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Abstract There is growing attention focused on local estrogen production in the

breast tissue and its possible role in breast cancer initiation and progression.

Understanding the underlying mechanisms for estrogen synthesis and the

microenvironment consisting of tumor and its surrounding adipose tissue might

open new avenues in breast cancer prevention, prognosis and treatment. In order to

obtain insight, we compared peritumoral and tumor tissue expressions of CYP17A1

and CYP19A1 genes, which play an important role in estrogen biosynthesis. The

paired tissue samples of 20 postmenopausal ER?/PR? patients diagnosed with

invasive ductal breast cancer were studied. In addition, 12 breast tissue samples

obtained from premenopausal women without a history of breast cancer were also

investigated as representative of normal conditions. Peritumoral adipose tissues

expressed CYP19A1 approximately threefold higher than tumor itself (p = 0.001).

A nonsignificant trend toward low expression of CYP17A1 was observed in peri-

tumoral compared to tumor tissue (p = 0.687). Clinicopathological parameters and

patient characteristics which are accepted as risk factors for breast cancer were also

associated with individual and combined expressions of CYP17A1 and CYP19A1.

This study offers that evaluation of CYP17A1 and CYP19A1 local expression levels

might be useful for deciding on personalized treatment approaches and more

accurate diagnosis, when evaluated together with several clinicopathological and
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disease risk factors. Considering the key role of these CYPs in estrogen synthesis,

determining their expression levels may be useful as a postdiagnostic marker and for

choosing the right treatment method in addition to the conventional approach.

Keywords Breast cancer � CYP17A1 � CYP19A1 � Aromatase � Local estrogen
synthesis

Introduction

Breast cancers are often hormonally driven and estrogen receptor positive (ER?).

Approximately 70–80 % of all newly diagnosed breast cancers are positive for the

estrogen receptor and also positive for progesterone receptor to a certain extent

(Hammond et al. 2010). However, there is no decrease in breast cancer risk at

menopause while circulating levels of ovarian estrogens are dramatically dropping

(Walker and Martin 2007). One of the possible causes of the situation is the locally

synthesized estrogens which act as a significant intracrine and paracrine factor

(rather than a circulatory hormone) in postmenopausal women, especially in their

breasts (Simpson et al. 2005). Estradiol and, to a lesser degree, other estrogens

increase proliferation of breast epithelium and stroma and consequently increase the

possibility of new mutations occurring in proliferating epithelium (Pattarozzi et al.

2008; Henderson and Feigelson 2000). Those effects also accumulate with

continuous exposure to estrogens (Pike et al. 1993, Clemons and Goss 2001).

Importance of this accumulated exposure is intensified by the increase in breast

cancer risk with young age at menarche (\12 years), older age at first birth

([30 years), null parity, and older age of menopause ([45 years).

Genes encoding enzymes involved in estrogen synthesis and metabolism are

attractive research subjects for cracking the underlying mechanism of ER?-driven

breast cancers. Aromatase (encoded by CYP19A1) and cytochrome P450C17

(encoded by CYP17A1) are two of the key enzymes involved in estrogen

biosynthesis. Aromatase expression and activity were shown to be enhanced in

various cancers, including breast tumors, hepatocellular carcinoma, adrenocortical

tumors, and testicular tumors (Bulun and Simpson 2008; Jongen et al. 2006;

Carruba 2009; Bulun et al. 1997; Young et al. 1996; Aiginger et al. 1981). Paracrine

interactions among malignant breast epithelial cells, proximal immature adipocytes,

and vascular endothelial cells are responsible for estrogen biosynthesis and the

absence of adipogenic differentiation in breast cancer tissue. It is most likely that

malignant epithelial cells are the ones that secrete factors, which inhibit the

differentiation of surrounding immature adipocytes for their maturation and

stimulate aromatase expression in these undifferentiated immature adipocytes

(Meng et al. 2001). The in vivo presence of malignant epithelial cells also enhances

aromatase gene expression in endothelial cells in breast tissue (Zhou et al. 2001).

Following the cessation of ovarian function during/after menopause or medical

intervention that reduces or eliminates ovarian function, peripheral estrogen

synthesis via aromatase activity becomes the primary source of estrogen production

in women. In addition to aromatase, cytochrome P450C17 activity is also at a
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critical point crossing the pathways of steroid hormone biosynthesis and has been

demonstrated in breast cancer tissues more than three decades ago (Abul-Hajj et al.

1979). So far, research conducted on CYP17A1 and breast cancer risk produced

controversial results (Feigelson et al. 1997; Chen et al. 2008; Helzlsouer et al. 1998;

Setiawan et al. 2007). Although the ethnic variations possibly explain some of the

discrepancy between study results, there is still evidence indicating that some of the

polymorphic variants of this gene may influence endogenous hormone levels via

altering gene expression resulting in increased enzyme activity which then leads to

increased amounts of bioavailable estrogen (Haiman et al. 1999).

