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The objective of the studies were 1o evaluate immunolocalization of ERCL and PR in mammary gland of bitch in
different stages of the estrus cycle (EXP 1), lo evaluate the comelation between immunolocalization of ERCL and PR in normal
mammary lissue and mammary tumor in the same dogs (EXP 2} and to evaluate the effect of deslorelin on EROL and PR on
canine mammary lissues (EXP 3),

EXP. 1, In the cross-sectional study, mammary fissues were collected from 24 different mixed breed bitches at 4
different stages of the estrous cycle which werg, proestrus, estrus, diestrus and anestrus. For longitudingl study, mammary
tissues were collected from 5 beagle bilches and &l 6 different estrous stages for each biteh which ware: anesirus, progsirus,
esirus, earty diestrus, mid diestrus and late diestrus. The expressions of ERCL and PR were evaluated by ABC method and
ERQL and PR scores were calculated, The lowest scores of EROL and PR were found at diestrus in both groups. During estrus
and proestrus the ERCL and PR scores wane significantly high, High score of the PR during anestrus was also observed in both
groups. Far the correlation with the levels of ovarian steroid hormonea, the negative correlation between ERQL and PR scores,
and serum progesterone levels were found. This finding indicated that the expression of the EROL and PR was under the
regulation of the ovarian steroid hormones which changed during different stages of the estrous cycle.

EXP. 2. Twelve tumoral and conlraialeral normal mammary lissues, bolh determined by histology, were surgically
obtained from 12 dogs. The expressions of EROL and PR were evalualed by avidin-biotin-peroxidase complex (ABC) method
and ERCL and PR scores were calculated. The exprassions of ERCL and PR between normal and tumoral mammary lissues
were nol significantly different which suggested similar regulation of both steroid réceplor expressions between normal and
tumoral mammary gland within the same bilch. A posilive correlalion was found between the number of the ERCL and the PR in
both normal and lumoral mammary tissues which may indicale thal either ERE or PR could be used as a prediction of
hormonal therapy parameter in dogs.

EXP. 3. Twenty four bitches during anestrus were selected and devided into 2 groups, twelve bitches were implanted
with placebo (untreated group) and the rest were implanted with 10 mg deslorelin (reated group). Mammary lissues were
collected at 1 week befare and 1, 2 and 12 weeks after implaniation. The expression of ERQL and PR were evalualed by ABC
method and ERCL and PR scores were calculated, The significantty highest score of EROL and PR were found al 2 week afler
implaniation. When compared between groups, ERQ in freated group was significanity higher than in unireated group al 2
weeks afler implantation, PR score in untreated group were significantly higher than in treated group at before and 1 weak afler
implantation. This finding demonsirated that deslorelin has the effects on stercid receplor expression in caning mammary
tissue. Moreover, similar pattern on the exprassion of ERCL and PR was found after deslorelin impiantation, in which ERQ and
PR ware up-régulated in the stimulation stage and down-regulated in the guiescent stage.
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

Beside skin lumors, mammary tumors are the most commeon neoplasms in dogs
(Fanton and Withrow, 1981). It is believed that mammary tumor depended on the
endocrine status of the host (Schneider et al., 1969). Early ovarichysterectomy
dramatically reduces the risk of mammary tumers in dogs, which was evidenced
demonstrating by an increasing risk of the tumor developing to 0.5%, 8% to 26%,
depending on whether the ovarohysterectomy is perfarmed before the 1", 2 or any
estrus thereafter, respectively (Schneider et al., 1969; Yamagami et al., 1996). Thus,
estrogen and progesterone praduction during estrous cycles may play an important role
in the pathogenesis of eanine mammary tumors,

The ovarian hormenes estrogen and progesterone exert their actions on target
cells predominantly through the binding and aclivation of the estrogen receptor (ER)
and progesterone receptor (PR) respectively (Brosens et al, 2004). More recently,
steroid hormone receptors also have been detected in normal mammary tissue and
mammary tumer (Donnay et al., 1995; Geraldes et al.,, 2000; Graham et al., 1999,
Hamilton et al., 1977; MacEwen et al, 1982; Nieto et al.. 2000). Analysis of the
expressions of ER and PR has become accepted as a useful tool in prognosis and
prediction of responses of hormonal therapy respanse in human breast cancer. In
human breast cancer, a high content of ER in a tumor is associated with a good
prognosis and allows hormonal treatment after surgical excision (Jensen and Desombre,
1997). However, information about ER and PR status and prognosis is not routinely
available in veterinary medicine. However, in dogs, the presence of ER and PR also
seems to relate to a good prognosis (Martin de las Mulas et al.,, 2004; Sartin et al.,
1992).

Endocrine therapy has been widely used for treatment of breast cancer in

women. Ovarian ablation was first used in the palliation of young women with metastatic



breast cancer in 1896 (Emens and Davidson, 2003). Until present, medical hormone
ablation of various types is commenly used to treal human breast cancer. The purpose
of hormaonal therapy is to prevent further estrogen stimulation of breast cancer cells. This
can be achieved by several different strategies, including blocking receptors with
specific estrogen receptor modulators, such as tamoxifen a receptor antagonist;
suppression of estrogen synthesis by aromatase inhibitors, or by use of Gonadotropin-
releasing hormone (GnRH) analogues (Emens and Davidson, 2003; Santen et al., 1990).

GnRH agonists can decrease ovarian estradiol production indireclly by blocking
of the hypothalamic-pituitary-ovarian axis. Previous study reported the result of using
GnRH-agonist (Goserelin) on hormone-dependent canine mammary tumors that all the
animals showed measurable response to treatment after 3 months (Lombardi et al.,
1999). Suprelorin is a slow release and long acting form of deslorelin, a synthetic agonist
of GnRH. Until the present wark, no study has been done on the effect of deslorelin on
the number of canine mammary steroid receptors.

The overall objective of the thesis is to study estrogen receptor alpha and

progesterone receptor in normal and canine mammary tumaor tissues.

1.2 Literature Review

1.2.1 Normal Canine Mammary Gland

Canine mammary glands are composed of 2 chains of mammary gland. Each
chain consists of & glands including cranial thoracic, caudal thoracic, cranial
abdominal, caudal abdominal and inguinal mammary gland respectively. Cranial and
caudal superficial epigastric arteries mainly supply to the mammary gland, axillary
intercostals arteries and branch of internal thoracic arteries also supply to the first and
the second glands. The third, fourth and fifth mammary glands are supplied from the
segmental and circumflex iliac branch of deep caudal epigasfric arteries and a branch
of peringal and perivulvar arteries. With respect to lymphatic drainage, the first, second
and third glands are drained to axillary lymph nodes, the fourth and fifth are drained to
the superficial inguinal lymph node. The third mammary gland may be drained to both
lymph nodes (Hoffer, 1974).



1.2.2 Canine Mammary Gland Tumor

1.2.2.1 Etiology The cause of mammary tumors has not been completely
established, but the influence of hormonal, viral, genetic and dietary influences have
been studied. A viral component has not been demonstrated in dogs (Mann, 1984).
Instead, there does appear to be a genetic influence on mammary tumors. Pure bred
dogs are at greater risk than mixed breeds (Perez Alenza et al., 2000). Dietary fat may
play a role in mammary carcinogenesis. High-fat diets in women and dogs seem to
comrelate with increased risk of mammary tumors (Perez Alenza et al., 2000;
Sennenschein et al., 1991). Estrogen and progesterone may play an important role in
the pathogenesis of canine mammary tumors indicated by the protective effect of
ovariohysterectomy. This hypothesis was reinforced by long-term administration of
synthetic progestins can induced mammary gland disease (Concannon et al., 1981).
Furthermore, growth hormene (GH) has been postulated as being involved in the
pathegenesis of canine mammary tumors. In the dog growth hormone overproduction
can be induced by long acting synthetic progestin. Increase levels of growth hormone
have been observed in pituitaries of dogs with mammary tumor (El Etreby et al., 1980).
Growth hormone resulls in acromegaly, characterized by overgrowth of soft tissue and
bone. Spontaneous syndromes of growth hormone excess have been reported to occur;
in elderly female dogs acromegaly and insulin resistance may develop in conjunction
with the luteal phase of estrus cycle (Selman et al., 1994). Mammary tumors can
produce growth faclors that potentially could 1odulate their own proliferation in an
autocrine fashion (i.e., transforming growth factor-alpha (TGF-a) and transforming
growth factor-beta (TGF-B)) or with a paracrine mechanism (i.e., epidermal growth factor
(EGF), fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), insulin-like
growth factor-1 (IGF-1)) (Donnay et al., 1996; Mol et al., 1997). The expression of EGF
receptor in mammary lissues is related to the action of estrogen and progesterone and
to the presences of functional receptors for estrogen (ER) and progesterone (PR)
(Stewart et al., 1990).

