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Localization of oxytocin receptors in the human and macaque
monkey male reproductive tracts: evidence for a physiological role
of oxytocin in the male
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The peptide oxytocin is present in tissues of the male reproductive tract from a variety of mammalian species.
In the human, specific mRNA for oxytocin and the peptide itself have been identified in the testis, epididymis
and prostate. The peptide has been shown to modulate both steroidogenesis and contractility in the male
reproductive tract and may be involved in the pathogenesis of benign prostatic hyperplasia. We have
performed Western blots and immunohistochemistry using a specific antibody to the human oxytocin receptor
(OTR) to investigate the distribution and localization of the receptor in the human and macaque monkey
(Macaca fasicularis). An immunoreactive band of ~55 kDa was detected in human and monkey uterine,
testicular and prostatic tissues and in preparations of monkey caput and cauda epididymis. A second, less
intense, band of 60 kDa was also seen in testicular and uterine tissue samples. No specific bands were
detected in monkey muscle or in any tissue following incubation with mouse immunoglobulin (Ig)M. In the
human and monkey testis staining for the OTR was present in the interstitial tissue and in Sertoli cells.
Localization of the OTRs varied throughout the epididymis being expressed by epithelial cells proximally but
confined to cells at the base of the epididymal ducts and to the surrounding smooth muscle layers distally.
In the prostate OTR were localized to the stromal tissue surrounding the ducts. These findings correlate with
sites of local production of the peptide and the observed biological actions of oxytocin, and thus support the
evidence that oxytocin may play a physiological role in the male reproductive tract.
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Introduction modulate steroid production both vitro andin vivo. Perhaps

The hormone oxytocin has well-recognized functions in themore importantly oxytocin can stimulate the conversion of
control of milk ejection and parturition in the female. The testosterone to the biologically active dihydrotestosterone
peptide has more recently been implicated in the regulation ofPHT) in the testis, epididymis and prostate by increasing
steroidogenesis and contractility in the male reproductive tragictivity of the enzyme Sx-reductase (Nicholson and Jenkin,
and there is growing evidence that these effects may b&994). Both the epididymis and prostate are androgen-depend-
mediated by locally produced, rather than hypothalamicent organs relying on DHT to stimulate normal growth and
oxytocin. Oxytocin is produced by the rat and human testigunction. In the rat, oxytocin has been shown to increase
(Nicholson and Hardy, 1992; Ivekt al, 1997) and both prostatic growth and we have demonstrated that tissue from
oxytocin mMRNA and peptide have been identified in the humartlogs with hyperplastic prostates has higher concentrations of
epididymis and prostate (Nicholsaet al, 1985; Ivellet al,  oxytocin, 5 a-reductase and DHT (Nicholson and Jenkin,
1997) suggesting local synthesis. 1995). Thus, local paracrine actions of oxytocin may be

Oxytocin can modulate contractile activity throughout theinvolved in the pathophysiology of benign prostatic disease.
male reproductive tract. In the testis the peptide increases A prerequisite for the actions of oxytocin in the male
contractility of the seminiferous tubules (Niemi and Kormano,reproductive tract is the presence of specific receptors. Oxytocin
1965; Worleyet al,, 1985) in a stage-dependent fashion (Harrisreceptors have been localized by autoradiography to the Leydig
and Nicholson, 1998a). This contractile activity is thought tocell of the rat testis (Bathgate and Sernia, 1994) and the peptide
be important in the movement of sperm out of the testis anavas localized in the reproductive tissues of the marmoset
may also play a part in the process of spermiation, wherfEinspanier and Ivell, 1997). While mRNA for the receptor
spermatozoa are shed from the seminiferous epithelium (Frayres been identified in human tissue, the cellular localization
et al, 1996). Oxytocin also increases contractility of theof the receptor is not known. The aim of this study was to
epididymis, vas deferens and prostate (Hib, 1974; Knightjdentify and localize oxytocin receptors in the male reproduc-
1974; Bodanszkyet al, 1992) and may be involved in tive tract of the human and macaque monkigdaéaca fasicu-
ejaculation (Melin, 1970). laris) and to determine whether the localization of these

Oxytocin has peptide specific effects on testosterone produceceptors correlates with the observed biological actions of
tion in the rodent testis (Frayne and Nicholson, 1995) and canxytocin.
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Materials and methods E 9 T o a

