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ABSTRACT

PURPOSE: Ubiquitin ligase genes can act as oncogenes or tumor suppressor genes. They play a role in various diseases, including devel-
opment and progression of breast cancer; the objective of this study was to evaluate the association of common variants in the ductal-epi-
thelium-associated RING chromosome 1 (DEART) gene with breast cancer risk in a sample of Colombian population.

METHODS: We carried out a case-control study to investigate associations of variants in DEAR1 with breast cancer in women from Colom-
bia. Single nucleotide polymorphisms (SNPs) rs584298, rs2927970, rs59983645, and rs599167 were genotyped in 1022 breast cancer
cases and 1023 healthy controls using the iPLEX® and Kompetitive Allele Specific PCR (polymerase chain reaction) (KASP) method. The
associations between SNPs and breast cancer were examined by conditional logistic regression. The associations between SNPs and epi-
demiological/histopathological variables were examined by multinomial logistic regression.

RESULTS: Associations were found between tag SNPs and breast cancer adjusted for the epidemiological risk factors rs584298 genotypes
AG and GG (P=.048 and P=.004, respectively). The analysis of the disease characteristics showed that SNP rs584298 (genotype AG)
(P=.015) shows association with progesterone receptor (PR) status and (genotype AA) (P=.048) shows association with human epidermal
growth factor receptor 2 (HER2) status.

CONCLUSIONS: The SNP rs584298 in DEAR7 showed associations with breast cancer and the expression of HER2 receptor; when this
receptor is amplified, the result is aggressive tumoral subtype and expression of PR receptor that is associated with high-proliferative tumor
grade. Validation of this SNP is important to establish whether this variant or the tagged variant is the cause for the risk association showed.
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Introduction

Breast cancer is the most common cancer in women worldwide
and is the leading cause of death among cancer cases. Different
genetic and nongenetic factors are associated with risk of breast
cancer. Ubiquitin ligase proteins are engaged in the regulation
of the turnover and the activity of many target proteins. The
ductal-epithelium-associated RING chromosome 1 gene (DEARI)
has 5 exons; it is located in chromosome 1p35,! a region with a
high frequency of loss of heterozygosity in different types of
tumors.? It encodes an E3 ubiquitin-protein ligase. The mem-
bers of this family participate in several cellular processes, such
as proliferation, differentiation, oncogenesis, apoptosis, intra-
cellular trafficking, innate cellular responses to retroviral infec-
tion, and inflammation. The DEARI gene in breast cancer has
been considered a predictor of local recurrence-free survival in
early-onset breast cancer; it regulates polarity and tissue archi-
tecture! and is a master regulator of transforming growth factor

B (TGF-p)-driven epithelial-mesenchymal transition (EMT).3
In breast cancer, DEARI is downregulated in ductal carcinoma
in situ lesions and infiltrating ductal carcinoma.!

In total, 230 single nucleotide polymorphisms (SNPs) have
been identified based on genotype data from 60 CLM indi-
viduals (CLM: Medellin-Colombia) in the 1000 Genomes
Project,* different to the genotype data from 116 CEU indi-
viduals (CEU: Utah residents with ancestry from northern
and western Europe) that contain 94 SNPs in HapMap (hap-
lotype map).® This difference confirms that SNP frequencies
change across different populations, and it is important to
define which SNPs are associated with risk in each population.
Most of the breast cancer cases are sporadic, and in the 10% of
the hereditary cancer, BRCAI and BRCA2 (breast cancer
genes 1 and 2) are the best-known susceptibility genes; they
are associated with the risk of up to 85% of developing breast
cancer in mutation carriers.®’
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Although the impact of high-risk mutations is important,
they account for less than 25% of the cases of breast cancer
predisposition; other risk factors can be explained by the addi-
tion of multiple common variants, known as low-penetrance
variants in the polygenic model.8! Analyses performed on dif-
ferent populations allow discovering causal factors.!? The asso-
ciation of Tag SNPs rs584298, rs2927970, rs59983645, and
1599167 in DEAR1 with risk of breast cancer was analyzed in
the total of cases and controls in women from the Colombian
population by genotyping. This is the first study conducted on
the association between SNPs in DEAR1 and breast cancer.

