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The Effect of a Long-acting GnRH Agonist (Deslorelin) on
Estrogen Receptor Alpha (ERo) and Progesterone Receptor
(PR) Expressions in Canine Mammary Tissue
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Abstract

The objective of this study was to evaluate the expression of estrogen receptor alpha (ERc) and progesterone
receptor (PR) in normal mammary tissues of bitches before and after the bitch was implanted with the GnRH
agonist, deslorelin. Fifteen mature bitches with no pathological condition of the mammary gland, and during
anestrus, were selected and divided into two groups: five bitches were implanted with placebo (placebo group); and
the ten bitches were implanted with 9.4 mg deslorelin (deslorelin group). Mammary tissues were collected from
all bitches before implantation and at 2 and 12 weeks after implantation. The expressions of ERo and PR were
investigated by using immunohistochemistry. The highest scores of both ERc. and PR were found at 2 weeks
after deslorelin implantation which differed significantly from those of other stages. At 12 weeks after
implantation, ERa score decreased to the same level as before implantation while PR score tended to decrease,
though not significantly differed from at 2 weeks after implantation. In placebo group, neither difference of
ERa nor PR scores was observed at any time of the implantation. This finding indicated that deslorelin may effect
the expression of ERa and PR in the bitch mammary tissue, in which it may stimulate the expression of ERa
and PR at 2 weeks after deslorelin implantation. On the other hand, at 12 weeks after deslorelin implantation,
ERa returned to the same level as before deslorelin implantation while PR decreased but not significantly
different. This may indicate that ERa was more sensitive to deslorelin implantation than PR. In addition, the
similar level of PR expression between the deslorelin and placebo group at 2 weeks after the implantion also
suggests that some other factors besides deslorelin, or together with deslorelin, may have the effects on PR

expression in the bitch mammary tissue.

Keywords : canine, deslorelin, ERo, mammary, PR

Department of Obstetrics, Gynaecology and Reproduction, Faculty of Veterinary Science, Chulalongkorn University, Bangkok 10330,
Thailand
“Department of Anatomy, Faculty of Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand
3Peptech Animal Health, 19-25 Khartoum Road, Macquarie Park 2113, Australia
“Corresponding author: E-mail: ssayamon@chula.ac.th
Thai J. Vet. Med., 2009. 39(1): 31-40



32 Manee-in S. et al./Thai J. Vet. Med. 39(1): 31-40.
%4 v
unnaege

A J A d a ad A A
NAVDJVIDUDIIDY E)Ziﬂ‘l! 6l muﬂaenq‘nfﬁum (1 I‘iﬁﬁﬂ) ‘Vlilﬂ?)ﬂﬁl!vﬂﬁlﬂi’)ﬂellﬂﬁ
YY) 4 Aa v YY) 3
mina@ﬂuum Iﬂ‘i!‘ﬂu ‘lil!ﬂé)ﬁ‘l/"h !!ﬁ%ﬂ]iﬁﬁ@ﬂﬂﬂiﬂi!i} mai'm umﬁmﬁmﬁmu
Yol 1

@ aa 91 A 9% @ J a9 @ I I a = 1
DU WUDUNT ABINA AT AU NAT FYUIIN Tavi%a UNTINY INADTITYAT

3

a ~ a an o'l
Aludl n3n® @ 33 A5 lnonad

¢ A =

v [ [y v [
ALNBANHINIIUL maanmmmiuaaﬂuma Iﬂ‘i!"ﬂu ‘liﬁﬂﬂﬁi/'\h unzmiuaaﬂuu

= dwdu
msanmuNInglse

I3
a £ =

4 [ Jd a Jd a o %
Tl melsu vwie@amui)nfives Wummilanouazndamsdedioueses ozlndl @ oa 1538u) Mmsus i

o d

IS d' U a = a Y o Y i \J A J
!Wﬁli\lﬂﬂﬂgﬂu?ﬂ!ﬂiﬂgwuﬁ uag"luuwmﬁ MANVBAUMUN IUIU 15 A i’]i’)ﬂﬁh-! NN AD nqmmaaﬂimé‘hﬂmaan

