
Abstract. Background/Aim: Follicle-stimulating hormone
receptor (FSHr), expressed on endothelial cells of vessels in
different malignant tumors, has been recently investigated as
a potential pan-receptor of cancer treatment. However, the
expression of this receptor has also been confirmed in other
tissues under pathological conditions including cancer. The
aim of the presented pilot study was to evaluate the
expression of FSHr in head and neck squamous cancer
(HNSCC). Patients and Methods: A total of 28 HNSCC
patient samples were immunohistochemically analyzed for
the presence of FSHr using a commercially available
primary antibody. Results: FSHr was detected not only in the
tumor tissue, but also in the basal layer or dysplastic parts
of squamous mucosa and also in fibroblasts surrounding the
tumor tissue. Conclusion: FSHr is present on different
benign or malignant mesenchymal and epithelial structures
in HNSCC. A brief literature review revealed a wider role of
FSHr in the development of neoplasia.

Follicle-stimulating hormone (FSH) is a gonadotropin
secreted by the anterior pituitary gland in both, males and
females. The main function of FSH is to regulate the growth,
maturation, and reproductive processes of the body through
the FSH receptor (FSHr) on granulosa cells of ovarian
follicles in females and on Sertolli cells in the testes of
males, respectively (1, 2). On the other hand, genetic and
pharmacologic FSH suppression prevents loss of bone mass

and reduces body fat suggesting its potential role in the
treatment of obesity and osteoporosis (3, 4). Currently, FSHr
is considered an anticancer treatment due to its presence on
the endothelium of cancer-associated vessels (5). It is present
on certain solid tumor cells including ovarian, prostate and
thyroid cancer (6, 7). 

The role of FSHr in cancer is not clear and further
research is needed. However, a relationship with the
vascular endothelial growth factor (VEGF) signaling has
been reported: Activated Gq/11 protein induces VEGF
receptor signaling, even in the absence of VEGF and
signaling through the FSHr can lead to the activation of
Gq/11 protein (8). Migration and proliferation of
endothelial cells can be thus enhanced by FSH-FSHr
signaling without the need of VEGF. Additionally, in
ovarian granulosa cells FSH signaling through its receptor
leads to VEGF upregulation by increasing the levels of
hypoxia-inducible factor-1α protein under normoxic
conditions (9). FSHr may thus promote the
neoangiogenesis, through the induction of VEGF signaling
pathway. As VEGF is a negative prognostic factor in head
and neck cancer (10), the potential FSHr expression may
be of interest as yet another prognostic marker.     

FSHr can also be considered a target for nano-based
probes for fluorescence-guided surgery in head and neck
squamous cell cancer (11). The first step is to examine,
immunohistochemically, the presence of FSHr in samples of
confirmed head and neck squamous cell cancer using
commercially available antibodies.

Patients and Methods
Subjects. A total of 28 patients were enrolled into the study. They
were all patients of the Department of ENT (Ear, Nose and Throat)
and Head and Neck Surgery, Teaching Hospital in Motol, Prague,
Czech Republic. All of them underwent head and neck surgery for
squamous cell cancer. Detailed characteristics of patients are
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summarized in Table I. All patients signed informed consent before
entering the study and the study protocol was approved by the
Central Ethics Committee of Teaching Hospital Motol, Prague,
Czech Republic (Approval No. MZVES201624062015). In addition,
all data were analyzed while respecting patient privacy.

In vivo tumor model. A human ovarian carcinoma cell line OVCAR-
3 was purchased from ATCC (HTB-161). Before application, cells
were cultivated in RPMI-1640 medium supplemented with 10% fetal
bovine serum, 2% penicillin/streptomycin, 1.25% L-glutamine, and
1% sodium pyruvate. The tumors were grown in the immunodeficient
athymic nude CD-1 strain mice (obtained from Velaz, Ltd., Prague,
Czech Republic). A total of 6, 8-weeks old, females were inoculated
subcutaneously to the right flank region with a mixture of 5×106
OVCAR-3 cells and Matrigel (1:2). When the tumor reached on

average of 7 mm in diameter, mice were sacrificed and tumor samples
were collected for further immunohistochemical analysis. The animals
were kept in an air laminar flow box for small laboratory animals
under aseptic conditions with radiation-sterilized bedding SAWI –
Research Bedding (Jelu-Werk, Ltd., Rosenberg, Germany), were fed
sterile Ssniff diet (Ssniff Spezialdiaeten, Ltd., Soest, Germany) and
had unlimited access to autoclaved water. All mice were treated in
accordance with the Act on Experimental Work with Animals
(Decrees No. 311/97; 117/87 and Act No. 246/96) of the Czech
Republic, which is fully compatible with the corresponding European
Union directives.

