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Abstract
Background: Different genetic variants in hormone- regulating pathways have been 
identified to influence the risk of breast cancer. This study aimed to evaluate the as-
sociation of CYP19A1 rs10046 and rs700519 polymorphisms with the risk, clinico-
pathological factors and prognosis of breast cancer.
Methods: In a case- control study, rs10046 and rs700519 polymorphisms were geno-
typed using ARMS- PCR and high- resolution melting (HRM), respectively, in a total 
of 702 females. Statistical analysis and evaluation of haplotypes and linkage disequi-
librium were performed using SPSS v16, PHASE and 2LD.
Results: Although no association of  rs700519 with breast cancer was observed, 
rs10046 in different genetic models as well as C- C/C- T and C- C/C- C diplotypes, 
revealed the association with the risk of breast cancer (p  <  0.05). Moreover, 
the rs700519- C allele was shown to be associated with longer overall survival. In 
contrast, the T- T haplotype conferred s a shorter overall survival. rs700519- C allele 
was also significantly associated with menarche age.
Conclusion: Based on the identified independent association between CYP19A1 diplo-
types and rs700519- C allele with the risk and prognosis of the disease, the gene region 
and its genetic variants may have a diagnostic and prognostic role in breast cancer de-
velopment. Further confirmation using other variants in this locus can validate these 
findings.
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1 |  INTRODUCTION

Breast cancer is one of the most globally prevalent malig-
nancy among females and the second cancer- caused mortal-
ity in Asian ethnic women. In addition to the lower age of 
onset (Bagherabad et al., 2019), the incidence of the disease 
is increasing in Asian countries alongside the socioeconomic 
growth of nations (Bray et al., 2018). It may necessitate iden-
tifying the risk factors that may contribute to the develop-
ment of cancer in this population.

Because breast cancer is a multifactorial disorder, differ-
ent genetic and environmental risk factors are involved in tu-
morigenesis. Previous studies have illustrated that exposure 
to a higher amount of endogenous estrogens during life has 
a critical role in increased breast cancer risk (Fortner et al., 
2013; Moore et al., 2016; Travis & Key, 2003). Circulating 
concentrations of estrogen are related to the CYP19A1 gene 
(OMIM: * 107910), encoding the aromatase enzyme, which 
has a significant role in increasing the risk of breast cancer 
(Friesenhengst et al., 2018). Aromatase, locating on chromo-
some 15q21.2, is expressed in ovaries and different extrago-
nadal tissues such as the subcutaneous fat, liver, bone, brain, 
vascular endothelial tissues as well as mesenchymal cells in 
the breast's adipose tissue (Artigalás et al., 2015).

Different genetic variants in CYP19A1 gene region were 
identified to be associated with various diseases (Chace 
et al., 2012; Ma et al., 2005; Wang et al., 2016; Yang et al., 
2010). In this regard, single- nucleotide substitutions such as 
rs10046, located in the 3′ untranslated region (3′UTR) (Zins 
et al., 2014) (Zhang et al., 2009) (Fasching et al., 2008), and 
rs700519 (Arg264Cys) in exon seven codon 264 have been 
considered in various molecular studies (Chattopadhyay 
et al., 2014; Khvostova et al., 2012; Yang et al., 2015). These 
variants may influence CYP19A1 gene expression and its 
related activities with susceptibility to cancer development 
(Warsy et al., 2017).

The potential diagnostic and prognostic role of CYP19A1 
variants and their haplotypes have not been studied in Iranian 
population. Therefore, the present study aimed to assess the 
association of rs10046 and rs700915 polymorphisms with 
the risk of breast cancer as well as histopathological char-
acteristics and prognosis in a group of north- eastern Iranian 
population.

2 |  MATERIALS AND METHODS

2.1 | Ethical compliance

Written informed consent was obtained from all subjects. 
The study was approved by the Mashhad University of 
Medical Sciences ethics committee (ethical approval num-
ber: IR.MUMS.MEDICAL.REC.1397.166).