Methods
Study design

Case-control study was carried out; cases were patients with
breast cancer with different histopathological reports, and con-
trols were patients without breast cancer or any breast injury.

Patients and controls

Patients. In total, 1022 cases were included. Patients with
breast cancer were enrolled at different hospitals throughout
the country, mainly at hospitals in Bogotd, Neiva, and Villavi-
cencio. Unselected patients (all the patients who assisted to
oncology appointment with breast cancer diagnosis) were
recruited during the period 03/2007 to 02/2011 within the
Col-BCCC (Colombian breast cancer case-control study), at
PUJ (Pontificia Universidad Javeriana Bogoti-Colombia)®3
Cases were women with a diagnosis of breast cancer after
January 1, 2004. Controls were recruited in the period of
06/2007 to 06/2011. Clinical, epidemiological, and histo-
pathological data were collected as well as informed consent.
The data included age at breast cancer diagnosis, histology,
histological grade, tumor size, lymph node status, estrogen
receptor (ER) status, progesterone receptor (PR) status, and
human epidermal growth factor receptor 2 (HER2) status;
epidemiological data included menopausal status, family his-
tory of breast and ovarian cancer, postmenopausal hormone
therapy, oral contraceptive (OC) use, body mass index (BMI),
and smoking. Data on follow-up of the breast cancer patients
were collected 5 years after the date of breast cancer diagno-
sis during the course of this study, including the date of last
follow-up, date of locoregional relapse, date of distant metas-
tasis relapse, date of contralateral breast cancer, date of death,
and cause of death. This study was approved with the code
MED-119-2009 by the ethics committee of Pontificia Uni-

versidad Javeriana.

Controls. In total, 1022 controls were included. The partici-
pants were healthy and unrelated women, who participated in
the National Pap Smear Program.™ All study participants gave
written informed consent. Controls were matched to cases
with a range of up to 2years.

Eligibility criteria

Cases and controls were eligible if they were of Hispanic ori-
gin. Cases were included if breast cancer diagnosis was in or
after January 1, 2004. Controls without any relationship with
the cases, without a family history of breast cancer, and without
any breast disease were included.

DNA extraction

Eight milliliters of blood were drawn from each participant of
the Col-BCCC; tubes with the anticoagulant EDTA (ethylen-
ediaminetetraacetic acid) were used. Genomic DNA was
extracted using a salting-out method.” DNA samples were
available from all study participants.

Selection of tag SNPs

The data set in HapMap (CEU population) and 1000 Genomes
Project (CLM population) were compared; SNPs with minor
allele frequency (MAF)=5% and »2=0.8 with at least 1 tag
SNP were selected. The comparison revealed that the DEARI
linkage patterns differ between HapMap’s CEU population (3
tag SNPs capture 26 alleles) and the CLM population from
the1000 Genomes Project (14 tag SNPs capture 64 alleles). As
a consequence, we decided to proceed with data from the 1000
Genomes Project, because the CLM population is expected to
be more genetically related to study population under investi-
gation. The tagger program (http://www.broad.mit.edu/mpg/
tagger/) was used to select SNPs using pairwise tagging
methods.

According to the 1000 Genomes Project (phase 3), the
DEARI gene spans the region from position 33611003 to
33647660 on chromosome 1 (GRCh37). Based on genotype data
from the CLM population (94 individuals), the DEARI gene
region and a 5-kbp putative promoter region (position 33611003
to 33652660) comprise 230 SNPs (all 4 transcripts). Of these 230
SNPs, there were 65 SNPs with an MAF =5%. Eight tag SNPs
captured 100% of the alleles of these 65 SNPs at a correlation of
72=0.8.The selected tag SNPs are shown in Supplemental Table
S4. From a previous tagging SNP approach, genotypes were
obtained for 1 SNP in tagging group 1 (rs59983645), for 2 SNPs
in tagging group 2 (rs584298 and rs628466), and for rs2927970.
Genotypes for rs599167 in tagging group 3 were obtained using
the KASP assay. Four SNPs (rs673894, rs35622844, rs10798929,
and rs2927966) were not genotyped. In total, 4 of 65 SNPs cap-
ture 93.8% (61/65) of the genetic variation in the investigated
region considering an MAF =5% and 7 =0.8.

