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The role of kisspeptin on aromatase expression in breast cancer
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ABSTRACT
AIM: Kisspeptin is a reproductive peptide hormone that has anti-metastatic roles in several cancer types in-
cluding colon, lung, and brain cancer. However, in breast cancer, increasing of kisspeptin expression induces 
aggressiveness of tumors, which in turn exacerbates breast cancer prognosis.
MATERIAL AND METHODS: Breast cancer cell lines MCF7 and SKBR3 were cultured in MEM (phenol red free) 
containing 10 % fetal bovine. Treatments were performed, at 70 % confl uency, after 24-hour serum deprivation 
in serum free medium for 6, 24 and 48 hours. Aromatase (CYP19A1) and kisspeptin receptor (GPR54) mRNA 
expression were determined by real time Taqman Assay. 
RESULT: Kisspeptin induced aromatase (CYP19A1) and kisspeptin receptor (GPR54) mRNA expression, while 
this induction was abolished by kisspeptin receptor inhibitor in MCF7 cells. In SKBR3 cells, however, even though 
there was an increase in GPR54 mRNA expression with kisspeptin, the induction of CYP19A1 was not observed. 
CONCLUSION: The inducing effect of kisspeptin on aromatase expression is possibly mediated via kisspeptin 
receptor and estrogen receptor dependent mechanisms (Fig. 5, Ref. 27). Text in PDF www.elis.sk.
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Introduction

Sex steroids play active roles in shaping neural functions and 
reproductive behavior, while regulating cellular organization and 
mammalian development in various ways. The synthesis of sex 
steroids begins with the entry of cholesterol into the mitochondria 
followed by the formation of estrogen, progesterone, and testos-
terone as the result of the six basic enzymatic steps completed in 
endoplasmic reticulum. Estrogen can be synthesized by various 
tissues and organs such as: gonads, adrenal cortex, and brain and 
locally in breast. Aromatase-catalyzed conversion of C19 steroids 
to estradiol (E2), which is biologically active estrogen, is the rate 
limiting step of estrogen biosynthesis (1, 2).

In humans, aromatase is encoded by a single copy gene CY-
P19A1. CYP19A1 gene is located on the long arm of chromosome 
15, with a 30 kb coding region and a 95 kb regulatory promoter 
region, total 125 kb in length. The aromatase protein consists of 
nine exons (II-X), and on the 5’-upstream of exon II, where dif-
ferent primary exons are located with number of different promot-

ers that direct the tissue-specifi c alternative transcription of these 
primary exons. This gene organization leads to the formation of 
different 5’-untranslated region-containing aromatase mRNAs, 
but since these regions are not involved in the aromatase protein 
structure, the protein product formed by the translation of these 
different mRNAs, is identical in all tissue types (Fig. 1) (3, 4). 

The physiological role of aromatase has been understood 
with studies on aromatase gene-defi cient (ArKO) mice and men 
with mutations causing an inactive aromatase gene. In women, 
the highest aromatase expression is observed in the ovary in pre-
menopausal period and in adipose tissue in postmenopausal pe-
riod. The cytokines, such as: tumor necrosis factor and interleukin 
11 (IL-11), release from malignant breast epithelial cells, suppress 
adipogenic transcription factors and prevent the transformation 
of fi broblasts into mature adipocyte cells. This phenomenon was 
observed in the fi broblast cells of breast tissue, which provide a 
structural support to adipose tissue leading tumor growth and de-
velopment. Estrogen produced by undifferentiated fi broblasts due 
to high levels of aromatase causes mitogenic effects on malignant 
epithelial cells, thereby contributing to the spread of malignant 
cells by increasing cellular growth and proliferation rates in breast 
cancer (5). It is known that malignant epithelial cells synthesize 
and secrete many yet undefi ned factors that increase aromatase 
expression (6, 7, 8).

Kisspeptin has been also reported in several aspects of cancer, 
either in a causative or preventive manner. Even though kisspeptin 
has been fi rst introduced as an anticancerogenic agent, which was 
defi ned as metastin, when fi rst discovered, now it is commonly 
known to be involved in cancer formation and aggression in most 
peripheral tissue types. Kisspeptines are a family of neuropep-
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tides encoded by Kiss1 gene, which has three exons located in 
the long arm of the fi rst chromosome. Recent studies report the 
importance of Kisspeptin in gonadotropin secretion by showing 
that kisspeptin is a regulatory element for the release of GnRH 
in neurons. Kisspeptines also have roles in sexual differentiation 
of the brain, timing of puberty, and in adults, control of gonado-
tropin secretion via feedback mechanisms by gonadal hormones 
and control of fertility by metabolic and environmental (eg, pho-
toperiod) cues (9, 10, 11).

