
Abstract. Background: Recently we have shown that serotonin
receptors may be involved in prostate cancer development. In
ovarian carcinogenesis, oestrogen may play a role. As oestrogen
seems to mediate at least some of its biological effects through
serotonin, we decided to evaluate if serotonin receptors are
expressed in ovary and in ovarian tumours and if the expression
is correlated to ovarian tumour development. Materials and
Methods: An immunohistochemical study of the serotonin (5-HT)
receptors 5-HTR1A, 5-HTR1B, 5-HTR2B and 5-HTR4 in frozen
samples of ovary, and benign, borderline and invasive ovarian
tumours was performed. Results: Expression of all four serotonin
receptors was strong to intermediate in the ovarian epithelium.
In benign and non-invasive cancer cells, strong staining was
seen, while in invasive cancer cells, decreased expression was
observed. For 5-HTR2B, the decrease was correlated to
dissemination of the disease. For none of the serotonin receptors
was the expression correlated to survival. In the stromal part, a
variable immunoreactivity was observed that was strongest for
5-HTR2B in both ovary and tumours. Staining of blood vessels
was observed in ovary and all tumour groups for 5-HTR2B, but
only occasionally was a weak expression seen for 5-HTR1A, 5-
HTR1B and 5-HTR4. Conclusion: The staining pattern of
serotonin receptors in ovary indicates their functional role in
ovarian physiology. In ovarian tumours, the expression is in
harmony with a tumour suppressor role in ovarian
carcinogenesis, which is supported by observations in the
literature. Further studies are necessary to resolve the
connection between serotonin and ovarian tumour development. 

Among gynaecological neoplasms, ovarian cancer is the
leading killer. In spite of advanced cytoreductive surgery and

intensive research and clinical trials in chemotherapy the
overall 5-year survival has only increased from 37% to 45%
during the last three decades (1) and progress in improving
survival seems to have stopped. Development of new
strategies is urgently required and must be based on
knowledge of the molecular biological basis of ovarian
tumour development.

The aetiology of ovarian carcinogenesis is still largely
unknown, although several molecular mechanisms have been
suggested. The potential significance of a variety of growth
regulatory factors has been studied by us (2, 3) and several
others, as mentioned in recent reviews (4, 5). Hormonal factors
are also been claimed to be involved. Thus, both endogenous
levels of oestradiol and testosterone (6), as well as hormone
replacement therapy (7) have been suspected to increase the
risk of epithelial ovarian cancer. Recently an overlooked
connection between serotonin (5-hydroxytryptamin, 5-HT) and
oestrogen in several aspects was discussed, focusing on new
mechanisms for the effects of oestrogen through serotonin (8).
We studied four serotonin receptors in prostate cancer and
found that they may be involved in tumour progression (9, 10).
Besides its hormonal effects, serotonin seems to behave as a
growth regulating factor (11), consequently, we decided to
perform a similar immunohistochemical study of the
expression of serotonin receptors in ovary and epithelial
ovarian tumours to reveal if this receptor system is expressed at
all and if a possible relationship to tumour development might
exist. Finally, we correlated the receptor expression to tumour
stage and survival.

Materials and Methods

Patient samples. Fresh surgical specimens were collected
prospectively after informed consent during surgery and frozen
immediately and kept at –70˚C until analysed. The patient material
was anonymized according to the guidelines by the Malmö-Lund
Ethical Committee. None of the patients had been subject to
treatment prior to surgery. Biopsies were obtained from 5 ovaries
removed during surgery for non-malignant gynaecologic disease and
showed normal histology. Samples from 16 benign ovarian tumours
were obtained. For 5-HT1A samples from 5 serous, 7 mucinous and

1361

Correspondence to: Rudi Henriksen, MD, Ph.D., Department of
Obstetrics and Gynaecology, University Hospital SUS, 20502
Malmö, Sweden. Tel: +46 40332168, Fax: +46 40962600, e-mail:
samaliru@netscape.net

Key Words: Serotonin, receptor, expression, ovarian tumour, 
5-HT1A, 5-HT1B, 5-HT2B, 5-HT4.

