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Sequencing of Chromosomal Locus 6q25.1 Revealed Two
Significant SNPs rs2046210 and rs2046211 Associated with
Breast Cancer: A Case-Control Study in Egyptian Women
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Abstract

Background: Breast cancer (BC) is one of the major health problems affecting females in Egypt. Certain
chromosomal loci abnormalities were proved to be associated with BC in different populations. One of them is
chromosomal locus 6q25.1, that affects estrogen receptor gene (ESR) which controls ER receptor expression. Therefore,
the aim of this study was to investigate locus 6q25.1 among group of Egyptian female BC patients and compare the
results to healthy matched age controls. Methods: Formalin fixed paraffin embedded (FFPE) samples of sixty newly
diagnosed BC patients were sequenced for locus 6q25.1 using genetic analyzer with capillary electrophoresis (3500 GA).
The identified single nucleotide polymorphisms (SNPs) were compared to blood samples of forty controls. Realtime
PCR using TagMan probes was used for validation. Results: Two SNPs rs2046210 and rs2046211 were significantly
associated with BC. Frequency of rs2046210-A minor allele was 30% in controls, while the frequency of rs2046211-G
minor allele was 15%. Rs2046210-A allele was associated with increased risk of BC (P=0.0001), while rs2046211-G
allele was associated with reduced risk of BC (P=0.021). Combined analysis of both SNPs showed that haplotype
A/C was associated with increased risk of BC (P =0.042). No significant correlation was found between rs2046210-A
allele and ER status, while positive association was observed between rs204621-C allele and ER status (p= 0.005).
Conclusion: Our data confirmed the important association between locus 6q25.1 and risk of BC in other populations.
The frequencies of minor alleles of both significant SNPs will pave the way for a wider large-scale genome study and
to be investigated with other BC risk factors.
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Introduction

Breast cancer (BC) is considered the most frequent
cancer among females in Egypt (Ibrahim et al., 2014).
According to National Cancer Registry Program (NCRP),
age-standardized incidence rate of BC per 100,000 was
32% (Ibrahim et al., 2014). The early diagnosis and
subsequent management of BC assisted in improving the
survival rate (Cain et al., 2019; Mahvi et al., 2018; Narod
etal., 2018).

Multiple risk factors contribute to BC, for example
sex, family history, hormonal factors, unhealthy lifestyle
and gene mutations (Majed et al., 2014). However,
the genetic risk factors are still the cornerstone in the
pathogenesis of BC (Collins et al., 2011). That includes the
high-penetrance genes, BRCA1 and BRCA2, also HER?,
PTEN, CHEK?2, TP53 and PALB2 (Orozoc et al., 2010) .

There are several genome wide association studies

(GWAS) that contributed to discovery of new genetic
defects especially novel single nucleotide polymorphisms
(SNPs) (Siddiq et al., 2012; Michailidou et al., 2013).
Those SNPs play important roles in the risk or prognosis
of BC. The GWAS assisted also in identifying the
minor allele frequency (MAF) of various SNPs among
populations. Knowing the critical SNPs and investigating
their MAF have a great impact on understanding the
incidence and outcome of BC (Siddiq et al., 2012;
Michailidou et al., 2013).

Additionally, chromosomal loci that interrogate
clusters of genes gathered together may imply in the
pathogenesis of BC as well (Bilal et al., 2012). For
example, amplified loci on chromosomes 8 and 17
predicted early relapse of estrogen receptor (ER) positive
BC (Bilal etal., 2012). The chromosomal locus 6q25.1 was
also associated with higher incidence of BC (Fejerman et
al., 2014; Dunning et al., 2016). SNPs at 6q25.1 such as
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(rs204621,1s2046211,1s1219648) were studied previously
in different populations (Cai et al., 2011; Dunning et al.,
2016; Hein et al., 2012; Zheng et al., 2013). One of the
important genes that is located at chromosome 6q25.1 is
estrogen receptor (ESR) gene that encodes the expression
of ER receptor and was reported to play an essential role
in BC development and progression (Dahlgren et al.
2008). Although the importance of 6q25.1, yet no previous
studies were performed on Egyptian patients. Therefore,
the aim of this study was to investigate the chromosomal
locus 6g25.1 among a cohort of Egyptian BC patients.