1.2.2.2 Incidence, Type Canine mammary tumors can be benign or
malignant, in which 40% - 50% of these tumars are malignant (Misdorp, 2002).



The classification of canine mammary tumors is mainly based on a
histopathological diagnosis. Hampe and Misdorp (1974) have classified types of canine
mammary tumors into 6 groups, followed the WHO classification of human breast
tumors. These include carcinoma, sarcoma, carcinosarcoma (malignant mixed tumour),
benign or apparently benign tumours, unclassified tumour and benign or apparently
benign dysplasias. Mammary tumors in canine were classified as complex when baoth
secretory and myoepithelial cells were present and as simple when only one of these
types of cell was present (Hampe and Misdorp, 1974).

1.2.2.3 Treatment of Canine Mammary Tumors There are various
methods for treatment of mammary tumors aimed at removing tumer mass and
preventing recurrence or metastasis of the tumors.

Surgical Treatment

At the present surgical treatment remains the method of choice for canine
mammary tumor therapy. The type of surgical treatment can be divided into 5 methods
(Fanton and Withrow, 1981) as
1. Lumpectomy, which remave only tumor mass
2. Simple or local mastectomy, which remove tumor mass and the affected gland
3. Regional mastectomy which is based on venous and lymphatic drainage. Lymph

node removal has usually been a matter of individual preference
4. Complete unilateral mastectomy
5. Complete bilateral mastectomy

Chemotherapy

The use of adjuvant chemotherapy has become common practice in human
breast cancer therapy (Perlow and Holland, 1984). Chemotherapy is offered to patients
who have high risk to the metastasis and is recommended in case of ER and PR
negative. Antracyclines such as doxorubicin and epirubicin have been cansidered to be
among the most active available agents to treat human breast cancer (Perlow and
Holland, 1984).

Chemotherapy is also used in dogs with malignant mammary tumors, combined
with surgical treatment (adjuvant chemotherapy) (Hahn et al, 1992). The

chemotherapeutic drugs used in canine mammary tumors ftreatment consist of



doxorubicin, cyclophosphamide, mitoxantrone and S-fluerouracil (Hahn et al.,, 1992;
Theilen et al., 1987).

Endocrine Therapy
Human breasl cancer is a lypical hormone-dependent lumor, and various

endocrine therapies have been employed for its treatment (Owen, 1979). To block
estrogen action, seleclive ER modulators, such as tamoxifen and raloxifen, bind to the
ERa, leading to attenuation of estrogen-responsive genes (Santen et al., 1990). To block
estrogen synthesis, ovarian ablation can be achieved surgically or pharmacologically
using goserelin or leuprolide in premenopausal women, which decrease owvarian
estradiol production indirectly by impinging on lhe hypothalamic-pituitary-ovarian axis
(Emens and Davidson, 2003). In case of patients who respond to the anti-estrogens but
disease later progresses on, aromalase inhibitors should be used as a second-line
therapy. Aromatase is a kﬁfénzyme of estrogen synthesis, which converts androgens to
estrogen in peripheral adipose tissues. Antiaromalase agents inhibit aromatase activity,
resulting in decreased estrogen production in breast tissues especially in
postmenopausal women (Santen et al., 1980).

Endocrine therapy is not widely used in veterinary practice. Tamoxifen has a use
as an antiestrogen at some target sites in the dog and may yet prove to be tumor static
for mammary tumors. However, its use should be restricled to spayed bitches, and even
in these animals the high incidence of estrogenic side effects means that it is unlikely to
become as widely used as it is in women (Morris et al., 1993). Lombardi et al., (1990)
demonstrated that the GnRH agonist geserelin administered as a subcutaneous
implantation every 21 days for 12 months, exerted an inhibilory action on the growth of
hormone-dependent canine mammary tumors, as all the animals showed measurable
response to treatment after 3 months. An agonist initially stimulates the hormone
secrefion, but will subsequently cause a down-regulation of GnRH receptors resulling in
the inhibition of luteinizing hormone production upon continuous exposure. The GnRH
agonist goserelin has been demonstrated to have an effect on hormone dependent
mammary tumor due to their ability to suppress estrogen and progesterone. Moreover,
goserelin may have direct inhibitory effect on the proliferation of the tumor cells by
interfering with the stimulatory action of specific stimulus which was epidermal growth



factor (EGF) and non specific stimulus such as ATP (in vitro studies) (Pagnini et al.,
2002).

1.2.3 Action of Ovarian Steroid Hormones on Normal Mammary Gland
The mammary glands of most mammalian species are not fully developed and
functioned at birth. Between birth and puberty, the growth of this structure is isometric in
relation to the rest of the body, but at puberty under the influence of ovarian and pituitary
hormanes the gland undergoes the first phase of allometric growth. The second phase
of allometric growth in the mammary gland occurs during pregnancy (Anderson and
Clarke, 2004; Shyamala et al., 2002). In all species, the mammary glands are composed
of various cell types, such as epithelium thal are embedded in a fat pad, which is
targeted for the proliferation of mammary epithelial cells{Anderson and Clarke, 2004).
Estrogen and progesterone are major mitogens for the normal mammary epithelium,
they also act indirectly via secretion of paracrine factors to stimulate cell cycle
progression and, hence, proliferation. Steroid hormones (estrogen and progesterone)
are small lipophilic molecules thal enter larget cells and nuclei primarily by diffusing
through the plasma and nuclear membrane. In the nucleus they encounter receptors
which bind their cognate ligands with high affinity and specificity(Anderson and Clarke,
2004; Brosens et al., 2004; Weihua et al., 2003).
1.2.3.1 Estrogen Mammary gland is a primary target tissue for estrogen.
Estrogen stimulates the ductal growth of the mammary gland during puberty. Estradiol
administration to ovariectomized adult mice can induce increasing of DNA synthesis in
the mammary epithelial cells and antiestrogen treatment in prepubertal mice that still
undergoing ductal growth contributed inhibition of DNA synthesis of the epithelial cells
of the terminal end buds (Shyamala, 1997).
1.2.3.2 Progesterone Progesterone is a mammeogenic hormone, that has
growth ‘promoting activity in mammary gland. The major developmental role of
progesterone in the normal mammary gland has been postulated to be the formation of
lobulo-alveolar structures during pregnancy in preparation for milk secretion (Graham

and Clarke, 1997). Administration of progesterone to ovariectomized mice can increase



DNA synthesis in mammary epithelial cells, which is associated with the end buds and
ducts (Shyamala, 1997).

1.2.4 Steroid Hormone Receptors

Steroid hormone receptors are members of the nuclear hormone receptors
family. The biological and physiological effect of steroid hormones including estrogen
and progesterone are mediated through their binding with intracellular receptors.
Steroid receptors consist of 4 regions these are: 1) a variable N-terminal region (A/B
region) contains AF-1 transcription activation domain that has the independent
activation function; 2) a conserved DNA-binding domain (DBD) or C region which
consists of two zinc finger motifs that mediate specific DNA binding; 3) a hinge D region
which acls as a bridge beiween LBD and DBD; 4) C-terminal region (ligand binding
domain; LBD or E/F domain) which is impartant for hormone binding, contains AF-2 that
has ligand dependent activation (Anderson and Clarke, 2004; Brosens et al., 2004,
Weihua et al., 2003).

1.2.4.1 Mechanism of Receptor Action

Steroid receptors have the specific capability of hormone binding, DNA binding and
gene activation. In the absence of specific ligands, steroid receplors are inactive in
vivo. The addition of hormone to cells or to harmone-deficient animals results in the
rapid transformation of the inactive receplor to an active state. Before hormone
aclivation, steroid receptors form large, oligomeric complex. These complexs are unable
to bind DNA. This inactive state was proposed o be maintained by association of
receptor with other proteins, called heat shock protein (HSP). The site of interaction on
receptors with H5SP is located in the C-terminal portion of the protein. When binding with
the hormonal ligands, the HSP is dissociated from the receptors. The hormone-receptor
complexes diffuse through nuclear membrane. Steroid hormoenes madulate transcription
of target genes by their interaction with specific gene sequences. These sequences are
known as hormone responsive or regulatory elements (HRE) (Anderson and Clarke,

2004).



1.2.4.2 Subtype of Receptor

Estrogen Receptor Estrogen receptor has two isoforms ERa and ER,
which are encoded by different genes. They have 97% sequence similarity in DBD but
differ in the transactivation domain (AF-1) of N-terminal and only 55% amino acid identity
in the C-terminal LBD. Both isoforms can bind estradiol with high affinity. This suggested
that the different sets of protein in the transcriptional complex may interact with 2
isoforms and direct them to specific target (Brosens el al., 2004).

