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1. INTRODUCTION
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ABSTRACT: Breast cancer is the leading cause of diagnosed cancer cases in Iraq,
making it the leading cause of cancer-related death among Iraqi women. BCs are
characterized by genetic heterogeneity and complexity because of the overlap of
numerous genes. Therefore, it is important to study genetic variants that increase the
risk of breast cancer. Polymorphisms in genes encoding regulatory hormones have been
shown to increase the risk of breast cancer. In addition, the level of estrogen is
associated with the expression of the aromatase enzyme-encoding gene CYP19A1,
which is a risk factor for breast cancer development. This study included 40 women with
breast cancer and 40 women as controls. BC patient samples were collected from
Baghdad Medical City Hospital and Baghdad-Iraq, and control samples were collected
after confirming that the patients were free of any disease. Estradiol E2, progesterone,
and testosterone T levels were measured using electrochemical chemiluminescence
(ECL) with an automated Cobas e411 analyzer. DNA was extracted, and the CYP19A1
rs10046 gene was subjected to a PCR-RFLP technique. The results of the current study
revealed p values for comparisons between women with breast cancer and control
women, with estrogen, progesterone, and testosterone levels being 0.291, 0.18, and
0.473, respectively. Additionally, the E2/T ratio in the two study groups was 0.866. A
positive correlation was also found between E2 and progesterone (p=0.46 P<0.001) and
between progesterone and T (p=0.25 P<0.01). The distribution of the CYP19Al
rs10046 polymorphism in the patient population was 52.5% TT, 25% TC, and 22.5%
CC, whereas in the control population, 52.5% TT, 32.5% TC, and 15% CC wete
present, and the allelic frequency was T=0.65 and C=0.35. Estradiol was significantly
associated with the TC genotype. Breast cancer is an age-related disease that is strongly
associated with menopause (p=0.80, P<0.001). These findings suggest that malignant
tumors require age-related changes in the tissue or cellular microenvironment of the
tumor, leading to the selection of mutations that promote the proliferation and spread
of transformed cells. Elevated E2 levels may be positively correlated with the prognosis
of patients with breast cancer. The discrepancy in hormone levels between the two
groups may be attributed to the exclusion of menstrual cycle data from the study
sample. E2 levels were associated with genotypes TT, TC and CC, particularly TC.
Therefore, the rs10046 polymorphism in the Iraqi population may have a predictive and
diagnostic role. These findings contribute to understanding the genetic basis of breast

cancet.

Breast cancer is the most common cancer among women worldwide and is responsible for high incidence and mortality rates

in both developed and developing countries. The interplay between genetic predisposition, epigenetic regulation, and the

tumor microenvironment is pivotal in tumor development. Breast cancer is the leading cause of cancer cases in Iraq, making
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it the leading cause of cancer-related death among Iraqi females. Among the ten most common malignancies reported in
2019, 22.58% wete cancet cases, with an age-standardized incidence rate of 35.95/100000 women [1].Studies on the
immunohistochemical and molecular expression profiles of key genes have classified breast cancer into four broad subtypes:
estrogen receptor positive (ER+), progesterone receptor positive (PR+), human epidermal growth factor receptor 2 positive
(HER2+), and triple negative [2,3]. The estrogen-sensitive nature of breast cancer was reported by Beatson more than 100
years ago [4], and estrogen are still considered among the main risk factors for this disease. Estrogen contributes to cancer
development by promoting cell proliferation and altering cell differentiation and gene expression and is also involved in
initiating carcinogenesis via reactive metabolites [5]. Estrogen acts through two receptors, aER and BER. ER is present in
approximately 50-80% of breast cancer; therefore, estrogen receptor alpha is considered the most important target for both
chemopreventive and therapeutic agents in breast cancer [6]. Aromatase is among the key enzymes involved in estrogen
synthesis. It is encoded by the CYP19A1 gene, the first member of the cytochrome P450 19 subfamily A. This gene is located
on the short arm of chromosome 15 (15g21 2), whose total length is 123 kb (Figure 1) [7], of which 30 kb corresponds to the
coding region (nine exons for expression) and 93 kb comprises an untranslated region (10 exons for regulation) [8,9,10].
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Figure 1: The structure of the CYP19A1 gene.