Materials and Methods

Patients

The study was performed on 60 female BC patients who
were recruited from surgical and oncology departments,
(BLINDED FOR PEER REVIEW) from December 2020
until December 2021. The selection criteria for the cases
included newly diagnosed and histopathological confirmed
BC, without previous radiotherapy or chemotherapy and
without restriction in age or disease stage. All controls
were cancer-free and matched age.

DNA extraction

Genomic DNA was extracted from formalin fixed
paraffin embedded samples (FFPE) that were collected
from patients after obtaining formal written consent. The
patients’ samples were compared to blood samples of 40
matched-age healthy females.

Genotyping

Genotyping analyses were performed using the
Genetic Analyzer by capillary electrophoresis (3500
GA, Applied Biosystems, Thermofisher scientific, USA)
located at Cancer Genetics Unit, Molecular biology
laboratory, Clinical pathology department, (BLINDED
FOR PEER REVIEW).

DNA quality was assessed using a Nanodrop
Spectrophotometer ND-2000 (Thermo Scientific,
Wilmington, DE, USA) and by agarose gel electrophoresis
assay to ensure genomic integrity. The genomic region was

1 kb ladder

322 bp

amplified using primers as previously described (Nhan
et al., 2018) (Figure 1). Exclusion criteria for genotyped
SNPs was deviation from Hardy—Weinberg equilibrium
(HWE, P<0.05) in the controls. Therefore, two SNPs were
subjected to statistical analysis i.e. rs2046210 (Figure
2) and rs2046211 (Figure 3). Both SNPs rs2046211
and rs2046210 are located in an intergenic region 29 kb
upstream of the ESR1 gene. The SNP rs2046210 was also
validated using TagMan Real Time PCR assay (assay ID,
C_ 12034236 _10, Applied Biosystems) on Stratagene
(Figure 2). The concordance rate for both techniques
was 98.0%.

Results

The demographic characteristics of cases and controls
are presented in Table 1. No significant differences were
found between cases and controls in age or governate
distribution (urban or rural). More cases had a family
history of any cancer than did controls (P <0.001).

The genotype distribution of 1s2046210 was consistent
with Hardy-Weinberg equilibrium in both cases and
controls (supplementary Table 1). The minor A allele
frequency among controls was 30% (Table 2). Comparing
AA+AG genotypes versus (vs) GG genotype showed
increased risk of BC (OR =3.27, 95% CI=1.37 to 7.83,
p=0.0078) (Table 2). Comparing to G allele, A allele was
significantly associated with an increased risk of BC (chi
square test, P <0.001, OR=3.3810, 95% CI 1.85 to 6.17,
P=0.0001) (Table 2).

Most of the patients were ER positive (50 cases,
83.3%), while ER negative were only 10 cases (10 cases,
16.7%). No significant association was found between A or
G allele and ER status (supplementary Table 2). Notably,
AA genotype was observed in comparable percentages
in pre- and post-menopausal cases (18.3%, 21.6%
respectively, supplementary Table 3), that excluded an
association between AA genotype and menopausal status.

For genotype rs2046211, the SNP was consistent with
Hardy-Weinberg equilibrium in both cases and controls
(supplementary Table 4). The minor G allele frequency
among controls was 15% (Table 3). Comparing to CC

Figure 1. Gel Electrophoresis of the Amplified Chromosomal 6q25.1 Locus. The lane on the left represents 1-KB
ladder, lanes (1-8) contain amplified patients’ samples by PCR. The product size is 322bp
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Table 1. Comparison between the Two Studied Groups According to Demographic Data

Breast cancer (n = 60)

Control (n = 40)

Test of significance (p value)

Age (years)
Min. — Max. 37.0-71.0 42.0-67.0 t(0.903)
Mean + SD. 52.20 +8.38 52.0+7.33
Median (IQR) 51.50 (47.0 — 58.0) 50.50 (45.5 - 58.0)