Q

Y 1 o o % \J aa aa Y 1 o % o S v M Y
‘l‘mm JHY 113U 5 A uaznaua Iiiﬁuiﬂﬂéj\‘]!ﬂ I‘;mu 9.4 Nﬂj‘l’i!!ﬂ JHY 113U 10 a3 MINMISINUAIBENIMNUNIIN

v T a0 o d‘ ] d YY) & a o
e esnguiinoutazndamsilail 2 ez 12 “Ymv asremmsu aseenvesdisugesiuue Iasou siadarh uay
U QU % = a = U QU :’J a A0 %
fMFusesluulisin melsu MpvdumIMduyulud Tanil woazuuuvesdFusesiuuna sswtalian 9 _andein

1y d [ 1y d LY RY] I3 [y v
msdaa 15581 2 e naamndaa 15581 12 “Uavi azuvuvesdiSusesiuue Iaswu riadavh anaunmnu
1 o aa d' U J = P2l = v ]
noummstlaa 1558y luvaziazuuuveadiSugasiunllsn wmalsuiinulduinazanas ualudinnuuanaiaegna
AN v o W d‘ =) = U J d' & | o Y v d U %) d‘ | J
fivde dsienSeufeununguinudieandsnndaa 15381 2 o lungu viideenviaenlainuanamanes
VDINZUUUVDINISUFOSINUNT BIBTANAANSANEY WamIAnE W adliriuN 0 13380 10iiNanamMsl AI9NVDY
YY) 33 a g d’ Y LY = Y YY) P2 :.’/ a 4 Q' 4'! o
fFusesluuny ssrtiavwuiiadomunly v Tasiinsnszaumsn asesnvesiFusesluuna esrialwiiadunds

y Y] d v 1 ) d o YY) &
amnmsdaa 155aulduddn 2 “Yari Tumaasadudnui 12 “davinasondua 15584 azuuuveInIsuaasiuu
a v N U = o U Aaa :; LYY I3 =
10 Jasiou viadavh anasauegluszaudadnunoudua 15581 Juvashinzuuuvesdisugesiuulisn nalsull
t% | \ u d' w d % ) \ P2l U W J-
i lduaaaaua nuanueanmanuin 2 “davivasnindaa 15584 e19na1nlddn aseenvesdisusesiuu
Aa v Iy A U aa U YRY} o dw [
1 Tasuriasarhianylnemsdua 15581 3nnNMs asveediIsugesiuulisn welsu wendInHszAUVRY
U U J" d‘ | \ U \ \ d' Y \ 1:' v d Y3 | dw
mivgesluulisin melsuibinanaisnussrenguiidua 1s38unaznguenvaonit 2 “Yavindsmsdeoraue®
\ ] = o d‘ =) ASa =) v d‘ U v Aa Aaa A YY) d
Nz iifaduourenieaInia 153aurseifaduousndua 153auionswalumsy A@enUdIRISUIOSINY
A A 9 o
Y5t iwelsuluifotioum i

Jv e 1558w @fveesluwe Taswu wiladarh whun dFvees uullsn welsu

'madn Am a3 syrInewazinems uiug aae “naummem a3 9WiaanseinmInends nzunng 10330
ZnadInmedmam a3 aae “naummem a3 QW1aanseinINendy naNNA 10330

3Peptech Animal Health, 19-25 Khartoum Road, Macquarie Park 2113, Australia

1]NI%"IJ?W]‘15i>J’lJ‘l.l‘Vlﬂ’JmS E-mail: ssayamon@chula.ac.th

Introduction
In all species, the mammary glands are composed
of various cell types, such as the epithelia that are
embedded in a fat pad, and they are the major target for
cell proliferation of the mammary tissue (Anderson and
Clarke, 2004). Estrogen and progesterone are major

mitogens for the normal mammary epithelium. The ova-

rian hormones estrogen and progesterone exert their
actions on target cells predominantly through the
binding and activation of the estrogen receptor (ER) and
progesterone receptor (PR) respectively (Brosens et al.,
2004). The study in the bitches showed that steroid
hormone receptors have been detected in normal

mammary tissue and mammary tumor (Hamilton et al.,
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1977; MacEwen et al., 1982; Donnay et al., 1995; Geraldes
et al., 2000; Nieto et al., 2000).