Histology. Formalin-fixed and paraffin-embedded slices, 5-mm
thick, from tumor samples were routinely stained with hematoxylin
and eosin for confirmation of the clinical diagnosis.
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Table I. Characterization of the subjects evaluated in the study.

Surgery type                                                                                                               Subsequent               Primary                       TNM             Grade of 
                                                                                                                                     treatment                  location                 classification      squamous
                                                                                                                                                                                                                                cell cancer

Total laryngectomy, lateral pharyngectomy and resection                                            RT               Larynx, pharynx,            pT2 pN2b                2
of the base of tongue, neck dissection bilateral                                                                                   base of tongue

Total laryngectomy, neck dissection, right side                                                              NA                       Larynx                      pT2 pN1                 3
Lateral pharyngotomy, resection of the base of tongue,                                             CHRT              Base of tongue              pT3 pN2c                3
neck dissection bilateral

Total laryngectomy, neck dissection, left side                                                                NA                       Larynx                   ypT2 ypN0*              2
Total laryngectomy, neck dissection bilateral                                                                 RT                       Larynx                      pT3 pN1                 2
Total laryngectomy, neck dissection, right side                                                           CHRT                     Larynx                     pT4a pN0                1
Total laryngectomy, neck dissection, right side                                                           CHRT                     Larynx                    pT4a pN2a               3
Total laryngectomy, neck dissection, left side                                                                NA                       Larynx                      pT3 pN1                 3
Total laryngectomy, neck dissection, right side                                                              NA                       Larynx                                                     3
Total laryngectomy, neck dissection, right side                                                              NA                       Larynx                    pT4a pN2b               3
Transmandibular buccopharyngectomy, neck dissection, left side                                RT                        Tonsil                       pT2 N1                  2
Lateral pharyngotomy, resection of the base of tongue,                                               NA                Base of tongue               pT2 pN0                 2
and neck dissection, left side

Transmandibular buccopharyngectomy, neck dissection, left side                                NA                        Tonsil                      pT2 pN0                 3
Lateral pharyngotomy, resection of the base of tongue,                                             CHRT              Base of tongue             pT4a pN2a              2
neck dissection, left side

Lateral pharyngotomy, resection of the tumor, neck dissection, left side                     NA                        Tonsil                     pT2 pN2b                3
Trans oral resection, neck dissection, right side                                                             RT                        Tonsil                     pT1 pN2b                2
Lateral pharyngotomy, resection of the base of tongue,                                               NA                Base of tongue               pT1 pN1                 2
neck dissection, right side

Trans oral resection, neck dissection, left side                                                             CHRT                     Tonsil                     pT2 pN2b                2
Lateral pharyngotomy, resection of tumor, neck dissection, bilateral                        CHRT                     Tonsil                      pT3 pN2c                3
Total laryngectomy, neck dissection, right side                                                              NA                   Supraglottic                 pT4a pN1                2
Transmandibular buccopharyngectomy, neck dissection, left side                             CHRT                     Tonsil                      pT2 pN1                 2
Combined approach: transoral resection, lateral pharyngotomy,                                None                      Tonsil                     pT2 pN2b                2
resection of the tumor, neck dissection, right side

Total laryngectomy, neck dissection, bilateral                                                                RT                       Larynx                     pT4a pN0                2
Lateral pharyngotomy, resection of the base of tongue,                                                RT                 Base of tongue              pT2 pN2b                2
neck dissection, right side

Trans oral resection, neck dissection, right side                                                             NA                        Tonsil                      pT2 pN0                 2
Total laryngectomy, neck dissection, bilateral                                                                NA                       Larynx                     pT3 pN2b                3
Combined approach: transoral resection, lateral pharyngotomy,                                  NA                   Oropharynx                 pT2 pN2b                2
resection of the tumor, neck dissection, right side

Transmandibular buccopharyngectomy, neck dissection, right side                              NA                        Tonsil                     pT4a pN2b               2

RT: Radiotherapy; CHRT: chemoradiotherapy; NA: not applicable; *only one subject received neoadjuvant chemotherapy.



Immunocytochemistry. Microscopic tissue slices, 5-mm thick, were
deparaffinized, rehydrated, and pretreated with a citrate buffer (pH
7.6) for 15 min in a microwave oven. Nonspecific signal was
blocked by incubating with bovine serum albumin in PBS (150
ml/10 ml) for 30 min. Primary antibodies against the following
antigens were used: 1) Follicle-stimulating hormone receptor (1:400,
rabbit polyclonal, ab113421, ABCAM, Cambridge, UK); 2)
Cytokeratin AE1/AE3 (1:50, mouse monoclonal, M351501, DAKO,
Santa Clara, CA, USA). The slices were then incubated overnight
at 4˚C. Detection of immunostaining was carried out using
secondary antibodies conjugated with Alexa Fluor 488 (1:1000, goat
anti-rabbit, H+L IgG, Thermo Fischer Scientific, Rockford, IL,
USA) and Alexa Fluor 680 (1:1000, goat anti-mouse, H+L IgG,
Thermo Fischer Scientific). Slides incubated only with the
secondary antibody were used as specificity controls. DAPI
(VECTASHIELD® Mounting Medium with DAPI, Vector
Laboratories Ltd., Peterborough, UK) was used to stain the nucleus. 