The estrogen target tissues were divided into 2 groups, the classical estradiol
target tissues including the uterus, mammary gland, placenta, liver, central nervous
system (CNS), cardiovascular system, bone, which contain an abundance of ERa. The
secondary targel tissues are the prustaie gland, teslis, ovary, pineal gland, thyroid
gland, parathyroid gland, adrenal gland, pancreas, gall bladder, skin, urinary tract,
lymphoid and erythroid tissues, which have a high expression of ERB (Weihua et al.,
2003). The general mechanism of ER( is thought to be similar to that of ERa, but in
1998, Keightley reported that two isoforms have opposite transcriptional responses to
the same ligand in specific cell contexts. ERP has weaker ability to activate
transcriptional than ERw. ERa appears lo be indispensable in mediating the growth-
stimulation. Study in female ER-knockout rnir::ﬁ. found normal prepubertal development,
but no pubertal growth (Bocchinfuso and Korach, 1997).

The presence of ERa in both normal canine mammary tissue and mammary
tumors was reported (Donnay et al.,, 1995; Ger Ides et al., 2000; Graham et al., 1999;
Hamilton et al., 1977; MacEwen et al., 1982; Nieto et al.,, 2000), the presence of ERp
was also found in normal and tumoral caning. mammary tissues (Martin de las Mulas et
al., 2004).

The expression of ERa is regulated by estrogen and progesterone. In uterine
tissues of mammals estrogen has an up-reguldtion effect, whereas progesterone has a
down-regulation effect (Vu Hai et al., 1977). In the mammary gland, the down-regulation
effect of the estrogen on the expression of ERa was reported in Rhesus monkey (Cheng
et al., 2005) but the stimulated effected on the expression of ERu of estrogen-depleted
mouse was reported (Shyamala et al., 2002). Progesterone down-regulates the

cytoplasmic and nuclear ER protein concentration, decreasing the aclive estrogen



concentration and antagonizing the action of ER at the molecular level (Clark st al.,
1977).

Progesterone Receptor The PR also has 2 isoforms PR-A and PR-B,
which are encoded by a single gene as a result of either different mRNAs. PR-B is
longer than PR-A, it contains an additional 164 amino acids at N-terminal. Both of them
bind progesterone and are transcriptionally active (Brosens et al., 2004). The activity of
PR-A and PR-B are different. PR-B lends to be a stronger transactivator than PR-A in
many cell types. PR-A has been shown to inhibit the action of ERc. However, there are
also genes more efficiently activated by PR-A. The ratio of PR-A to PR-B has been
reported to vary between different species. In-€anife mammary tissue, both PR-A and
PR-B were found and the proporiien of the twe PR isoforms was reported as equal
(Lantinga-van Leeuwen et al., 2000).

Synthesis of PR in mammary glands is under estrogen and progesterone
regulation. In uterine lissue of the rodent and other species, eslrogen increases the
concentration of receptors through a rner:han.ism ihat depends on synthesis of RNA and
protein, while progesterone decreases the concentration of its own receptors (Vu Hai et
al., 1977). Studies in micé mammary gland showed the level of PR expression is
positively regulated by estrogen and down-regulated by progesterone (Shyamala,
1997).

1.2.43 Clinical Application of Steroid Receptors in Human Breast
Cancer and Canine Mammary Gland Tumors

It is important te discriminate between hormone-dependent and hormone-
independent tumors to determine whether endocrine therapies should be employed.
Analysis of ER and PR has become accepted and useful tools in prognosis and
prediction of hormeonal therapy response in human breast cancer (lwase et al., 2003;
Pichon” et al.,, 11980). ERa is highly expressed in premalighant breast lesion. The
expression of ER is related to disease-free survival and overall survival. The patient who
has ER positive tumor will have longer period of disease-free survival and overall
survival. The PR, which is produced as a result of the action of ERa, is also a good

predictive biological marker. Adjuvant hormonal therapy should be offered to all patients



with tumors expressing ERa and/or PR, as assessed by immunochistochemistry (Jensen
and Desombre, 1997).

The prognostic value of ER and PR status in canine mammary gland tumors is
not completely understood. Steroid hormone recepiors also have been detected in
normal mammary tissue and mammary tumors (Donnay et al., 1985, Geraldes et al.,
2000; Graham et al., 1989; Hamilton et al., 1977; MacEwen et al., 1982; Nieto et al.,
2000). From these earlier studies, different results of ERat and PR status in normal
canine mammary tissues as well as mammary tumors were reported. However, the
information about ER and PR status as well as hormonal therapy is not routinely

available in veterinary medicine.

1.2.5 Immunohistochemisiry for Determination of Steroid Receptor Proteins

Immunohistochemistry has become a useful tool for diagnosis and research of
neoplastic and infectious disease in many fieids of medical and veterinary science.

The basis of immunghistechemistry is the detection of antigens, which measure
receptors in the tissue sections by using specific antibodies binding to antigen in tissue
specimens. There are several immunc:hiﬁﬁ;cﬁ&m‘sﬂal staining methods used in
diagnostic laboratories. These are direct immunostaining that uses specific antibodies
labeled with an enzyme to detecl the antigen; indirect immunostaining that uses an
enzyme-conjugated antiimmuneglobulin secondary antibody to detect binding of
primary antibody. This i& more sensitive and spec fic than the direct method (Haines and
Chelack, 1981). In addition to the indirect method, the avidin-biotin complex (ABC)
method is the most adaptable of this technique, which have high specificity and
sensitivity. The principle of this technique is the detection of antigens in tissue by a
specific primary antibody followed by a second antibody to immunoglobulin labeled with
biotin, which bind te each primary antibody and amplified the visible signal produced
from binding reaction. Then, tissue is exposed to preformed complex of avidin and
biotin molecules that are labeled with a peroxidase enzyme. A colored reaclion product
forms on the slides at sites of antibody-enzyme complex binding. Finally, the color of

reaction is developed by chromogen. This technique can be performed on formalin
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fixed-paraffin embedded tissues and requires heating to retrieve the epitopes, which are
masked by formalin fixative (Haines and Chelack, 1991; Ramos-Vara, 2005).

1.2.6 Deslorelin

Deslorelin is a synthetic GnRH agonist in a biocompatible, slow release
subcutaneous implant. The chemical structure of deslorelin is

[(6-D-tryptophan-9-(N-ethyl-L-prolinamide)- 10-deglycinamide)]GnRH

Normally, the pulsatile release of GnRH by the hypothalamus causes the
production of gonadotropins by the pituitany, 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
gonadotropin secretion and consequent loss of ovarian steroid production (Emens and
Davidson, 2003).

Deslorelin was reported far control fertility on both male and female dogs (Trigg
et al., 2001; Wright et al, 2001). Average plasma level of deslorelin following
subcutaneous implantations to the dogs was more than 1 pgiday for peried of more than
1 year (Trigg et al., 2001) Until present, no study has been done on the effect of
deslorelin on the number of canine mammary steroid receptors.

The studies of sex hormone manipulation are important for hormone-dependent
mammary tumors. For further understanding of the mechanism involved in canine
mammary gland tumors, effect of ovarian steroid hormones on canine mammary lissues
and effect of deslorelin an normal canine mammary tissue, in relation to ovarian steroid
hormone receplors in the bitch, the expressions of the ERa and PR in various mammary

lissue conditions were investigated by using immunohistochemical assay.
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1.3 Objectives

1. To evaluate immunolocalization of ERe and PR in mammary gland of bitch in
different stages of the estrus cycle.

2. To evaluate the correlation between immunolocalization of ERa and PR in
normal mammary tissue and mammary tumor in the same dog.

3. To evaluate the effect of a GnRH agonist (deslorelin}) administered by

e mammary lissues.
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CHAPTER II

THE NUMBER OF EROL AND PR IN THE MAMMARY GLAND OF
BITCHES DURING DIFFERENT STAGES OF ESTRUS CYCLE
USING IMMUNOHISTOCHEMICAL ASSAY

2.1 Abstract

The objective of this study was to evaluate the expressions of estrogen receptors
alpha (ERa) and progesterone receptors (PR} in normal mammary tissues of bitches at
different stages of estrous cycle. Tissue samples were collected from 24 different mixed
breed bitches at 4 different slages of estrous cycle which were; proestrus, estrus,
diestrus and anestrus. For longitudinal study, mammary tissues were collected from 5
beagle bitches at 6 different stages of the estrous cycle for each bitch which were;
anestrus, proestrus, estrus, early diestrus, mid diestrus and late diestrus. The
expressions of ERa and PR were evalualed by avidin-biotin-peroxidase complex (ABC)
method and ERa and PR scores were calculated. The negative correlation between
ERo and PR scores and serum progesterone levels were found. The lowest scores of
ERa and PR were found at diestrus in both groups. During estrus and proestrus the ERa
and PR scores were significantly high. High score of the PR during anestrus was also
observed in both groups. This finding indicated that the expression of the ERa and PR

was under the regulation of the sex steroid hormones.