The GnRH agonists have been reported to control
fertility in dogs and also in hormone-dependent human
breast cancer and canine mammary tumor. Normally, the
pulsatile release of GnRH by the hypothalamus causes the
production of gonadotropins by the pituitary, which then
stimulates the release of steroid sex hormones by the ovary.
GnRH analogues bind to the pituitary GnRH receptors more
avidly than GnRH itself. Thus, the chronic administration
of GnRH analogues results in the down-regulation of
pituitary GnRH receptors, effecting a dramatic
suppression of gonadotropins secretion and consequent
loss of ovarian steroid production (Emens and Davidson,
2003). In an earlier study, treatment with 60 ug/kg of
GnRH-agonist, goserelin every 21 days for 12 months
showed an inhibitory effect on the growth of hormone-
dependent canine mammary tumors after 3 months
(Lombardi et al., 1999). GnRH agonists initially
stimulate gonadotropins secretion, but subsequently,
upon continuous exposure cause a down-regulation of
GnRH receptors resulting in the inhibition of luteinizing
hormone production. Moreover, goserelin inhibits the
proliferation of the tumor cells by interfering with the
stimulatory action of epidermal growth factor (EGF)
(in vitro studies) (Pagnini et al., 2002) and decreases
ovarian estradiol production indirectly by blocking the
hypothalamic-pituitary-ovarian axis. The GnRH agonists
have been reported to control fertility in dogs (Herbert and
Trigg, 2005; Kutzler and Wood, 2006; Trigg et al., 2006;
Trigg et al., 2001) as well as in different species
(Bertschinger et al., 2001; Farquhar et al., 2001; Kutzler
and Wood, 2006; Munson et al., 2001).

Deslorelin is a synthetic GnRH agonist in a
biocompatible, slow release subcutaneous implant.
Following subcutaneous implantation to dogs with 12 mg,
average plasma level of deslorelin was >1 ug/day for
period of more than 1 year (Trigg et al., 2001). Some
9.4 mg deslorelin-implanted bitches showed estrus

within 1-2 weeks after implantation (Trigg et al., 2006).
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It is widely accepted that deslorelin-induced changes in
circulating ovarian steroid hormones levels, can alter the
expression of the ovarian steroids receptors. However,
there were no data collected on the effects of deslorelin
on normal mammary tissue. Therefore, to assist
understanding the alteration of the ovarian steroid
receptors expression on canine mammary tissue, the
immunopresence of ERa and PR on normal canine
mammary tissue in various stages of deslorelin
implantation requires investigation.

In the present study, the investigation of the
expression of ERa and PR in normal canine mammary
glands before and after deslorelin implantation was

performed by using immunohistochemical technique.

Materials and Methods

Experimental animals and management: The
experimental plan was approved by the Ethical
Committee for Experimentation with Animals at Faculty
of Veterinary Science, Chulalongkorn University. Fifteen
healthy early anestrous bitches (3 months after estrous
signs were shown), aged 1-3 years, free from mammary
lesions were used. The bitches were housed separately in
indoor cages with outdoor runs, fed a commercial dry
canine diet twice daily and given water ad libitum. The
animals were divided into two groups; group 1 given a
placebo implant, (placebo or control group), group 2 given
9.4 mg deslorelin (deslorelin group). Blood samples were
taken before the experiment from both groups to assess
hematology (complete blood count and blood parasite)
and blood chemistry (creatinine, BUN, SGPT and ALP)
values, as well as progesterone circulating levels. Stage
of estrous cycle at this time was also confirmed by
cytological examination of vaginal cytology and serum
progesterone level (Feldman and Nelson, 1996). In order
to reduce the variation among bitches before deslorelin
implantation, only bitches with normal range of
progesterone levels (<0.5 ng/mL) at anestrus and showed

normal expression of steroid receptors in the mammary
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gland were included in the study, therefore 10 bitches
and 5 bitches were used in deslorelin group and placebo
group respectively.

Drug administration and sample collection: The potent
long-acting GnRH agonist deslorelin prepared as a
biocompatible cylindrical implant (3.6 mm long x 2.3 mm
in diameter) was developed, manufactured and supplied
by Peptech Animal Health Pty Limited, NSW, Australia
(Suprelorin®). Implants were manufactured by a
proprietary method that involved extrusion of deslorelin
with a matrix consisting principally of low-melting
point lipids and a biological surfactant. Each implant
contained 4.7 mg of the active ingredient deslorelin.
Two implants (9.4 mg) were preloaded in a disposable
syringe-like implanter and packed in an individual
package. Implants were terminally sterilized by e-beam
irradiation and then kept at 4°C until use. Sterile
deslorelin-containing or placebo implants were inserted
subcutaneous via single-use syringes. In a real time
in vitro dissolution system, 6 mg implants of similar
composition released more than lug/day for period of
more than 1 year (Trigg et al., 2001).