2.2 | Study population

A total of 399 patients with confirmed breast cancer who 
were referred to the oncology departments in teaching hos-
pitals of Mashhad University of medical sciences, Mashhad, 
Iran and two private oncology clinics between the years 2015 
and 2018 were recruited. A total of 303 healthy individuals 
who referred for screening and their health status was con-
firmed by clinicians were also enrolled as the control group. 
Demographic parameters including age, weight, height, BMI 
and family history of other cancer types were collected using 
a questionnaire. Clinical data were also extracted from medi-
cal records for all patients.

2.3 | Genotyping

Five ml of peripheral blood was collected in tubes containing 
EDTA. DNA extraction was performed using the salting- out 
method, and the extracted DNA was quantified by Epoch™ 
Microplate Spectrophotometer (BioTek Instruments Inc.).

rs10046 polymorphism was genotyped by 
Amplification Refractory Mutation- Polymerase Chain 
Reaction (ARMS- PCR). The sequences of primers 
used for genotyping were as following: Forward outer: 
3′GACAGTGTGTTGAGAGCATACAGAAG5′, Reverse 
outer: 3′CTTTTTCTCTTGTAGCCTGGTTCTCT5′, Forward 
inner: 3′AACACTAGAGAAGGCTGGTCAGTAACT5′, 
Reverse inner: 3′TACTGATGAGAAATGCTCCAGATTG5′. 
Two outer primers produced a sequence of 328 bp. This se-
quence was considered as an internal control. The forward 
inner primer and the reverse outer primer produced a sequence 
with 218 bp that was indicating the rs10046T allele. The re-
verse inner primer and the forward outer primer produced a 
sequence with 162 bp that was indicating the C allele. PCR 
amplification for rs10046 was performed in a 10 μl reaction 
volume containing 4 µl Taq 2x master mix (AMPLIQON), 
1 µl of each outer primer with the concentration of 10 µM and 
1.5 µl of each inner primers with the concentration of 15 µM 
and 1  µl (150  ng) genomic DNA. The ARMS- PCR condi-
tion was as follows: initial denaturation at 95°C for 5 min, 
followed by 35 cycles of 95°C for 15 s, 95°C for 15 s, 72°C 
for 20 s, and 72°C for 5 min as the final extension step. To 
further validate ARMS- PCR findings, some samples were 
randomly sequenced using Sanger sequencing.

The high- resolution melting (HRM) analysis was 
performed in the Rotor- Gene 6000™ real- time anal-
yser (Applied Biosystem) using the HRM curve anal-
ysis assay. Real- time PCR for HRM was conducted 
using the Eva Green saturating dye (Type- it HRM 
PCR Kit, Qiagen). Sequences of the forward primer 
( 5 ′ G AC AG T G T G T T G AG AG C ATAC AG A AG 3 ′ ) 
and the reverse primer (5′CTTTTTCTCTTGTAGCC 
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TGGTTCTCT3′) were applied in each reaction. PCR was 
performed in 20 μl reaction volumes containing 5 μl of 2× 
HRM PCR Master Mix, 10 μl of distilled water, 2 μl of the 
primer mix (final concentration of 0.7 μM each) and 1 μl of 
DNA (150 ng/reaction). Amplification was performed with 
an initial denaturation at 95°C for 10 min, followed by 40 
cycles at 95°C for 20's and 45°C for 15 s and 72°C for 10’s 
and a final extension of 72°C for 7 min. HRM ramps were 
generated by acquiring fluorescence data at the tempera-
ture ramp of 74°C to 78°C at 0.05°C intervals. To further 
validate, some samples were randomly sequenced using 
Sanger sequencing.

2.4 | Statistical analysis

The data were analysed using SPSS version 16. Statistical 
significance was considered at a p- value<0.05. Hardy– 
Weinberg analysis was performed to assess the genotype 
distributions using the Pearson χ2 distribution with one de-
gree of freedom. The odds ratio (OR) with 95% confidence 
intervals (95%CI) was estimated for the measured risk fac-
tors. Multivariate logistic regression analysis was used to 
assess the variables that were independently associated with 
the risk of breast cancer. Independent sample t- test and 
one- way ANOVA tests were used to evaluate normally dis-
tributed variables and were expressed as means with their 
standard deviation.