2.2 Introduction

The development of the mammary gland is influenced by numerous factors,
principally estrogen and progesterone that interplay with the action of various regulatory
factors (Bocchinfuso et al., 2000; Graham and Clarke, 1997; Shyamala, 1997). Estrogen
and progesterone are essential for normal mammary gland growth and development.
Studies in mice demonstrated that estrogen stimulates ductal growth during puberty,
whereas progesterone is the major stimulator of mammary epithelial DNA synthesis and
lobulo-alveolar development (Anderson and Clarke, 2004; Bocchinfuso and Korach,
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1997, Shyamala, 1997). The effects of estrogen and progesterone are mediated via their
respective receptors in the target tissues in which estrogen and progesterone play an
important role in regulation of the receptors expression (Shyamala et al., 2002; Weihua
et al., 2003). Previous studies in many species have reported that steroid receptors
expression in different reproductive organs including mammary tissue is likely to be
under the influence of steroid hormones, which are up-requlated by estrogen and down-
requiated by progesterone (Graham and Clarke, 1997; Sukjumlong el al., 2005;
Sukjumlong et al, 2003; Vermeirsch et al., 2000; Vermeirsch et al., 1999). The
biochemical detection of the estrogen and progesterone receptor concentrations in
bitches during the estrous cycle demonstraied that the estrogen receptor
concentrations were high in the luteal phase (Donnay et al., 1995b). This finding differed
from the immunohistochemical investigation in mammary glands of mice that reported
the lowest concentration of the receptors during the luteal phase (Shyamala et al.,
2002). The biochemical method for detection steroids receplor used the homogenized
tissues, thus the resull obiained from this technigue may represent the receptor
concentration from wvarious types of specific tissue comparments. The
immunohistochemical assay has several advantages with respect to others biochemical
method, including 1) the use of routine histolegical methods for tissue fixation and
processing; 2) the precise histological identification of tissue structures with ER and PR
(Martin de las Mulas et al., 2002).

For further undérstanding of the mechanism involved in mammary gland tumors,
in relation to steroid hormone receptors in the bitch, the expression of ERa and PR in
normal mammary glands; bath in the same and in different bitches, during different

stages of the estrous cycle were investigated by using immunchistochemical assay.

2.3 Materials and methods

2.3.1. Animals
The experiments were divided into two studies; cross-sectional and longitudinal
studies. For cross-sectional study, twenty four healthy bitches of mixed breeding, aged

between 1-5 years, free from mammary lesion, which referred to obstetrics and
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gynaecology unit, Chulalongkorn University small animal teaching hospital for routine
ovariohysterectomy (OVH). The bitches were divided into 4 groups which were
categorized by stages of the estrous cycle (proestrus n=6, estrus n=6, diestrus n=6 and
anestrus n=6). The stages of estrous cycle were confirmed by cytological examination of
vaginal cytology (Feldman and Melson, 1996), history data and serum progesterone
level ( less than 0.5 ng/mL for anestrus, 0.5-1 ng/mL for proestrus, more than 1 ng/mL
for estrus and 15-60 ng/mL for diestrus) (Feldman and Nelson, 1996) which was
collected before ovariohysterectomy. For longitudinal study, five healthy Beagle bitches,
free from mammary lesion were uzed. The bilches were housed separately in indoor
cages with outdoor runs, fed a commercial dry canine diet twice daily and given water
ad libitum. The bitches were divided into 6 groups which were categorized by stages of
estrus cycle (anestrus, proestrus, estrus, early diestrus, mid diestrus and late diestrus).
The stage of diestrus was calegorized into 3 stages in order lo investigale the
progesterone levels during diestrus.
2.3.2. Collection of samples

For cross-sectional study, twenty four samples of narmal mammary tissues were
obtained from each bitch during the process of routine ovarichysterectomy (OVH). For
lengitudinal study, normal mammary tissues were obtained at 6 different stages of estrus
cycle for each bitch. In this study group, blood samples collection and vaginal smears
were performed every 3 days to detect the stage of estrous cycle. In both study groups,
approximately 1x1 cm of mammary samples were collected. Immediately after surgical
excision, they were fixed in 4% paraformaldehyde up to 48 hours. Thereafter they were
dehydrated, embedded in_paraffin and 4 pum thick sections were cut from each block
and mounted on Polysine™ slides (Menzel-Glazer, Germany). The sections were kept
until the immunchistochemical procedure was performed.
2.3.3. Estradiol-17p and progesterone assays

Serum  estradiol-17P concentrations were measured by chemiluminescent
immunoassay system, using IMMULITE® Estradiol kit (Diagnostic Products Corporation,
Los Angeles, CA, USA). The within-assay coefficients of variation ranged from 1.91t0 5.9

%. Serum progesterone concentrations were measured by using a commercial solid-

™
phase progesterone radioimmunoassay (Coat-A-Count Progesterone kit , Diagnostic
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Products Corporation, Los Angeles, CA, USA). The progesterone standards used were
0,0.1,05, 2, 10, 20 and 40 ng/ml. The within-assay coefficients of variation ranged from
7 to 9 %.

2.3.4 Immunohistochemistry of estrogen alpha and progesterone receptors
The specimens were deparaffinized in xylene and rehydrated in graded alcohol.

After washing with distilled water, they were subjected to high-temperature antigen
retrieval by incubation with 0.01 M citrate buffer, pH 6.0 in a microwave at high power
(750 W) 15 minutes (5 min. x 3) for PR, and 25 minutes (5 min. x 5) for ER. Additional
citrate buffer was added if necessary between each heating in order to prevent slides
from drying oul. After cooling down at room temperature for 20 minutes, the slides were
rinsed with 10 mM, pH 7.4 phosphate-buffered saline (PBS). The following procedures
were performed at room temperature. Endogenous peroxidase activity was blocked with
3% hydrogen peroxide in methanol for 10 minutes, then tissues were rinsed with PBS.
Mon - specific staining was eliminated by incubating the sections with normal horse
serum for 30 minutes. Excess sepum was removed and the seclions were incubated with
the specific primary mouse manoclonal antibody to ERe (Dako, clone 1D5, dilution 1:50)
for 3 hours at 37°%c and PR (Immunotech, clone 10A9, dilution 1:100) for 2 hours at room
temperature all slides were placed in a humidity chamber. After primary antibody
binding. the seclions were washed in PBS and incubated with the secondary antibody, a
biotinylated horse anti-mouse lg G (Vectastain® ABC kit, Vector Laboratories, Inc., USA)
in a dilution of 1:200 for 30 minutes. After slides were washed in PBS the seclions were
incubaled for 30 minutes with a horseradish peroxidase avidin biotin complex
(Vectastain® ABC kit, Vector Laboratories, Inc., USA). After a final wash with PBS, the
color was developed with a freshly prepared solution of 3, 3' - diaminobenzidine (DAB
kit, Vector Laboratories, Inc., USA). All sections were counterstained with Meyer's
hemataxylin, dehydrated and mounted with glycerine gelatin for investigation under a
light microscope.

The samples that were treated with non-immune serum, instead of the specific
antibody, were run as negative controls. Normal canine uterus at estrous stage known to

express ERa and PR was served as positive controls.
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2.3.5 Evaluation of immunohistochemical data

The immunostaining for estrogen and progesterone receptors 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 human score system
was used. 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).
2.3.6 Statistical analysis

Data were handled and slatistically analyzed using the SAS slatistical package
(version 9, SAS Institute, Inc., 2002, Cary, NC, USA). Normal distribution of residuals
from the statistical models was tested using UNIVARIATE procedure option NORMAL.
Differences in mean numbers of ERa score and PR score were tested using analysis of
vaniance. General Linear Mixed model was used to compare leasl-squares means
between stages when overall significance for that effect was found. Correlation between
ERa and PR scores and serum level of estradiol-17 and progesterone were evaluated
using Pearson correlation coefficients. A P-value = 0.05 was considered statistically

significant.

2.4 Results
2.4.1 Serum hormone levels

In cross-sectional study, the serum estradiol-17f and progesterone levels in all
24 bitches change according to the stages of the estrous cycle, which were
demonstrated in Fig. 1A. The estradiol-17 level was high during proestrus and estrus,
progesterone level was high during diestrus. The same pattem was also found in 5
bitches in the longitudinal study which was shown in Fig. 1B. In addition, highest
progesterone level was found al mid diestrus while it was lower at the stage of late
diestrus.
2.4.2 Immunchistochemistry
ERa and PR
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The positive immunolocalization of the ERa and PR were found in the nuclei of
alveolar and tubular epithelium of the normal canine mammary tissues (Fig. 2). In both
cross-sectional and longitudinal studies, ERa and PR immunostaining score (mean +
SD) at different stages of the estrous cycle were shown in table 1 and 2 respectively.