ANTICANCER RESEARCH 32: 1361-1366 (2012)

Expression of Serotonin Receptors 5-HT1A, 5-HT1B, 
5-HT2B and 5-HT4 in Ovary and in Ovarian Tumours

RUDI HENRIKSEN1, NISHTMAN DIZEYI2 and PER-ANDERS ABRAHAMSSON2

Departments of 1Obstetrics and Gynaecology and 2Urology, University Hospital SUS, Malmö, Sweden

0250-7005/2012 $2.00+.40



1 benign Brenner tumour were stained. For both 5-HT1B and 5-
HT2B the corresponding numbers were 6, 7 and one.
Immunohistochemistry for 5-HT4 was performed in 6 serous and in
four mucinous samples. In the group of borderline tumours biopsies
were obtained from 5 serous and 2 mucinous neoplasms. For the
invasive tumour material details of the numbers, stage and histology
are shown in Table I and Table II. 

Antibodies and immunohistochemistry. Immunohistochemistry on
frozen tissue sections was performed as described elsewhere (9).
Antibodies used were anti-5-HTR1A (diluted 1:300), anti-5-HTR1B
(diluted 1:400), anti-5-HTR2B (diluted 1:400) and anti-5-HTR4
(diluted 1:500), all obtained from Santa Cruz, CA, USA. The final
estimation of stainings was performed by one of the authors (RH)
by microscopy at two different occasions without knowledge of the
results and with almost complete coincidence. The estimation was
semiquantitative, being strong if more than two thirds of the cells
were immunoreactive, intermediate if one third to two thirds stained
positively and weak if less than one third of the cells were positively
stained. 

Statistical methods. Differences in antigen expression between the
groups were estimated with the two-tailed Fisher exact probability
test (12). The survival times were assessed from the day of
operation. Cumulative survival curves were constructed according
to the Kaplan-Meier method (13) and differences in survival were
estimated with the log-rank test (14). 

Results
Results are shown in detail in Table III and are briefly
summarized here. Examples of the stainings are shown in
Figure 1.

5-HT1A. Principally, the same staining pattern was observed
in ovaries and benign and borderline tumors with a strong
staining in the epithelial fraction and only weak or no
expression in the stromal part. In invasive tumour cells,
however, the expression of 5-HT1A was strongly decreased.
In 22 samples a strong staining was observed, but in 10 less
than one-third of the tumour cells were positively stained and
two samples were unreactive. The reduced staining did not
reach significance compared to that of benign (p=0.29) or
the borderline (p=0.08) groups. Furthermore, no reduced
staining was noted in more advanced tumours compared to
stage 1 tumours (p=1.0). In stroma a weak staining was seen
in 4 samples while the remaining 30 were completely
negative. No blood vessel seemed to harbour 5-HT1A. 

5-HT1B. In epithelial cells as well in benign and non-
invasive tumor cells the pattern was similar to that of 5-
HT1A. In stroma no reaction was detected. In invasive
tumour cells we observed a reduced or no staining of 5-
HT1B in 15 and 10 samples respectively; while in 8 it was
strong. The difference was significant against the benign
(p=0.02) but not the borderline (p=0.13) group. Compared
to stage 1 tumours a reduced expression was observed in

more advanced tumours (p=0.14). In contrast to the other
tissue groups a weak staining of the stroma was seen in 12 of
the 34 malignant samples. No blood vessels turned positive. 

5-HT2B. The strong expression of 5-HT2B corresponded
well with that of 5-H1B in epithelial cells and benign and
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Table I. Staging of the invasive ovarian tumours in all staining groups.
In a few cases information of the staging was missing. 

Stage I II III IV Missing

5-HT1A 11 3 14 2 4
5-HT1B 10 3 13 2 5
5-HT2B 11 3 13 2 4
5-HT4 5 2 5 1 3

Table II. Histology of the invasive ovarian tumours used in the stainings.
Serous (ser), mucinous (muc), endometrioid (end), clear cell (cle),
mixed (mix) and poorly differentiated (poo). 