=1
Tissues 5 % g 3 2 3
Testicular, epididymal, prostatic, skeletal muscle, kidney and uterine E é §' E E g
tissues were obtained post-mortem from adult macaque monkeys. § § g é é :E;
Human prostatic, testicular and uterine tissue was obtained peri- =z +
operatively during routine transurethral prostatectomy, orchidectomy
and hysterectomy following approval by the local United Bristol
Hospital Trust (UBHT) Ethical Committee. All tissue was immediately
frozen in liquid nitrogen and stored at —80°C until use.
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Electrophoresis and Western blotting 55kDa —» — . -

For gel electrophoresis, membrane preparations were prepared by
homogenizing tissues in phosphate-buffered saline (PBS; 154 mM
NaCl, 1.9 mM NaBPQ, 8.1 mM NgHPQ,, pH 7.2) containing
1 mM 4-(2-aminoethyl)benzenesulphonyl fluoride (ICN Biomedicals
Ltd, Thame, UK) followed by incubation, on ice, in the same buffer Figure 1. Western blot of membrane preparations (&Jml) from
containing 1% Triton X-100 (Sigma Chemical Co, Poole, UK). human uterus and testis, and macaque uterus, testis, muscle and
Homogenates were then Centrifuged at 10 (wand Supernatants k|dney prObed with the anti'oxytocin I’eceptOI’ monoclonal antibody
stored at —20°C until required. 2F8 (2.5ug/ml).
To remove oxytocin receptors from membrane preparations, aliquots
were incubated for 2 h with oxytocin peptide coupled to CNBr- Results
activated Sepharose-4B (Pharmacia Biotech, St Albans, UK) in 0.05 M
Tris—HCI buffer containing 3 mM magnesium sulphate. AbsorbedDetection of oxytocin receptors in adult macaque
preparations were then centrifuged at 10 @and the supernatant a@nd human tissues
collected. Initially it was necessary to establish the specificity of the
Proteins (2Qug/lane) were separated by sodium dodecyl sulphate+,;man oxytocin receptor monoclonal antibody (2F8) in our
polyacrylamide gel electrophoresis (SDS-PAGE) under reducingyctem and in particular whether it would cross-react with
conditions on 12% polyacrylamide gels and electroblotted ontoa macaque oxytocin receptor. Western blots of membrane

polyvinylidene difluoride (PVDF; NEN Life Science Products, . o .
reparations from human uterus, as a positive control tissue,

Brussels, Belgium) membranes. Blots were probed with anti-humag . d ) keletal | d
OTR monoclonal antibody, 2F8 (raised against the peptide correspon luman testis and macaque uterus, testis, skeletal muscle an

ing to the 20th to 40th amino acids of the human receptor sequencéjdney were probed with monoclonal antibody 2F8 (Figure
at 2.5pg/ml for 2 h atroom temperature. The antiserum was a kind 1)- An intensely stained band of 55 kDa was detected on
gift from Dr T.Kimura, Osaka, Japan. Membranes were then washedlVestern blots of both human and monkey uterine samples. A
and incubated with horseradish peroxidase (HRP)-conjugated swirgecond, less intense band of 60 kDa was also detected in
anti-mouse immunoglobulins (1:2000 dilution in PBS; Dako Ltd, uterine tissue from both species.
High Wycombe, UK) for 1 h. Detection of bound antibody was  Similarly, in both monkey and human testicular tissue two
achieved by enhanced chemiluminescence (Amersham ECL™hands were detected; a major band at 55 kDa and a much
Amersham International, Amersham, UK) and exposure of membranqﬁ‘aimer band at 60 kDa.
to Hyperfilm (Amersham). . . No specific bands were detected in membrane preparations
To ensure that absorbed membrane preparations were specificall -
macaque skeletal muscle. However, a faint band of ~55 kDa

devoid of oxytocin receptors, Western blots of macaque testicula d din th b . f
samples were also incubated with antibodies raised againstadiffere}‘}fas etected In the membrane preparation from macaque

macague testicular membrane protein, tMDC 1l (a member of &idney which is in accord with the known expression of
family of proteins containing avletalloproteinase-like domain, a Such receptors in this tissue (Maedaal, 1993, Ostrowski

Disintegrin-like domain and which a@ysteine rich) (Fraynet al, et al, 1995).

