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Abstract
In normal conditions follicle stimulating hormone receptors (FSHR) are expressed in zona granulosa cells of the ovary and Sertoli cells of 
the testis. However, the ectopic expression of FSHR was recently discovered in intra-tumoral blood vessels endothelia and/or in tumoral 
cells of many extra-gonadal human tumors (particularly in endocrine tumours). The paper reviews the data concerning the appearance 
of ectopic FSHR in particular human neoplasms. The possible involvement of FSHR in tumor progression and the use of FSHR examina-
tion for diagnostic purposes is also reviewed. Finally, the putative role of FSHR as a new target in oncological therapy is also discussed. 
(Endokrynol Pol 2018; 69 (2): 192–195)
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Introduction

Follicle stimulating hormone (FSH, follitropin) is a pitui-
tary glycoprotein hormone known as one of the major 
regulators of mammalian reproduction. It acts on zona 
granulosa cells of ovarian follicles and on Sertoli cells 
of the male testis, stimulating their hormonal function, 
differentiation, and cell growth. The action of FSH is 
mediated via specific, membrane FSH receptors (FSHR), 
present on its targets. The best known mechanism con-
nected with FSHR is adenylate cyclase activation lead-
ing to cyclic adenosine-3’, 5’-monophosphate (cAMP) 
formation, but other pathways are also involved [1]. 
FSHR are also expressed in tumors evolving from go-
nads [2]. In the last years many papers reported also on 
the ectopic expression of FSHR in intra-tumoral blood 
vessels and/or tumoral cells beyond the gonadal tumors. 
This review is devoted to these findings and discusses 
the perspectives of their application in oncological 
diagnosis and therapy.

FSHR expression in normal tissues beyond 
the reproductive system

There are few reports on the expression of FSHR in 
normal tissues beyond the reproductive system. The 

presence of FSHR was described in monocytes and 
osteoclasts [3]. This finding is compatible with the obser-
vation that FSH releases interleukins from monocytes 
in vitro [4]. FSHR immunopositivity was also found in 
both adrenal cortex and medulla, and also in the peri-
adrenal sympathetic gangliocytes [5].

FSHR expression in intra-tumoral blood 
vessels

Radu et al. [6] were the first who discovered the 
expression of FSHR in endothelia of intra- and 
peritumoral blood vessels in the large series of solid 
tumours, including breast, lung prostate, colonic, 
gastric, pancreatic and kidney cancers. The similar ob-
servations were done subsequently in other tumours: 
adrenocortical benign and malignant neoplasms, 
pheochromocytomas, pituitary adenomas [5], neu-
roendocrine tumours [7] and soft tissue sarcomas [8]. 
In contrast, the endothelia of vessels situated in non-
malignant tissues do not express FSHR. It seems rea-
sonable to suppose that FSHR-positive blood vessels 
represent the vasculature formed through tumoral  
neo-angiogenesis [9, 10].
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FSHR expression in tumoral cells

The data on FSHR expression in tumoral cells of non-
gonadal tumors are rather scarce. As early as in 1998 
Dirnhofer et al. [11] reported on the presence of FSH 
and LH and their receptors in prostate cancer. One 
year later, Ben Josef et al. [12] reported the expression 
of FSHR in prostate cancer cell lines PC and DU-145. 
Further studies confirmed (by means of immunohisto-
chemistry and PCR) the strong expression of FSHR in 
the samples of prostate cancer [12]. However, a scarce 
expression was also observed in normal prostate and 
benign prostatic hyperplasia. Thus, the expression of 
FSHR cannot be properly considered as ectopic. The 
same authors confirmed also the expression of FSHR in 
androgen-refractory prostate cancer cells (PC) but not 
in androgen-sensitive line LNCaP [13]. Further studies 
revealed the FSHR expression in the tumoral cells of 
other, mostly endocrine, tumors, including adrenocorti-
cal benign and malignant neoplasms, pheochromocyto-
mas, pituitary adenomas [5], neuroendocrine tumours 
[7, 14] and thyroid cancers [15]. 

FSHR and tumor progression

FSH, like other pituitary glycoprotein hormones, 
belongs to a subfamily of proteins similar to growth 
factors [16, 17]. In its “classical” targets, zona granulosa 
cells and Sertoli cells FSH exerts the growth–promoting 
effects [18]. In non-neoplastic ovary FSH also increases 
vascular endothelial growth factor (VEGF) secretion, 
leading to enhanced angiogenesis [18]. A similar effect 
was shown in ovarian cancer cells SK-OV-3 prolifera-
tion [19]. FSH also inhibits ovarian cancer cell apoptosis 
by up-regulating survivin and down regulating pro-
grammed cell death gene 6 (PDCD6) and death receptor 
5 (DR5) [20]. The localization of FSHR in intra-tumoral 
microvessels suggests its involvement in cancer neo-
angiogenesis. Such a suggestion is supported by the 
observation that the density of FSHR-immunopositive 
microvessels in the kidney cancer predicts the thera-
peutic effectiveness of sunitinib, an anti-angiogenic 
receptor tyrosine kinase inhibitor [21]. 