#@ Progesterone (ng/ml)
m Estradiol-17beta (pg/mi)

1

anestrus proestrus  eslrus diestrus

e b

cnocaS3RE8RES

Fig. 1A. The levels of serum estradiol-17p and progesterone in bitches during different

stages of estrous cycle (cross-sectional study), mean + SD (n=24)

@ Progesterone (ng/ml} m Estradiol-17beta (pg/mi)
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Fig. 1B. The levels of serum estradiol-17p and progesterone in bitches during different

stages of estrous cycle (longitudinal study), mean + SD (n=5)



19

Table 1. Cross-sectional study (n=24), ERa and PR scores of the canine mammary

tissues at different stages of the estrous cycle (mean + SD)

Stage of estrous cycle ERw score PR score
Proestrus 62.28 + 13.75™" 102.88 + 38.78"
Estrus 78.91 + 15.20° 110.38 + 27.48"
Diestrus 20.26 + 16.62° 23.80 + 13.69"
Anestrus 46.04 + 12,08 95.38 + 39.81"
Overall significance P<0.001 P<0.001

Mean (+ SD) within the same column followed by the different superscript letters are
significantly different (P < 0.05)

Table 2. Longitudinal study (n=5), ERa and PR scores of the canine mammary tissues

at different stages of the estrous cycle (mean + SD)

Stage of estrous cycle ERo score PR score
Proestrus 63.37 + 15.06™ " 103.06 + 45.03""
Estrus 68.95 + 21.76™" 122.29 + 28.61°
Early diestrus 72.08 + 24.32" 98.51 + 17.61""
Mid diestrus 40.14 + 11.50° 58.18 +22.19"
Late diestrus 5253 +7.68""° 66.96 + 48.66"
Anestrus 4778+ 12.24"° 127,66 +18.11"
Overall significance P<0.05 P<0.05

Mean (+ SD) within the same column followed by the different superscript letters are
significantly different (P < 0.05)
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Fig. 2 ERa immunostaining in normal canine mammary tissue during different stages of
estrous cycle, anestrus (2A), proestrus (2B), estrus ‘{2(:], early diestrus (20), mid
diestrus (2E) and late diestrus (2F). Arrow head and black arrow show, réspectively,

negative and positive immunostaining cells.
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Fig. 3 PR immuriostaining in normal canine mammary fissue during different stages of

estrous cycle, anestrus (3A), proestrus (3B), estrus (3C), early diestrus (3D), mid
diestrus (3E) and late diestrus (3F). Afrow head and black arrow shaw, respectively,

negative and positive immunostaining cells.
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The significantly high score of the ERa positive nuclear stained cells in cross-
sectional group were shown at proestrus and estrus, whereas the significantly lowest
score were found during diestrus. At anestrus, the ERa score was significantly higher
than at the diestrus bul significantly lower than in estrus. In the longitudinal group, the
lowest ERa. immunostaining score was found at mid diestrus which was significantly
lower than early diestrus and estrus. Moreover highest score was found at early diestrus
but it is not significantly different to proestrus and estrus,

The score of the PR positive cells in the cross-sectional group was lowest at
diestrus, which was significantly different to the athers. In the longitudinal group, the
lowest score was observed at mid diestrus and latediestrus with significantly different to
estrus and anestrus.

24.3 Correlation between serum estradiol-17f and progesterone, and ERa and PR

scores

The significant corrglation was' found between the ERa score and PR score
(positive carrelation, P = 0.01).

The negative correlations were found between the levels of serum progesterong
and ERa score and PR score, theugh not significant (r = -0.37, P = 0.07 and r = -0.38, P

=0.07 respectively).

2.5 Discussion

In the present study, by using immunohistochemistry, the steroid receptors, ERQ
and PR in both cross-sectional and longitudinal studies were evaluated. Comparing
between these two studies, the results of EROL and PR score in normal bitch mammary
gland were similar, which indicated that variation among individual bitch during the
different stages of the estrous cycle may not have a significant effect on the study of
steroid receptor by immunohistechemistry. However, to invesligate more details on the
presence of the ERCL and PR at different progesterone levels during diestrus, the stage
of diestrus should be divided into 3 stages as early diestrus, mid diestrus and late
diestrus as shown in the longitudinal study.

The high EROL score al proestrus, estrus and the low ERQL score in normal

mammary tissue at diestrus were observed in both groups. This may be related to the
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serum estradiabﬂﬁ and progesterone levels as suggested by the studies in  normal
human breast tissue that the expression of ER was detected more in follicular phase
than in luteal phase (Soderqvist et al., 1993). The same as in other reproductive tissue of
mammals such as uterus , in which estradiol has up-regulation effect, whereas
progesterone has down-regulation effect (Dhaliwal et al., 1997; Galabova-Kovacs et al.,
2004; Sukjumiong et al., 2005; Sukjumiong et al, 2003; Vermeirsch et al., 2000;
Vermeirsch et al., 1999; Vu Hai et al., 1977). In addition, in the longitudinal study which
divided diestrus inte 3 stages according to the levels of serum progesterone, it was
shown that during early diestrus, EROL score was still high which confirmed the up-
regulation by estradiol which was slill high at that period. On the other hand, during mid
diestrus when progesterone level was highest, the lowest ERGL score in normal bitch
mammary gland was observed. These results on the bitch mammary gland confirmed
the down-regulation effect by high levels of progesterone as suggested by other earlier
studies human breast tissue (Battersby et al., 1992) and in canine uterine tissues
(Dhaliwal et al., 1997; Vermeirsch ef al., 2000; Vermeirsch et al., 1999). Moreover, it was
supported by the results of the correlation between EROL and progesterone levels from
the present study that progesterone levels was likely to be negatively correlated with
ERa. score in the bitch mammary gland, though it was net significantly different.

In the present study, the lowest PR score was observed during diestrus and mid
diestrus in cross-sectional group and longitudinal group respectively. This may due to
the increasing progesterone levels as suggested by the. study in mice which
demonstrated the down-regulation of PR in mammary glands during pregnancy as the
results from the antagonistic effect of progesterone on estrogen action (Shyamala,
1997). Moreover, the high PR score was found at anestrus, may be the influence of low
progesterone levels and it may indicate the sensitivity for estrogens and progesterone in
a sexual quiescent stage thal react lo decrease progesterone concentration by an
increase PR expression (Vermeirsch et al., 2000). Similary to EROL, the correlation
between PR score and serum progesterone level is likely to be negative correlated and
that the positive correlation was also found between EROL and PR score in the present

study.
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When compared the present investigation with the eardier biochemical study of
ERaO. and PR in the bitch mammary gland and uterus (Donnay et al., 1995b), the results
are not in agreement. The earlier study by Donnay et al. (1995b) demonstrated the
significantly higher ER concentration in the mid luteal phase, and low PR concentration
in the early luteal phase, but during the follicular phase the PR concentrations were quite
constant in the mammary gland. The difference may be explained by the different
method using for detection of the steroid receptors. As the biochemical assay used the
homogenized mammary tissues, therefore the concentration of the receptors obtained
from this technique may be the results of steroid receptors from various tissue types in
addition to mammary epithelial cells.

For the results of correlation, the present siudy demonstrates that the ERoL and
PR scores were more likely tobe negalive correlated with the serum progesterone level,
this finding was in agreement with previous study in human breast tissue that indicated
the expression of EROL was' down-regulated by progesterone (Battersby et al., 1992).
Moreover, the immunohistoghemical study of ERG and PR in macaques mammary
tissue during menstrual cycle demonstrated higher PR expression in the follicular phase
than in the luteal phase (Stute et al, 2004). In contrast, the expression of EROL in
mammary tissue of macaques at follicular phase was negatively correlated with serum
estradiol concentrations (Stute et al., 2004). Therefare, this finding may indicate that the
expression of receptors protein in canine mammary tissues may depend on the level of
circulating progesterone more than astradiul-ﬁﬁ, which reinfarced by the significantly
higher ERCL and PR scare during anestrus than diestrus, when the estradiol-17f levels
were similarly low, but progesterone level was high only during diestrus. Moreover, the
positive correlation between ERCL score and PR score that found in the present study
supported the hypothesis that the presence of PR is indicated that ER was function.
Since PR was identified as an ER-regulated gene product (Graham and Clarke, 1997;
Osbome et al., 2005).

In the mammary gland, the study in primate indicated that the ERQL protein levels
were down-regulated during follicular phase when estradiol levels increase (Cheng et
al., 2005). Conversely, this present study found that the serum estradiol-17 levels were
not down-regulated the EROL score as shown by high level of estradiol-17 during
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proestrus and estrus and no negative correlation found between EROL score and
estradiol levels. This finding may be due to the different of the menstrual cycle and
different in the circulating level of estradiol-17p in different species, in which estradial-
17B in primate species could increase up to 100-350 pg/mL during the follicular phase
{Cheng et al., 2005).