In this study, several issues regarding local estrogen synthesis in breast cancer

were investigated. To evaluate the potential contribution of local CYP17A1 and

CYP19A1 expressions to local estrogen synthesis, mRNA levels were determined in

intratumoral breast tissue (T) and were compared to those in non-tumor cell bearing

peritumoral breast tissue (P) of the same breast among postmenopausal patients

harboring ER?/PR? (estrogen and progesterone receptor positive) invasive ductal

breast cancer. The results were correlated with individual parameters (clinico-

pathological characteristics, breast cancer risk factors) in order to investigate

possible patterns which might effect the alteration in expression levels.

Next, to address potential difference in local estrogen synthesis between normal

conditions (premenopausal with no history of breast cancer and in child-bearing

period where major estrogen drive is still from the overs) and presence of a breast

tumor, non-tumor bearing peritumoral breast tissue (P) mRNA levels were

compared with normal breast tissue (N) mRNA levels from premenopausal women

who underwent mammoplasty reduction surgery. Few studies have been conducted

considering normal breast tissue estrogen levels (Vermeulen et al. 1986; Reed et al.

1991; Blankenstein et al. 1999), yet, to our knowledge, this is the first study

reporting the CYP17A1 and CYP19A1 expression patterns via comparing peritu-

moral tissue versus normal breast tissue.

Finally, whether the combination of CYP17A1 and CYP19A1 expression levels in

favor of estrogen synthesis in peritumoral tissue differ from intratumoral expression

levels in patients were investigated. An affirmative result could be consistent with

the hypothesis that peritumoral immature adipose cells promote hormone-sensitive

tumor development via locally increased estrogen production, in a paracrine

manner. An improved understanding of the relationship between intratumoral

expression levels versus peritumoral (adjacent) breast tissue expression levels may

provide an important information to uncover the underlying mechanisms, which

could then assist in breast cancer prevention, prognosis, and treatment (Yaghjyan

and Colditz 2011).

Materials and Methods

Patient Selection

Tumor and its neighboring normal adipose tissues ([200 mg) were obtained from

20 female patients who did not receive adjuvant chemotherapy before surgery and
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underwent mastectomy or breast-conserving surgery due to invasive ductal breast

cancer at the department of Surgery in Cerrahpasa Medical School of Istanbul

University during the period of January 2010–December 2012. Their mean age was

59 years (range 46–87 years). Surgically removed tissues were subjected to

pathological examination to diagnose and confirm the correct sampling of tumor

and adipose tissue at the pathology department of Cerrahpasa Medical Faculty,

Istanbul University. One tumor (T) and one adjacent mammary adipose tissue

sample (P) were obtained from each patient and snap-frozen in liquid nitrogen and

kept at -80 �C until use for the extraction of total RNA. All patients were classified

as luminal A (ER?/PR?, HER2-) and postmenopausal. Afterward, patients were

divided into groups according to clinicopathologic features: positive and negative

lymph node status, presence and absence of vascular invasion, high and low

proliferative index, and lobular and ductal histopathological subtype. We also

classified cases into two subgroups with different expression patterns possible effect

of increasing (estrogen increasing expressional pattern: IP) or decreasing (estrogen

decreasing expressional pattern: DP) local estrogen production. In addition, 12

tumor-free breast tissue samples (N) were obtained from premenopausal women

with no history of breast cancer (age range 20–40 years) who underwent reduction

mammoplasty surgery as the control group. None of them had any kind of cancer

history (before surgery, breast ultrasonography was performed, and after surgery,

specimens from these patients were pathologically clean) and any known metabolic

disease. They were accepted to the surgery outpatient clinic with thoracic, upper

back, and neck/shoulder pain or severe intertriginous dermatitis and cosmetic

problems. This group was selected as controls because throughout our patient

collection duration, healthy patients applied to our clinic for breast reduction

surgery were ages between 20–40, and due to ethical reasons no healthy older

patient was asked for a clinically unnecessary breast biopsy. The Scientific Research

Projects Ethical Board of Istanbul University School of Medicine approved the

study protocol (no: 2011/1808-804).