Genotyping

Genotyping of 1s584298, 152927970, and rs59983645 was per-
formed by MALDI-TOF (Matrix-Associated Laser Desorption

ITonization Time of Flight) mass spectrometry using Sequenom’s
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MassArray iPLEX system (Agena Bioscience, San Diego,
California) and the iPLEX Gold Chemistry. Post-run data
were analyzed using Sequenom’s Typer Analyzer software ver-
sion 4.0.20 (http://agenabio.com/products/massarray-system/).

Genotyping of 1599167 was performed using a KASP gen-
otyping (Kompetitive Allele Specific PCR (polymerase chain
reaction)) assay, and the post-run data were analyzed using the
SNPviewer software version 4.0.0.0 (http://www.lgcgroup.
com/products/kasp-genotyping-chemistry/overview/#.
VhYOUEa6KSo). All assay plating was performed on 384-well
plates. Primers for each tag SNP were designed using Assay
Design Suite software from Agena Bioscience.

QC guidelines

The QC (quality control) criteria were in accordance with the
BCAC (Breast Cancer Association Consortium) and CIMBA
consortium (the Consortium of Investigators of Modifiers of
BRCA1/2). The QC for samples analyzed by MALDI-TOF
includes 5.8% of duplicate samples and at least 95% of the con-
cordance rate. The QCs for samples analyzed by KASP
Genotyping Assay included 6.0% of duplicate samples (61
cases and 61 controls). At least 5% duplication with=98%
concordance was required.

Four non-DNA controls (NTC—no template control) were
included per 384-well plate. A minimum of =2 N'T'Cs was used
per plate. DNA samples that failed for >2 of the 4 analyzed
SNPs were excluded (8 samples). After exclusion of these sam-
ples, the call rate for SNPs was rs584298: 98.5%; rs2927970:
98.7%; rs59983645: 98.3%; 1s599167: 95.6%. A minimum call
rate of =95% was required. The sample had no significant devi-
ation from HWE (Hardy-Weinberg equilibrium); the HWE
analysis data are shown in Supplemental Tables S5 to S8.

Statistical methods

Differences between breast cancer cases and controls in the fre-
quencies of general characteristics, such as family history, num-
ber of childbirths, breastfeeding experience, OC use, BMI,
smoking, and age at first full-term pregnancy, were tested using
the 2 test.

For each SNP, deviation from HWE was assessed by a y?
with 1 degree of freedom (1 df). Associations between genetic
variables and breast cancer risk model adjusted for 6 potential
epidemiological breast cancer risk factors (age, menopausal sta-
tus, family history of breast or ovarian cancer, use of OCs, post-
menopausal hormone therapy, BMI, and smoking) were analyzed
by conditional logistic regression with odds ratios (ORs) and
95% confidence intervals (CIs). All variables were included into
the complete model, and to determine which terms were signifi-
cant, a hierarchical backward elimination approach was carried
out. The variables not statistically significant during this proce-
dure were evaluated as possible confounding factors. To select
the best model, the Bayesian information criterion and the

Akaike information criterion were used. The associations
between DEARI genotypes and 7 clinical and histopathological
tumor characteristics (histology, histological grade, ER status,
PR status, and HER2 status) of breast cancer cases were ana-
lyzed by multinomial logistic regression with relative risk ratio
and 95% Cls. All tests were 2-sided. Multicollinearity between
independent variables was evaluated. All the statistical analyses
were performed using Stata software version 15.1° Significance
was settled at a P=.05.

A multivariate analysis of survival, using Kaplan-Meier
approach, was conducted, with right censored observations.
The survival rates are presented with 95% Cls.

Results

Subject characteristics

The ages of the case and control groups were similar with a
mean age of 52years for the interviewees; the case group has a
mean age of diagnosis of 49.75 years. Case and control groups
show principally a tendency to overweight; no significant sta-
tistical differences (P>.005) were found. Significant differ-
ences between case and control groups are evident for the
following variables, smoking habit (P=.000388), family history
of breast cancer (P=.00001), use of OCs (P=.0291) and use of
hormone replacement therapy (HRT) (P=.00001), parity
(P=.0128), and breastfeeding (P=.0265); BRCAI or BRCA2
mutations also show differences between case and control
groups (P<.0001). The frequency of the variables for case and

control groups is shown in Tables 1 and 2.