The biological features mentioned above suggest that kiss-
peptins have important pathophysiological and therapeutical roles 
in diverse fi elds beyond their reproduction-related physiological 
roles in the brain and of these roles, the most pronounced ones, 
involves cancer. In breast cancer, tumors kisspeptin mRNA and 
protein expression increase further, which is found to be associ-
ated with a poor patient diagnosis. Kisspeptin also induces inva-
siveness and decreases adhesiveness of human breast cancer cells. 
Interestingly, kisspeptin was also found to be associated with genes 
or proteins that regulate cell cycle, proliferation or invasiveness 
such as: ESR1, HER2, VEGF or P53 (11, 12, 13). These, ESR1 
and P53 were found to be directly associated with aromatase pro-
moter (5, 14, 15). In this regard, it is possible that kisspeptin ex-
erts its effects on breast cells through aromatase. In this study, we 
used two different cell lines MCF7 and SKBR3, former is ESR1 
positive, and the latter is ESR1 negative, both of which express 
KISS1, GPR54 and CYP19A1 (16, 17). In summary, we wanted 
to determine whether aromatase was the one of the mediators of 
kisspeptin action in breast cancer. 

Materials and methods

Cell culture
Breast cancer cell lines MCF7 and SKBR3 were cultured in 

MEM (phenol red free) containing 10% fetal bovine serum (FBS) 
(Gibco, Grand Island NY, USA) and 1% penicillin-streptomycin 
at 37 °C and 5 % CO2. Treatments were performed, at 70 % con-
fl uency, after 24-hour serum deprivation in serum free medium 
for 6, 24 and 48 hours.

RNA isolation and quantitative Real-Time PCR: Total RNA 
was isolated using the TRIzol reagent from the cells (Invitrogen, 
Carlsbad CA, USA). DNAase cleavage was performed in the col-
umn by using DNase I Kit. (Qiagen, Valencia, USA). The integrity 
of the isolated RNA was confi rmed by running 5 μg of RNA on 1 
% formaldehyde gel. cDNA was synthesized using SuperScript™ 
III First-Strand kit oligonucleotide (dT) primers as recommended 
by the supplier (Invitrogen). Real-Time PCR was performed with 
the ABI 7900HT Fast Real-Time PCR System (Applied Biosys-
tems) using the Taqman PCR/Probe Assays (Applied Biosystems, 
Foster City, USA) by using two microliters of cDNA.(Primers 
used: Cyp19a1: Mm00484049_m1 Gpr54: Mm00475046_m1 and 
GAPDH: Mm99999915_g1). 

Polymerase chain reaction was carried out by using Taqman 
gene expression mix in a total volume 25 μl in the form of three 
replicates. Reaction was incubated at 50 °C for 2 min and then at 
95 °C for 10 min following 40 cycles at 95 °C for 15 s and then 
at 60 °C for 1 min. The threshold cycling value (CT) in the stud-
ies; the cycle, in which the amount of fl uorescence in the reaction 

Fig. 1. Aromatase (CYP19) gene. Expression of the aromatase gene in breast is regulated by the tissue-specifi c activation of a number of pro-
moters via alternative splicing, which are involved in breast cancer formation to some extent.
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medium passed the fi xed threshold value was used as the fractional 
expression. Then the CT values were converted to absolute copy 
numbers. All cDNA samples were normalized using the GAPDH 
endogenous control. Genomic DNA presence and reaction speci-
fi city were checked by using the “template-free” and “enzyme-
free” techniques. Three independent experiments were performed 
to demonstrate repeatability. The specifi city of RT-PCR products 
was confi rmed by melt curve analysis, and gel electrophoresis.

Statistical Analysis: StatView 5.0 Statistic Program package 
(SAS Institute, Cary NC, USA) was used to perform Tukey mul-
tiple comparisons test and following welch paired t-test and one-
way ANOVA statistical analysis. Signifi cance was accepted as α 
= 0.05 and β = 0.20.

Results

In MCF7 cells (ESR1 Positive), Kisspeptin at 1 nM concen-
tration slightly induced kisspeptin receptor expression, but not 
aromatase expression at 6h. However, 10 nM kisspeptin induced 
both kisspeptin receptor and aromatase expression at each time 
point tested (6, 24 and 48 hours). Kisspeptin receptor and aroma-
tase induction was abolished by Kisspeptin inhibitor K234. At 
100 nM kisspeptin concentration, both kisspeptin receptor and 
aromatase expression was induced at 48h treatment (Figs 2 and 
3). In SKBR3 (ESR1 Negative) cells, however, even though kis-
speptin induced kisspeptin receptor expression at 10 nM, this was 
also abolished by kisspeptin inhibitor. Kisspeptin did not induce 
aromatase expression at any concentration and time (Figs 4 and 5).