Haplotype frequency distributions were obtained from 
genotypes using the PHASE software version 2 (Stephens 
& Donnelly, 2003; Stephens et al., 2001). 2LD program ver-
sion 1.00 was used to estimate linkage disequilibrium (LD) 
(Zhao, 2004). Association between haplotypes and the risk 
of breast cancer was shown using odds ratios with 95%CI 
and related p- value. A p- value of less than 0.05 was consid-
ered significant.

3 |  RESULTS

3.1 | Demographic and histopathologic 
characteristics of the study population

Demographic parameters of the studied population are 
shown in Table 1. Although the frequency of patients with 
an age greater than 40 years is higher compared with controls 
(p = 0.001), there was no significant difference between the 
mean age of breast cancer cases (47.32 ± 10.65) and controls 
(43.32 ± 11.96) (p = 0.053).

Regarding the tumour characteristics of breast cancer 
cases in Table 2, the incidence of invasive ductal carcinoma 
was 72.7% as the most frequent type of breast tumours. 
Moreover, 41.6% of tumours were grade II, and 38.6% of 
patients were in stage II. Evaluation of the tumour markers 
showed ER and/or PR positive types were the most frequent 
tumour marker- based category.

Characteristic Breast cancer Control p- value* OR (95%CI)

Age of diagnosisa 47.32±10.65 45.65±11.74 0.053 1.01 (1.00– 1.03)

Age of diagnosis 
<40

90 (23.3%) 106 (35.0%) Reference

Age of diagnosis 
≥40

297 (76.7%) 197 (65.0%) 0.001 1.78 (1.27– 2.48)

Age of menarchea 13.08±1.64 13.24±1.62 0.209 0.94 (0.85– 1.04)

Age of menopausea,b 47.44±5.52 48.45±5.43 0.195 0.97 (0.92– 1.02)

Menopause status

Pri and 
pre- menopause

216 (59.0%) 215 (73.4%) Reference

Post- menopause 150 (41.0%) 78 (26.6%) <0.001 1.91 (1.37– 2.67)

BMIa 27.77±4.91 25.40±4.20 <0.001 1.12 (1.088– 1.16)

BMI <25 99 (27.1%) 145 (49.3%) Reference

BMI ≥25 266 (72.9%) 149 (50.7%) <0.001 2.62 (1.89– 3.62)

Data are presented as mean ± SD or n (%).
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
aMean ± SD.
bThe age of menopause in individuals with natural menopause.
*Significant p- values have been shown in bold.

T A B L E  1  Demographic characteristics 
of study population
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3.2 | The association of CYP19A1 
rs10046 and rs700519 genotypes, 
haplotypes and diplotypes with breast 
cancer risk

Hardy– Weinberg equilibrium was established between the 
genotypes distribution of rs10046 (p = 0.137) and rs700519 
(p = 0.385) in the control group.

Considering the rs10046, allele frequencies illustrated the 
lack of association of rs10046 alleles with the risk of breast 
cancer in the population (p = 0.790). While the association 
was present in recessive (p = 0.040), additive (p = 0.005) and 
co- dominant (p = 0.001) models, the dominant model did not 
indicate the difference in the distribution of T allele carriers 
(CT + TT) compared with CC genotype between the groups 
(p  =  0.055). Adjustment for confounding factors including 
age, BMI and menopause status did not alter the findings. 
Results are shown in Table 3.

The distribution of rs700519 alleles and genotypes were 
similar between cases and controls (p  ≥  0.05). Therefore, 
there was no association between rs700519 and breast cancer 
risk in our studied population. Adjustment for confounding 
factors including age, BMI and menopause status did not 
alter the findings. Results are shown in Table 3.

