 (10%) 11 (4.87%) 0.68 (0.29- 0.357 0.74 (0.29- 0.528
rs1800693 1.52) 1.83)
CT 188 (69.63%) 182(80.53%) 1.61 (1.00- 0.049 1.60 (0.94- 0.08
2.62) 2.74)
TT 55(20.37%) 33 (14.60%) 1 1
C 242 (44.81%) 204 (45.13%) 1.01 (0.79- 0.92 1.03 (0.77- 0.83
1.30) 1.37)
T 298 (55.19%) 248 (54.87%) 1 1
IFNLRI AA 59 (21.53%)  32(13.67%)  0.53(0.28- 0.04 0.38 (0.18  0.008
rs4649203 0.98) 0.77)
AG 178 (64.96%) 164 (70.09%) 0.89 (0.54— 0.67 0.88 (0.50- 0.67
1.48) 1.56)
GG 37 (13.51%) 38(16.24%) 1 1
A 296 (54.01%) 228 (48.72%) 0.80 (0.63— 0.092 0.71 (0.54- 0.02
1.03) 0.95)
G 252 (45.99%) 240 (51.28%) 1 1

Bold values indicate the statistical significance of P <0.05

Model 1: univariate analysis; Model 2: multivariate analysis evaluating the effect of polymorphism cor-
rected through age and smoking habit

n number; OR odds ratio; CI confidence interval; BMI body mass index

OR=1.04, 95% CI: 1.00- 1.08) (Table 1). The smoking habit factor increases the
risk of developing BC in around fivefold (p <0.001, OR=5.32, 95% CI: 3.42— 8.46)
(Table 1). Thus, all tree features were associated with an increased risk for BC.

TNFRSF1A and IFNLR1 Gene Polymorphisms and the Risk of Breast Cancer

For TNFRSFIA gene the CT genotype was significantly associated with an increased
susceptibility to BC when compared to the TT genotype (p=0.049, OR=1.61,
95% CI: 1.00-2.62, Table 1—Model 1). When adjusting to the significant factors
(age, smoking habit, and BMI) obtained in the univariate model, the BMI factor
was no longer significant. Was then chose to remove this factor from multivariate
analysis, with only significant variables remaining in the final model. However, any
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correlation was not found between TNFRSFIA polymorphism and breast cancer
risk.

For IFNLRI gene, the AA genotype was significantly associated with reduced
risk to BC when compared to the GG genotype (p=0.04, OR=0.53, 95% CI.
0.28-0.98 in Table 1). When performing the adjustment using the significant factors
(age, smoking habit, and BMI) in the univariate model, the BMI factor again was
no longer significant. Consistent with the results with TNFRSFIA, when removing
BMI from multivariate analysis, the AA genotype remained significantly associated
with a decreased risk for BC (p=0.008, OR=0.38, 95% CI: 0.28-1.09).

Considering the allele effects, no significant association with BC susceptibility
in the univariate model was found, neither in the multivariate model for TNFRSFI1A
gene, even after adjustment. However, the IJFNLRI A allele was a protective factor
for BC (p=0.02, OR=0.71, 95% CI: 0.54— 0.95 in Table 1 — Model 2). Thus, the
AA genotype and the A allele of the IFNLRI gene were related to a lower risk of
developing breast cancer.

In addition to logistic regression, three genetic models (codominant, dominant,
and recessive) were used to assess the association between genotypes and the sus-
ceptibility of BC (Table S1). For the TNFRSFIA variant, was found significant Chi-
square value with the codominant model (p =0.014) and recessive model (p =0.033).
For the IFNLRI variant, the recessive model showed a significant p-value of 0.021.

Associations Between the TNFRSF1A and IFNLR1 Polymorphisms and Clinical
Features of the Patients

Among the patients under study, 58.97% were positive for ER, 47.86% for PGR,
11.96% for C-erbB-2, and 27.35% had affected lymph nodes. The associations
between variants in the TNFRSFIA and IFNLRI genes and the clinical features of
BC are shown in Table 2 and Tables S2-S4.

Only association was found between /FNLRI gene and the presence of PGR. The
AA genotype was associated with the absence of progesterone receptor (p=0.02,
OR=0.59, 95% CI: 0.38- 0.92 in Table 2). In the multivariate model adjusting for
age, the AA genotype remained associated (p=0.02, OR=0.23, 95% CI: 0.06— 0.77
in Table 2). Thus, positive PGR is less prevalent in women with AA genotype than
in those with GG genotype.