Governorate
Urban 42 (70%) 40 (100%) ¥2 (0.585)
Rural 18 (30%) 10 (25%)

Family History
Negative 6 10 %2 (<0.001%)
Positive 54 90

Marital status
Married 58 (96.7%) 40 (100%) FEp=0.515
Widow 2 (3.3%) 0 (0%)

Menstrual history
Post-Menopausal 32 (53.3%) 26 (65%) %2 (0.247)
Pre-Menopausal 28 (46.7%) 14 (35%)

Parity
Nullipara 4 6.7 FEp=0.148
Multipara 56 93.3

Breast feeding
Negative 4 6.7 FEp=10.148
Positive 56 933

IQR, Inter quartile range; SD, Standard deviation; t, Student t-test; ¥2, Chi square test; FE, Fisher Exact; p, p value for comparing between the

studied groups; *, Statistically significant at p < 0.05

genotype, patients with CG had a reduced risk of BC
(OR= 0.2593, CI=0.0879 to 0.7643, P=0.014) (Table
3). Using chi-square (x2) test showed a significant C/G
allelic difference (P=0.015) (Table 3). The G allele
showed significant association with reduced risk of
BC (OR= 0.2982, CI=0.11 to 0.83, P=0.021) (Table
3). Neither patient nor control had GG genotype in this
present study.

Concerning ER status, significant association was
found between rs2046211-C allele and ER positive cases
(P=0.005). G allele was present in only 4 ER negative
cases out of total 10 ER negative patients (Table 4).

Combined analysis of 1s2046210-AA allele and the
rs2046211-CC allele (haplotype AC) showed that A/C

haplotype was more frequent in cases than controls
(18.3%, 15% respectively) with an increased risk of
BC (OR=5.5, 95% CI= 1.0645 to 28.4164, P = 0.042)
(Table 5).

Statistical analysis

The chi-square (x?) test was used to test for deviation
from Hardy-Weinberg equilibrium (HWE). Odds ratio
(OR) with 95% confidence interval (CI) was used to
assess the strength of association between rs2046210 or
rs2046211 and BC risk. We used allele contrast AA+AG
vs. GG for rs2046210 and CG+GG vs CC for rs2046211
to examine the relationship between risk allele/ genotypes
and BC.

Table 2. Comparison between the Two Studied Groups According to rs2046210

Breast cancer (n = 60) Control (n = 40) x2 (p) OR 95% CI
n (%) n (%)
1s2046210
GG® 13 (21.7) 19 (47.5) 0.001* 3.27 1.37t07.83
AG 23 (38.3) 18 (45.0)
AA 24 (40.0) 3(7.5)
Allele
G® 49 (40.8) 56 (70.0) <0.001* 3.38 1.85t06.17
A 71(59.2) 24 (30.0)

®, Reference Genotype; %2, Chi square test; p, p value for comparing between the studied groups; *, Statistically significant at p < 0.05; OR, odds

ratio; CI, confidence interval
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Figure 2. Sequencing Chromatogram of each rs2046210 Genotype and Realtime PCR Amplification Curves

Table 3. Comparison between the Ttwo Studied Groups
According to rs2046211

Table 4. Relation between rs2046211 with Hormonal
Receptors in Breast Cancer Group (n = 60)

Breast cancer Control  (x2)p  OR 95% CI
(n=60) (n=40)
n (%) n (%)

152046211

ce® 54 (90.0) 28(70.0) 0.011*

CG 6 (10.0) 12 (30.0)

GG 0(0.0) 0(0.0) 026 0.088 to 0.76
Allele

c® 114 (95.0) 68 (85.0) 0.015* 0.298 0.11t0 0.83

G 6(5.0) 12 (15.0)

® Reference Genotype; ¥2, Chi square test; p, p value for comparing
between the studied groups; *, Statistically significant at p < 0.05; OR,
odds ratio; CI, confidence interval

Discussion

BC is multidisciplinary disease; various risk factors
contribute to its incidence including genetic factors.
Chromosomal locus 6q25.1 was proved to have an
association with BC risk in different ethnic groups (Wu
et al., 2013). However, yet, there has not been such
association studied concerning Egyptian population.