Histology Ser Muc End Cle Mix Poo

5-HT1A 11 4 3 7 7 2
5-HT1B 11 5 7 2 6 2
5-HT2B 11 5 7 2 6 2
5-HT4 5 1 4 1 4 1

Table III. Expression in different tissue compartments of 5-HTR1A, 5-
HTR1B, 5-HTR2B and 5-HTR4 estimated as strong/weak/zero as
defined in the Materials and Methods. 

5-HT receptor 5-HT1A 5-HT1B 5-HT2B 5-HT4 

Ovary
Epithelium 2/1/0 1/1/0 1/1/0 5/0/0
Stroma 0/2/1 0/0/3 0/3/0 0/0/5
Blood vessels 0/1/2 0/0/3 2/0/1 0/0/5

Benign ovarian tumour
Tumour cells 11/2/0 9/5/0 8/6/0 6/0/0
Stroma 0/3/10 0/0/14 5/8/1 0/0/6
Blood vessels 0/0/13 0/0/14 1/12/1 0/0/6

Borderline ovarian tumour
Tumour cells 7/0/0 3/2/0 4/0/1 3/0/0
Stroma 0/0/7 0/0/5 1/2/2 0/0/3
Blood vessels 0/0/7 0/0/5 1/2/2 0/0/3

Malignant ovarian tumour
Tumour cells 22/10/2 8/15/10 8/11/14 10/5/1
Stroma 0/4/30 2/12/19 12/17/4 0/1/15
Blood vessels 0/0/34 0/0/33 3/20/10 0/0/16



non-invasive tumor cells. In contrast to 5-H1B, the stroma
stained positive in most samples and interestingly, in blood
vessels the antigen could be detected in the main part of the
samples. The staining pattern of 5-HT2B in the invasive
tumour cells was almost equal to 5-HT1B with significant
reduction against the benign (p=0.04) and the borderline
(p=0.03) groups. Decreased staining strongly correlated to
dissemination of the disease (p=0.009). Similar to ovarian

and tumour samples blood vessels in the malignant tumours
were expressed in a varying degree. 

5-HT4. The staining pattern in all tissue groups was
principally similar to that observed for 5-H1A and 5-H1B.
The observed decrease in disseminated disease compared to
stage 1 did not reach significance (p=0.08), probably
because of smaller number of samples. 
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Figure 1. Expression of 5-HT1A in ovary (A), benign seropapillary ovarian tumour (B), borderline serous ovarian tumour (C), and malignant
seropapillary ovarian tumour (D). Magnification, ×200 for all figures. Expression of 5-HT1B in ovary (A), benign mucinous ovarian tumour (B),
borderline mucinous ovarian tumour (C) and malignant mixed endometrioid and serous ovarian tumour (D). Magnification, (A) ×400, (B) to (D)
×200. Expression of 5-HT2B in ovary (A), benign mucinous ovarian tumour (B), borderline serous ovarian tumour (C) and malignant seropapillary
ovarian tumour (D). Magnification (A) ×200; (B) ×400; (C) and (D) ×100; Expression of 5-HT4 in ovary (A), benign serous ovarian tumour (B),
borderline ovarian tumour (C) and malignant mixed endometrioid and serous ovarian tumour (D). Magnification, ×200 for all, except (B) with
magnification ×100.



Survival analysis. For all cancer patients a survival analysis
was calculated. For none of the receptors the expression was
correlated to survival. For 5-HTR2B the Kaplan-Meier plot
indicated a decreased survival correlated to reduced staining,
however without obtaining significance by the log-rank test
(p=0.11). 