1998). Having verified cross-reactivity of the antiserum 2F8 with
Control blots of all samples were incubated with normal mousea macaque oxytocin receptor, we next probed Western blots
immunoglobulin (Ig)M in place of the primary antibody. of macaque prostatic, caput and caudal epididymal membrane
preparations and human prostatic membrane preparations. A
Immunocytochemistry single band of 55 kDa was detected on Western blots of all

Frozen tissue sections (}2m) were cut using a cryostat and air- these samples (Figure 2).

dried overnight. The sections were then fixed for 10 min in acetone |ncubation of monkey uterine and testicular tissue with
at 4°C and air-dried. Non-specific antibody binding was blocked Withoxytocin peptide coupled to CNBr-activated sepharose prior
10% normal swine serum in PBS for 1 h. Tissue sections were theg, electrophoresis and Western blotting resulted in loss of the

incubated overnight at 4°C with anti-human OTR antibodies (2F8), ST - .
at a concentration of 1j8g/ml. After washing, sections were incubated 60 kDa band gnd a mqued redu_ctlon in the intensity of the
55 kDa band in both tissues (Figure 3). In contrast, when

with fluorescein isothiocyanate (FITC)-labelled swine anti-mouse .
immunoglobulins for 1 h at room temperature, washed again, mounted/estern blots of both absorbed and total macaque testicular

in antifade solution (Dako Ltd) and viewed on a Zeiss microscopeMembrane preparations were probed with the macaque tMDC
Control sections were incubated with pure mouse IgM in place ofll antisera no difference was seen in the intensity of the bands

the primary antibody. detected (Figure 3).
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Figure 2. Western blot of membrane preparations (9ml) from 60kDa
\ -

human prostate and macaque prostate, caput and cauda epididymiSSkD
probed with antibody 2F8 (2.ag/ml). Human and macaque uterus a
were included as positive controls for comparison.

Localization of oxytocin receptors in macaque and

human tissues Figure 3. Western blot of membrane extracts from macaque uterus

Having established the specificity of antiserum 2F8 for amand testis (2qug/ml) before and after absorption with oxytocin
oxytocin receptor in both the human and macaque monkey bgoupled to CNBr-activated sepharose. The blot was probed with
Western blot analysis, the localization of these receptors if"teody 2F8 (2.qug/mi). Control shows some testis membrane
. . L . extract before and after absorption with oxytocin probed with

a variety of tissues by indirect immunofluorescence was,ptibody to tMDCII.
investigated.

In both the human and macaque testis oxytocin receptors .
were localized to the interstitial Leydig cells, although few Discussion
Leydig cells were present in the sections from human testisThese data demonstrate the expression and localization of
Interestingly, in both species receptors were also detected arxytocin receptors in the male reproductive tract of the human
Sertoli cells, the staining clearly seen forming a contour arounénd macaque monkey. In all reproductive tract tissues studied
the nucleus of the cells (Figure 4A,B). an oxytocin receptor with a molecular mass of ~55 kDa was

No staining for oxytocin was detected on sections ofdetected, with a second, less abundant receptor of ~60 kDa
macaque skeletal muscle (Figure 4C), whereas on sections pfesent in the uterus and testis. The sizes of the receptors are
human uterus, oxytocin receptors were localized to most, bugimilar to those described in the rabbit uterus and mammary
not all, myometrial cells (Figure 4D). gland (Hinkoet al,, 1992) and rat myometrium (Strakova and

Oxytocin receptors were also localized to distinct cell typesSoloff, 1997) but slightly smaller than that reported in the
within the macaque epididymis where the pattern of stainindhuman myometrium (Kimurat al, 1996). The presence of
varied with progression from the initial to the terminal segmenttwo bands has been observed by other workers (Hetkal,,
(Figure 5). In the initial segment receptors were localized ta1992) in female reproductive tissues. Since only a single gene
many, but not all, epithelial cells (Figure 5A). In contrast, in transcript has so far been identified for the OTR (Einspanier
the caput epididymis no staining for OTR was detected in theand Ivell, 1997) it is more likely that the two bands are derived
epithelial cells, however in this region receptors were withinfrom the same gene. The size of the human OTR as determined
the layer of smooth muscle surrounding the tubule (Figurdy immunoblotting is much larger than the estimated molecular
5B). Similarly, in the cauda epididymis oxytocin receptorsweight of 43 kDA (Kimuraet al, 1996) and it has been
were located in the smooth muscle layer surrounding the tubulsuggested that the increase in size is dueNtterminal
(Figure 5C). The increase in the amount of staining appearedlycosylation. Three glycosylation sites are present in the
to correlate with the increase in the thickness of this layer irextracellulaiN-terminal domain of the human OTR and recent
the distal regions of the epididymis. Additionally, in this region studies, using site-directed mutagenesis, have demonstrated
of the epididymis oxytocin receptors were also detected on ¢hat full glycosylation is not essential for the receptor to be
second layer of cells closely apposed to the base of thbiologically active (Kimuraet al, 1997). Further work is
epithelium. It is difficult to specifically identify these cells as necessary to investigate the nature and biological activity of
information in the literature is scant, however it is likely that these two receptors.
they represent the layer of peritubular smooth muscle cells Oxytocin is produced locally in the testis (Pickeriagal,
which surround the epididymal tubule. 1990; Nicholson and Hardy, 1992) and immunoreactive peptide