Microscopy. Leica TCS SP5 confocal fluorescent laser scanning
microscope (Leica Microsystems Inc., Wetzlar, Germany) was used
with a 40× objective (a pinhole of 1 Airy unit). Alexa 488-
conjugated antibody was excited at 488 nm with a 20-mW argon
laser, whereas Alexa-680-conjugated antibody was excited at 633
nm with a 1.2-mW HeNe laser.

Statistical analysis. Student’s t-test was performed to evaluate
statistical significance between groups. p<0.05 was considered as a
minimal level of significance. All statistical analysis was performed
with SPSS software.

Results
Presence of FSHr in positive control. Presence of FSHr was
demonstrated in different ovarian cancer cell lines including
OVCAR-3, SKOV-3 and OVCAR-4 (12). OVCAR-3 cell
line was selected to test anti-FSHr primary antibody as a
positive control and immunohistochemical positivity was
confirmed in this tumor transplanted into nude CD1 mice
(Figure 1).

Presence of FSHr in the interstitium. Presence of FSHr was
recorded on a number of cells in the interstitium. In different
areas including submucosa bellow the normal or dysplastic
squamous epithelium and in the tumor stroma, FSHr
positivity was recorded on the stromal spindle shaped cells
with processes, probably fibroblasts with different intensity
in submucosa, near small vessels and glands (Figure 2). It
seems, that stronger positivity of fibroblasts can be observed
in regions with dysplastic mucosa and in tumor associated
fibroblasts than in fibroblasts underlying normal mucosa
without dysplasia in squamous epithelial layer (Figure 3). In
the tumor stroma, FSHr positivity was also recorded on the
stromal spindle shaped cells with processes, the tumor
associated fibrolasts (Figure 4a, b). 

Presence of FSHr in squamous epithelium of mucosa. FSHr
positivity was identified only on the stem cells in the single

basal row adjacent to the basement membrane of the
common squamous epithelium. On the other hand, in
dysplastic epithelium, spreading of FSHr positivity into
higher cell layers was observed (Figure 3). The anti-FSHr
antibody and thus, the detection of FSHr itself visualizes
dysplastic elements in the squamous mucosa spreading into
superficial mucosa layers of the ENT region.

Presence of FSHr in tumor tissue. In total, 28 samples of
well, moderately and poorly differentiated head and neck
cancers were investigated for FSHr positivity. In the tumors,
different presence of FSHr was recorded: Zero and
individual positive cancer elements were observed in some
cases of the squamous head and neck cancer, however, in
majority grouped positive cells and zonal and/or diffuse
positivity of the tumor masses. It also seems that in some
cases, certain degree of polarization of the positivity can be
observed and it seems that FSHr positivity can, similarly to
the observation in normal and dysplastic mucosa, see above,
distinguish proliferating structures from differentiated ones
(Figure 4). Generally, 0 to individual FSHr positive cells
were observed in 3 samples (approx. 11%), 1-25% FSHr
positivity was observed in 6 samples (approx. 21%), 25-0%
positivity was observed in 10 samples (approx. 36%) and 50-
100% positivity was observed in 9 samples (approx. 32%).
The relationship between the percentage of FSHr positivity
and histopathology tumor grade is presented in Figure 5 and
does not show any significant difference (Grade II vs. Grade
III p=0.12, Grade I sample was not big enough to be
statistically analyzed).

Discussion

In our study, FSHr positivity was detected in cancer cells,
tumor-associated fibroblasts, but also in dysplastic portions
of squamous epithelium and/or in the basal layer of common
squamous mucosa. FSHr expression in the tumor mass, as
detected by immunohistochemistry, varied case by case and
did not show any correlation with the histopathology
grading. 