Discussion 

In this study, we have shown that serotonin receptors are
expressed in normal ovary and in ovarian tumours, which
indicates a role in ovarian physiology and pathology.
Although serotonin is best known as a neurotransmitter, only
1% is actually found in the nervous system. The remainder is
found in the periphery and is ascribed a number of
physiological functions. It may therefore be involved in both
the aetiology and pathogenesis of a growing number of
pathological conditions (8). A few studies have indicated a
role of the serotonin system in ovarian physiology. Two
decades ago presynaptic 5-HT receptors on adrenergic nerves
in bovine ovarian follicle were characterized (15). In addition,
recently, the 5-HT transporter was described in oocytes and
the rate limiting step in the production of serotonin,
tryptophan hydroxylase, was found in cumulus cells (16).
This finding, together with our observed localization of the
serotonin receptors in different compartments of the ovary
including blood vessels makes serotonin a candidate in
regulation of ovulation with the monthly repetitive process of
cell proliferation and wound healing. Such a regulatory role is
further supported by the recent description of a local 5-
hydroxytryptaminergic system in peripheral arteries (17).
Moreover, 5-HT was to be found to be almost as effective as
noradrenalin in the contraction of ovarian vein preparations
(18) and has been discussed in relation to systemic
hypertension (19), as well as pulmonary arterial hypertension
(20-22) and pulmonary vascular remodelling (23). Taken
together with our observed strong expression of 5-HT2B in
ovarian blood vessels, vascular regulation by serotonin is
probable and deserves further studies. 

The pathways in ovarian carcinogenesis are not fully
understood. A direct transformation from ovarian epithelium
to malignant tumour has been described but is rare. To what
extent the malignant transformation passes the stages of
benign and borderline tumours is unknown. In benign
ovarian tumours, we observed a staining pattern of 5-HT
receptors principally as in the ovary. Almost nothing is
known about proliferation or other biological parameters in
vivo of the benign tumours. During earlier studies of tumour
markers in ovarian tumour development, we never found
proliferation of the benign tumour cells as estimated by the
proliferation marker Ki 67 (3). 

Strong expression of 5-HT2B was detected in the benign
tumour stroma, while the blood vessels showed variable

immunoreactivity. In these compartments, only weak and
sporadic staining for the remaining receptors was seen. As in
the ovaries, their functional significance remains unknown. 

In the borderline tumours, non-invasive tumour cells
revealed, in principal, the same staining pattern of serotonin
receptors as their benign counterparts. At least a fraction of
borderline tumours will progress to invasive cancer and
should therefore undergo aggressive surgical treatment.
Correspondingly, we earlier found indication of proliferative
activity by positive staining of Ki 67 in non-invasive
malignant tumour cells (3). 

In invasive malignant ovarian neoplasms, we observed a
decrease in expression in the tumour cells of all serotonin
receptors. Furthermore, except for 5-HTR1A the reduction
was more pronounced in advanced tumours compared to
localized neoplasms. This difference from non-invasive
cancer cells may indicate a tumour suppressor role during
the invasive step of ovarian carcinogenesis and studies of the
metabolism of serotonin indirectly support such a protective
role. Thus, in colon carcinoma, serotonin did not influence
tumour growth, but did strongly reduce cell invasion (24). As
a precursor for serotonin, lower levels of tryptophan are
expected to result in lower levels of serotonin. In a study of
Schroecksnadel and co-workers, measurements of tryptophan
and its degradation products in patients suffering from
gynaecological cancer revealed an increased degradation of
tryptophan by the enzyme indolamine-(2,3)-dioxygenase
(IDO) (25). Furthermore, reduced levels of tryptophan in
blood were observed in patients suffering from progressive
disease (26). Others have found increased synthesis of IDO
to be a marker of poor prognosis in patients suffering from
the serous type of epithelial ovarian cancer (27-29). In
addition, recent data in a nude mouse xenograft model
further substantiate that IDO is positively involved in ovarian
cancer progression (29). It is thought that catabolising
tryptophan to N-formyl-kynurenine IDO may starve T cells
from this important amino acid, creating inappropriate
immune responses (30) and recently a trial was performed to
reverse the IDO-mediated arrest of T-cell proliferation in
serous ovarian cancer (31). A lower level of serotonin has
also been suggested to be carcinogenic through reduced
apoptosis by a complex interaction with oestrogen (8). 