Association between SINPs and breast cancer risk
adjusted for 6 potential epidemiological risk factors

Four tag SNPs in the DEARI gene were selected for genotyp-
ing: 159983645, rs584298, 1s2927970, and rs62846 represent-
ing 68 common SNPs into the region spanning from 33611003
to 33652660 in chromosome 1. The 4 SNPs selected were
genotyped in the total of case and control groups; they were
analyzed and cataloged in the VariantGPS software in order to
know whether they were in any regulatory region; one of the
imputed SNP was found in the miRNA site binding in silico
(data not shown). The genotype distributions of all SNPs in
controls did not deviate from HWE. The results showed asso-
ciation of tag SNP rs584298 with breast cancer risk genotype
AG and GG (P=.048 and P=.004 respectively) after adjusting
for age, family history, BMI, menopausal status, replacement
hormonal therapy, and breastfeeding. The 3 other tag SNPs
individually and adjusted for the epidemiological risk variables
show association, but in the complete model including all 4 tag
SNPs did not show the same result because of the correlation
between each other. Furthermore, no statistically significant
difference was found. The conditional logistic regression analy-
sis for the full model and the reduced model with epidemio-
logical risk variables is shown in Table 3.
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Table 2. Risk factors for breast cancer in cases and controls.

RISK FACTORS MISSING CONTROLS MISSING
CONTROLS
Smoking
Never 684 (67%) 22 (2.15%) 775 (76%) 5 (0.48%)
Past 251 (24.5%) 186 (18.18%)
Current 65 (6.3%) 57 (5.6%)

Menopausal status
Pre/peri 286 (28%) 15 (1.46%) 472 (46.1%) 11 (1.075%)
Postmenopausal 721 (70.5%) 540 (53%)

Family history
Yes 248 (24.3%) 6 (0.58%) 79 (7.8%) 23 (2.24%)
No 768 (75.1%) 921 (90%)

Use of oral contraceptives
Yes 310 (30.3%) 25 (2.44%) 270 (26.4%) 11 (1.075%)
No 687 (67.22) 742 (73%)

Use of hormone replacement therapy

Yes 109 (10.7%) 24 (2.34%) 44 (4.30%) 38 (3.71%)
No 889 (87%) 971 (95%)

Parity
Yes 858 (84%) 6 (0.58%) 894 (87.4%) 11 (1.075%)
No 158 (15.5%) 118 (11.5%)

Age of first full-term pregnancy

<30 699 (68.4%) 178 (17.4%) 780 (76.2%) 151 (14.7%)
>30 145 (14.2%) 92 (9%)
Breast feeding
Yes 769 (75.2%) 192 (18.78%) 817 (80%) 166 (16.22%)
No 61 (6%) 40 (4%)
BRCAT mutations
Yes 55 (5.4%) 0 (0.00%) 0 0 (0.00%)
No 949 (92.8%) 1023 (100%)
BRCAZ2 mutations
Yes 18 (1.76%) 0 (0.00%) 0 0 (0.00%)
No 949 (93%) 1023 (100%)
BRCA, breast cancer genes.
Epidemiological risk factors, smoking: 0=never, 1=past, 2=current, in the last year before the reference date (year before diagnosis for cases, year before questionnaire
for controls). Menopausal status: 1=pre/peri, 2=post (postmenopausal: last menstruation more than 12months before the reference date). Family history: family history
of breast cancer in a first degree relative; 0=no, 1=yes. Use of oral contraceptive: 0=never, 1=ever, and “never use” correspondingly less than 4 months of use; “ever

use” is usually defined as at least 4 months of use. Use of hormone replacement therapy: 0=never, 1=ever, “never use” correspondingly less than or equal to 3months of
use, “ever use” is usually defined as more than 3months of use.
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Table 3. Genotype frequencies, OR, and probabilities.