Blood samples were taken from all dogs at 2
and 12 weeks after implantation, for evaluation of the
hematology and blood chemistry values, as well as
circulating levels of progesterone.

Normal mammary tissues were obtained before
implantation and at 2 and 12 weeks after implantation
in order to investigate the stimulatory effect (week 2)
and suppression effect of deslorelin (week 12) by
incisional biopsy under general anesthesia (premedicated
with 1 mg/kg of xylazine hydrochloride and 0.04 mg/kg
atropine sulfate, inducted and maintained with 10 mg/kg
thiopental sodium). No samples were collected in the
period between week 2 and week 12 since the level of
serum progesterone after deslorelin implantation may still
be high at that period (T. Swangchan-uthai, unpublished
observations). Therefore, the suppression effect of
hypothalamic-pituitary-ovarian axis from deslorelin should

occur already at week 12 (Trigg et al., 2001) when the
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tissues were sampled in order to investigate the
suppression effect of deslorelin. Immediately after
surgical excision, they were fixed in 4% (w/v)
paraformaldehyde up to 48 hours. Thereafter they
were dehydrated, embedded in paraffin and 4 um thick
sections were cut from each block and mounted on
Polysine™ slides (Menzel-Glazer, Germany). The sections
were used for immunohistochemistry.

Progesterone assays: Serum progesterone levels
were measured by using a commercial solid-phase
progesterone radioimmunoassay (Coat-A-Count
Progesterone kit™, Diagnostic Products Corporation,
Los Angeles, CA, USA). The progesterone standards
used were 0, 0.1, 0.5, 2, 10, 20 and 40 ng/ml. Sensitivity of
this assay is 0.02 ng/ml. The within-assay coefficients
of variation ranged from 7 to 9 %. All samples were
determined at the same time.

Immunohistochemistry of estrogen receptor alpha and
progesterone receptor: Before immunohistochemistry,
the specimens were deparaffinized in xylene and
rehydrated in graded alcohol. The immunohistochemical
protocol was modified from Sukjumlong et al. (2003).
Antigen retrieval technique was in effect by means of
heating in the microwave oven with 0.01 M citrate buffer,
pH 6.0 at high power (750 W) for 15 min (5 min. x 3).
A standard avidin-biotin immunoperoxidase technique
(Vectastain® ABC kit, Vector Laboratories, Inc., USA)
was applied to detect ERa and PR proteins. The primary
antibodies used were mouse monoclonal antibody to
ERa (DAKO, clone 1D5, dilution 1:50) and PR
(Immunotech, clone 10A9, dilution 1:100) for 2 hours
in a humidity chamber at room temperature.

The samples that were treated with non-immune
serum, instead of the specific antibody, were run as
negative controls. Normal canine uterus taken at estrus
and known to express ERo and PR was served as
positive controls.

In the final step, the color was developed with
a freshly prepared solution of 3, 3' diaminobenzidine

(DAB kit, Vector Laboratories, Inc., USA). All sections
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were counterstained with Mayer’s hematoxylin,
dehydrated and mounted with glycerine gelatin for
investigation under a light microscope.

Evaluation of immunohistochemical data: The
immunostaining for ERa and PR was assessed on the
basis of visually estimated percentage of alveolar and
tubular epithelial cells with positive nuclear staining
(brown nuclei) by counting 1,000 cells in 10 to 20 fields
per histological sections with nuclear staining for ERa
and PR. The evaluations of positively stained cells
were carried out as blinded preparation by the same
person. The human score system was used for evaluate
the immunohistochemical results. In brief, ERa score
and PR score were calculated as P+ (2 x P) + 3 x P,)
where P, P, and P, are the estimated percentages of
positive nuclei with low (P ), medium (P,) and high (P,)
intensity of immunostaining color (Snead et al., 1993).
Statistical analysis: Data were processed and
statistically analyzed using the SAS statistical package
(version 8, SAS Institute, Inc., 2002, Cary, NC, USA).
Normal distribution of residuals from the statistical
models was tested using UNIVARIATE procedure
option NORMAL to test normality of data by using
Kolmogoroff-Smirnoff test. Differences in mean numbers
of ERa score, PR score and progesterone levels were
tested using analysis of variance. The statistical model
included the fixed effects of stage (four groups: before
implantation, 2 weeks after implantation and 12 weeks
after implantation) and group (two groups: placebo and
deslorelin); the interaction between stage and group.
General Linear Mixed model was used to compare
least-squares means between stages when overall
significance for that effect was found. Correlation
between ERa and PR scores and serum level of
progesterone were evaluated using Pearson correlation
coefficients. A p-value < 0.05 was considered statistically
significant except for mean scores of ERa and PR in

which p<0.01 was considered significantly different.
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Results