This enzyme is found in the endoplasmic reticulum of estrogen-producing cells in several vital organs, including the ovaries,
testes, placenta, bones, skin, brain, and adipose tissue [11]. In premenopausal women, estrogens are primarily synthesized in
the ovaries (ovarian granulosa cells and corpus luteum cells), which in postmenopausal women are synthesized in various
extraovarian tissues, such as adipose tissue and bone tissue [4,12]. Aromatase is present in both normal and cancerous cells of
mesenchymal connective tissue and human breast cancer epithelium. However, higher levels of enzyme activity and gene
expression of this enzyme are observed in cancer cells [8,13]. Polymorphisms in CYP19A1 have been associated with altered
aromatase levels in various conditions leading to estrogen-stimulating disorders, including breast cancer and endometriosis.
Some researchers have described a close association between CYP19A1 gene expression levels and breast cancer, but further
clarification is needed regarding the relationships between these levels and increased risk of breast cancer, survival rates, and

disease progression [9,14,15].
2. MATERIALS AND METHODS
2.1 Sample Collection

This study included 40 females with breast cancer and 40 healthy women. Samples were collected from patients who visited
Baghdad Medical City Hospital, Baghdad-Iraq, between June and November 2025. The pilot study was conducted at the
Ministry of Science and Technology and the laboratories of the College of Science for Women, University of Baghdad. The
confirmed diagnosis of breast cancer for the patients was based on imaging, clinical examination, and histological
examination. All participants were 30 years and older. The criteria for selecting healthy women included good health, not
currently taking any medications, good reproductive health, and no known hormonal or psychological disorders. Samples
from both patients and healthy females were collected by drawing 5 ml of whole blood. The first part of the blood sample

was placed in a gel tube for serum separation, and estradiol, progesterone, and testosterone levels were measured by using
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electrochemiluminescence (ECL) with an automated Cobas e411 device according to the manufacturet's instructions.
Another portion was placed in an anticoagulant tube (EDTA) for DNA extraction in subsequent stages.

2.2 DNA extraction

Whole-blood DNA was extracted from manual solutions prepared in the laboratory, after which the concentration and purity
of all the samples were measured using a NanoDrop device (1 ul).

2.3 Amplification of rs10046 in the CYP19A1 gene.

Genotyping for restriction fragment length polymorphism—polymerase chain reaction (RFLP—PCR) of the CYP19A1 gene
was performed using a freeze-dried primer provided by Macrogen and generated using NCBI-BLAST primer generation
software, and the sequences of the primers used for genotyping were as follows: forward: 5'-
TAGAGAAGGCTGGTCAGTGCC-3' and reverse: 5-CTCTGGTGTGAACAGGAGCA-3". Two primers produced a
sequence of 196 bp and, after restriction enzymes, produced only 196 bp (T'T), 196 bp and 169 bp (TC), or 169 bp (CC). PCR
amplification of the rs10046 bp gene was performed in a 25 ul reaction mixture containing 12.5 ul of Taq2x master mix
(ELK Biotechnology), 1 pl of each primer, and 3 pl (100 ng) of genomic DNA. The PCR conditions were as follows: initial
denaturation at 95°C for 4 minutes, followed by 35 cycles of 95°C for 1 min, 58°C for 50 sec, 72°C for 1 min, and 72°C for
10 min as the final extension step. Electrophoresis was then performed on a 1% agarose gel to confirm the accuracy of the
PCR amplification. The restriction enzymes were subsequently mixed with 10 pl of the PCR product with 1 pl of restriction
enzyme in 2 pl of the buffer, after which the mixture was incubated for 6 hours and then electrophoresed on an agarose gel at

a concentration of 2% for 45 minutes.
2.4 Statistical Analysis

Statistical analysis was performed using Spearman correlation to evaluate the relationships among age, menopausal status, the
CYP19A1 1510046 genotype score, progesterone levels, estradiol levels, testosterone levels, and the E2/T ratio in breast
cancer patients. The genotype distributions were compated using Pearson's chi-square test (P = 0.6092). HWE in controls:
P= 0.1425. Odds ratios are presented with 95% confidence intervals. C was treated as the reference allele, and T was treated
as the variant allele according to the adopted PCR-RFLP nomenclature. Comparisons between breast cancer patients and
healthy controls were performed using the Mann—Whitney U test, and P values were calculated using the Kruskal-Wallis test
within each group. An advanced heatmap was generated using sample-level log-transformed and Z score-standardized
hormonal variables. Rows represent individual samples, and columns represent hormonal variables. Row annotations indicate

disease status, 1510046 genotype, and menopausal status.
3. RESULTS AND DISCUSSION
3-1 Distribution of age and hormonal value in women with breast cancer and controls

The age range of the breast cancer patients was 27—75 years, while it was 30—75 years for the control subjects, and the
difference was not statistically significant (P < 0.05); the p values between the breast cancer patients and control women were
0.291, 0.18, and 0.473, respectively. Additionally, the E2/T ratio in the two study groups was 0.866 (Table 1).