The A allele also showed significance (p=0.04, PR=0.86, 95% CI: 0.74-0.99 in
Table 2) in the univariate model and multivariate analysis considering age (p =0.05,
PR=0.63, 95% CI: 0.38-1.01 in Table 2).

Discussion

The current study investigated the associations between potentially functional vari-
ants in TNFRSFIA and IFNLRI genes with BC susceptibility and clinical and epide-
miological data.

Contradictory data were found in the literature for the variant rs180693 T/C of
the TNFRSFIA gene, regarding the association with other diseases. During previous
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Table2 Associations between TNFRSFIA and IFNLR! variants (genotypes and alleles) and progester-
one receptor status in patients with breast cancer

Model 1 Model 2
Gene Positive PRG PR (95% CI) p-value PR (95% CI) p-value
Age 0.99 (0.98—0.99)  0.03
Smoking habit  Yes (n=55) 1.15(0.95—1.40)  0.15
No (n=62) 1
BMI 1.01 (0.99—1.03)  0.12
TNFRSFIA CC (n=8) 0.91 (049—1.69)  0.77 1.01 (0.17—6.54)  0.98
rs1800693 CT (n=126) 1.00 (0.73—1.40)  0.95 1.35(0.43—3.86)  0.59
TT (n=19) 1 1
C(142) 0.99 (0.85—1.15)  0.91 1.02 (0.63—1.68)  0.92
T (164) 1 1
IFNLRI AA (n=25) 0.59 (0.38—0.92)  0.02 0.23 (0.06—0.77)  0.02
154649203 AG(n=110)  0.87(0.70—1.08)  0.21 0.60 (0.19—1.64)  0.35
GG (n=27) 1 1
A (160) 0.86 (0.74—0.99)  0.04 0.63 (0.38—1.01)  0.05
G (164) 1 1

Model 1: univariate analysis; Model 2: multivariate analysis evaluating the effect of polymorphism cor-
rected through age, smoking habit, and BMI

Abbreviations: n=number; PRG = progesterone receptor; PR = prevalence ratio; CI=confidence interval;
BMI =body mass index. Bold values indicate the statistical significance of P <0.05

results of a global population, meta-analyses indicated that T allele was associated
with an increased risk of multiple sclerosis (MS) (De Jager et al. 2009). In a study
with a UK cohort, on the other hand, the C allele was associated with MS, identify-
ing increased expression of A6-TNFR1, a soluble form of the protein (Gregory et al.
2012). The C allele was also associated with an increased risk of MS in a case—con-
trol study conducted in a Germanic population (Hoffjan et al. 2015), in the popu-
lation in the Slovak population (Javor et al. 2018), and in a recent study with the
Kuwaiti population (Dashti et al. 2020). In addition, the C allele was associated with
the risk to develop neuromyelitis optica in case—control study in a Korean popula-
tion (Park et al. 2013). In a previous study with ankylosing spondylitis and disease
severity assessed in a UK Caucasian population, CC homozygotes were found to
have significantly worse Disease Activity Index than TT homozygotes (Watts et al.
2019). Noteworthy, to date only one study analyzed this variant in BC susceptibility,
in a Chinese population, with the variant found associated only as part of a haplo-
type (Xu et al. 2014). In the present study, CT genotype was found associated with
an increased risk of BC in the univariate model, but not in the multivariate model of
logistic regression.

The functional consequence of rs1800693 variant of the TNFRSF 1A gene and its
role on disease development remains unclear. The variant is intronic and is located
within a splice acceptor site and is believed to affect the splicing of the transcript.
In an in vitro splicing assay, the G allele resulted in skipping of exon 6 leading to
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the novel isoform A6-TNFR1, which lacks the extracellular C-terminal portion of
the fourth cysteine-rich domain (CRD) of FL-TNFR1, the transmembrane domain,
and the intracellular region which affects its appropriate subcellular localization
(Gregory et al. 2012). This potentially affects its intracellular signaling, with pos-
sible effects on its biological function in the pathway. Thus, further studies would be
important to better understand the pathways that the protein works and if the variant
can affect the pathogenesis of diseases, such as BC, or if there is no association, as
found in the present study.