In conclusion, the present study reporied the different finding of steroid
receplors prolein expression in canine mammary tissues, which differed from the
previous biochemical investigation in bitches. The results showed that EROL and PR
were regulated by ovarian steroid hormones, which may be up-regulated by estradiol-
17P and down-regulated by progesterone. The same pattern of the EROL and PR were
demonstrated in both cross-sechional and longitudinal studies. Moreover, it was shown
that the expression of ERGL and PR in canine mammary tissues was negatively
correlated to the levels of progesterone than correlated with estradiol-17B levels.
However, the presence of steroid hormone receptors by immunohistochemical detection
can not indicate their functional state or binding activity. Therefore, the further study on
the receptors mRNA should be performed to investigate the functional state of the

receptors.



CHAPTER I

THE NUMBER OF ERQL AND PR IN THE MAMMARY GLANDS OF
BITCHES WITH AND WITHOUT TUMOR MASS USING
IMMUNOHISTOCHEMICAL ASSAY

3.1 Abstract

The objectives of this study were (o evaluate the expressions of estrogen
receptors (ERat) and progesterone receptors (PR) in histologically normal and tumaral
canine mammary tissues within the same bitch and to correlate between the scores of
both receptors and duration of tumor growth. Twelve tumoral and contralateral normal
mammary lissues, both delermined by hislology were oblained from 12 dogs by surgical
excision. The expressions of ERe and PR were evaluated by avidin-biotin-peroxidase
complex (ABC) method and ERa and PR scores were calculated. The expressions of
the ERo and the PR between normal and tumoral mammary tissues were not
significantly different. The PR expression and duration of tumor growth showed a
significantly inverse correlation. A positive correlalion was found between the number of
the ERa and the PR in both normal and tumoral mammary tissues which may indicate
that either ERa or PR could be used as a prediction of hormonal therapy parameter in
dogs. However, the information about ERea and PR slatus as well as hormonal therapy is
not routinely available in veterinary medicine and it appears that half of the mammary
tumors from the present study are hormone-independent tumors (ERa and PR negative).
Therefore, the treatment of canine mammary tumor by hormaonal therapy should be

carefully considered.
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3.2 Introduction

MNext to skin tumors, mammary tumors are the most common neoplasms in dogs,
in which approximately 40-50% of these tumors are malignant (Fanton and Withrow,
1981). It can be cause of death when the tumor cells are spread to other organs. The
evidence of mammary tumors is thought to be depended on the endocrine status of the
host (Yamagami et al., 1996). Estrogen and progesterone may play an important role in
the pathogenesis of canine mammary tumors (Fanton and Withrow, 1981; MacEwen,
1990; Misdorp, 2002). The ovarian steroid harmones, estrogen and progesterone exert
their actions on target cells predominantly through the binding and activation of the
estrogen receptor (ER) and progesterone receptor (PR) (Brosens et al., 2004). There are
two receptors for estrogen, estrogen receptor alpha and beta (ERa and ERPB
respectively) (Martin de las Mulas et al., 2004). In female, ERa is abundant in classical
estrogen target tissue including mammary gland, while ER- is highly expressed in non-
classical estrogen target tissue such as prostate epithelial, ovarian follicle, (Weihua et
al., 2003). Analysis of the expressions of ERa and PR has become accepted and useful
tools in prognosis and prediction of hormonal therapy respense in human breast cancer
(Snead et al., 1993). Regarding ERa and PR positive breast tumor, it indicated that the
tumor would be depended on estrogen for growth and should be response to hormonal
therapy (Jensen and Desombre, 1997). On the other hand, ERa and PR negative tumor
would be less dependent on estrogen therefore it would be less responsive to hormonal
therapy (Osbome et al., 2005). In dogs, steroid hormone receptors also have been
detected in normal mammary tissue and mammary tumors (Donnay et al., 1995;
Geraldes et al., 2000; Graham et al., 1999; Hamilton et al., 1977; MacEwen et al., 1982;
Nieto et al., 2000). From these earlier studies, different results of ERa and PR status in
normal canine mammary tissues as well as mammary tumors were reported. Regarding
immunohistochemitry, the available data on steroid receptors of normal mammary and
tumoral tissue was done by collecting samples from different bitches. As endocrine
status may vary among individual bitch and it can be the important effects on the
expression of steroid hormone receptors in mammary tissues (Donnay et al., 1995b).

Moreover, regarding immunoshistochemichal technique, there are no previous reports
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on the detection of ERa and PR in normal and tumoral mammary tissues within the same
bitch. Therefore, the objectives of this study were to evaluate the differences between
immunchistologically ERa and PR expression in normal mammary tissue and mammary
tumor from the same bitch and to determine the relation between ERo and PR scores
and the duration of tumor growth.

3.3 Materials and Methods

3.3.1. Animals

A total of 12 adult intact bitches of various breeds bearing mammary tumors
were included in this study. All bilches were referred lo obstetric and gynaecology unit,
Chulalongkom University small animal hospital for treatment of mammary tumor by
surgical excision. In this present study, only adenoma and adenocarcinoma types were
selected to represent for benign and malignant tumors respectively. Moreover, in order
to avoid the different endocrine status ameng individual bitch, mammary tumor and
normal mammary tissues were collected from the same bitch.
3.3.2. Collection of samples

Both mammary tumors and conlralateral normal mammary tissues from the same
bitch were obtained during the surgical procedure. Immediately after surgical excision,
they were fixed in 4% buffer paraformaldehyde up to 48 hrs. Thereafter, they were
dehydrated, embedded in paraffin and 4 pm thick seclions were cut from and placed on
F'nlysina" slides (Menzel-Glazer, Germany). One section was stained with hematoxylin
and eosin, and the other seclions were used for immunohistochemistry.
3.3.2 Histological examination

Sections of each tumor, stained with hematoxylin and eosin, were evaluated
microscopically and classified using the diagnostic criteria proposed by the World
Health Organization classification of tumor in domestic animals (Hampe and Misdorp,
1974). ‘
3.3.3 Immunohistochemistry of estrogen and progesterone receptors

The specimens were deparaffinized in xylene and rehydrated in graded alcohol.
After washing with distilled water, they were subjected to high-temperature antigen
retrieval by incubation with 0.01 M citrate buffer, pH 6.0 in a microwave at high power
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(750 W) for 15 minutes (5 min. x 3). Additional citrate buffer was added if necessary
between each heating in order to prevent slides from drying out. After cooling down at
room temperature for 20 minutes, the slides were rinsed with 10 mM, pH 7.4 phosphate-
buffered saline (PBS). The following procedures were performed at room temperature,
Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol
for 10 minutes, then tissues were rinsed with PBS. Non - specific staining was
eliminated by incubating the sections with normal horse serum for 30 minutes. Excess
serum was removed and the sections were incubated with the specific primary mouse
monoclonal antibody to ERa (Novocastra NCL-ER-LH2, clone CC4-5, dilution 1:50) and
PR (Immunotech, clone 10A3, dilution 1:100) for 2 hours in a humidity chamber. After
primary antibody binding, the sections were washed in PBS and incubated with the
secondary antibody, a biotinylated horse anti-mouse Ig G (Vectastain® ABC kit, Vector
Laboratories, Inc., USA) in a dilution of 1:200 for 30 minutes. After slides were washed in
PBS the sections were incubat?d for 30 minutes with a horseradish peroxidase avidin
biotin complex (Vectastain® ABC kit, Vector Laboratories, Inc., USA). After a final wash
with PBS, the color was developed with a freshly prepared solution of 3, 3' -
diaminobenzidine (DAB kit, Vector Labaratories, Inc., USA). All sections were
counterstained with Mayer's hematoxylin, dehydrated and mounted with glycernne
gelatin for investigation under a light microscope.

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

3.3.4 Evaluation of immunohistochemical data

The immunestaining for estrogen and progesterone receptors was assessed on
the basis of visually estimated percentage of neoplastic 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 human score system was used. 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)
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3.3.5 Statistical analysis

The differences between the expressions of histologically ERa and PR on
normal mammary tissues and mammary tumors were evaluated using Paired T-test and
correlation between ERa and PR scores and duration of tumor growth within the groups
of bitch were evaluated using Spearman’s rank correlation coefficient. A probability of

error (P value) < 0.05 was selected as significant.

3.4 Results

Of the 12 tumors, 4 were histologically malignant (adenocarcinoma) and 8 were
benign (adenoma). All of tumor masses located en the caudal mammary glands of beth
sites (left and right 3%, 4" and 5"). The age number and site of mammary samples of the
bitches are shown in table 3 with EReL score and PR scores in table 4, In general, ERa
and PR immunostaining were localized in the nuclei of normal, benign and malignant
epithelial cells (Figs. 4 and 5). In the negative controls, all nuclei were negative.