In the present study we aimed to investigate
chromosomal locus 6q25.1 among a cohort of Egyptian
female BC patients. The minor allele A of SNP rs2046210
had a significant association with BC. The frequency
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1s2046211 Test of significance
cc cG ()
(n=54) (n=6)
n (%) n (%)
ER
Negative 6(11.1)  4(66.7) FEp=0.005*
Positive 48 (88.9) 2(33.3)
PR
Negative 20 (37.0) 4 (66.7) FEp=0.206
Positive 34 (63.0) 2(33.3)
HER-2
Negative 48 (88.9) 4(66.7) FEp=0.178
Positive 6(11.1) 2(33.3)
Combinations
-ER,-PR,-HER-2 4(74) 2(33.3)
-ER,-PR,+HER-2 2(3.7)  2(333)
+ER,-PR,-HER-2 14 (25.9) 0(0.0) MCp=0.020*
+ER,+PR,-HER-2  30(55.6) 2(33.3)
+ER,+PR,+HER-2 4 (7.4) 0(0.0)

%2, Chi square test; MC, Monte Carlo; FE, Fisher Exact; p, p value for
comparing between different genotypes

of A allele was 30% among controls. This frequency
is very close to its percentage in Asian population
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Figure 3. Sequencing Chromatogram of 1s2046211 Genotypes i.e. CC and CG

Table 5. Combined Analysis of rs2046210 and rs2046211

Genotypes AA/CC®  GG/CC® OR 95% CI
Patients 11 6 55 1.07t028.42
Controls 3 9

® Reference Genotype; OR, odds ratio; CI, confidence interval

(34.8-39.3%) (Chanetal.,2012; Han etal., 2011), 33.7%
in European population and 71.6% in African and African
American (Stacey et al. 2010). This difference in allele
frequencies proposes that in African and African American
populations, the rs2046210-A allele may contain different
haplotypes accompanied by different risk associations (Wu
etal.,2013). The association between A allele and BC was
proved in previous studies (Garcia-Closas et al., 2013; Han
etal., 2016; Michailidou et al., 2015; Zheng et al., 2009).

Another SNP has been proved recently to be associated
with BC; rs2046211 (Hamdi et al., 2018; Maxwell et
al., 2013; Ruiz-Narvaez et al., 2013; Ruiz-Narvaez et
al., 2013). The SNP showed to have a protective effect
(Maxwell et al., 2013). In the current study, the minor
allele G was associated with reduced risk of BC as was
previously reported (Ruiz-Narvaez et al., 2013). Using
the human genomic variant search engine (Varsome)
(Kopanos et al., 2018), the G allele frequency in our study
(i.e. 15%) was most comparable to G allele frequency in
African population (10.7%). However, G allele frequency
in other populations was less e.g. 1.79% in East Asian,
2.04% in European (Finnish) and 2.27% % in European
(non-Finnish) (Kopanos et al., 2018).

Combined analysis of both rs2046210 and rs2046211

showed that rs2046210-Allele A/ rs2046211 Allele C was
associated with increased risk of BC as was previously
reported {Ruiz-Narvaez et al., 2013).

Limitations of the study: the random selection of cases
with small number of patients might affect the expected
correlation between A and ER negative status {Ruiz-
Narvaez et al., 2013). Similarly, that may affect potential
association between A allele (rs2046210) and menopausal
status (Li et al., 2011). Although the risk association
between alleles and BC were significant, yet the sample
size should be increased to be more confident.

Collectively, investigating chromosomal locus
6925.1 revealed 2 SNPs that were associated with BC
risk; rs2046210 and rs2046211. Our data will also assist
in selection of SNPs for a larger genome-wide study in
Egyptian population and in comparing the MAF with other
populations (GWAS).
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