The identified rs10046- rs700519 haplotypes and 
diplotypes with a frequency greater than 10% are shown 
in Table 4. The distribution of haplotypes in our popula-
tion was similar between the groups (p ≥ 0.05). C- C hap-
lotype with the frequency of 52.8% and 53% in cases and 
controls, respectively, was the most frequent haplotype. 
These data pointed out the lack of association between 
rs10046- rs700519 haplotypes and breast cancer risk 
(p  ≥  0.05). Furthermore, according to linkage disequi-
librium analysis, these variants are not in a tight LD (D′ 
coefficient = 0.63).

According to the genotype data, out of nine recognized 
diplotypes, three including C- C/T- C, C- C/C- C and T- C/T- C 
were identified to have frequencies more than 10%. The com-
parison of diplotype distribution between cases and controls 

T A B L E  2  Tumour characteristics of breast cancer cases

Characteristics Number
Percent 
(%)

Tumour type

Invasive ductal carcinoma 290 72.7

Invasive lobular carcinoma 11 2.8

Others 45 11.3

Unreported 53 13.3

Grade

I 49 12.3

II 166 41.6

III 80 20.1

Unreported 104 26.1

Tumour size

T1 77 19.3

T2 170 42.6

T3 53 13.3

T4 19 4.8

Unreported 80 20.1

Lymph node

Negative 122 30.6

I 106 26.6

II 70 17.5

III 15 3.8

Unreported 86 21.6

Metastasis

Negative 292 73.2

Positive 20 5.0

Unreported 87 21.8

Stage

I 36 9.0

II 154 38.6

III 101 25.3

IV 20 5.0

Unreported 88 22.1

ER status

Negative 88 22.1

Positive 266 66.7

Unreported 45 11.3

PR status

Negative 99 24.8

Positive 255 63.9

Unreported 45 11.3

HER2

Negative 226 56.6

Positive 93 23.3

(Continues)

Characteristics Number
Percent 
(%)

Equivocal 24 6.0

Unreported 56 14.0

Receptor status

ER/PR+ HER2± 275 68.9

ER/PR− HER2+ 35 8.8

Triple negative (TNBC) 39 9.8

Unreported 50 12.5

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

T A B L E  2  (Continued)
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pointed out that frequency of CC- TC diplotype was higher in 
cases [p < 0.001, OR = 1.77, 95% CI (1.31– 2.41)] however, 
C- C/C- C diplotype was more frequent in controls [p = 0.019, 

OR = 0.67, 95% CI (0.48– 0.94)]. The distribution of other 
diplotypes was found to be similar between the groups 
(p ≥ 0.05). Results are shown in Table 4.

Genetic model
Breast 
cancer Control

p- 
valueAdj.

* OR (95%CI)Adj.

rs10046

CC 130 (32.6%) 120 (39.6%) Reference

CT 219 (54.9%) 128 (42.2%) 0.006 1.66 (1.16– 2.39)

TT 50 (12.5%) 55 (18.2%) 0.423 0.82 (0.50– 1.34)

Multiplicative

C 479 (60.0%) 368 (60.7%) Reference

T 319 (40.0%) 238 (39.3%) 0.811 1.03 (0.81– 1.30)

Dominant

CC 130 (32.6%) 120 (39.6%) Reference

CT + TT 269 (67.4%) 183 (60.4%) 0.053 1.40 (0.99– 1.96)

Recessive

TT 50 (12.5%) 55 (18.2%) Reference

CC + CT 349 (87.5%) 284 (81.8%) 0.034 1.64 (1.04– 2.58)

Additive

TT 50 (18.6%) 55 (30.1%) Reference

CT 219 (81.4%) 128 (69.9%) 0.003 2.09 (1.28– 3.40)

Co- dominant

CC + TT 180 (45.1%) 175 (58.7%) Reference

CT 219 (54.9%) 128 (42.2%) 0.001 1.77 (1.27– 2.45)

rs700519

CC 340 (85.2%) 256 (84.5%) Reference

TC 56 (14.0%) 43 (14.2%) 0.639 1.12 (0.69– 1.81)

TT 3 (0.8%) 4 (1.3%) 0.506 0.55 (0.09– 3.19)