Immunohistochemical Analysis of Breast Cancer Samples

Only the tumor cells with distinct nuclear immunostaining for ER and PR were

recorded as positive. The ER and PR status of the patients was defined by

immunohistochemistry on formalin-fixed, paraffin-embedded sections of clinical

specimens as part of routine pathological interpretation. Immunohistochemistry was

performed using a rabbit monoclonal antihuman ER antibody (clone SP1; Thermo

Scientific, MA, USA) and a polyclonal rabbit antihuman PR antibody (clone 16,

Novocastra, Leica Microsystem, Wetzlar, Germany). ER/PR immunohistochemical

stainings were evaluated by two pathologists independently. Nuclear staining of

[10 % of cells were accepted as positive for ER or PR status. According to

chromogen intensity, dark and intense staining of receptors was evaluated as strong

intensity; otherwise, it was accepted as weak intensity.
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RNA Extraction and cDNA Synthesis

Approximately 100–150 mg of tissue was grinded with liquid nitrogen using a

ceramic mortar and pestle. TRIzol� reagent (Invitrogen, Carlsbad, CA, USA) was

used in conjunction with the PureLink� RNA Mini Kit (Ambion, Carlsbad CA,

USA) to isolate total RNA from samples. A slight modification was made in the

manufacturer’s protocol by introduction of an additional centrifugation step before

chloroform addition in order to avoid excess fat content of the samples. This

improved the RNA yields and decreased RT-PCR interference. RNA concentrations

following RNA isolation were determined using NanoDrop 1000 spectrophotometer

(Thermo Scientific, Wilmington, DE,. USA). cDNA synthesis from isolated total

RNA was performed according to High Capacity RNA-to-cDNA Kit protocol

(Applied Biosystems, Carlsbad CA, USA). Total RNA concentration was adjusted

to 100 ng/reaction.

Real-Time PCR

qRT-PCR analysis was performed according to protocol of the TaqMan� Gene

Expression Assay (Applied Biosystems, Carlsbad CA, USA) kit by using Applied

Biosystems� 7500 Real-Time PCR. FAM and MGB fluorophores were attached at

the 50 and 30 end of each probe, respectively (Table 1). Briefly, 20 ll of total PCR
reaction contained: 1 ll of 209 TaqMan� Gene Expression Assay, cDNA, 10 ll of
29 TaqMan� Gene Expression Master Mix, 4 ll of cDNA template, and 2 ll
RNase-free water. PCR reaction was conducted as follows: 50 �C (2 min) for UNG

incubation, 95 �C (10 min) for polymerase activation, and then 40 cycles at 95 �C
(15 s)/60 �C (1 min). TATA binding box protein (TBP) gene was used as the

internal control group. The gene expression levels were analyzed with DDCt method

(Livak and Schmittgen 2001).

Statistical Analysis

All calculations were performed using SPSS Statistical Program version 21.0 (SPSS

Inc. Chicago, IL, USA). The significance of differences in mRNA levels was

determined by the Wilcoxon signed-rank (WSR) test or McNemar (MN) test as

needed. Moreover, kappa values (j) were obtained and results were interpreted

Table 1 Primer and probe

sequences used in the qRT-PCR

analysis

CYP17A1 CYP19A1

Forward 50-TCACAATGAGA

AGGAGTGGCAC-30
50-TGTGGACGTG

TTGACCCTTCT-30

Reverse 50-TACTGACGGTG

AGATGAGCTGG-30
50-ACCACGATAG

CACTTTCGTCCA-30

Probe 50-TGCCTGAGCGTT

TCTTGAATCCAGC-30
50-ATGCTGGACACCTCT

AACACGCTCTTCTTGA-30
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according to the study previously reported (Landis and Koch 1977). Briefly j ranges

generally from 0 to 1.0 (although negative numbers are possible), where large

numbers mean better reliability and values near or less than 0 suggest that the

agreement is attributable to chance alone. All reported p values are from two-sided

tests, and a value less than 0.05 was considered statistically significant.

Results

A total of 20 breast cancer patients were studied. The primary characteristics of the

study population are given in Table 2. The mean age (±SD) of the study group was

59.65 ± 11.94 years. Most patients had disease of histological grade II or higher

Table 2 Clinicopathological

characteristics
Patient characteristics Mean ± SD Range

Age (years) 59.65 ± 11.94 46–87

BMI (kg/m2) 27.871 ± 5.06 22.3–37.0

Status n (%)

Histological grade I 3 (15.0)

II 12 (60.0)

III 5 (25.0)

Stage IA 5 (25.0)

IIA 7 (35.0)

IIIA 2 (10.0)

IIIC 4 (20.0)

IV 2 (10.0)

Lymphatic vascular invasion Yes 10 (50.0)

No 10 (50.0)

Axilla invasion Yes 7 (35.0)

No 13 (65.0)

In situ component Yes 18 (90.0)

No 2 (10.0)

Blood vessel invasion Yes 0 (0.0)

No 20 (100.0)

Necrosis Yes 6 (30.0)

No 14 (70.0)

Perineural invasion Yes 13 (65.0)

No 7 (35.0)

Calcification Yes 7 (35.0)

No 13 (65.0)

Ki67 Yes 14 (70.0)

No 6 (30.0)
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(17/20, 85.0 %), and stage of the disease is IIa or worse (15/20, 75.0 %). Our study

group was homogeneous according to receptor status and disease type, in which all

patients were ER?/PR? positive and diagnosed with invasive ductal carcinoma.