FULL MODEL

REDUCED MODEL

95% Cl

P VALUE ORa 95% Cla P VALUE?

TAG SNPS GENOTYPES FREQUENCIES PATIENTS
CASES CONTROLS OR
rs584298 AA 498 541
GG 74 63 2.24
AG 371 360 1.44
rs2927970 CC 149 132
TT 366 392 0.9
TC 425 440 0.85
Risk variables
Age 715
Menopausal status 2.25
BMI 0.99
Family history 4.31
Parous 0.65
Smoking 0.98
Breast feeding 1.07
OC ever 1
HRT ever 2.27

0.88-5.70 .09 2.57 1.35-4.90 .004
0.86-2.41 164 1.41 1.00-2.00 .048
0.44-1.88 .798

0.44-1.62 .624

5.21-9.82 .000 7.28 5.32-9.97 .000
1.36-3.73 .002 2.28 1.39-3.74 .001
0.997-0.999 .004 0.99 0.997-0.999 .004
2.68-6.92 .000 4.54 2.84-7.26 .000
0.28-1.50 .323

0.48-2.00 .967

0.52-2.20 .847 1.41 0.93-2.15 100
0.701-1.43 .993

1.16-4.43 150 2.4 1.25-4.58 .008

BMI, body mass index; Cl, confidence interval; HRT, hormone replacement therapy; OC, oral contraceptive; OR, odds ratio; SNP, single nucleotide polymorphism.
aAdjusted analysis by age, menopausal status, HRT, family history, breastfeeding, and BMI; P <0.05. (These variables were included due to the significant risk

association for breast cancer in different populations.)

An evaluation of multicollinearity between risk factors and
genotypes was performed. Risk variables age and menopausal
status show high correlation but not collinearity. Tag SNPs
1s599167 and 59983645 show collinearity; for this reason,
these 2 SNPs were not included in the final conditional logistic
regression model; no other SNPs showed significance level for
entry into the model.

Tag SNPs association with histopathological tumor
characteristics

In order to evaluate whether genotypes in the DEARI gene
were associated with some specific tumoral characteristics, a
multinomial logistic regression was carried out between
DEARI genotypes and 5 clinical and histopathological tumor
characteristics (histology, histological grade, ER status, PR sta-
tus, and HER?2 status) (data are shown in Tables 4 and 5). The
results show association between tag SNPs rs584298 genotype
AA with HER2 receptor expression (P=.048), and genotype
AG with PR expression (P=.015); therefore, if 1 patient has
HER? expression, the relative risk of having the genotype AA
over GG (referent group) would increase the risk by a factor of
3.48 times when the other variables in the model are held con-
stant. The association with PR status will also increase: if a

patient has a PR expression, the relative risk to have the geno-
type AG over GG (referent group) would be expected to
increase by a factor of 2.78 times when the other variables in
the model are held constant (data are shown in Table 6).

Survival analysis

For survival analysis, the endpoints were as follows: (1) time for
recurrence: defined as the time from diagnosis to a random
documentation of a breast event; any local, regional, or distant
recurrence of breast cancer; or a contralateral breast cancer; (2)
breast cancer—specific survival (BCSS): defined as the time
from diagnosis to death from breast cancer; (3) overall-free
survival (OSS): estimated as the time from registration to
death of any cause.

The first end-point, time to recurrence, evidenced that 42
patients had contralateral breast cancer or locoregional dis-
ease. From these 42 patients, 31 were censored and 11 died.
Data available for BCSS and OSS analyses were as follows: 77
(7.5%) patients died from the total of 1022. After 5-year fol-
low-up, from these 75 patients, 26 (33.7%) patients died due
to breast cancer, 18 (23.37%) died for a cause different to
breast cancer, and 33 (42.85%) died for unknown cause. A
total of 318 (31.11%) patients had a follow-up missed out
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Table 4. Description of histopathological variables.