In all bitches, there was no allergic or
inflammatory reaction observed at the site of implantation
at any time during the study. The hematology and serum
chemistry parameters tested every 2 weeks, were in
normal range according to Plumb (1995) (data not
shown).

Before implantation, there was no incidence of

estrus in any bitch of either group. In the deslorelin
group, all animals showed bloody vaginal discharge
after 1 week of implantation and signs of estrus were
observed up to 2 to 3 weeks later.
Serum hormonal levels: Before implantation, all 15
bitches in both deslorelin and placebo groups were in
anestrus as classified by vaginal cytology and serum
progesterone level. The average serum progesterone
levels (meantSEM) in the deslorelin group and placebo
group were 0.21£0.06 ng/ml and 0.16£0.05 ng/ml,
respectively.

The serum progesterone levels (meantSEM) in
both experimental groups are shown in Table 1. In
deslorelin group, the serum progesterone level significantly
increased at 2 weeks after implantation (4.96£2.72 ng/ml)
(p<0.05), which was in estrous levels and subsequently
decreased to anestrous levels (0.25+0.16 ng/ml) at 12
weeks after implantation. In the placebo group, the serum
progesterone levels at different stages of the implantation
were not significantly different, which were in anestrus
throughout this investigation.
Immunohistochemistry: Positive immunolocalization
of the ERa and PR was found in the nuclei of alveolar
and tubular epithelium of canine mammary tissues in
both groups (Fig. 1). The ERa and PR immunostaining
scores (meantSEM) before implantation, 2 weeks and
12 weeks after implantation, in deslorelin and placebo
groups are shown in Table 2 and 3 respectively.

A significantly higher ERa score in the deslorelin
group was shown at 2 weeks after implantation, while
the ERo immunostaining score at other stages was not

significantly different. When compared between groups,
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Table 1
(mean+SEM)

Manee-in S. et al./Thai J. Vet. Med. 39(1): 31-40.

Serum progesterone levels of bitches, at different times following deslorelin and placebo implantation

Stage of implantation

Deslorelin implantation

Placebo implantation

Before implantation 0.21 £ 0.06* 0.16 £ 0.05*
2 weeks after implantation 4.96 £2.72° 0.31 £0.13*
12 weeks after implantation 0.25 £0.16* 0.50 £ 0.21*

Mean (£SEM) within the same column followed by the different superscript letters is significantly different (p< 0.05)

Table 2
(meantSEM)

ERa score of the canine mammary tissues, at different times following deslorelin and placebo implantation

Stage of implantation

Deslorelin implantation

Placebo implantation

Before implantation
2 weeks after implantation

12 weeks after implantation

34.26 £ 2.054
55.83 £5.9380
33.51 £3.624¢

32.99 £2.27A2
23.05 £ 3.70*
24.01 £ 1.954¢

Mean (+ SEM) within the same column followed by the different superscript small letters, and within the same row

followed by the different superscript capital letters are significantly different (p< 0.01)

Table 3
(mean+SEM)

PR score of the canine mammary tissues, at different times following deslorelin and placebo implantation

Stage of implantation

Deslorelin implantation

Placebo implantation

Before implantation
2 weeks after implantation

12 weeks after implantation

3531 £2.87*
60.09 £ 3.44B»0
54.13 £3.2380

47.77 £ 1.26*
58.76 £ 4.978
56.49 £ 6.56*

Mean (£SEM) within the same row followed by the different superscript capital letters, and within the same column

followed by the different superscript small letters are significantly different (p<0.01)

at 2 weeks after implantation the ERa score in the deslorelin
group was significantly higher than the placebo group.
The score of the PR positive cells in the deslorelin
group was highest at 2 weeks after implantation, which
was significantly different to before implantation. While
in the placebo group, the PR score was not significantly
different in all stages.
Correlation between ERo and PR scores: A positive
correlation was found between the ERa score and PR
score in both deslorelin and placebo groups (r=0.48,

p=<0.01 and r=0.39, p=<0.01 respectively).