In both human and macaque prostate oxytocin receptorsas been localized to the Leydig cells (Guldenaar and Pickering,
were confined to the stromal tissues surrounding the duct$985; Weindlet al, 1986). The peptide has been shown to
(Figure 6). modulate testosterone secretion in the rodent (Adaslal,
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Figure 4. Localization of oxytocin receptors in frozen tissue sections by indirect immunofluorescence using the anti oxytocin receptor
antibody 2F8 (1Qug/ml). (A) macaque testis; short arrow indicates Sertoli cells, long arrow indicates Leydig B3lIsuihan testis; arrow
indicates Sertoli cells;) monkey skeletal muscleD) human uterus; arrow indicates myometrial cells.

Figure 5. Localization of oxytocin receptors in frozen sections of macaque epididymis by indirect immunofluorescence using antibody 2F8
(20 pg/ml). (A) initial segment; arrow indicates positively stained epithelial ceBg;daput region and initial segment; long arrow indicates
positively stained layer of smooth muscle surrounding a tubule in the caput region, short arrow indicates stained epithelial cells within the
initial segment; C) cauda region; long arrow indicates layer of positively stained peritubular cells, short arrow indicates smooth muscle
layers surrounding the epididymal tubule.

Figure 6. Localization of oxytocin receptors in frozen sections A fuman prostate and} monkey prostate by indirect
immunofluorescence using antibody 2F8; arrows indicate positive staining in the stromal tissue surrounding the prostatl) dootsol(
section of macaque prostate with primary antibody replaced by an equivalent amount of pure mouse immunoglobulin (Ig)M.

1984). This effect can be mimicked by a specific oxytocinsupported by autoradiographical evidence showing the presence
agonist suggesting that oxytocin exerts its biological actiorof OTRs only on the Leydig cells in the adult rat (Bathgate
via a specific OTR (Frayne and Nicholson, 1995). This isand Sernia, 1994). The localization of OTRs on monkey and
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human Leydig cells in our study suggests that oxytocin mayhe epididymis (Moglmayr, 1975). In both the caput and cauda
play a similar role in the primate and agrees with the findingsepididymis OTRs were present in the smooth muscle layer(s)
in the marmoset monkey (Einspanier and Ivell, 1997) and thsurrounding the epididymal duct, and also in the cauda epididy-
human (Ivell et al, 1997). However, unlike the rat and mis in a layer of cells, presumably peritubular myoid cells,
marmoset, clear staining for OTRs was also found in theclosely apposed to the epididymal duct. This distribution of
Sertoli cells within the seminiferous tubules confirming areceptors would suggest that while in the proximal epididymis
recent report by Ivekt al. (1997). While oxytocin has typically oxytocin may modulate Sx-reductase activity, elsewhere in
been located in Leydig cells, oxytocin gene expression hathe epididymis it is more concerned in stimulating contractility
been identified in the Sertoli cells from bulls (Ungefrorenand the resultant sperm transport.
et al, 1994) and transgenic mice expressing the bovine Within the prostate oxytocin has been demonstrated to
oxytocin transgene (Angt al, 1994). Weak staining for the modulate epithelial cell growth (Plecasal, 1992), stimulate
peptide has been identified in the Sertoli cells of the marmosetontractility and affect the muscular tone of the gland
monkey (Einspanier and Ivell, 1997) and there is evidence iffBodanszkyet al., 1992). Preliminary data suggest that the
the rat and the sheep that the seminiferous epithelium magffect of oxytocin on cell growth is mediated by DHT, thus
secrete oxytocin into the lumenal fluid of the seminiferousoxytocin stimulates 5a-reductase activity which increases
tubules (Veeramachaneni and Amann, 1990; Nichoksioal., DHT concentrations resulting eventually in prostatic growth
1994). The function of the oxytocin receptors on the Sertoli(Nicholson, 1996). Oxytocin is present in the human prostate
cells is not known. Sertoli cells are the main site for 5and furthermore concentrations of the peptide aod&ductase
a-reductase activity in the adult testis thus, oxytocin may actctivity are increased in tissue taken from men or dogs with
to increase local dihydrotestosterone concentrations. We haveenign enlargement of the gland (Nicholson and Jenkin, 1995).
recently shown that oxytocin treatment in the rat can affecmRNA for the OTR has recently been demonstrated in extracts
spermiation (Fraynest al, 1996) and it is possible that the of human prostate and in prostatic carcinoma cell lines (Ivell
peptide may act directly to assist in the shedding of spernet al, 1997). The localization of these OTRs in the stromal
from the Sertoli cell. tissue of the prostate would allow both modulation of DHT
OTRs were not found on the peritubular myoid cells in thisconcentrations and possible action on smooth muscle cells.
study and have not been identified on myoid cells in theFurther studies are necessary to investigate whether the distri-
marmoset or rat (Bathgate and Sernia, 1994; Hewlal, bution and density of OTRs vary in different pathological
1995; Einspanier and Ivell, 1997). Oxytocin at physiologicalstates of the prostate.
concentrations has, however, been shown to stimulate semini- In conclusion, this study provides evidence for oxytocin
ferous tubule contractility in the rat (Worlest al,, 1984) and receptors within the monkey and human male reproductive
human (Nicholson; personal communication). Thus, it wouldtract and demonstrates that the localization of these receptors
seem that oxytocin either acts via the,Yeceptor (Howkt al,  fits with the previously described functions of oxytocin in the
1995) or a novel oxytocin receptor (Harris and Nicholson,male in regulating steroidogenesis and contractility.
1998b) on the myoid cells. Alternatively oxytocin may act
indirectly via the Sertoli or Leydig cells so that binding to
these receptors results in the production of an intermediarAckowledgements
factor which stimulates contractility. We would like to thank Dr T.Kimura (Osaka, Japan) for the gift of
Oxytocin receptors were detected in all regions of thethe anti-human OTR antibody and Dr Len Hall (Bristol) for his help
macaque epididymis but interestingly the localization of thein the preparation of this manuscript. The work was supported by the
receptors varied along the length of the epididymal duct. TheVellcome Trust.
epididymis is dependent on DHT to maintain its growth and
functions. Testosterone is converted to DHT via the enzyme
5 a-reductase and high concentrations of the enzyme arBeferences
present in the epithelial cells of the proximal epididymis Adashi, E.Y., Tucker, E.M. and Hsueh, A.J.W. (1984) Direct regulation of