FSHR expression: a marker of malignancy?

If FSHR may mediate the effects of FSH on tumor 
progression, a question arises whether the expres-
sion of these receptors is correlated with a higher 
malignancy grade. The answer seems to be positive. 
In certain tissues, the FSHR expression is present in 
malignant, but not in benign tumours. For instance, 
FSHR immunostaining is detectable in thyroid follicular 
carcinomas but neither in benign follicular adenomas 

nor in non-neoplastic thyroid follicles [15]. The FSHR 
immunopositivity is present in malignant liposarcomas 
but neither in benign lipomas nor in normal fat [8]. 

In pituitary adenomas FSHR expression in tumoral 
cells is prevalent in invasive and proliferating tumours [22].  
Thus, the immunostaining of FSHR could play a sup-
plementary role in the histopathological examination. 
Because one of FSHR isoforms is soluble and detectable 
in blood serum (FSHR-4), it may possibly also be used as 
a serum marker. The second potential application of the 
ectopic expression of FSHR in tumor diagnosis (perhaps 
even more promising) is a possibility of the in vivo de-
tection of the localization of neoplastic foci by means of  
a radioreceptor assay. Such a method is recently proposed 
by Xu et al [23]. The quoted authors applied βFSH 33–53 
(aminoacid sequency YTRDLVYKDPARPKIQKTCTF), 
coupled to maleimide — NOTA conjugate labeled with 
[18F] aluminum fluoride as a radiotracer.

FSHR inhibition or destruction and their 
possible role in FSHR-expressing cancer 
treatment

The next question is whether the ectopic expression of 
FSHR in many human malignances might be a novel 
target in oncological therapy. Since FSHR is involved in 
cancer progression (see above), its inhibition or destruc-
tion could be supposed to exert a beneficial effect. The 
list of FSHR antagonists, either peptide or non-peptide, 
is rather long, because of the search for non-steroid 
female and male contraceptives [24–30]. One of the 
known FSHR antagonists is suramin, it was suggested to 
treat the advanced prostate cancer [31]. The treatment 
with FSHR antagonists was also proposed in ovarian 
epithelial cancer [32]. The beneficial effect pf Degarelix, 
gonadotropin releasing hormone receptor antagonist, 
in colon cancer is supposed to result from a decrease 
of FSH level [33]. The next possibility consists of the 
destruction of tumor or its vasculature using the toxic 
ligands of FSHR. Possibly, it might be a conjugate of 
the lytic peptide Hecate with FSH fragments. Hecate 
is an analogue of the main component of bee venom 
melittin which preferentially kills the cancer cells. 
This peptide was already conjugated with β chorionic  
gonadotropin fragments and tested with promising 
effects in the case of cancers expressing LH/HCG recep-
tors [34–37]. However, this possibility should be limited 
by the risk of the stable destruction of non-neoplastic tis-
sues expressing FSHR, like zona granulosa of the ovary 
in premenopausal women or Sertoli cells in the male 
testis. The destruction of other non–neoplastic tissues 
beyond the reproductive system seems also probable 
(see above). Recently, the sophisticated immunotherapy 
with human T cells transduced to express anti-FSHR 
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immunoreceptors was proposed and tested on ovarian 
cancer cells [38]. Obviously, the clinical trials with FSHR 
antagonists should be preceded by the resolution of 
several problems in preclinical studies (functional and 
molecular characteristics of ectopic FSHR, safety etc.)

Conclusions

FSHR — well known as the receptors mediating the 
effects of follitropin (FSH) on female and male gonads, 
are also expressed in gonadal and extra-gonadal tumors. 
Their appearance was discovered in endothelia of the 
intra- and peritumoral vessels, but not in the vessels 
distant from the neoplastic focus (except the intrago-
nadal vascular and umbilical vein). In several tumors, 
mostly of endocrine origin, FSHR expression was also 
found in tumoral cells. Since FSHR mediates the ac-
tion of FSH in gonads, among other, on cell growth 
and neoangiogenesis, similar effects can be presumed 
in tumoral tissues. FSHR may be potentially useful in 
practical medicine as a marker of malignancy. Moreover, 
because numerous antagonists of FSHR are just known, 
the attempts of new therapies of cancers are justified.
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