Discussion

In the present study, all bitches in the deslorelin
group showed estrus within 1-2 weeks after implantation
and subsequently became quiescent after 4 weeks. This
finding demonstrated the stimulatory effect of deslorelin
on the hypothalamic-pituitary-ovarian axis, which
induced pituitary follicle stimulating hormone (FSH) and
luteinizing hormone (LH) production (Trigg et al., 2001).
Subsequently, ovarian steroid secretion was induced but
it was suppressed after sustained stimulation caused by
desensitization of GnRH receptors in the anterior pituitary

gland and brain (Corbin, 1982; Herbert and Trigg, 2005).
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Figure 1 The immunohistochemical staining of ERa and PR in normal canine mammary tissue. A and B represent

ERo immunostaining before and after 2 weeks following deslorelin implantation. C and D represent PR

immunostaining before and after 2 weeks following deslorelin implantation. Arrow head and arrow show

negative and positive immunostaining cells respectively.

The significant increasing level of progesterone
at 2 weeks after deslorelin implantation showed the
stimulatory effect of deslorelin on the ovarian activity as
described above. This level of the serum progesterone at
2 weeks after implantation was in estrous range; therefore
deslorelin implantation may increase progesterone level
from inactive stage into follicular stage. After sustained
stimulation, progesterone returned to basal level as
shown at 12 weeks after implantation.

In deslorelin group, the highest ERa score was
found at 2 weeks after implantation. At this stage, all 10
bitches had already shown estrus, detected by vaginal
cytology and the hormonal pattern in which progesterone
concentration increased. This result together with the higher
ERa score in deslorelin group compared with placebo

group suggested the stimulatory effect of this GnRH

agonist; deslorelin, on the presence of ERa in the bitch
mammary tissue at 2 weeks after implantation. On the
other hand, the low ERa score at 12 weeks following
deslorelin implantation may due to the suppression effect
of deslorelin on the ovarian function. This finding supports
the study in human uterine leiomyomas where ERa
expression decreased after long term GnRH agonist
therapy (Vu et al., 1998). In the placebo group, the ERa
score was constantly low at all times following the
implantation due to the bitches remaining in anestrus
throughout the placebo implanted period. Besides, the
constant ERa score confirmed that placebo implantation
had no effect on the expression of ERa in the bitch
mammary gland from the present study.

For PR, at 2 weeks, the immunostaining score

was significantly higher at 2 weeks after implantation
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than at other times, which may due to the stimulatory
effect of deslorelin on the ovarian activity as described
above for ERa. In contrast to placebo group, the constant
high presence of PR indicated no effect from placebo at
any stages of implantation. However, when comparing
between deslorelin and placebo group at 2 weeks after
implantation, PR score was not different. This may imply
that deslorelin implantation may not directly have the
stimulatory effect on PR expression. Instead the high
score at 2 weeks was also from some other regulatory
mechanisms found in both groups of bitches or that PR
expression in the mammary gland was not only under the
influence of ovarian steroid hormone. Some other factors
such as insulin-like growth factor may have an important
role on the expression of PR in the mammary tissues
(Cline, 2007; Cui et al., 2003). At 12 weeks after deslorelin
implantation, PR score appeared to decrease, though it
was not significantly different to that at 2 weeks after
implantation where ERa score was already significantly
lower compared to at 2 weeks. This may indicate that
ERa immunopresence in the bitch mammary gland was
more sensitive to the suppression effect of deslorelin
than PR in this study.

For the results of correlation, a positive correlation
found between ERa and PR may indicate the same
regulatory effects under the influence of deslorelin
implantation on these steroid receptors. Moreover, it
supports the hypothesis that PR is an ER-regulated gene
(Osborne et al., 2005) and its presence indicates
a functioning ER pathway or that the presence of
progesterone receptor is under the influence of estrogen
acting through ER as described before in the study of
human breast cancer tissue (Horwitz and McGuire, 1978).