Multiplicative

C 736 (92.2%) 555 (91.6%) Reference

T 62 (7.8%) 51 (8.4%) 0.928 0.98 (0.64– 1.51)

Dominant

CC 340 (85.2%) 256 (84.5%) Reference

CT + TT 59 (14.8%) 47 (15.5%) 0.772 0.93 (0.59– 1.48)

Recessive

TT 3 (0.8%) 4 (1.3%) Reference

CC + CT 396 (99.2%) 299 (98.7%) 0.495 1.84 
(0.32– 10.64)

Additive

CT 56 (14.1%) 43 (14.4%) Reference

CC 340 (85.9%) 256 (85.6%) 0.643 1.12 (0.69– 1.81)

Co- dominant

CC + TT 343 (86.0%) 260 (85.8%) Reference

CT 56 (14.0%) 43 (14.2%) 0.620 0.89 (0.55– 1.43)

Abbreviations: CI, confidence interval; OR, odds ratio.
*Significant p- values have been shown in bold.

T A B L E  3  Distribution of genotypes and 
allele frequency of CYP19A1 rs10046 and 
rs700519 polymorphisms in breast cancer 
cases and controls
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3.3 | The association of CYP19A1 
rs10046 and rs700519 genotypes, 
haplotypes and diplotypes with breast cancer 
risk factors

Breast cancer risk factors including age at diagnosis, me-
narche and menopause age, menopause status and BMI were 
assessed in association with rs10046 and rs700519 genotypes, 
haplotypes and diplotypes in the breast cancer group. Results 
revealed the mean age of menarche was lower in rs700519 
C allele carriers in allelic, dominant and additive models 
with a significant difference. Moreover, the C- T haplotype 
of rs10046- rs700519 was associated with higher age of me-
narche (p = 0.011). No significant difference was observed 
between other risk factors and haplotypes and diplotypes 
(p > 0.05). The results are shown in the supplementary file.

3.4 | The association of CYP19A1 
rs10046 and rs700519 genotypes, 
haplotypes and diplotypes with breast cancer 
tumour characteristics

The regression analysis showed a lack of association between 
the polymorphisms, haplotypes and diplotypes with the tu-
mour characteristics of breast cancer including grade, stage, 
hormone receptors and HER2 status. Results can be found in 
the supplementary file.

3.5 | The association of CYP19A1 
rs10046 and rs700519 genotypes, 
haplotypes and diplotypes with breast cancer 
overall survival

Kaplan– Meier analysis displayed no significant associa-
tion between alleles and genotypes of rs10046 and overall 

survival (p  ≥  0.05). Evaluation of overall survival in rela-
tionship with rs700519 specified the significant association 
between C allele with longer survival [p = 0.006, HR = 0.38, 
95%CI (0.19– 0.76)]. In addition, the recessive model (TT vs. 
CC + CT) [p < 0.001, HR = 21.92, 95%CI (4.80– 100.23)] 
indicated a significant association with overall survival. 
Results are shown in Figure 1.

According to the survival plots of rs10046 and rs700519 
haplotypes, a significant association was found for T- T haplo-
type [p < 0.001, HR = 16.34, 95% CI (3.84– 69.56)] as shown 
in Figure 1. Other haplotypes, as well as diplotypes, did not 
indicate any association with the overall survival.

4 |  DISCUSSION

In recent years, patients with breast cancer have increased 
among different populations, and the rate of cancer mortal-
ity and morbidity in women surges consequently. Due to the 
hormonal influence on the disease, there is some evidence 
about the higher expression level of aromatase (cytochrome 
P450 enzyme) in breast tumours than normal tissues (Chen, 
1998). Furthermore, the association of CYP19 genetic vari-
ants with enzyme activity has been documented (Ma et al., 
2005). In this regard, the hypothesis of the association of 
CYP19A1 polymorphisms with the risk of cancer develop-
ment has been proposed. To validate the previous findings 
in our population, in this study the association of CYP19A1 
rs10046 and rs700519 polymorphisms with the risk of breast 
cancer was assessed in an Iranian population. Furthermore, 
these variants and their haplotypes and diplotypes were eval-
uated in association with the risk factors, pathological char-
acteristics and prognosis of breast cancer. Results indicated 
the association of rs10046 in different genetic models and the 
most frequent C- C/T- C (rs10046- rs700519) diplotype with 
the risk of breast cancer. Moreover, the rs700519- C allele 
was associated with longer survival.