In contrast, in other organ systems, increased levels of
serotonin have been positively related to cancer development.
Thus, monoamine oxidase-A (MAO-A), an enzyme that down
regulates serotonin by metabolization was reduced in several
types of non-gynaecological cancer tissues compared to
corresponding normal tissues (32). Whether this is true for
ovarian cancer has to await future studies. However, the effect
may occur through other mechanisms as besides serotonin,
MAO-A metabolizes dopamine and its derivates epinephrine
and norepinephrine, all of which have been suspected to play
a role in cell proliferation and carcinogenesis (reviewed in
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32). Because of the supposed increase in cancer risk coupled
to down regulation of MAO-A, it has been recommended to
use other antidepressive medicine with different modes of
action rather than MAO inhibitors. Selective serotonin re-
uptake inhibitor (SSRI) is such a pharmacological agent for
treatment of depression, and its use in populations has been
studied to reveal a possible connection to cancer
development. For breast (33) and ovarian cancer (34), no
association with SSRI use was observed. For colon cancer, a
high daily dose in fact reduced the risk (35). In addition, the
intake of SSRI seemed to be associated with a reduced risk
of lung cancer (35). SSRI was reported to inhibit the growth
of transformed cells and to have a pro-apoptotic effect (37).
These data lends further support for a tumour suppressor role
of serotonin, at least in some tissues. 

However, substantial evidence exists for a tissue specific
positive role of serotonin, in tumour development. Thus, in
prostate cancer, we observed an increased expression of 5-
HT1A, 5-HT1B, 5-HT2B and 5-HT4 receptors compared to
normal prostate (9, 10). Furthermore, we found that serotonin
antagonists inhibited growth of PC cell lines, indicating a
tumour promoting role for serotonin in the prostate (10). In a
study of bladder cancer cells, antagonists to 5HT1A and
5HT1B both inhibited bladder cancer cell growth (38). In
liver regeneration, the expression of 5-HT2A and 5-HT2B
receptors in the liver parenchyma increased after hepatectomy
(39). That the serotonin system played a role in liver
regeneration was supported by the observation that serotonin
agonist in thrombocytopenic mice restored liver regeneration.
Thus, solid data exist for both stimulatory and inhibitory roles
of serotonin in cell proliferation and carcinogenesis.

Ovarian steroids may be an important factor in ovarian
carcinogenesis as receptor studies suggest an increased ER α:
ER β ratio implicating a selective growth advantage for ER
α positive cells which by reducing 5HT1A receptors (40) may
increase the risk of malignancy through reduced apoptosis
(reviewed by 41). Furthermore, observations of regeneration
of liver, as well as in hepatocellular carcinoma in rats,
indicated that activated 5-HT1A receptor inhibited hepatocyte
DNA synthesis and that 5-HT1A receptor function was of
significance in the control of cell proliferation (42). This is
in agreement with our observation that reduced 5-HT1A
receptor expression in invasive cancer compared to borderline
and benign tumours might be a permissive step. 

As discussed above, another perspective of serotonin in
carcinogenesis is the vasoconstrictor effect. This is another
possible contribution to the growth of ovarian tumours by
local vasodilatation in parallel to decreased expression of 5-
HT2B in blood vessels with resultant increased blood flow
necessary for tumour cell proliferation.

In conclusion, serotonin receptors are widely expressed in
ovary and in ovarian tumours. The decreased expression in
invasive neoplasms may indicate a tumour suppressor role in

ovarian carcinogenesis. In fact, several observations in the
literature support such a role. On the other hand, several
reports indicate a positive role of serotonin in the
carcinogenesis of some non-gynaecological tumours. A
possible explanation may be that the serotonin receptors may
react in an organ specific manner or that the biological
response to serotonin is determined by the combined effect
of several receptors. 
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