Table 3. General information of 12 bitches in the study

Mo, Age Growth site  Diameter Histological type
(yrs) duration {cm.)
{month)
1 8 6 R34 15 Adenoma
2 6 1 RS 2 Adenoma
3 14 2 R4,5 10 Adenoma
4 10 12 R5 10 Adenocarcinoma
5 10 12 L4 20 Adenocarcinoma with lymphatic metastasis
6 8 4 R'& 13 Adenoma
7 3 3 L5 7.5 Adenoma
8 8 12 L4.5 i.b Simple tubulopapillary adenocarcinoma
9 10 12 R3 1.5 Simple tubulopapillary adenocarcinoma
10 2 0.5 L4 6 Adenoma
11 6 2 L35 1.5 Adenoma
12 5 12 R35 6.25 Adenoma

F = female, R = right side, L = left side
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Fig. 4 Immunostaining in canine mammary tissue within the same bitch, 4A and 4B
represent ERoe immunaestaining in normal mammary tissue and benign tumoral tissue,
respectively. 4C and 4D represent PR immunostaining in normal mammary tissue and
benign tumoral tissue, respectively. Arrow head and arrow show, respectively, negative

and positive immunostaining cells.
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Fig. 5 Immunostaining in canine i;ﬁrrimary tissue \lﬂthh the same bitch, 5A and 5B

represent ERa imrnuﬁ'ge;iatrﬂng in normal mammary tissue and i?ﬁgilignant tumoral tissue,
respectively. 5C and 5D represent PR immunostaining in normal mammary tissue and

malignant tumoral tissue, respectively. Arrow head and arrow show, respeclively,

negative and pasitivel immundstaining cells.
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Table 4. Estrogen receptor (ERa) and progesterone receptor (PR) scores in histologically

normal and tumoral mammary tissues in the same dog

ia: Mormal mammary tissue Mammary tumor tissue
ERa score PR score ERa score PR score

1 439 434 0.0 0.0
2 0.0 0.0 0.0 0.0
3 30.7 137.2 289 16.2
4 53.0 124 110.4 117.2
5 437 40.2 0.0 0.0
6 0.0 0.0 0.0 0.0
7 174 18.6 13.7 57.0
8 0.0 00 00 0.0
9 0.0 153.5 0.0 98.6
10 0.0 46.3 0.0 385
1 0.0 00 6.4 13.3
12 0.0 0.0 0.0 0.0

The positive percentages of ERa and PR in normal and tumoral mammary
tissues were shown in table 5. The positive percentages of ERa and PR in normal
mammary tissues were higher than mammary tumars, though they were not significantly
different.

The ERa and PR scores were positively correlated (Spearman's coefficient (P<
0.01) in both normal and tumoral mammary fissues. The expressions of ERa and PR
were not significantly correlated to the duration of tumor growth and tumor size.
However, regarding the groups of benign and malignant tumors separately, PR score
significantly decreased with increased duration of tumor growth (P < 0.05) in malignant
tumors, but not with ERa score. In malignant tumors, ERa and PR score decreased

when tumor size increased, though not significant.
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Table 5. Summary of ERa and PR in normal mammary tissues and mammary tumors

from 12 bitches

Mammary tissues ERo PR

Normal mammary tissues

N 12 12

% Positivity 4167 58.33

Mean + SD 16.20 £ 21.93 37.61 +53.55

Range 0-53 0-153
Mammary tumors

N 12 12

% Positivity 33.33 50.00

Mean + SD 13.28 + 31.82 28.40 + 41.51

Range 0-110 0-117

3.5 Discussion

All of the mammary tumors in this investigation are on the posterior mammary
glands, this finding is reinforced that canine mammary tumors increased in frequency
from anterior to posterior gland (Mann, 1984; Misdorp, 2002).

The presence of ERa and PR in normal and tumoral canine mammary lissues
was detected by using specific monoclonal antibodies directed against human protein.
Immunoreactivity was recognized in normal tissues as well as benign and malignant
tumors in which beth ERo and PR were localized mainly in the nuclear area of alveolar
and tubular epithelial cells. Similar immunostaining results have been found in previous
studies [(Geraldes et al., 2000; Nieto et al,, 2000). Moreover, by using biochemical
assay, earlier studies have reported the similar resulls that ERa and PR could be
detected in both normal and tumaoral canine mammary tissues (Donnay et al, 1995,
Elling and Ungemach, 1983; Hamilton et al., 1977; MacEwen et al., 1982, Rutteman et
al., 1988; Sartin et al., 1992).
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The expressions of the ERa and the PR in normal and tumoral mammary tissues in this
study were not significantly different, which suggested similar regulation of both steroid
receplor expressions in those tissues within the same bitch. In accordance, Millanta et
al. (2005) reported similar results that the immunohistochemical detection of ERa and
PR in canine normal mammary tissue and benign mammary tumor from different dogs
are not significantly different, but they are significantly higher than in carcinoma.
Conversely, Donnay et al. (1995b) found that mean ER concentrations were significantly
higher in normal than tumoral tissue, but PR. concentrations were significantly lower in
normal than in tumor. The discordance may be aifributable to tumor heterogeneity and
different method used for detection of these stereid hormone receptors. In veterinary
practice, in case of mammary tumors, the first recommendation is to remove tumor
masses and the affected glands (Mann, 1984). After surgical excision of the lumars, the
receptor status of the remained mammary glands may alter due to the influence of
ovarian steroid hormones. For further investigation of the sleroid receptors from these
mammary glands, therefore, ovariohysterectomy concurrently performed with tumor
removal may be of useful to eradicate the effect of ovarian steroid hormone on the
expression of the receptor.

From the present study, it seems that nermal mammary glands have higher
mean percentage of ERa as well as PR than mammary tumors from the same bitch
though not significant. Our results confirm other earier study which reported a decrease
in ERa levels from healthy to neoplastic mammary tissues (Millanta et al., 2005).
However, the lack of statistical significance from the present sludy could be related to
the high number of ERx and PR negative results in the normal mammary tissue studied.
In contrast, Geraldes et al. (2000) reported that all benign tumors in dogs analysed
contained PR while high percentage of normal as well as mammary tumars from the
present study were PR negative. The difference between these may attribule to different
hormonal status of the bilches investigated as suggesled by Donnay et al. (1995b).
Moreover, it appears that half of the mammary tumors from the present study are
hormone-independent tumors (ERa and PR negative). Therefore, the treatment of canine
mammary tumor by hormonal therapy should be carefully considered. Besides ovarian

steroid hormones, oestrogen and progesterone, it has been reported that other growth
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factors such as epidermal growth factor, insulin liked growth factor-l and transforming
growth factor (Donnay et al., 1996; Misdorp, 2002; Mol et al., 1997) as well as high-fat
diet may influence on the pathogenesis of mammary gland tumors (Perez Alenza et al.,
2000; Sonnenschein et al., 1991),

A positive correlation was found between the number of the ERa and the PR in
both normal and tumoral mammary tissues. This was in agreement with Donnay et al.
(1995b) and could be related to induction of PR by estrogen binding to the ER (Elling
and Ungemach, 1983; Horwitz and McGuire, 197B). In human breast cancer, the
analysis of the expressions of ERa and PR has become accepted and useful tools in
prognosis and prediction of hormenal therapy (Ilwase et al., 2003; Pichon et al., 1980). It
was shown that a high content of ER in a tumor is associated with a better prognosis
and allows hormonal treatment after surgical excision.

In dogs, the presence of ER and PR also seem to relate to a better prognosis
(Sartin et al., 1992), therefore, the positive correlation between ERa and PR from the
present study may indicate that either ERa or PR could be used as a prediction of
hormonal therapy parameter in dags. In human breast cancer all patients that have ERa
and/or PR positive should be received hormonal therapy (Jensen and Desombre, 1997).
Moreover, PR was defined as an ER-regulated gene product; therefore the presence of
PR may indicate that the ER is function. Therefore, both ERa and PR positive tumor
would response to hormonal therapy more than the ERa positive tumor without PR
(Osbome et al., 2005), However, the information about ER and PR status as well as
hormonal therapy is not routinely available in veterinary medicine.

From the present study, PR score and duration of tumor growth showed a
significant inverse correlation. This finding reinforces the hypothesis that the
development of breast cancer is pararelled by a progressive decrease in hormone
dependence. The progression fowards malignancy in spontaneous canine mammary
tumor is accompanied by a decrease in hormone steroid dependency and an increase
in autonomous growth (Rutteman et al., 1988; Schmitt, 1995).

Four bitches from the study did not demonstrate either ERa or PR expression at

all, this may due to several factors such as the lack of steroid receptors, the undetected
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receptors by monoclonal antibody but might still be function or non-functional status of
the receptors.

In conclusion, the present study showed that both normal and tumoral mammary
tissues from bitches have heterogeneous expression of steroid receptors, ERa and PR.
The results from this study may be used for the further investigation of the recurrence of
tumors in the non-removal mammary gland and also useful to select the appropriate
therapy for canine mammary tumors after surgical treatment. However, hormonal
therapy could be applied with cautious in dog mammary tumors as half of the mammary
tumors investigated from the present study may be categorized as hormone-
independent tumors (ERa negative/PR negative) and further studies about hormonal
therapy for mammary gland tumaors should be investigated in veterinary medicine.