HISTOPATHOLOGICAL VARIABLES FREQUENCY %

Tumor type
Invasive? 731 71.52
In situ 137 13.40
Unknown 154 15.06
ER status
Negative 153 14.97
Positive 541 52.93
Unknown 328 32.09
PR status
Negative 191 18.68
Positive 498 48.72
Unknown 333 32.58
HER?2 status
Negative 419 40.99
Positive 133 13.01
Unknown 470 45.98

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

ER-positive: Breast cancers that have ERs are called ER-positive (or ER +)
cancers; PR-positive: Breast cancers with PRs are called PR-positive (or PR +)
cancers. Unknown: missing data.

alnvasive included lobular, ductal.

Table 5. Description of variables of tumor size and number of nodes.

HISTOPATHOLOGICAL VARIABLES MEDIA SE
Tumor sizea 23.30 0.655
Node positive 1.95 0.172

Cl, confidence interval.

from the total. The number of patients alive until the date of
the last follow-up was 627 (61.35%). The multiple analyses of
survival were conducted using the Kaplan-Meier survival
method. There was no evidence of association between SNPs
in the DEARI region and BCSS, OSS, and time to recurrence.
Survival Kaplan-Meier data are shown in Figures 1 to 3 and
Supplemental Tables S1 to S3.

Discussion
Most cases and controls were in postmenopausal status and
were overweight with a BMI>25. Those both elements are
considered as a risk factor for breast cancer.!”-18 Cases were
mainly diagnosed in their fourth and fifth decades, and the
majority shared characteristics considered as protective factors
for the disease such as parity, age of women at birth of first
child (less than 30years old), breastfeeding, and no use of HRT
or OCs. Most of the established breast cancer risk factors eval-
uated among Colombian women in the current study had
strong associations with breast cancer.

The DEARI gene located in the region 1p35.1 encodes for
a member of the tripartite motif (TRIM) protein, one of the
subfamilies of the RING type E3 ubiquitin ligases, which is
associated with the development of breast cancer and inva-
sion.® Functional cell line mutational analysis provides evi-
dence that DEARI is a key regulator of acinar morphogenesis
in the mammary gland and an independent predictor of local
recurrence-free survival. The association between DEARI and
breast cancer suggests that DEARI polymorphisms could be a

aTumor size is given in millimeters; Node positive: number of positive nodules in the pathology report.

Table 6. Tag SNP association between rs584298 and PR, HER2 status.

TAG SNP RRR SE
rs584298
A
PR Status 1.758 0.706
HER2 status 3.48 2.20
AG
PR status 2.78 117
HER?2 status 3.10 2.00
G Base outcome

95% ClI TOTAL OBSERVATIONS MISSING DATA
22.01-24.59 532 490 (47.94%)
1.61-2.28 602 420 (41.09%)
z P>|Z| 95% Cl
1.40 161 0.79-3.86
1.98 .048 1.00-12.01
2.43 015 1.22-6.36
1.76 .078 0.879-10.99

Cl, confidence interval; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; RRR, relative risk ratio; SNP, single nucleotide polymorphism.
Association results for the Tag SNP rs584298 genotype AA and AG. Adjusted for tumor size and node status.
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Figure 1. Kaplan-Meier survival estimates for overall-free survival (OSS).
Genotypes for rs584298 resulted in nonsignificant correlation between the
genotypes AA, GG and AG and overall-free survival (P = .5325).
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Figure 2. Kaplan-Meier survival estimates for relapse.
Genotypes for rs584298 resulted in nonsignificant correlation between the
genotypes AA and AG and relapse-free survival (P = .952).
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susceptibility factor for this disease.3 Besides the obvious role
as a key regulator of acinar morphogenesis, DEARI gene has
recently been considered a regulator of p27 stability, and an
inhibitor of cyclin-dependent kinases. Decreased TRIM62
expression by RNA interference in cancer HER2 + cell lines
not only induces cell cycle arrest but also causes the complete
relocation of p27 to the nucleus.’ The loss of function of
DEARI gene in the presence of TGF-P results in a failure in
the acinar morphogenesis, upregulation of EMT markers,
resistance to anoikis, migration, and invasion; therefore,
DEAR] is a master regulator of EM'T.3 The loss of DEARI
expression has also been considered an adverse prognostic fac-
tor in acute myeloid leukemia.?? In nonsmall cell lung cancer
lesions, the loss of TRIM62 levels is lower during disease pro-
gression, which has been associated with poor clinical out-
comes.?! The effect of this gene on breast cancer, as determined
by functional analysis, increases the probability of one or many
variants being associated with breast cancer risk. Until now, no
reports about variants in DEARI associated with breast cancer
risk adjusted for different epidemiological risk factors had been
conducted and it is important to highlight the role of interac-
tions between genotype, risk factors, and breast cancer risk, but
the current approaches to identify such interactions are scarce,
and new methodologies should be developed. This is the first
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Figure 3. Kaplan-Meier survival estimates for breast cancer—specific
survival (BCSS).