Table 1. Baseline clinical and hormonal characteristics

Variable Control Patient P value
Age (years) 50 (39-59.25) 51.5 (44.5-61) 0.5
Progesterone (ng/mL) 0.4 (0.09-2.2) 0.11 (0.06-0.71) 0.18
Estradiol, E2 (ng/mL) 25.94 (15.82-34.78) 29.5 (16.04-58.56) 0.291
Testosterone (ng/mL) 0.21 (0.11-0.3) 0.21 (0.12-0.35) 0.473
E2/Testosterone ratio 137.11 (72.31-228.69) 139.75 (82.92-205.14) 0.866
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3-2 Distribution of the genotypes and allele frequency of CYP19A1 rs10046 polymorphisms in breast cancer patients

and controls

The results of the current study revealed distributions of TT (52.5%), TC (25%), and CC (22.5%), as shown in Table 2, while
the allelic frequency was T=0.65 and C=0.35 (Table 3).

Table 2. CYP19A1 1510046 genotype distribution

Group CC TC TT
Control 6 (15%) 13 (32.5%) 21 (52.5%)
Patient 9 (22.5%) 10 (25%) 21 (52.5%)

Table 3. CYP19A1 1510046 allelic and genetic model association

Model OR_95_CI P value
Dominant model: CC vs TC+TT 0.612 (0.159-2.184) 0.5679
Recessive model: CC+TC vs TT 1 (0.38-2.632) 1.0000
Overdominant model: CC+TT vs TC 0.696 (0.231-2.042) 0.6219
Additive model: CC=0, TC=1, TT=2 0.882 (0.496-1.557) 0.6649

Figurel. Distribution of progesterone, estradiol (E2), and testosterone levels and the ratio of E2 to testosterone according to
the CYP19A1 1510046 genotype. Progesterone (Figure 1, panel A): The progesterone concentration did not differ according
to the genotype of CYP19A1 1510046 (P = 0.594). The individual variation in progesterone levels was large, and no specific
trend according to genotype was observed.

As shown in Figure 1, panel B (estradiol, E2), a significant correlation was observed between the CYP19A1 1510046 genotype
and the estradiol concentration (P=0.023). The highest concentrations of estradiol were found in the heterozygous TC
genotype, particularly in patients with breast cancer, while the median levels of E2 in homozygotes (CC and TT) were

significantly lower.

Figure 1, Panel C (Testosterone): No significant difference in testosterone levels was observed between different CYP19A1
rs10046 genotypes (P = 0.116). However, compared with CC and TT subjects, heterozygous TC subjects had slightly higher
testosterone levels. Figure 1, panel D (E2/Testosterone ratio): No differences were found in the E2/testosterone ratio by
genotype (P = 0.909). Similar trends in estrogen and testosterone concentrations were observed among the different

genotypes, with some extreme values.

CYP19A1 rs10046 was correlated with estradiol levels but not with progesterone levels, testosterone levels or the
E2/testosterone ratio. Subjects with heterozygous TC had the highest estradiol concentration levels.
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Figure 2: Association of CYP19A1 rs10046 genotypes with hormonal profiles in breast cancer patients and healthy controls

Panel A (Progesterone): Progesterone levels exhibited substantial within-group variation across all genotype groups. There
was no consistent pattern of genotype-dependent associations among premenopausal or postmenopausal women, supporting
the overall nonsignificant association (P=0.594).

Panel B (Estradiol, E2): Estradiol was the only hormone that was significantly associated with the rs10046 genotype
(P=0.023). Compared with the CC and TT genotypes, the TC genotype generally resulted in higher E2 concentrations in both
menopausal strata. This tendency was more pronounced in breast cancer patients whose TC carriers had the highest estradiol
levels, which might indicate a potential role for rs10046 in estrogen biosynthesis.

Panel C (Testosterone): Testosterone levels did not differ among genotypes in the premenopausal or postmenopausal
subgroup (P = 0.116). Although TC carriers tended to have slightly higher values, the differences were not statistically
significant.