Breast 
cancer Control

p- 
value* OR (95% CI)

Haplotype
rs10046- rs700519

C- C vs. Others 421 (52.8%) 321 (53.0%) 0.937 0.99 (0.80– 1.22)

T- C vs. Others 234 (38.6%) 315 (39.5%) 0.744 1.04 (0.83– 1.29)

Diplotype
rs10046- rs700519/

rs10046- s700519

C- C/T- C vs. Others 196 (48.9%) 106 (35.0%) <0.001 1.77 (1.31– 2.41)

C- C/C- C vs. Others 97 (24.3%) 98 (32.3%) 0.019 0.67 (0.48– 0.94)

T- C/T- C vs. Others 48 (12.0%) 52 (17.2%) 0.055 0.66 (0.43– 1.01)

D′ coefficient = 0.63, p < 0.001
*Significant p- values have been shown in bold.

T A B L E  4  Association of CYP19A1 
rs10046 and rs700519 haplotypes and risk 
of breast cancer
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Based on the evaluation of rs10046 in the northeast 
Iranian population, the frequency of the ancestral C allele 
(60.7% in the control group) was similar to the previous re-
port (Farzaneh et al., 2016). The distribution of alleles has 
been reported to be ranged between 36% and 87% in differ-
ent ethnicities ("Reference SNP (refSNP) Cluster Report: 
rs10046 ", 2018) which can modify the impact of this allele 
in association with cancer pathogenesis. According to the 
results of the present study, the rs10046- CT genotype is as-
sociated with an elevated risk of breast cancer. The impact 
of this genotype was observed in recessive, additive and co- 
dominant models with the risk ranged between 66% up to 
more than two- fold. However, we acknowledge that due to 
the higher rate of heterozygosity for this marker, a larger 
sample size may provide a better understanding of the al-
lelic architecture. A previous study on an Iranian population 
represented this finding for the T allele with the increased 
risk of 60% and between 0.7 up to 2.1- fold risk for reces-
sive, dominant and additive models. Although consistent 
with our results, a significant association was observed in 
two Chinese studies, with conflicting results in terms of af-
fecting the risk (Pan et al., 2016; Yang et al., 2015). Similar 
to a Caucasian cohort, a significant association was not ob-
served between allele frequencies and the risk of the dis-
ease (Hefler et al., 2004). Moreover, a meta- analysis study 
explored no statistically significant association between 
rs10046 and breast carcinoma in all populations (Wu et al., 
2018). On the other hand, several studies of the rs700519 
effect on breast cancer found that this variant is associated 
with the reduced risk of breast neoplasm in North Indian 
(Chattopadhyay et al., 2014) and Han Chinese (Sun et al., 
2015) population. However, in this study, the association of 
rs700519 with breast cancer risk in our Iranian population 
was not confirmed. Consistent with our results, a meta- 
analysis study demonstrated no significant association of 
rs700519 with the overall risk of breast cancer as well as in 
Asian and Caucasian ethnicities (Wu et al., 2018).

In further stratified analysis, we did not find a significant 
association between rs10046 and clinicopathological fac-
tors. Similar to our results, studies on Chines and Caucasian 
patients did not report any impact of rs10046 genotypes 
on risk factors of the disease (Sun et al., 2015; Zins et al., 
2014). However, a significant association was found between 
rs10046- CC genotype and pre- menopausal status in Chinese 
breast cancer patients (Pan et al., 2016). A Caucasian cohort 
of breast cancer patients from Germany also reported the 
association of TT genotype with estrogen receptor- positive 
tumours (Fasching et al., 2008). Considering rs700519, the 
results of the present study represented the CC genotype car-
riers tended to have lower age of menarche. The evaluation 
of rs700519 polymorphism in the North Indian population 
with the clinicopathological features reported the association 
with menopausal status and clinical stage (Chattopadhyay 
et al., 2014). Furthermore, the association of this variant 
with the age of diagnosis and menopausal status has been 
demonstrated in the Chinese population (Pan et al., 2016). 
Comparing these findings, genotype frequencies of rs700519 
were similar between different clinicopathological factors in 
Caucasians (Fasching et al., 2008; Khvostova et al., 2012).