Half of the group had lymphatic vascular invasion. Presence of an in situ

component, perineural invasion, and Ki67 expression was detected in most of the

cases. On the other hand, only few cases presented axilla invasion, necrosis, and

calcification. None of the patients had blood vessel invasion. According to indicated

risk factors, more than half of the patients were bearing the ‘‘low-risk’’ conditions,

except body mass index (BMI), oral contraceptive use, and age at menopause

(Table 3).

Table 3 Breast cancer risk factor distribution among the study group

Risk factors Patients (n = 20)

High risk Low risk

Body mass index (BMI-kg/m2) C25 \25

11 (55 %) 9 (45 %)

Family history of cancera Yes No

5 (25 %) 13 (65 %)

History of cancer in breasta Yes No

4 (20 %) 16 (80 %)

First-degree relatives with breast cancera Yes No

3 (15 %) 15 (75 %)

Age at first full-term pregnancyb C30 \30

4(20 %) 12 (60 %)

Smoking Yes No

8 (40 %) 12 (60 %)

Alcohol intake Yes No

6 (30 %) 14 (70 %)

Age at menarche \12 C12

4 (20 %) 16 (80 %)

Parity Nulliparous Multiparous

4 (20 %) 16 (80 %)

Breast feeding No Yes

4 (20 %) 16 (80 %)

Age at menopause C45 \45

17 (85 %) 3 (15 %)

Oral contraceptive use No Yes

18 (90 %) 2 (10 %)

a Family history of cancer, history of breast cancer, and first-degree relatives with breast cancer data was

not available for two patients
b Four patients were nulliparous
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Two different groups were taken into consideration in order to compare the

expression profiles. Expression levels in peritumoral (P) tissues were compared to

tumor (T) tissues as well as to normal (N) tissues (Table 4). In addition, according

to the common findings in literature of how these CYPs’ mRNAs act over local

estrogen production in breast, we defined increasing patterns (IP) and decreasing

patterns (DP) for local estrogen production in breast tumor and its microenviron-

ment, in order to investigate what they would display in combination (Table 5).

Expressional alterations were defined according to a 1.5-fold difference. Cases

observed as ‘‘no alteration’’ were evaluated together with the downregulated group

due to statistical relevance.

According to tissue types, CYP17A1 expression levels were ordered as

N[P[T. CYP19A1 was highly expressed in P compared to both other types.

Among all cases, there was a strong upregulation of CYP19A1 and a slight

downregulation of CYP17A1 in peritumoral tissue compared to paired tumor tissues

(Fig. 1). Approximately, threefold higher CYP19A1 expression levels were

observed in peritumoral tissues compared to tumor tissues (Z = -3.397,

p = 0.001 [WSR]). However, the downregulation of CYP17A1 was unable to

reach statistical significance (Z = -0.402, p = 0.687 [WSR]).

Tables 6 and 7 summarize tissue expression levels (normal and tumor tissue) for

different subgroups of patient characteristics. DP and IP conditions in association

with patient characteristics are also shown in Table 8.

Effect of Patient Characteristics to Expression Levels in P Compared to T

Patients with early stage and low-grade (grade I) breast cancer tend to have lower

levels of CYP17A1 (j = 0.182, p = 0.039 [MN], j = 0.035, p = 0.012 [MN])

(Table 6). In all the cases with axilla invasions, high expression levels of CYP19A1

were found (j = 0.375, p = 0.012 [MN]) (Table 7). Downregulation of CYP17A1

was found to be statistically associated with the absence of in situ component

(j = 0.138, p = 0.002 [MN]). Moreover, we observed DP in most patients together

with in situ component presence (j = 0.239, p = 0.016 [MN]) (Table 8). Patients

with weak (B10 %) PR statuses had low levels of CYP17A1 expression (j = 0.182,

p = 0.039 [MN]). CYP19A1 expression was upregulated in 80 % of the patients

who has a family member with a history of any cancer (j = 0.129, p = 0.039

Table 4 CYP17A1 and CYP19A1 mRNA expression levels in the tumor tissues and peritumoral tissues

mRNA expression Mean ± SD Range

CYP17A1a 2.89 ± 6.41 0.05–27.55

CYP17A1b 19.96 ± 69.52 0.03–313.00

CYP19A1a 6.00 ± 7.52 0.07–28.89

CYP19A1b 6.90 ± 9.39 0.06–33.22

a Peritumoral tissues compared to healthy breast tissue, P versus N group
b Peritumoral tissues compared to tumor tissues, P versus T group
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[MN]). It was found that 75 % of the patients with no history of cancer and who had

children after 30 years of age, exhibited upregulated CYP19A1 expression

(j = -0.129, p = 0.013 [MN], j = 0.053, p = 0.039 [MN]). Early age at

menarche was associated with downregulation of CYP19A1 (j = -0.290,

p = 0.021[MN]). Patients with no children tend to have low levels of CYP17A1

(j = 0.107, p = 0.021[MN]). CYP19A1 expressions appeared to be upregulated in

patients who did not use oral contraceptive (j = -0.048, p = 0.003 [MN]). DP

also appeared to be associated with this group of patients (j = -0.019 p = 0.012

[MN]).