In the present study, it was also shown that the rs4649203 variant in the IFNLRI
gene is associated with BC and clinical data in a population from southern Brazil.
The A allele and AA genotype were found to be protective factors for BC. This is
the first report of the association of this gene with BC, only studies with autoim-
mune diseases have investigated this variant. In a case—control study, the A allele
was associated with MS in the population of Bilbao (Lopez de Lapuente et al. 2012).
A GWAS of several European countries found the A allele associated with psoriasis
(Strange et al. 2010b). In contrast, G allele has been associated with psoriasis vul-
garis and psoriasis arthritis in Chinese (Yang et al. 2013). A study in the Chinese
Han population revealed that the G allele confers protection against psoriasis; in
contrast, the same allele is associated with an elevated risk of systemic lupus erythe-
matosus (Li et al. 2013). These results may suggest that the variant have opposing
biological effects in these autoimmune diseases.

The functional effect of this polymorphism is not well known. However,
it is located in the 3'UTR of the gene, suggesting that the variant may influence
the expression of the IL28RA receptor (Gregory et al. 2012; Cai et al. 2015). The
IL28RA interacts with INF-A which has immunomodulatory properties, including
the process of cellular apoptosis, important in the context of cancers (Numasaki
et al. 2007; Li et al. 2009). The antiproliferative effects of IFN-A have been demon-
strated in various tumor cell lines that express IFN-A receptors (Brand et al. 2005;
Meager et al. 2005; Zitzmann et al. 2006). A genomic analysis of the IL28RA found
that the molecule is expressed in different types of cancers, such as bladder cancer,
BC, glioma, lymphoma, head and neck cancer, and lung cancer (Yang et al. 2010b).
The same study identified that IL28RA expression was correlated with poorer BC
patient survival (Yang et al. 2010b). The genetic association combined with further
functional studies can contribute to the understanding of the mechanisms behind the
association of IL28RA with BC and potentially other types of cancer.

The clinical features can in some cases predict BC prognosis and treatment out-
comes. ER- and PGR-positive patients have a considerably better prognosis than ER-
and PGR-negative when the patients are treated with hormone therapy. These two
parameters have been commonly used as predictive markers for choice of treatment
strategy (Stendahl et al. 2006; Rakha et al. 2019). The present study showed that the
IFNLRI A allele was associated with PGR status suggesting that this variant may
be important in predicting the prognosis of BC patients. This finding may indicate
that this allele, when compared to G, may be related to a more stable mRNA, or an
mRNA with less miRNAs binding sites and, consequently, might be related with
higher expression of IL28RA receptor and thus enhanced anti-inflammatory activity,
contributing to a better prognosis of BC patients.
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Regarding epidemiological data, in this study smoking was related to a fivefold
higher risk of developing BC. This result corroborates several other studies. Smok-
ing may account for about 20-30% of all general cancer cases worldwide (Katzke
et al. 2015). It is believed that the toxins contained in cigarettes can modulate the
immune system, causing a reduction in the amount of NK cells and thus decreas-
ing cell-mediated immunity (Scott et al. 2013). A study of nearly 80.000 women
in the United States found that smokers were 16% more likely to develop BC than
those who had never smoked (Luo et al. 2011). A meta-analysis with case—control
studies stated that there is consistent evidence of a moderate increase in BC risk in
women who smoke tobacco (Macacu et al. 2015). The relative risk of smoking-asso-
ciated BC was also higher in women with a family history of the disease (Jones et al.
2017). It was also found that BMI factor was associated with increased risk for BC.
Previous studies have also shown obesity as a risk factor (Ahn et al. 2007; Borgquist
and Jirstr 2009; Chlebowski et al. 2013). A Brazilian study identified a 2.57-fold
risk of developing BC in women with a BMI greater than 30 (Pinheiro et al. 2015).
Another factor associated with the development of BC in this study was age. BC
incidence and mortality increase proportionally with age. Throughout the world, this
disease peaks around the age of 60 with a sharp incline beginning at age 40 (Winters
et al. 2017).

The results found here together with further studies of the functional conse-
quences of the variants might improve the understanding of the pathogenesis of BC
and potentially other types of cancer. The association of genetic markers with par-
ticular clinical features of cancers is a huge step in the understanding of the different
disease pathways and may represent important tools to the characterization, diagnos-
tic, prognostic, and treatment of BC patients in more specific ways. These findings
will be important in further understanding of the role of receptors TNFRSFIA and
IFNLRI in BC development.