In conclusion, this is the first report on the effect
of deslorelin on ovarian steroid receptors in normal
canine mammary tissues. The results from the present
study showed a similar effect of deslorelin on the
immunopresence of both ERa and PR, which was up-
regulated in the stimulation stage (at 2 weeks after

deslorelin implantation) and returned to basal levels in
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the quiescent stage (12 weeks after deslorelin
implantation). However, for PR, other factors together
with deslorelin may have the effects on PR expression in
the bitch mammary tissues as there is no difference
between deslorelin and placebo group at 2 weeks after
the implantation. In addition, due to its suppressing effect
on the ovarian steroid hormones secretion as well as the
expression of steroid receptors, the therapeutic use of
deslorelin may be useful in a long-term therapy of
hormone-dependent canine mammary tumors. Further
studies on the effect of deslorelin implantation in
hormone-dependent canine mammary tumor and its
relation to the ovarian steroid hormone receptors are
suggested to investigate which may result in the
development of an alternative method for canine

mammary tumor treatment.

Acknowledgements
We thank Dr. Padet Tammaruk and Dr. Jetsada
Jiwakanon for their assistance in the statistical analysis.
We thank Dr. Banlue Kornmatitsuk for his assistance in
the progesterone analysis. This study was supported by a
grant from the college of Graduate Studies, Chulalongkorn

University.

References

Anderson, E. and Clarke, R. B. 2004. Steroid receptors
and cell cycle in normal mammary epithelium. J.
Mammary Gland Biol. Neoplasia. 9(1):3-13.

Bertschinger, H. J., Asa, C. S., Calle, P. P,, Long, J. A.,
Bauman, K., DeMatteo, K., Jochle, W., Trigg, T. E.
and Human, A. 2001. Control of reproduction and
sex related behaviour in exotic wild carnivores
with the GnRH analogue deslorelin: preliminary
observations. J. Reprod. Fertil. Suppl. 57: 275-283.

Brosens, J. J., Tullet, J., Varshochi, R. and Lam, E. W. 2004.
Steroid receptor action. Best Pract. Res. Clin. Obstet.
Gynaecol. 18(2): 265-283.

Cline, J. M. 2007. Assessing the mammary gland of

nonhuman primates: effects of endogenous hormones



Manee-in S. et al./Thai J. Vet. Med. 39(1): 31-40.

and exogenous hormonal agents and growth factors.
Birth Defects Res. B. Dev. Reprod. Toxicol. 80(2):
126-146.

Corbin, A. 1982. From contraception to cancer: a review
of the therapeutic applications of LHRH analogues
as antitumor agents. Yale J. Biol. Med. 55(1): 27-47.

Cui, X., Lazard, Z., Zhang, P., Hopp, T. A. and Lee, A. V.
2003. Progesterone crosstalks with insulin-like
growth factor signaling in breast cancer cells via
induction of insulin receptor substrate-2. Oncogene.
22(44): 6937-6941.

Donnay, I., Rauis, J., Devleeschouwer, N., Wouters-
Ballman, P., Leclercq, G. and Verstegen, J. 1995.
Comparison of estrogen and progesterone receptor
expression in normal and tumor mammary tissues
from dogs. Am. J. Vet. Res. 56(9): 1188-1194.

Emens, L. A. and Davidson, N. E. 2003. Adjuvant
hormonal therapy for premenopausal women with
breast cancer. Clin. Cancer Res. 9(1 Pt 2): 486S-4948S.

Farquhar, V. J., McCue, P. M., Nett, T. M. and Squires, E.
L. 2001. Effect of deslorelin acetate on gonadotropin
secretion and ovarian follicle development in cycling
mares. J. Am. Vet. Med. Assoc. 218(5): 749-752.

Feldman, E.C. and Nelson, R. W. 1996. Ovarian cycle
and vaginal cytology. In: Canine and feline
endocrinology and reproduction. 2" ed. E.C. Feldman
(ed.). Philadelphia: W.B. Saunders Company.
526-546.

Geraldes, M., Gartner, F. and Schmitt, F. 2000.
Immunohistochemical study of hormonal receptors
and cell proliferation in normal canine mammary
glands and spontaneous mammary tumours. Vet. Rec.
146(14): 403-406.

Graham, J. C., O’Keefe, D. A. and Gelberg, H. B. 1999.
Immunohistochemical assay for detecting estrogen
receptors in canine mammary tumors. Am. J. Vet.
Res. 60(5): 627-630.

Hamilton, J. M., Else, R. W. and Forshaw, P. 1977.
Oestrogen receptors in canine mammary tumours.