Despite the fact that the role of FSHr expressed on
endothelial cells of vessels in different malignant tumors is
recently investigated as a potential pan-receptor of cancer
treatment (13), the presence of this receptor directly on the
cancer cell is not surprising. Expression of FSHr was
observed in malignant cells and to a lesser degree in benign
thyroid tumors as well as in the walls of blood vessels, but
was not limited only to the endothelium (14). FSHr was also
located on glandular and stromal cells of normal prostate,
benign prostate hyperplasia and samples of prostate cancer.
Treatment of the PC3 prostate cancer cell line with FSH
resulted in increased production of cAMP (15) and FSH
levels are also considered as the prostate cancer predictor

Olejar et al: FSHR in Head and Neck Cancer

351



(16). FSHr belongs also to molecules expressed in pancreatic
tumors and thus, its role in tumor growth, apoptosis,
angiogenesis and metastasis is expected (17). Increased FSH
serum levels may contribute to the progression of breast
cancer (18). Functional FSHr is expressed also on the
rhabdomyosarcoma cells where it participates in the
pathogenesis and progression of the disease (19). Expression
of FSHr has been shown in ovarian cancer tissues (20) where
the receptor inhibits apoptosis of cancer cells (21) and FSH
levels in ascites is considered as an independent factor
predicting patient’s survival (22). The presence of FSHr in
cancer tissues and especially in the endothelium has been
reviewed by Bonci et al. (23). 

Among nonmalignant diseases, FSHr expression was
observed in the epithelium of biliary cysts of subjects with
autosomal dominant polycystic kidney disease (24). FSHr
expression is enhanced in rat cholangiocytes and hepatocytes
after the bile duct ligation (25).

FSHr is also expressed on mesenchymal cells. In mouse
embryonic fibroblasts, FSH probably promotes signaling of
bone morphogenetic protein 9 through an FSH/FSHr
(FSHr)/cAMP dependent pathway (26). On the other hand,
FSH stimulates bone resorption by osteoclasts and negatively
regulates osteoblasts number. This effect is mediated by
FSHr present on mesenchymal stem cells (27). However,
immunohistochemical specificity vs. sensitivity of primary
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Figure 1. Positive control of FSHr: FSHr positivity (green immunofluorescence) in tumor growing from OVCAR-3 cells transplanted into nu/nu
mouse. FSHr – green (primary anti FSHR antibody, dilution 1:400, secondary antibody conjugated with Alexa 488, 1:1000), cytokeratin – red
(primary anti cytokeratin AE1/AE3 antibody, dilution 1:50, secondary antibody conjugated with Alexa 680, dilution 1:1000), DAPI – blue.  Scale
bars indicate 75 μm.

Figure 2. FSHr positivity in non-tumor fibroblasts in the interstitium. Positive fibroblasts were observed freely distributed in the interstitium as well
as in circumscribing small vessels (yellow arrows). Autofluorescence of erythrocytes (white arrow) as well as of elastic membranes was also observed.
FSHr – green (primary anti FSHR antibody, dilution 1:400, secondary antibody conjugated with Alexa 488, dilution 1:1000), sections were
counterstained for nuclei with DAPI – blue. Cumulative autofluorescence of erythrocytes can be seen as white color. Scale bars indicate 25 μm. 



antibodies detecting FSHr either on cancer or supportive
tissue must be always considered (28).

Immunohistochemical positivity of FSHr on the normal
basal layer of squamous mucosa that is spreading to the

suprabasal layers in reactive and/or dysplastic changes is
suggesting the role of this receptor in the regulation of the
cell proliferation. Our findings are in agreement with those
obtained using Proliferating cell nuclear antigen (PCNA) as
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Figure 3. FSHr positivity in normal and reactive/dysplastic squamous mucosa. In normal mucosa (a), only a single basal layer was positive for
FSHr (white arrows). Reactive/dysplastic (b and c) changes in mucosa are accompanied by re-distribution of FSHr expression also to upper layers
of epithelium (white arrows). Observe also enhanced FSHr positivity in submucosal fibroblasts related to the reactive/dysplastic epithelium (blue
arrows). FSHr - green (primary anti FSHR antibody, dilution 1:400, secondary antibody conjugated with Alexa 488, 1:1000), cytokeratin – red
(primary anti cytokeratin AE1/AE3 antibody, dilution 1:50, secondary antibody conjugated with Alexa 680, dilution 1:1000), DAPI – blue.
Cumulative autofluorescence of erythrocytes can be seen as the white color (grey arrows). Scale bars indicate 25μm (a) and 50 μm (b, c).
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a possible marker for dysplasia of the upper aerodigestive
tract (29, 30). Taken together with our results of polarized
and “laminar’’ FSHr positivity in samples of HNSCC, the
possible role of FSHr in proliferation and regulation of
cancer cells warrants further investigation.

Conclusion

Revealing the presence of FSHr on proliferating non-
malignant, pre-malignant or malignant epithelial and tumor-
associated mesenchymal components of HNSCC supports a
potential wider role of this receptor in the development and
progression of this malignancy. Based on this study, the
potential role of FSHr as a target for fluorescence-guided
surgery in HNSCC remains disputable due to the FSHr
presence on non-malignant structures including normal
squamous mucosa.
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