BC is a multifactorial chronic inflammatory disease involving a complex inter-
play between the person, environmental factors, and lifestyle habits. Like many
other complex diseases, it is very difficult to investigate the influence of each factor
involved in its pathogenesis individually, particularly the involvement of genetic fac-
tors. A few limitations of this study deserve to be mentioned. First, the small sample
size. These observations should be confirmed in a larger sample of patients. Second,
only one polymorphism in each gene was analyzed, and it would be worth consider-
ing other polymorphisms that are possibly functional in the TNFRSFIA and IFNLR]
genes in future studies. However, the present study has some strengths, such as
adjusting variables for many confounding variables, including age, habit smoking,
and BMI. In addition, this is the first study to investigate the relationship between
the IFNLRI gene variant with BC. This study has an adequate power to detect the
effect of IFNLRI variant in breast cancer since the analyses conducted in this way
were significant. However, this study was decided to analyze the clinical charac-
teristics associated with the disease and observe several non-significant results. It
was established that the power in the analyses shown in the supplementary tables is
lower than the desirable value (80%). These low values can be one possible explana-
tion to the not significant results observed since the sample size in these analyses
were lower than that obtained in the susceptibility analysis. Besides that, for several
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analyses the prevalence ratio observed was close to 1, showing that the groups were
very similar. In these cases, the main reason for not significant results is a real no-
difference between groups instead of the small sample size. However, it was the first
study to analyze the effect of these variants in those characteristics. Further studies
investigating other polymorphisms described for the two genes, as well as an investi-
gation into how the polymorphisms can impact the expression of these proteins can
help clarify the potential impact of these genetic variants on breast cancer pathways.

Conclusion

In conclusion, based on the outcomes obtained in the present analysis, it could be
assumed that the AA genotype and the A allele for the rs4649203 variant of /FNLR]
gene represent a protective factor for BC, and that the presence of the A allele or AA
genotype is associated with the presence of progesterone receptor, possibly indicat-
ing a better prognosis. The study also found associations between the epidemiologi-
cal data age, smoking habit and BMI and BC development. In this work no corre-
lation was found between TNFRSFIA polymorphism and BC risk. Future studies
should include investigation of these variants in larger populations and the analysis
of gene expression in the context of breast cancer. These findings contribute to a bet-
ter understanding of the involvement of these cytokine receptors in BC development
and also in the search for markers that can be used to assist more specific diagnoses
and prognoses, promoting a more individualized treatment.

Supplementary Information The online version of this article contains supplementary material which is
available at (https://doi.org/10.1007/s10528-021-10060-z).

Funding: This study was funded by CAPES (Coordenacao de Aperfeicoamento de Pessoal de Nivel

Superior) Grant Number 23038.008120/2010-11 and by FAPESC (Fundac@o de Amparo & Pesquisa e
Inovagdo do Estado de Santa Catarina) number N° 07/2013 MS-DECIT/CNPq/SES-SC.

Compliance with Ethical Standards

Conflict of interest The authors declared no potential conflict of interests with respect to the research,
authorship, and/or publication of this article.

Ethical Approval This work is part of a project approved by the Human Research Ethics Committee of the
Universidade Federal de Santa Catatina (CEPSH-UFSC), protocol n® 922.167.

Consent to Participate Only the women who agreed to participate and gave their written informed consent
were included in this study.

Consent for Publication We confirm that the manuscript has been read and approved by all named authors.

References

Ahn J, Schatzkin A Jr, JVL, et al (2007) Adiposity, Adult Weight Change, and Postmenopausal Breast
Cancer. Risk 167:2091-2102

@ Springer


https://doi.org/10.1007/s10528-021-10060-z

1244 Biochemical Genetics (2021) 59:1233-1246

Barros AJD, Hirakata VN (2003) Alternatives for logistic regression in cross-sectional studies: An empir-
ical comparison of models that directly estimate the prevalence ratio. BMC Med Res Methodol 3:1—
13. https://doi.org/10.1186/1471-2288-3-21

Ben-Baruch A (2003) Host microenvironment in breast cancer development. Inflammatory cells,
cytokines and chemokines in breast cancer progression: reciprocal tumor-microenvironment interac-
tions. Breast Cancer Res 5:31-36. https://doi.org/10.1186/bcr554

Borgquist S, Jirstr K (2009) Anthropometric factors in relation to different tumor biological subgroups of
postmenopausal breast cancer. Int J Cancer 411:402—411. https://doi.org/10.1002/ijc.23850

Brand S, Beigel F, Olszak T, et al (2005) IL-28A and IL-29 mediate antiproliferative and antiviral sig-
nals in intestinal epithelial cells and murine CMV infection increases colonic IL-28A expression. J
Physiol Gastrointest Liver Physiol 289(5):G960-G968 (2005)

Bray F, Ferlay J, Soerjomataram I et al (2018) Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 68:394-424.
https://doi.org/10.3322/caac.21492