Effect of Patient Characteristics to Expression Levels in P Compared to N

Patients with histological grade I tend to have lower levels of CYP17A1

(j = -0.016, p = 0.003 [MN]) (Table 6). Association between having early stage

breast cancer and low level expression of CYP17A1 were found statistically

significant (j = 0.083, p = 0.012 [MN]). Moreover, in cases with high-grade or

high-stage breast cancer, E production seems to be promoted (j = 0.008,

p = 0.006; j = 0.130, p = 0.021 [MN]) (Table 8). Downregulation of CYP17A1

was found to be statistically associated in all patients with the absence of in situ

component (j = 0.091, p = 0.0005 [MN]). Nevertheless, estrogen production tend

to increase in cases with the presence of the in situ component (j = 0.113

p = 0.001 [MN]). Patients with weak (B10 %) PR statuses exhibited low levels of

CYP17A1 expression (j = 0.250, p = 0.004). This group of patients was also

associated to DP (j = 0.130, p = 0.021 [MN]). Upregulation of CYP19A1 was

observed in 80 % of the patients who has a family member with a history of any

cancer (j = 0.129, p = 0.039 [MN]) (Table 7). All patients with a previous cancer

diagnosis, was found to have low levels of CYP19A1 (j = -0.441, p = 0.049

Table 5 Distribution of CYP17A1 and CYP19A1 expression status together by threshold value (C1.5-

fold change) for different tissue comparison groups

Group mRNA alteration (CYP19/

CYP17)

P versus N P versus T

Local estrogen increasing expressional

pattern (IP)

Up/up 6 (30.0 %) 5 (25.0 %)

Up/unaltered 1 (5.0 %) 4 (20.0 %)

Unaltered/up – 2 (10.0 %)

Local estrogen decreasing expressional

pattern (DP)

Up/down 6 (30.0 %) 5 (25.0 %)

Unaltered/down 1 (5.0 %) 1 (5.0 %)

Down/down 3 (15.0 %) 2 (10.0 %)

Down/up – 1 (5.0 %)

Down/unaltered 1 (5.0 %) –

Unaltered/unaltered 2 (10.0 %) –

P versus N peritumoral breast tissue compared to healthy breast tissue, P versus T peritumoral breast

tissue compared to tumor tissue
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[MN]). Upregulated CYP19A1 expression was associated with patients who had

first-degree relatives with breast cancer (j = 0.182, p = 0.004 [MN]). CYP17A1

was downregulated in most patients (75 %) with children (j = -0.129, p = 0.013
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[MN]). Multiparity was also found to be associated with IP (j = -0.102,

p = 0.022 [MN]). CYP17A1 and CYP19A1 expressions were found to be low

(C50) in older patients. CYP19A1 expression in patients who did not use oral

contraceptives was upregulated (j = -0.061, p = 0.003 [MN]). Most of the

patients (66.7 %) with early onset of menopause (\45) were associated with DP

(j = 0.008, p = 0.006 [MN]).

There was no statistically significant association between factors such as BMI,

smoking, alcohol consumption, lymphovascular invasion, perineural invasion,

necrosis, calcification, Ki67 and expressional differences neither as individual nor

combined (DP and IP) in P, T, or N group (data not shown).

Discussion and Conclusion

Local productions of estrogens in breast as well as the effects of estrogens on

progression of breast tumors are attractive areas of research. Although a relationship

between local estrogen production and the risk of breast cancer has been identified,

an accurate prediction of cancer risk in an individual is not possible at this point.

The variation in hormone levels within the different groups of people is yet to be

understood. These results suggest that additional mechanisms, i.e., up-/downreg-

ulation of other enzymes involved in steroid synthesis pathway may influence

intratumoral estrogen levels across individual tumor samples. Composite evalua-

tions of these mechanisms including risk factors such as family and reproductive

histories, may lead not only to a more accurate assessment of risk in individual

women but also to a better understanding of the role of estrogen in the pathogenesis

of breast cancer (Clemons and Goss 2001; Li et al. 2005; Sidoni et al. 2003).

Limited information is available on how these factors are related with gene

expression levels, key factors in local estrogen production. To our knowledge,

current study provides information for the first time about expression levels of

CYP19A1 and CYP17A1 within both tumor and its peritumoral adipose tissues

compared to that in healthy breast tissue. The relationship between these expression

levels and the breast health risk factors along with clinicopathological parameters to

explain the effect of tumor progression were also reported.