. . rat steroidogenesis by neurohypophysial hormodesBiol. Chem. 259,
(Gloyna and Wilson, 1969). Regulation of &-reductase 5440_54'46.9 15 By NEUTOnyRopIYS! ' m

activity in the proximal epididymis occurs by molecules which ang, H.-L., Ivell, R., Walther, Nt al. (1994) Over-expression of oxytocin

enter the epididymis via the testicular lumenal fluid (Brown in the testis of a transgenic mouse modelEndocrinol, 140, 53-62.

et al, 1983). Oxytocin is present in the luminal fluid of the Bathgate, R.A.D. and Sernia, C. (1994) Characterisation and localisation of

L . . . ap - oxytocin receptors in the rat testis. Endocrinol, 141, 343-352.

testis and epididymis and has also been identified within th% ) . .
A . . . odanszky, M., Sharaf, H., Roy, J.B. and Saids, I. (1992) Contractile activity

epididymal epithelial cells of the sheep and rat (Knickerbocker of vasotocin, oxytocin and vasopressin on mammalian prosiae. J.

et al, 1988; Veeramachaneni and Amann, 1990; Haetial,, Pharmacol, 216, 311-313.

1996). The expression of OTRs by epithelial cells of the initialBrown. D.V., Amann, R.P. and Wagley, L.M. (1983) Influence of rete testis
fluid on the metabolism of testosterone by cultured principal cells isolated

segment supports a role for oxytocin in the modulation of 5§y, the proximal or distal caput of the rat caput epididyril. Reprod,
a-reductase in these cells. 28, 1257-1268.

As in the testis, oxytocin also affects contractility of the Einspanier, A. and Ivell, R. (1997) Oxytocin and oxytocin receptor expression

epididymis. Binding sites for the peptide have been described Z‘lge_ﬂrggu"“"e tissues of the male marmoset monkgl. Reprod. 56,

in the p_|g epldld_ymls (Mag_ge_t al, 1987) and treatment W|t_h _Guldenaar, S.E.F. and Pickering, B.T. (1985) Immunocytochemical evidence
systemic oxytocin results in increased sperm transport within for the presence of oxytocin in rat testiBell Tiss. Res.240, 485-487.
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