Cai H, Zhou Y, Jia W et al (2015) Effects of SNPs and alternative splicing within HGF gene on its
expression patterns in Qinchuan cattle. J Anim Sci Biotechnol 6:55. https://doi.org/10.1186/
s40104-015-0059-3

Cheng YY, Sheng YJ, Chang Y et al (2015) Increased expression of IL-28RA mRNA in peripheral blood
mononuclear cells from patients with systemic lupus erythematosus. Clin Rheumatol 34:1807-
1811. https://doi.org/10.1007/s10067-015-2947-5

Chlebowski RT, Manson JE, Anderson GL et al (2013) Estrogen plus progestin and breast cancer inci-
dence and mortality in the women’ s health initiative observational study. J Natl Cancer Inst. https://
doi.org/10.1093/jnci/djt043

Comabella M, Caminero AB, Malhotra S et al (2013) TNFRSF1A polymorphisms rs1800693 and
rs4149584 in patients with multiple sclerosis. Neurology 80:2010-2016. https://doi.org/10.1212/
WNL.0b013e318294b2d6

Dashti M, Ateyah K, Alroughani R, Al-temaimi R (2020) Replication analysis of variants associated with
multiple sclerosis risk. Sci Rep. https://doi.org/10.1038/s41598-020-64432-3

de Groen RA, Liu B-S, Boonstra A (2014) Understanding IFNA in rheumatoid arthritis. Arthritis Res
Ther 16:102. https://doi.org/10.1186/ar4445

De Jager PL, Jia X, Wang J et al (2009) Meta-analysis of genome scans and replication identify CD6,
IRF8 and TNFRSF1A as new multiple sclerosis susceptibility loci. Nat Genet 41:776—782. https://
doi.org/10.1038/ng.401

de Kruijf EM, Sajet A, van Nes JGH et al (2010) HLA-E and HLA-G expression in classical HLA class
I-negative tumors is of prognostic value for clinical outcome of early breast cancer patients. J Immu-
nol 185:7452-7459. https://doi.org/10.4049/jimmunol. 1002629

Dhiman N, Haralambieva IH, Kennedy RB et al (2010) SNP/haplotype associations in cytokine and
cytokine receptor genes and immunity to rubella vaccine. Immunogenetics 62:197-210. https://doi.
org/10.1007/s00251-010-0423-6

Elinav E, Nowarski R, Thaiss CA et al (2013) Inflammation-induced cancer: crosstalk between tumours,
immune cells and microorganisms. Nat Rev Cancer 13:759-771. https://doi.org/10.1038/nrc3611

Garcia-Tufién I, Ricote M, Ruiz A et al (2006) Role of tumor necrosis factor-a and its receptors in human
benign breast lesions and tumors (in.situ and infiltrative). Cancer Sci 97:1044—1049. https://doi.org/
10.1111/5.1349-7006.2006.00277.x

Gonzalez H, Hagerling C, Werb Z (2018) Roles of the immune system in cancer: From tumor initiation to
metastatic progression. Genes Dev 32:1267-1284. https://doi.org/10.1101/GAD.314617.118

Gregory AP, Dendrou CA, Attfield KE et al (2012) TNF receptor 1 genetic risk mirrors outcome of anti-
TNF therapy in multiple sclerosis. Nature 488:508-511. https://doi.org/10.1038/nature11307

Griffiths SJ, Dunnigan CM, Russell CD, Haas JG (2015) The role of interferon-A locus polymorphisms in
Hepatitis C and other infectious diseases. J Innate Immun 7:231-242. https://doi.org/10.1159/00036
9902

Hengeveld PJ, Kersten MJ (2015) B-cell activating factor in the pathophysiology of multiple myeloma: a
target for therapy? Blood Cancer J 5:¢282—288. https://doi.org/10.1038/bcj.2015.3

Hoffjan S, Okur A, Epplen JT et al (2015) Association of TNFAIP3 and TNFRSFIA variation with mul-
tiple sclerosis in a German case-control cohort. Int J Immunogenet 42:106—110. https://doi.org/10.
1111/ji.12183

Instituto Nacional de Cancer José Alencar Gomes da Silva (2019) Estimativa 2020 : incidéncia de cancer
no Brasil