Postmenopausal women’s ovaries cease to synthesize estrogens; however, the

risk of breast cancer continues to increase with age. The main reason is the

continuous estrogen exposure of breast tissues in postmenopausal women (Zhu and

Conney 1998). Apparently, the major contribution comes from the adipose tissue. In

adipose tissue, aromatase is expressed in the immature adipocytes and fibroblasts

which surround the lipid-filled adipocytes, rather than in the adipocytes themselves.

bFig. 1 CYP17A1 and CYP19A1 gene expression comparison plot for peritumoral, tumor (a) and
peritumoral, normal (b) tissue types. Distribution of peritumoral and tumor tissue CYP17A1 expression
levels (1.5 cut off) among patients (c) and fold change difference (*WSR test, two-tailed, not significant)
(d). Distribution of peritumoral and tumor tissue CYP19A1 expression levels (1.5 cut off) among patients
(e) and fold change difference (*WSR test, two-tailed, significant) (f). Normal breast tissue expression
levels were used as controls in calculations
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Table 6 Tissue CYP17A1 expression levels for different subgroups of patient characteristics

Patient

characteristic

CYP17A1

P versus N P versus T

Upregulated

n (%)

Downregulated/no

alteration n (%)

Upregulated

n (%)

Downregulated/no

alteration n (%)

Parity

Nulliparous 2 (50.0) 2 (50.0) 1 (25.0) 3 (75.0)

Multiparous 4 (25.0) 12 (75.0) 7 (43.8) 9 (56.2)

p value

(kappa)

0.013 (-0.129) 0.021 (0.107)

Age

C50 4 (28.6) 10 (71.4) 5 (35.7) 9 (64.3)

\50 2 (33.3) 4 (66.7) 3 (50.0) 3 (50.0)

p value

(kappa)

0.039 (-0.034) 0.146 (-0.111)

Age at menopause

C45 5 (29.4) 12 (70.6) 8 (47.1) 9 (52.9)

\45 1 (33.3) 2 (66.7) – 3 (100.0)

p value (kappa) 0.003 (-0.016) 0.004 (0.212)

Histological grade

I 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7)

II ? III 5 (29.4) 12 (70.6) 7 (41.2) 10 (58.2)

p value

(kappa)

0.003 (-0.016) 0.012 (0.035)

Stage

I 1 (20.0) 4 (80.0) 1 (20.0) 4 (80.0)

Others 5 (33.3) 10 (66.7) 7 (46.7) 8 (53.3)

p value

(kappa)

0.012 (0.083) 0.039 (0.182)

In situ component

Yes 6 (33.3) 12 (66.7) 8 (44.4) 10 (55.6)

No – 2 (100.0) – 2 (100.0)

p value

(kappa)

0.0005 (0.091) 0.002 (0.138)

PR statusa

Weak intensity – 5 (100.0) 1 (20.0) 4 (80.0)

Strong

intensity

6 (40.0) 9 (60.0) 7 (46.7) 8 (53.3)

p value

(kappa)

0.004 (0.250) 0.039 (0.182)

P versus N peritumoral tissue compared to normal breast tissue, P versus T peritumoral tissue compared

to tumor tissue

All patients have positive PR staining status, with different intensity. Nuclear staining of[10 % of cells

were accepted as positive for ER or PR status
a PR progesterone receptor
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These cells utilize circulating androgens as substrates and convert them to

estrogens, in particular, estradiol via aromatase (Simpson and Brown 2013).

Estrogens can diffuse throughout the adipose tissue of the breast in particular and

then enter the breast duct where they stimulate epithelial cell proliferation (Fig. 2).

Aromatase expression is almost exclusive to immature adipocytes and adipose

tissue related fibroblasts of the breast (Sasano et al. 2009; Geisler 2003). Santen

Table 7 Tissue CYP19A1 expression levels for different subgroups of patient characteristics

Patient

characteristic

CYP19A1

P versus N P versus T

Upregulated

n (%)

Downregulated/no

alteration n (%)

Upregulated

n (%)

Downregulated/no

alteration n (%)

Family history of cancer

Yes 4 (80.0) 1 (20.0) 4 (80.0) 1 (20.0)

No 8 (61.5) 5 (38.5) 8 (61.5) 5 (38.5)

p value

(kappa)

0.039 (0.129) 0.039 (0.129)

History of cancer

Yes – 4 (100.0) 2 (50.0) 2 (50.0)

No 13 (81.3) 3 (18.7) 12 (75.0) 4 (25.0)

p value

(kappa)

0.049 (-0.441) 0.013 (-0.129)

Age at first full-term pregnancy

C30 3 (75.0) 1 (25.0) 3 (75.0) 1 (25.0)