Fig. 2. Kisspeptin receptor (GPR54) mRNA expression in the MCF7 
cancer cell line. Fold change of GPR54 mRNA expression of various 
treatment regime is shown. Results were normalized to the expres-
sion levels of GAPDH gene as an endogenous control. The results are 
expressed as the mean ± S.E.M. from three independent experiments 
(p < 0.01, paired t test).

Fig. 3. Aromatase (CYP19A1) mRNA expression in the MCF7 can-
cer cell line. Fold change of CYP19A1 mRNA expression of various 
treatment regime is shown. Results were normalized to the expres-
sion levels of GAPDH gene as an endogenous control. The results are 
expressed as the mean ± S.E.M. from three independent experiments 
(p < 0.01, paired t test).

Fig. 4. Kisspeptin receptor (GPR54) mRNA expression in the SKBR3 
cancer cell line. Fold change of GPR54 mRNA expression of various 
treatment regime is shown. Results were normalized to the expres-
sion levels of GAPDH gene as an endogenous control. The results are 
expressed as the mean ± S.E.M. from three independent experiments 
(p < 0.01, paired t test).

Fig. 5. Aromatase (CYP19A1) mRNA expression in the SKBR3 can-
cer cell line. Fold change of CYP19A1 mRNA expression of various 
treatment regime is shown. Results were normalized to the expres-
sion levels of GAPDH gene as an endogenous control. The results are 
expressed as the mean ± S.E.M. from three independent experiments 
(p < 0.01, paired t test).
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Discussion

In this present study, we uncovered a novel fi nding, which 
is the kisspeptin dependent regulation of aromatase in breast ad-
enocarcinoma MCF7 (ESR1 Positive) and SKBR3 (ESR1 Nega-
tive) cell lines. Aromatase, which is responsible for the key step 
in estrogen synthesis, has long been implicated in most aspects of 
breast cancer (3). Aromatase is expressed in several tissues, includ-
ing adipose tissue of breast, where its expression levels drastically 
increase, especially in breast cancer. Current approaches to treat 
breast cancer introduce aromatase inhibitors, which reduces the 
local estrogen production (18). An unresolved key question is how 
aromatase is induced to produce more estrogen in breast cancer.

Epidemiologic studies suggest that circulating estrogen levels 
initiate tumor formation, however, for tumor growth, sustained 
estrogen production is required (19). Since the circulating estro-
gen levels become steady at certain points, there should be some 
endogenous estrogen producing mechanisms to support and main-
tain tumor growth locally.

In breast cancer, aromatase is upregulated via various path-
ways. As mentioned earlier, alternatively used aromatase promoters 
participate in different regulatory pathways. Of these promoters 
I1, I3, I4, I7 and PII drive aromatase expression in breast, where 
a distinct set of transcription factors regulate promoter in a signal-
ing pathway and tissue-specifi c manner (3). Since many alterna-
tive exons are implicated in breast tissue, there is a great plethora 
of transcription factors reported in breast tumor cells. Aromatase 
induction in breast cancer mostly functions through exons I3/PII 
(4, 20). Interestingly, these transcription factors are mostly derived 
from ESR1 dependent signaling pathways (21, 22). Estrogen Re-
ceptor alpha is also activated by kisspeptin/kisspeptin receptor 
dependent pathways (23, 24). Likewise, in our studies, kisspeptin 
induced aromatase expression in ESR1 positive MCF7 cells, but 
not in ESR1 negative SKBR cells. Since kisspeptin has been shown 
to induce ESR1 (25), and ESR1 can induce CYP19A1 expression 
(26, 27), the result of this research shows that ESR1 is one of the 
mediators of kisspeptin specifi cally on aromatase expression. 

Therefore, it is plausible to think that kisspeptin-dependent 
aromatase induction may be mediated through ESR1 dependent 
pathways, which can induce endogenous aromatase expression. 
However, there are certain points that need to be clarifi ed in our 
experiments. One of them is the reason why 1 nM kisspeptin in-
duced kisspeptin receptor, but not aromatase. This fi nding may be 
partially due to insuffi cient kisspeptin receptor induction. Another 
point to be considered is that kisspeptin receptor repression rate 
with kisspeptin receptor inhibitor was reduced to a lower extent 
compared to aromatase levels, which may stem from the fact that 
kisspeptin acts fi rst before its inhibitor. In our study, aromatase 
enzyme activity or kisspeptin receptor expression could have been 
assessed to evaluate their activity or expression, respectively.

In conclusion, the fi nding of this study showed that kisspeptin 
induced aromatase possibly via ESR1 dependent pathways. As 
for future directions, steps involving kisspeptin dependent sig-
naling pathways and their physical association with ESR1 can 
be investigated.
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