Genotypes for rs584298 resulted in nonsignificant correlation between the
genotypes AA, GG and AG and specific breast cancer—free survival (P = .5040).

report of DEARI variants associated with breast cancer risk;
further studies in other populations are needed to confirm
these slight associations between breast cancer risk and
rs584298 as well as PR status and HER2 status.

Four SNPs (rs584298, 152927970, rs59983645,1s599167) in
the DEARI gene were genotyped. The association with breast
cancer risk was adjusted with epidemiological risk factors in a
sample of the Colombian population. After adjusting for the
covariates of epidemiological risk, the association with the tag
SNPs rs584298 and breast cancer risk was found. This SNP
despite of the similar frequency in different populations has no
report of clinical significance.* The rs584298 tagged an SNP
(rs689187) located in 3'-UTR region of TRIM62, an miRNA
binding site therefore probably causal variant associated with
breast cancer risk. These 2 variants have a high 2 and D' values,
showing that they are coinherited. Further analyses are needed
to confirm whether rs689187 is affecting the miRNA binding
site and whether this could be a causal variant associated with
breast cancer progression. Other replication studies are required
to confirm that these variants could be a prognostic factor for
patients with in situ breast cancer.??> Some genome-wide asso-
ciation studies have evaluated interactions between identified
genetic variants and traditional breast cancer risk factors; none
found significant interactions after correction for the number
of comparisons made, and all were conducted among predomi-
nantly European-ancestry populations.?® In this case, probably
the lack of strong associations should be due principally to the
size and diversity of the populations evaluated, the number of
SNPs tagged, and the missing data for each variable. Additional
studies in other populations should be conducted.

The allele A of rs584298 was associated with the expression
of HER2 receptor; therefore, it would be expected that
rs689187 would be the causal variant associated; several studies
had shown the importance of SNPs or miRNA binding sites
polymorphism, mainly SNPs within the 3'-UTR gene region
which may influence and regulate the posttranscription modu-
lation on gene expression and in this manner confer suscepti-
bility to the disease. HER2 overexpression has an important
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prevalence, nearly to ~22% in breast cancer; the upregulation of
HER?2 is associated with different histological characteristics
of the tumor, metastasis and invasiveness, angiogenesis, and a
poor overall prognosis.? Several miRNA have been associated
with overexpression of HER2.2> Also, the genotype AG of
1rs584298 in TRIM62 shows association with expression of PR
status, possibly the causal variant could be the SNP in the
miRNA binding site rs689187 affecting the expression of PR.
Further studies are needed to identify the possible miRNA
associated with the 3-UTR region in TRIM62 and the path-
way involved in the HER2 dysregulation to establish it as a
possible prognostic marker in breast cancer.

Survival analysis show more than 90% of censored data with
more than 30% unknown data, making it difficult to perform
Kaplan-Meier analysis and probably this is one of the reasons
for nonassociation.?®

Conclusions

SNP 1584298 in DEAR1 showed association with positive
HER2 and PR receptors breast cancer risk in a sample of
Colombian population; therefore, this information could be
relevant for therapeutic decisions and prognosis. This SNP
should be tested in other populations to confirm the associa-
tion in a larger sample. In the future, those SNP could be con-
sidered as part of cancer risk and prognosis panels. It is crucial
to perform SNP validation (rs689187) of the SNP in the
miRNA binding site with functional analysis to determine the
SNP targets.

Limitations of the Study

Some limitations in the study were related principally with the
tumor pathological information and follow-up. Shortly after
the patients were diagnosed, they were referred to the study;
therefore, they did not have all the pathological information,
making it difficult to fill all the required information.
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