Panel D (E2/Testosterone tatio): The E2/testosterone ratio showed a large spread and some outliers, but no significant
differences were observed between genotypes (P=0.909). Thus, the overall estrogen-to-androgen balance appeared to be
independent of the rs10046 genotype.
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Figure 3: Stratified association of CYP19A1 1510046 genotypes with hormonal profiles according to disease status and

menopausal state

Hierarchical clustering of standardized hormonal variables revealed a high degree of interindividual heterogeneity across the
study population. No specific clustering pattern was observed for disease status, menopausal status or the CYP19A1 1510046
genotype, suggesting that the overall hormonal profile was affected by several biological factors rather than by genotype

alone.

The heatmap showed a high degree of variation in estradiol (E2), with some samples showing high positive standardized
values (red color), especially among the cartiers of the TC genotype. In contrast, progesterone and testosterone were more
heterogeneously distributed, and there was no clear clustering according to genotype. The E2/testosterone tatio had the
largest dynamic range, suggesting a wide variation in hormonal balance between individuals.

Overall, the clustering pattern is consistent with the statistical findings that rs10046 is associated with estradiol-related
hormonal variation rather than the formation of a unique global hormonal profile.
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Hormonal signature heatmap across CYP19A1 rs10046 genotypes
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Figure 4: Hormonal signature heatmap across CYP19A1 rs10046 genotypes

Across all the participants, age was significantly negatively correlated with estradiol (o = -0.33; P < 0.01) and the
E2/testosterone ratio (o = -0.27; P < 0.05), indicating that estrogen-related hormonal activity decreases with age.
Progesterone was positively correlated with estradiol (o = 0.46, P < 0.001) and testosterone (p = 0.25, P < 0.05). Estradiol
levels wete positively cotrelated with testosterone levels (o 0.35; P 0.01) and the E2/testosterone ratio (p 0.49; P 0.001).
Testosterone was negatively cortelated with the E2/testosterone ratio, as expected (o = —0.57, P < 0.001). No significant
cotrelations were found between the rs10046 genotype score and any hormonal variables.

In healthy controls (Panel B), progesterone was positively correlated with estradiol (o = 0.47, P < 0.01). Estradiol levels were
strongly positively cortelated with the E2/testosterone ratio (o = 0.52, P < 0.001). Testosterone was strongly negatively
cotrelated with the ratio (p = —0.72, P < 0.001). The 1510046 genotype was not significantly associated with any hormone
parameters.

In breast cancer patients (Panel C), patient age was strongly negatively correlated with the levels of estradiol (o = -0.65; P <
0.001) and progesterone (o = -0.46; P < 0.01) and the E2/testosterone ratio (o = -0.41; P < 0.05). Estradiol levels were
positively correlated with progesterone levels (o = 0.53, P < 0.001). Estradiol levels were positively correlated with
testosterone levels (0=0.47; P<0.01) and the E2/testosterone ratio (0=0.47; P<0.01). As in the overall analysis, no significant
association was observed between the 1510046 genotype score and any hormonal marker.
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In premenopausal women (Panel D), testosterone was positively correlated with age (o = 0.42, P < 0.05), progesterone (o =
0.50, P < 0.05), and estradiol (p = 0.41, P < 0.05). Progesterone was also positively correlated with estradiol (r = 0.45, P <
0.05). Testosterone was strongly inversely correlated with the E2/testosterone ratio (o = —0.68; P < 0.001). No significant
association was found between the rs10046 genotype and hormone levels.

Postmenopausal (Panel E) age was inversely correlated with estradiol levels in postmenopausal women (o = —0.33, P < 0.05).
Estradiol remained positively correlated with progesterone (o = 0.41, P < 0.01). Estradiol levels were positively correlated
with testosterone levels (p = 0.31; P < 0.05) and the E2/testosterone ratio (p = 0.54; P < 0.001), and testosterone levels were
strongly negatively correlated with the ratio (o = -0.55; P < 0.001). However, there was no significant correlation between the
rs10046 genotype score and hormone variables.