Analysis of prognosis based on overall survival repre-
sented the longer survival in association with the rs700519- C 
allele in the studied population. The prognostic role of 
rs700519 has been previously observed in the Chinese popu-
lation specially in premenopausal women as the TT genotype 
carriers had a higher hazard of death and lower disease- free 
survival compared with CC genotype ones (Long et al., 
2006). In contrast with these findings, a previous Caucasian 
breast cancer cohort investigation discovered no association 
of rs700519 with disease- free survival or overall survival 
(Fasching et al., 2008). In vitro analysis of aromatase activ-
ity has confirmed the contribution of the T allele (Cys) with 
the increased enzyme activity (Wang et al., 2011). Elevated 
enzyme function leads to a higher level of estrogen and links 
to poor prognosis (Friesenhengst et al., 2018). Therefore, the 

F I G U R E  1  Association of CYP19A1 polymorphism with the overall survival of breast cancer. (a) Association of rs700519- C allele with 
overall survival [C allele (42 events out of 550) versus T allele (10 events out of 50)]; (b) Association of rs700519 recessive model with overall 
survival [TT genotype (2 events out of 3) versus CC + CT genotypes (24 events out of 297)]; (c) Association of T- T haplotype of rs10046 and 
rs700519 with overall survival [T- T haplotype (2 events out of 3) versus others (50 events out of 597)]
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prognostic effect of rs700519 may be explained by the level 
of the protein function. However, the demonstration of this 
hypothesis needs a well- designed functional analysis in breast 
cancer patients. In addition, similar to our results indicating 
no effective role of rs10046 on overall survival, a previous re-
search reported a similar finding in the Caucasian population 
(Fasching et al., 2008). However, carriers of the rs10046- C 
allele along with rs4646- A allele have been reported to have 
better survival (Johansson et al., 2019). Although the finding 
indicates a lack of the prognostic value of rs10046 in breast 
cancer, more investigation in other ethnicities may be needed 
to confirm this.

According to haplotype and diplotype analysis, 
rs10046- rs700519 C- C/C- T and C- C/C- C diplotypes were 
recognized to increase and decrease the risk of breast can-
cer up to 77% and 33%, respectively. Furthermore, C- T 
haplotype was more observed in patients with higher age 
of menarche. However, a previous report assessed rs10046, 
rs700519 and other polymorphisms of CYP19A1 and did 
not identify any effective haplotype in association with 
cancer development (Wang et al., 2011). Although it was 
found carriers of T- T haplotype have better survival, be-
cause of the small number of samples in each group, this 
finding should be replicated to confirm with high statistical 
power. Another investigation revealed a better survival for 
the T- C haplotype along with five other polymorphisms of 
hormone- related genes including ESR1, COMT, SHBG and 
GSTP1 (Pan et al., 2016). To our knowledge, it is the first 
study evaluating haplotypes and diplotypes in relationship 
with the tumour characteristics and the disease risk factors. 
Therefore, to extend understanding of the effects of hap-
lotypes on clinicopathological properties of the disease, 
more research is required.

In conclusion, rs10046 and rs700519 may have a diag-
nostic and prognostic role, respectively. Our findings help to 
enrich the literature about the genetic basis of breast cancer. 
However, more investigation of CYP19A1 variant in associ-
ation with cancer development, clinical aspects of the dis-
ease and histopathological tumour characteristics should be 
performed to validate these findings. Since different tissues 
have specific aromatase promoters, functional analysis is 
suggested for breast tumours in association with different 
CYP19A1 variants.
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