@ Springer


https://doi.org/10.1186/1471-2288-3-21
https://doi.org/10.1186/bcr554
https://doi.org/10.1002/ijc.23850
https://doi.org/10.3322/caac.21492
https://doi.org/10.1186/s40104-015-0059-3
https://doi.org/10.1186/s40104-015-0059-3
https://doi.org/10.1007/s10067-015-2947-5
https://doi.org/10.1093/jnci/djt043
https://doi.org/10.1093/jnci/djt043
https://doi.org/10.1212/WNL.0b013e318294b2d6
https://doi.org/10.1212/WNL.0b013e318294b2d6
https://doi.org/10.1038/s41598-020-64432-3
https://doi.org/10.1186/ar4445
https://doi.org/10.1038/ng.401
https://doi.org/10.1038/ng.401
https://doi.org/10.4049/jimmunol.1002629
https://doi.org/10.1007/s00251-010-0423-6
https://doi.org/10.1007/s00251-010-0423-6
https://doi.org/10.1038/nrc3611
https://doi.org/10.1111/j.1349-7006.2006.00277.x
https://doi.org/10.1111/j.1349-7006.2006.00277.x
https://doi.org/10.1101/GAD.314617.118
https://doi.org/10.1038/nature11307
https://doi.org/10.1159/000369902
https://doi.org/10.1159/000369902
https://doi.org/10.1038/bcj.2015.3
https://doi.org/10.1111/iji.12183
https://doi.org/10.1111/iji.12183

Biochemical Genetics (2021) 59:1233-1246 1245

Iyengar NM, Hudis CA, Dannenberg AJ (2015) Obesity and cancer: local and systemic mechanisms.
Annu Rev Med 66:297-309. https://doi.org/10.1146/annurev-med-050913-022228

Javor J, Shawkatova I, Durmanova V et al (2018) TNFRSF1A polymorphisms and their role in multi-
ple sclerosis susceptibility and severity in the Slovak population. Int J] Immunogenet 45:257-265.
https://doi.org/10.1111/iji.12388

Jiang L, Wang J, Gao X, Liu S (2017) Association of TNF-a, TNFRSF1A and TNFRSF1B gene polymor-
phisms with the risk of gastric cancer in Chinese population. Int J Clin Exp Med 10:12483-12491

Jones ME, Schoemaker MJ, Wright LB et al (2017) Smoking and risk of breast cancer in the Generations
Study cohort. Breast Cancer Res. https://doi.org/10.1186/s13058-017-0908-4

Katzke VA, Kaaks R, Kiihn T (2015) Lifestyle and cancer risk. Cancer J 21(2):104-10

Kulakova OG, Bashinskaya V, Tsareva EY et al (2018) Analysis of associations of polymorphisms of
genes encoding cytokine receptors with the clinical features of multiple sclerosis. Neurosci Behav
Physiol 48:337-341. https://doi.org/10.1007/s11055-018-0567-7

Li M, Liu X, Zhou Y, Su SB (2009) Interferon-As: the modulators of antivirus, antitumor, and immune
responses. J Leukoc Biol 86:23-32. https://doi.org/10.1189/j1b.1208761

Li Y, Cheng H, Zuo X, et al (2013) Association analyses identifying two common susceptibility loci
shared by psoriasis and systemic lupus erythematosus in the Chinese Han population. 8§12-818.
https://doi.org/https://doi.org/10.1136/jmedgenet-2013-101787

Lopez de Lapuente A, Alloza I, Goertsches R et al (2012) Analysis of the IL28RA locus as genetic risk
factor for multiple sclerosis. J] Neuroimmunol 245:98-101. https://doi.org/10.1016/j.jneuroim.2012.
02.005

Lu H, Ouyang W, Huang C (2006) Inflammation, a key event in cancer development. Mol Cancer Res
4:221-233. https://doi.org/10.1158/1541-7786.MCR-05-0261

Luo J, Margolis KL, Wactawski-wende J et al (2011) Association of active and passive smoking with risk
of breast cancer among postmenopausal women : a prospective cohort study. Br Med J. https://doi.
org/10.1136/bm;j.d1016

Ma N, Zhang X, Yang L et al (2017) Role of functional IFNL4, IFNLR1, IFNA, IFNAR?2 polymorphisms
in Hepatitis B virus-related liver disease in Han Chinese population. J Viral Hepat 25:306-313.
https://doi.org/10.1111/jvh.12817

Macacu A, Autier P, Boniol M, Boyle P (2015) Active and passive smoking and risk of breast cancer : a
meta-analysis. Breast Cancer Res Treat. https://doi.org/10.1007/s10549-015-3628-4

Meager A, Visvalingam K, Dilger P, et al (2005) Biological activity of interleukins-28 and -29 : Com-
parison with type I interferons. https://doi.org/https://doi.org/10.1016/j.cyt0.2005.04.003

Moudgil KD, Choubey D (2011) Cytokines in autoimmunity: role in induction, regulation, and treatment.
J Interf Cytokine Res 31:695-703. https://doi.org/10.1089/jir.2011.0065