\30 8 (66.7) 4 (33.3) 7 (58.3) 5 (41.7)

p value

(kappa)

0.039 (0.053) 0.070 (0.111)

Age at menarche

\12 – 4 (100.0) 1 (25.0) 3 (75.0)

C12 13 (81.3) 3 (18.7) 13 (81.3) 3 (18.7)

p value

(kappa)

0.049 (-0.441) 0.021 (-0.290)

Oral contraceptive use

Yes 1 (50.0) 1 (50.0) 1 (50.0) 1 (50.0)

No 12 (66.7) 6 (33.3) 13 (72.2) 5 (27.8)

p value

(kappa)

0.003 (-0.048) 0.002 (-0.061)

Axilla invasion

Yes 5 (71.4) 2 (28.6) 7 (100.0) –

No 8 (61.5) 5 (38.5) 7 (53.8) 6 (46.2)

p value

(kappa)

0.109 (0.083) 0.016 (0.375)

P versus N peritumoral tissue compared to normal breast tissue, P versus T Peritumoral tissue compared

to tumor tissue, PR Progesterone receptor
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et al. (1997) have shown that stromal cells in breast carcinomas are the major source

of estrogens in the tumor. In the current study, CYP19A1 levels in peripheral tissues

were nearly three times higher than those in the nearby tumor tissue (p = 0.001

[WSR]), supporting the previous findings. Miyoshi et al. (2003) observed higher

CYP17A1 mRNA levels in small tumors (B2 cm), suggesting that CYP17A1 mRNA

Table 8 Combined effect of CYP17A1 and CYP19A1 expression levels for different subgroups of

patient characteristics

Patient characteristic P versus N P versus T

DP n (%) IP n (%) DP n (%) IP n (%)

Parity

Nulliparous 2 (50.0) 2 (50.0) 8 (50.0) 8 (50.0)

Multiparous 5 (31.2) 11 (68.8) 3 (75.0) 1 (25.0)

p value (kappa) 0.022 (-0.102) 0.227 (-0.170)

Age at menopause

C45 6 (35.3) 11 (64.7) 1 (33.3) 2 (66.7)

\45 1 (33.3) 2 (66.7) 10 (58.8) 7 (41.2)

p value (kappa) 0.006 (0.008) 0.070 (0.140)

Oral contraceptive use

No – 2 (100.0) 10 (55.6) 8 (44.4)

Yes 7 (38.9) 11 (66.1) 1 (50.0) 1 (50.0)

p value (kappa) 0.180 (-0.180) 0.012 (-0.019)

Histological grade

I 1 (33.3) 2 (66.7) 1 (33.3) 2 (66.7)

II ? III 6 (35.3) 11 (64.7) 10 (58.8) 7 (41.2)

p value (kappa) 0.006 (0.008) 0.070 (0.140)

Stage

I 1 (20.0) 4 (80.0) 1 (20.0) 4 (80.0)

Others 6 (40.0) 9 (60.0) 10 (66.7) 5 (33.3)

p value (kappa) 0.021 (0.130) 0.216 (0.368)

In situ component

Yes 7 (38.9) 11 (66.1) 11 (66.1) 7 (38.9)

No – 2 (100.0) – 2 (100.0)

p value (kappa) 0.001 (0.113) 0.016 (0.239)

PR statusa

Weak intensity 1 (20.0) 4 (80.0) 3 (60.0) 2 (40.0)

Strong intensity 6 (40.0) 9 (60.0) 8 (53.3) 7 (46.6)

p value (kappa) 0.021 (0.130) 0.344 (-0.053)

All patients have positive PR staining status, with different intensity. Nuclear staining of[10 % of cells

were accepted as positive for ER or PR status

DP local estrogen decreasing expressional pattern, IP local estrogen increasing expressional pattern,

P versus N peritumoral tissue compared to normal breast tissue, P versus T peritumoral tissue compared

to tumor tissue
a PR progesterone receptor
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upregulation might play some role in the early stage of tumor development. In the

current study, most of the patients (75 %) had late onset breast cancer, which may

be associated with unaltered CYP17A1 expression in peripheral tissues and slight

downregulation in tumors. On the contrary, in peripheral tissues at the early onstage

of the disease, when both CYPs were together, they appeared to decrease of local

estrogen production via regulating the levels of expression (p = 0.021 [MN]). It

was also possible to observe this via histological grade parameter where high-grade

tumor tissues were found downregulated (p = 0.012 [MN]), while grade I tumor

tissues exhibited higher levels of CYP17A1 expression (p = 0.013 [MN]). Thus, it

can be speculated that tumor tissues are more active for estrogen production than

peripheral tissues in the early phases of breast cancer and later on production site

shifts to peripheral fibroblasts.