Vet Rec. 101(13): 258-260.

39

Herbert, C. A. and Trigg, T. E. 2005. Applications of
GnRH in the control and management of fertility in
female animals. Anim. Reprod. Sci. 88(1-2): 141-153.

Horwitz, K. B. and McGuire, W. L. 1978. Estrogen
control of progesterone receptor in human breast
cancer. Correlation with nuclear processing of
estrogen receptor. J. Biol. Chem. 253(7): 2223-2228.

Kutzler, M. and Wood, A. 2006. Non-surgical methods
of contraception and sterilization. Theriogenology.
66(3): 514-525.

Lombardi, P., Florio, S., Pagnini, U., Crispino, A. and
Avallone, L. 1999. Ovarian function suppression
with a GnRH analogue: D-ser(But[t])[6]-Arzgly
[10]-LHRH (Goserelin) in hormone dependent
canine mammary cancer. J. Vet. Pharmacol. Ther.
22(1): 56-61.

MacEwen, E. G., Patnaik, A. K., Harvey, H. J. and Panko,
W. B. 1982. Estrogen receptors in canine mammary
tumors. Cancer Res. 42(6): 2255-2259.

Munson, L., Bauman, J. E., Asa, C. S., Jochle, W. and
Trigg, T. E. 2001. Efficacy of the GnRH analogue
deslorelin for suppression of oestrous cycles in
cats. J. Reprod. Fertil. Suppl. 57: 269-273.

Nieto, A., Pena, L., Perez-Alenza, M. D., Sanchez,
M. A., Flores, J. M. and Castano, M. 2000.
Immunohistologic detection of estrogen receptor
alpha in canine mammary tumors: clinical and
pathologic associations and prognostic significance.
Vet. Pathol. 37 (3): 239-247.

Osborne, C. K., Schiff, R., Arpino, G., Lee, A. S. and
Hilsenbeck, V. G. 2005. Endocrine responsiveness:
understanding how progesterone receptor can be
used to select endocrine therapy. Breast. 14(6):
458-465.

Pagnini, U., Florio, S., Crispino, L., Pagnini, G., Colangelo,
D., Rocco, D., Pacilio, C., Pacilio, M., Macaluso,
M. and Giordano, A. 2002. Direct effect of a
gonadotropin-releasing hormone agonist on the
growth of canine mammary tumour cells. J. Cell

Biochem. 85(3): 470-481.



40 Manee-in S. et al./Thai J. Vet. Med. 39(1): 31-40.

Plumb, D.C. 1995. Veterinary Drug Handbook. In: 2™ Trigg, T. E., Doyle, A. G., Walsh, J. D. and

ed. D.C. Plumb (ed.). Ames: Towa State University
Press. 746-747.

Snead, D. R., Bell, J. A., Dixon, A. R., Nicholson, R. 1.,

Elston, C. W,, Blamey, R. W. and Ellis, I. O. 1993.
Methodology of immunohistological detection
of oestrogen receptor in human breast carcinoma
in formalin-fixed, paraffin-embedded tissue: a
comparison with frozen section methodology.

Histopathology. 23(3): 233-238.

Sukjumlong, S., Kaeoket, K., Dalin, A. M. and Persson, E.

2003. Immunohistochemical studies on oestrogen
receptor alpha (ER alpha) and the proliferative
marker Ki-67 in the sow uterus at different stages
of the oestrous cycle. Reprod. Domest. Anim. 38 (1):
5-12.

Swangchan-uthai, T. 2006. A review of advances
in the use of the GnRH agonist deslorelin in
control of reproduction. Theriogenology. 66(6-7):
1507-1512.

Trigg, T. E., Wright, P. J., Armour, A. F., Williamson, P. E.,

Junaidi, A., Martin, G. B., Doyle, A. G. and Walsh, J.
2001. Use of a GnRH analogue implant to produce
reversible long-term suppression of reproductive
function in male and female domestic dogs. J.

Reprod. Fertil. Suppl. 57: 255-261.

Vu, K., Greenspan, D. L., Wu, T. C., Zacur, H. A. and

Kurman, R. J. 1998. Cellular proliferation, estrogen
receptor, progesterone receptor, and bcl-2 expression
in GnRH agonist-treated uterine leiomyomas.

Hum. Pathol. 29(4): 359-363.