Numasaki M, Tagawa M, Iwata F et al (2007) IL-28 elicits antitumor responses against murine fibrosar-
coma. J Immunol 178:5086-5098. https://doi.org/10.4049/jimmunol.178.8.5086

Parcesepe P, Giordano G, Laudanna C et al (2016) Cancer-associated immune resistance and evasion
of immune surveillance in colorectal cancer. Gastroenterol Res Pract. https://doi.org/10.1155/2016/
6261721

Park TJ, Kim HJ, Kim JH et al (2013) Associations of CD6, TNFRSF1A and IRF8 polymorphisms with
risk of inflammatory demyelinating diseases. Neuropathol Appl Neurobiol 39:519-530. https://doi.
org/10.1111/j.1365-2990.2012.01304.x

Pinheiro AB, Barreto-Neto NJS, Rio JA, et al (2015) Associacdo entre indice de massa corpdrea e cancer
de mama em pacientes de Salvador , Bahia

Rakha EA, El-sayed ME, Green AR et al (2019) Biologic and clinical characteristics of breast cancer
with single hormone receptor—Positive Phenotype. J Clin Oncol. https://doi.org/10.1200/JCO.2007.
12.2747

Rousset F, Raymond M (1995) Sweat chloride testing in infants identified as heterozygote carriers by
newborn screening. Genet Soc Am 140:1413-1419. https://doi.org/10.1016/j.jpeds.2008.07.054

Scott IC, Seegobin SD, Steer S et al (2013) Predicting the risk of rheumatoid arthritis and its age of onset
through modelling genetic risk variants with smoking. PLoS ONE. https://doi.org/10.1371/journal.
pgen.1003808

Shao XQ, Ding XL, Mu K et al (2018) Associations of TNFRSFIA polymorphisms with autoim-
mune thyroid diseases: a case-control study. Horm Metab Res 50:117-123. https://doi.org/10.
1055/s-0043-124435

Sheppard P, Kindsvogel W, Xu W et al (2003) IL-28, IL-29 and their class II cytokine receptor IL-28R.
Nat Immunol 4:63-68. https://doi.org/10.1038/ni873

@ Springer


https://doi.org/10.1146/annurev-med-050913-022228
https://doi.org/10.1111/iji.12388
https://doi.org/10.1186/s13058-017-0908-4
https://doi.org/10.1007/s11055-018-0567-7
https://doi.org/10.1189/jlb.1208761
https://doi.org/10.1136/jmedgenet-2013-101787
https://doi.org/10.1016/j.jneuroim.2012.02.005
https://doi.org/10.1016/j.jneuroim.2012.02.005
https://doi.org/10.1158/1541-7786.MCR-05-0261
https://doi.org/10.1136/bmj.d1016
https://doi.org/10.1136/bmj.d1016
https://doi.org/10.1111/jvh.12817
https://doi.org/10.1007/s10549-015-3628-4
https://doi.org/10.1016/j.cyto.2005.04.003
https://doi.org/10.1089/jir.2011.0065
https://doi.org/10.4049/jimmunol.178.8.5086
https://doi.org/10.1155/2016/6261721
https://doi.org/10.1155/2016/6261721
https://doi.org/10.1111/j.1365-2990.2012.01304.x
https://doi.org/10.1111/j.1365-2990.2012.01304.x
https://doi.org/10.1200/JCO.2007.12.2747
https://doi.org/10.1200/JCO.2007.12.2747
https://doi.org/10.1016/j.jpeds.2008.07.054
https://doi.org/10.1371/journal.pgen.1003808
https://doi.org/10.1371/journal.pgen.1003808
https://doi.org/10.1055/s-0043-124435
https://doi.org/10.1055/s-0043-124435
https://doi.org/10.1038/ni873

1246 Biochemical Genetics (2021) 59:1233-1246

Stendahl M, Rydén L, Nordenskjold B et al (2006) High progesterone receptor expression correlates to
the effect of adjuvant tamoxifen in premenopausal breast cancer patients. Clin Cancer Res 12:4614—
4618. https://doi.org/10.1158/1078-0432.CCR-06-0248

Strange A, Capon F, Spencer CC et al (2010a) Genome-wide association study identifies new psoriasis
susceptibility loci and an interaction between HLA-C and ERAP1 Genetic Analysis of Psoriasis
Consortium and the Wellcome Trust Case Control Consortium 2 *. Nat Genet 42:985-990. https://
doi.org/10.1038/ng.694