Comprehensive Spearman correlation analysis of hormonal and genetic variables
*P<0.05.* P<001,* P <0001
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Figure 5: Comprehensive Spearman correlation analysis of hormonal and genetic variables

3-3 Association of CYP19A1 1510046 genotypes with hormone levels and the E2/T ratio in breast cancer and control

samples.
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Table 4. Median hormonal values according to disease status and the CYP19A1 rs10046 genotype

Group  Genotype N Progesterone Estradiol_E2 Testosterone E2_T Ratio
Control CcC 6 0.47 (0.37-2.32) 21.1 (18.67-26.82) 0.17 (0.11-0.21) 147.21 (87.32-184.32)
Control TC 13 1.12 (0.21-2.1) 27.19 (19-47.26) 0.28 (0.12-0.4) 122.75 (79.17-247.18)
Control T 21 0.3 (0.05-2.16) 27.19 (14-33.91) 0.19 (0.1-0.29) 159.06 (72.65-240.64)
Patient CcC 9 0.07 (0.05-0.3) 26.51 (15.25-53.93) 0.19 (0.1-0.43) 110.06 (73.4-395)
Patient TC 10 0.14 (0.07-2.03) 57.06 (51.56-74.88) 0.32 (0.2-0.47) 157.19 (136.03-313.66)

Patient T 21 0.09 (0.06-0.57) 19.99 (7.72-31.44) 0.19 (0.12-0.31) 128.88 (92.48-195.52)

3.4 Discussion

Breast cancer is an age-related disease, and the risk of developing it has been shown to increase with age. Research has
indicated that the transformation of breast tissues into malignant tumors requitres age-related changes in this tissue or cellular
microenvironment, leading to the selection of mutations that promote the proliferation and spread of transformed cells
[16,17]. In this study, the age of the breast cancer patients was strongly correlated with menopausal status (o = 0.80, P <
0.001), which is consistent with the findings of a study in the United States that demonstrated a 4% decrease in incidence
rates among women under the age of 40 years [18]. A study in Jordan indicated that the incidence of breast cancer among
women over fifty years of age was approximately 53.7% [19], whereas in Saudi Arabia, women over the age of 40 were more
susceptible to breast cancer [20]. In Iraq, the highest incidence rate was reported for women = 40 years [21,22].

Several studies have shown that elevated levels of steroid sex hormones are associated with an increased risk of breast cancer
[23,24]. The results of the current study revealed elevated estradiol levels with nonsignificant decreases in progesterone and
testosterone levels compared with those in the control group. These findings are consistent with those of other studies
demonstrating a positive correlation between estradiol levels and breast cancer risk. This correlation may be attributed to
differences in menstrual cycle status. In the premenopausal stage, estradiol levels, progesterone levels, and the E2/T ratio
wete positively cotrelated. In the postmenopausal stage, estradiol levels, progesterone levels, and the E2/T ratio were
negatively correlated. These findings suggest that local estradiol production occurs within mammary adipose tissue because of
the presence of ER and PR after menopause, which serve as the primary source of estradiol production [4]. In the current
study, no statistically significant correlation was observed for testosterone levels between the premenopausal and
postmenopausal control groups. Androgens are produced by the adrenal glands. The fact that androgen levels do not
decrease during menstruation may explain why they either directly stimulate breast cancer growth or are converted to
estradiol by the aromatase enzyme [25] Aromatase is a crucial factor in breast cancer development because of its role in the

production of estrogen from androgens, including estradiol from testosterone [26].

The CYP19A1 1510046 gene encodes an aromatase enzyme that affects estrogen biosynthesis and thus promotes breast
cancer. The results of the current study revealed an association between estradiol levels and all genotypes, with a statistically
significant association with the TC genotype (p=0.023) in both menopausal states (Fig.). The number of alleles varies
considerably among different ethnic groups. Consequently, the presence of CYP19A1 rs10046 alleles may contribute to some
ethnic variations in the incidence of certain cancers. Epidemiological and experimental studies have indicated that women
with breast cancer exhibit high levels of CYP19A1 gene expression in addition to elevated estrogen levels [14,27]. Increased
gene expression of the CYP19A1 enzyme is a key regulatory event for intertumor estrogen production in these malignant
tissues. The 1510046 polymorphism in the Iraqi population may have a predictive and diagnostic role, and the research
findings contribute to understanding the genetic basis of breast cancer. However, further studies are needed on other SNP
polymorphisms of the CYP19A1 gene and their relationship to breast cancer development, as well as their connection to

tumor stage and hormone receptors.