The most significant prognostic factor for women with breast cancer is axillary

lymph node invasion status (Donegan 1997). Nodal metastases double the risk of

distant disease, and the presence or absence of axillary lymph node metastases is

also a determining factor for the use of systemic adjuvant chemotherapy

(Hortobagyi and Buzdar 1995). Here CYP19A1 in neighboring adipose tissues

were highly expressed in all cases with positive axillary invasion (p = 0.012 [MN]),

and thus it may be suggested as an additional parameter for such decisions like

adjuvant chemotherapy.

The expression levels of ER, PR, and HER2 are used to determine the prognosis

and management of breast cancer. In particular, both ER positive and PR positive

(rather than only ER positive) tumors may respond better to hormonal therapy.

Fig. 2 Principle roles of CYP17A1 and CYP19A1, considering fibroblasts and stromal epithelial
interactions for local estrogen production in invasive ductal carcinoma. Locally synthesized estrogens by
fibroblasts enter the duct to simulate epithelial proliferation. Malignant breast epithelial cells secrete anti-
adipogenic cytokines such as TNF and IL-11 to inhibit differentiation of adipose fibroblasts in order to
reside their capacity to express CYP19A1 and form estradiol. Precursors to be aromatized are supplied
locally via CYP17A1 activity, particularly in early stages of breast cancer.TNF tissue necrosis factor, IL-
11 interleukin 11, PRG progesterone, A androstenedione, TES testosterone, E. estrone, E2 estradiol
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Moreover, the absence of PR expression in primary breast cancer is strongly and

independently associated with poor prognosis (Purdie et al. 2014). Association

between weak PR and low expression levels of both CYP17A1 and CYP19A1 in

tumor tissues that we observed in this study showed that these expression levels

could be taken into consideration to identify patients who might benefit from

additional adjuvant chemotherapy, extended endocrine therapy, and/or treatments

targeting growth factor receptor pathways. Although there are preferred regimens in

hormone treatment, such as aromatase inhibitors or ER blockers (Fisher et al. 2005),

predicting which treatment could be most beneficial for a particular patient is yet

unclear. Evaluating the expressional levels of certain CYPs, due to their key role in

estrogen synthesis, may be valuable for selecting the right treatment in addition to

the conventional approach.

CYP19A1 upregulation in peripheral tissues is associated with familial incidences

of cancer, breast cancer in particular (p = 0.039, p = 0.004 [MN]). Accumulation

of different genotypes for different mutations of CYP19A1 may affect expression

levels, thus altering aromatase activity and subsequently affecting the endogenous

estrogen levels (Surekha et al. 2014; Tüzüner et al. 2010).

Expression patterns of CYP17A1 and CYP19A1 may influence the degree of

estrogen exposure on breast epithelial cells. Since the effects of various hormonal

risk factors might depend on the expression levels in different tissues, this possible

diversity was of interest. Patients bearing ‘‘high-risk’’ factors such as early onset of

menstruation, null parity and being older than 50 years produced low levels of

CYP19A1 in peritumoral and tumor tissue which was not in agreement with the

previous findings (Clemons and Goss 2001). However, late age at pregnancy and the

association with upregulation of aromatase expression in peritumoral tissue

supported previous results (p = 0.039 [MN]) (Russo et al. 2005; Britt et al.

2007). Pregnancy may have direct effect on immature adipocytes, causing them to

differentiate and maturate which can no longer express aromatase. Nevertheless,

tumor cells prevent these fibroblasts to become mature adipocytes, and therefore,

women who had children after 30 years of age are probably more prone to this

effect.

We acknowledge that this study has certain limitations. Regardless of the small

number of cases, appropriate analysis was conducted to eliminate this limitation.

The main challenge was to collect adequate amount of fresh breast tissue paired as

tumor and neighboring adipose tissues, due to the breast-conserving surgery

applications. We also excluded the patients who had adjuvant chemotherapy before

surgery from the study in order to eliminate the additional effects on the mRNA

levels to be observed.

Lifetime exposure to estrogen and other physiological factors, including

environmental exposures, could play a critical role in the etiology of breast cancer.

Finding effective therapy approaches for cancer is crucial, as is early diagnosis. In

conclusion, this study suggests that evaluation of various clinicopathological and

disease risk factors along with the expression levels of CYP17A1 and CYP19A1

might help clinicians to decide on treatment strategies and diagnosis for individual

cases. However, future studies must be conducted using greater sample size and

addition of aromatase and other key enzyme activities evaluations in steroidogenesis
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pathway which effect local estrogen levels for confirmation and getting more strong

and reliable results.
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Oğuz Öztürk. Oğuz Öztürk, as the principal investigator, provided conceptual and technical guidance for

all aspects of the research. Hakan Bermek suggested and commented on the design of the experiments.

Hande Turna contributed to patient selection and data collection. Tülin Öztürk, Şennur İlvan, and Zerrin
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