Strange A, Capon F, Spencer CCA et al (2010b) Genome-wide association study identifies new psoriasis
susceptibility loci and an interaction between HLA-C and ERAP1. Nat Genet 42:985-990. https://
doi.org/10.1038/ng.694.Genome-wide

The Union International Cancer Control (2018) New Global Cancer Data: GLOBOCAN 2018 | UICC.
Geneva, Switzerland, 12 Sept 2018 1

Watts L, Karaderi T, Roberts A et al (2019) The severity of ankylosing spondylitis and responses to
anti-tumour necrosis factor biologics are not influenced by the tumour necrosis factor receptor poly-
morphism incriminated in multiple sclerosis. Genes Immun 20:167-171. https://doi.org/10.1038/
s41435-018-0017-0

Winters S, Martin C, Murphy D, Shokar NK (2017) Breast cancer epidemiology, prevention, and screen-
ing. Elsevier, Amsterdm

Xu F, Zhou G, Han S et al (2014) Association of TNF-a, TNFRSF1A and TNFRSF1B gene polymor-
phisms with the risk of sporadic breast cancer in northeast Chinese Han women. PLoS ONE. https://
doi.org/10.1371/journal.pone.0101138

Yang L, Luo Y, Wei J, He S (2010a) Integrative genomic analyses on IL28RA , the common receptor of
interferon- 11, -12 and - T 3. 807-812. https://doi.org/https://doi.org/10.3892/ijmm

Yang L, LUO Y, WEI J, HE S, (2010) Integrative genomic analyses on IL28RA, the common receptor
of interferon-A1, -A2 and -A3. Int J] Mol Med 25:807—-812. https://doi.org/10.3892/ijmm_00000408

Yang Q, Liu H, Qu L et al (2013) Investigation of 20 non-HLA (human leucocyte antigen) psoriasis
susceptibility loci in Chinese patients with psoriatic arthritis and psoriasis vulgaris. Br J Dermatol
168:1060-1065. https://doi.org/10.1111/bjd.12142

Zitzmann K, Brand S, Baehs S et al (2006) Novel interferon- k s induce antiproliferative effects in neu-
roendocrine tumor cells 344:1334—1341. https://doi.org/10.1016/j.bbrc.2006.04.043

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Authors and Affiliations

Leili Daiane Hausmann'® . Bibiana Sgorla de Almeida’ -

lliada Rainha de Souza' - Manuela Nunes Drehmer’ - Braulio Leal Fernandes? -
Renato Salerno Wilkens? - Daniella Serafin Couto Vieira? -

Sara Emelie Lofgren’ - Juliana Dal-Ri Lindenau’ - Guilherme de Toledo e Silva' -
Yara Costa Netto Muniz'

Department of Cell Biology, Embryology and Genetics (BEG), School of Biological Sciences
(CCB), Universidade Federal de Santa Catarina (UFSC), Floriandpolis 88040-900, Brazil

2 Polydoro Ernani de Sdo, Thiago University Hospital (HU/UFSC), Florianépolis 88036-800,
Brazil

@ Springer


https://doi.org/10.1158/1078-0432.CCR-06-0248
https://doi.org/10.1038/ng.694
https://doi.org/10.1038/ng.694
https://doi.org/10.1038/ng.694.Genome-wide
https://doi.org/10.1038/ng.694.Genome-wide
https://doi.org/10.1038/s41435-018-0017-0
https://doi.org/10.1038/s41435-018-0017-0
https://doi.org/10.1371/journal.pone.0101138
https://doi.org/10.1371/journal.pone.0101138
https://doi.org/10.3892/ijmm
https://doi.org/10.3892/ijmm_00000408
https://doi.org/10.1111/bjd.12142
https://doi.org/10.1016/j.bbrc.2006.04.043
http://orcid.org/0000-0002-4773-5130
http://orcid.org/0000-0001-9526-8306

	Association of TNFRSF1A and IFNLR1 Gene Polymorphisms with the Risk of Developing Breast Cancer and Clinical Pathologic Features
	Abstract
	Introduction
	Materials and Methods
	Patients and Controls
	Genotyping of Variants
	Statistical Analysis


	Results
	Epidemiological Features and Genotypic and Allelic Frequencies
	Associations Between Epidemiological Data and Breast Cancer Development
	TNFRSF1A and IFNLR1 Gene Polymorphisms and the Risk of Breast Cancer
	Associations Between the TNFRSF1A and IFNLR1 Polymorphisms and Clinical Features of the Patients
	Discussion

	Conclusion
	References