757
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health 9

elSSN: 2583-1194

4. CONCLUSION

Compared with control patients, patients with breast cancer presented elevated progesterone levels and elevated estradiol
levels. This results in a higher E2/T ratio in breast cancer patients than in control women. The results also revealed a
correlation between estradiol and the CYP19A1 TC polymorphism, suggesting a possible link to aromatase activity in the
conversion of androgens to estrogens. The CYP19A1 gene, which is responsible for aromatase production, could be
considered a potential therapeutic target for reducing estrogen levels in the body. Despite these findings, the study has several
limitations, including a small sample size and the absence of aromatase measurements or comprehensive molecular
characterization to elucidate the complete biological mechanism involved. Further investigation of other CYP19A1 gene
polymorphisms and their gene expression in breast tissues is recommended to elucidate the underlying mechanisms leading to
breast cancer development.

ACKNOWLEDGEMENTS

We extend our sincere thanks to the Al-Amal Oncology Center at Baghdad Medical City Hospital for facilitating the
collection of samples for our study. We also express our gratitude to the Oncology Center for their generous assistance.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.
DATA AVAILABILITY STATEMENT

None

REFERENCES

[1] Hameed S A; Abed R M., 2025. Elevated Serum Interleukin-40 Levels and Gene Expression as Novel Biomarkers in
Iraqi Women with Breast Cancer. Arch Breast Cancer ; Vol. 12, No. 4: 448-456.

[2] Harbeck, N.; Penault-Llorca, F.; Cortes, J.; Gnant, M.; Houssami, N.; Poortmans, P.; Ruddy, K.; Tsang, J.; Cardoso, F. .,
2019. Breast cancer. Nat. Rev. Dis. Prmers, 5, 66.

[3] Musa D H., 2025. Hormonal receptor status and lymph nodes involvement in breast cancer: a retrospective study. Ce/.
Mol. Biol, 71(8): 67-71.

[4] Szaefer, H.; Licznerska, B.; Sobierajska, H.; Baer-Dubowska, W., 2025. Breast Cancer Cytochromes P450:
Chemopreventive and/or Therapeutic Targets for Naturally, Occurring Phytochemicals. Molecutes, 30, 3079.

[5] Clusan, L.; Ferriere, F.; Flouriot, G.; Pakdel, F.,2023. A Basic Review on Estrogen Receptor Signaling Pathways in
Breast Cancer. Int. |. Mol. Sci., 24, 6834.

[6] Bhardwaj, P.; Au, C.C.; Benito-Martin, A.; Ladumor, H.; Oshchepkova, S.; Moges, R.; Brown, K.A.,2019. Estrogens and
breast cancer: Mechanisms involved in obesity-related development, growth and progression. J. Stervid Biochem. Mol. Biol.
, 189, 161-170.

[7]1 Artigalas O; Vanni T; Hutz M H; Ashton-Prolla; Schwartz I V.,2015. Influence of CYP19A1 polymorphisms on the
treatment of breast cancer with aromatase inhibitors: a systematic review and meta-analysis. BMC Med..11:13:139.

[8] Barros-Oliveira M C; Costa-Silva DR; Santos A R; Pereira R O; Soares-Ju'nior | M; Silva B B., 2021. Influence of
CYP19A1 gene expression levels in women with breast cancer: a systematic review of the literature. CLINICS
;76:¢2846.

[9]1 Jin Y; Shan Z; Tang I; Fan X; Lin J; Huang Z; Zhu X., 2025. CYP19A1Silencing Inhibits Cell Proliferation and
Endoplasmic Reticulum Stress in Stomach Adenocarcinoma. Oncol Res. 2025;33(10).

[10] Heidarzadehpilehrood, R.; Pirhoushiaran, M.; Abdollahzadeh, R.; Binti Osman, M.; Sakinah, M.; Nordin, N.; Abdul
Hamid, H., 2022. A Review on CYP11A1, CYP17A1, and CYP19A1 Polymorphism Studies: Candidate Susceptibility
Genes for Polycystic Ovary Syndrome (PCOS) and Infertility. Genes, 13, 302.

[11] Alwan A M; Afzaljavan F; Afshari | T; Shandiz F H; Bagherabad M B; Vahednia E; Kheradmand N; Pasdar A., 2021.
The impact of CYP19A1 variants and haplotypes on breast cancer risk, clinicopathological features and prognosis. Mo/
Genet Genomic Med.;9:¢1705.

758
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health %

elSSN: 2583-1194

[12]

(13]
(14]

[15]

[16]

[27]

Acimovic, J.; Goyal, S.; Kosir, R.; Golicnik, M.; Perse, M.; Belic, A.; Utlep, Z.; Guengerich, F.P.; Rozman, D., 2016.
Cytochrome P450 metabolism of the postlanosterol intermediates explains enigmas of cholesterol synthesis. S¢. Rep., 6,
28462.

Chan HJ, Petrossian K, Chen S., 2016. Structural and functional characterization of aromatase, estrogen receptor, and
their genes in endocrine-responsive and-resistant breast cancer cells. | Steroid Biochem Mol Biol.;161: 73-83.

Alwan M A; Afshari T; Afzaljavan F., 2022. Significance of the Estrogen Hormone and Single Nucleotide
Polymorphisms in the Progression of Breast Cancer among Female. Archives of Ragi Institute, Vol. 77, No. 3 (943-958)..
Friesenhengst A, Pribitzer-Winner T, Miedl H, Préstling K, Schreiber M., 2018. Elevated Aromatase (CYP19A1)
Expression Is Associated with a Poor Survival of Patients with Estrogen Receptor Positive Breast Cancer. Horm
Cancer.;9(2):128-38. https://doi.org/10.1007/s12672-017-0317-2.

Nolen, S. C., Evans, M. A., Fischer, A., Corrada, M. M., Kawas, C. H., and Bota, D. A., 2017. Cancer—incidence,
prevalence and mortality in the oldest-old. A comprehensive review. Mechanisms of aging and development, 164, 113-126.
Gatea E A; Salih K M., 2025. Invasive Ductal Carcinoma in Iraqi Women is The Most Frequent Breast Cancer. Journal of
Education for pure science. Vol.15, No2.

American Cancer Society., 2022 . Breast Cancer Facts and Figures 2022-2024. Atlanta, GA: American Cancer Society.
Mousa, R. H., Melhem, J. M., and Hammad, E. A., 2021. Epidemiology of women diagnosed with breast cancer in

Jordan: A 5-year survival analysis and patients’ characteristics from 2 public hospitals. Saudi Medical Jonrnal, 42(7), 776.
Razik, M. A., Alsubaie, A. M., Alsetri, H. M., Albassam, K. A., Alkhurayyif, A. O., Altamimi, M. M., and Alanazi, S. M.,
2021. Clinical and histopathological features of breast tumors in women: a cross-sectional study at three hospitals in the
Kingdom of Saudi Arabia. Pan African Medical Journal, 39(1).

Alwan, N. A,, Tawfeeq, F. N., and Mallah, N. A., 2019. Demographic and clinical profiles of female patients diagnosed
with breast cancer in Iraq. Journal of Contemporary Medical Sciences, 5(1).

Jarallah, S. A., Al-Fartusie, F. S., and Zageer, D. S., 2023. Assessment of Insulin and Cortisol Levels in Iragi Women
with Breast Cancer. A/~Mustansiriyah Journal of Science, 34(1), 32-36.

Renchan A G; Zwahlen M; Egger M., 2015. Adiposity and cancer risk: new mechanistic insights from epidemiology.
Nat Rev Cancer ;15:484-98.

Liu Y; Kang Y; Qu X, 2024. ESTRADIOL AND TESTOSTERONE ASSOCIATED WITH RISK OF BREAST
CANCER: A META-ANALYSIS. | Med Biochem 43: 1-9.

Kurylowicz, A., 2023. Estrogens in Adipose Tissue Physiology and Obesity-Related Dysfunction(Review) Biomedicines
11, 690.

Ann E. D; Christopher T V; Kristy A S ; Suzanne C D ; Leonessa B ; Eline H. van R; Melissa M M ; Tom R G ;
Roger L. M ; Dallas R. ; Richard M. M Sarah J. L ; and Brigid M. L., 2022. Linking Physical Activity to Breast Cancer via
Sex Steroid Hormones, Part2: The Effect of Sex Steroid Hormones on Breast Cancer Risk. Cancer Epidemiol Biomarkers
Prev; 31(1)

Licznerska, B.; Szaefer, H.; Matuszak, 1.; Murias, M.; Baer-Dubowska, W., 2015. Modulating potential of L-sulforaphane
in the expression of cytochrome p450 to identify potential targets for breast cancer chemoprevention and therapy using
breast cell lines. Phytother. Res, 29, 93-99.

759

Natural Resources for Human Health (NRFHH)
https://nrfhh.com


https://doi.org/10.1007/s12672-017-0317-2