CHAPTER IV

THE EFFECT OF LONG-ACTING GnRH AGONIST (DESLORELIN) ON ERa
AND PR IN CANINE MAMMARY TISSUE

4.1 Abstract

The objective of this study was to evaluate the expressions of estrogen receptors
alpha (EROL) and progesterone receptors (PR) in normal mammary tissues of bitches
before and after GnRH agonist, deslorelin implantation. Twenty four puberty bitches with
no any pathological condition of the mammary gland, during anestrous stage were
selected and divided into two groups: twelve bitches were implanted with placebo
(placebo or control group); and the other twelve bitches were implanted with 9.4 mg
deslorelin (deslorelin group). Mammary tissues were collected from all bitches before
implantation and at 1, 2 and 12 weeks after implantation. The expressions of ERL and
PR were evaluated by avidin-biotin-peroxidase complex (ABC) method and ER and PR
scores were calculated. The highest scores of both ERoL and PR were found at 2 weeks
after deslorelin implantation with significantly different to other stages. This finding
indicated that deslorelin may effect the expression of EROL and PR by influenced on the
hypothalamic-pituitary-ovarian axis, in which stimulated the expression when initial
implantation and subsequently suppressed after sustained stimulation.

4.2 Introduction

Endocrine therapy has been widely used for treatment of breast cancer in
women. Ovarian ablation was first used in the palliation of young women with metastatic
breast cancer in 1896 (Santen et al., 1990). Until present, medical hormonal ablation of
various types is commonly used to treat human breast cancer (Corbin, 1982; Emens and
Davidson, 2003; Santen et al., 1990). The purpose of hormonal therapy is to prevent
further estrogen stimulation of breast cancer cells. This can be achieved by several
different strategies, including blocking the receptors with specific estrogen receptor

modulators such as tamoxifen which are estrogen receptor antagonist. Other strategies
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of hormonal therapy are also used which are suppression of estrogen synthesis by
aromatase inhibitors, or by use of luteinizing hormone-releasing hormone (LHRH)
analogues (Emens and Davidson, 2003; Santen et al., 1990). Regarding tamoxifen,
which was used as an anti-estrogen at some target sites in the dog, may yet prove to be
tumor-static for mammary tumors. However, its use will have to be restricted to spayed
bitches, and even in these animals the high incidence of estrogenic side effects means
that it is unlikely to become as widely used as it is in women (Morris et al., 1993).

Previous study about GnRH-agonist (Goserelin) on the growth of hormone-
dependent canine mammary tumors showed that the inhibitory action of this GnRH
agonist cause objective response to treatment after 3 months (Lombardi et al., 1999).
This GnRH agonist initially stimulates the hormone secretion, but will subsequently
cause a down-regulation of GnRH receplors resulting in the inhibition of luteinizing
hormone production upon continuous exposure. Moreover, Goserelin inhibits the
proliferation of the tumor cells by interfering with the stimulatory action of epidermal
growth factor (EGF) (in wvitro studies) (Pagnini et al, 2002) and decrease ovarian
estradiol production indirectly by blocking of the hypethalamic-pituitary-ovarian axis. For
Deslorelin, which is a slow release and long acting synthetic agonist of GnRH was
reported for control fertility on both male and female dogs (Trigg et al., 2001; Wright et
al., 2001). Average plasma level of deslorelin following subcutaneous implantations to
the dogs was more than 1 pg/day for period of more than 1 year (Trigg et al., 2001).
Until present, no study has been done on the effect of deslorelin on the number of
canine mammary stercid receptors,

The studies of sex hormane manipulation are important for hormone-dependent
mammary tumors. For further understanding of the effect of deslorelin implantation
involved in canine normal mammary tissues, in relation to steroid hormone receptors, the
expressions of ERQ and PR in normal mammary glands before and after deslorelin

implantation were investigated in the present study.
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4.3 Materials and methods

4.3.1 Animals

Twenty four healthy anestrous bitches of mixed breeding, aged between 2-3
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 (placebo or control
group), referred as placebo implantation, group 2 (deslorelin group), referred as
deslorelin implantation. Blood samples were laken before the experiment from both
groups to assess hematology and blood chemistry values, as well as estradiol and
progesterone circulating levels. Stage of estrus cycle was also cenfirmed by cytological
examination of vaginal cytology and serum progesterone level (Feldman and Nelson,
1996).
4.3.2 Drug administration and samples 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, MSW, Australia. Implanis were
manufactured by a proprietary method that involved extrusion of deslorelin with a matrix
consisting principally of low-melting point lipids and biological surfactant. Each implant
contained 4.7 mg of 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. In a real
lime in vitro dissolution system, these implants released doses of more than 1Jig / day
for period of more than 1 year (Trigg et al., 2001).

Blood sample were taken at 1 and 2 week after implantation, and every 2 week
intervals for 3 months from all degs to assess treatment lolerability and changes in
hematology and blood chemistry values, as well as estradiol-17 and progesterone
circulating levels.

Normal mammary tissues were obtained before implantation and at 1, 2 and 12
weeks after implantation by incisional biopsy under general anesthesia. Immediately

after surgical excision, they were fixed in 4% paraformaldehyde up to 48 hours.
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Thereafter they were dehydrated, embedded in paraffin and 4 Jim thick sections were
cut from each block and mounted on Polysine™ slides (Menzel-Glazer, Germany). The
sections were used for immunohistochemistry,
4 .3.3 Immunohistochemistry of estrogen and progesterone receptors

The specimens were deparaffinized in xylene and rehydrated in graded alcohol.
After washing with distilled water, they were subjected to high-temperature antigen
retrieval by incubation with 0.01 M citrate buffer, pH 6.0 in a microwave at high power
(750 W) 15 minutes (5 min. x 3) for PR, and 25 minutes (5 min. x 5) for ERoL. Additional
citrate buffer was added if necessary between each heating in order to prevent slides
from drying out. After cooling down at room temperature for 20 minutes, the slides were
ninsed with 10 mM, pH 7.4 phosphate-buffered saline (PBS). The following procedures
were performed at room temperature. Endogenous peroxidase activity was blocked with
3% hydrogen peroxide in methanol for 10 minutes, then tissues were rinsed with PBS.
MNon - specific staining was eliminated by incubating the sections with normal horse
serum for 30 minutes. Excess serum was removed and the sections were incubated with
the specific primary mouse monoclonal antibody to ERGL (Dako, clone 1D5, dilution
1:50) for 3 hours at 37°c and PR (Immunotech, clone 10A9, dilution 1:100) for 2 hours at
room temperature all slides were placed in a humidity chamber. After primary antibody
binding, the sections were washed in PBS and incubated with the secondary antibody, a
biotinylated horse anti-mouse IgG (Vectastain® ABC kit, Vector Laboratories, Inc., USA)
in a dilution of 1:200 for 30 minutes. After slides were washed in PBS the sections were
incubated for 30 minutes with a horseradish peroxidase avidin biotin complex
(Vectastain® ABC kit, Vector Laboratories, Inc., USA). After a final wash with PBS, the
color was developed with a freshly prepared solution of 3, 3' — diaminobenzidine (DAB
kit, Vector Laboratories, Inc., USA). All sections were counterstained with Mayer's
hematoxylin, dehydrated and mounted with glycerine gelatin for investigation under a
light microscope.

The samples that were treated with non-immune serum, instead of the specific
antibody, were run as negative controls. Mormal canine uterus at estrous stage known to

express EROL and PR was served as positive controls.



42

4.3.4 Evaluation of immunohistochemical data

The immunostaining for estrogen and progesterone receptors were assessed
on the basis of visually estimated percentage of alveclar 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 ERCt and PR. The human score system
was used. EROL 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 celor{Snead et al., 1993).
4.3.5 Estradiol-17P and progesterone assays

Serum estradiol concentrations were measured by chemiluminescent
immunoassay system, using IMMULITE® Estradiol kit (Diagnestic Products Corporation,
Los Angeles, CA, USA). The within-assay coefficients of variation ranged from 1.9 10 5.9
%. Serum progesterone concentrations were measured by using a commercial solid-
phase progesterone radioimmunoassay (Coat-A-Count Progesterone kilm. Diagnostic
Products Corporation, Los Angeles, CA, USA). The progesterone standards used were
0,0.1, 0.5, 2, 10, 20 and 40 na/ml. The within-assay coefficients of varation ranged from
7to9%.
4.3.6 Statistical analysis

Data were handled and statistically analyzed using the SAS statistical package
(version 9, SAS Institute, Inc., 2002, Cary, NC, USA). Normal distibution of residuals
from the statistical models was tested using UNIVARIATE procedure option NORMAL.
Differences in mean numbers of ERQL score and PR score were lested using analysis of
varance. The statistical model included the fixed effects of stage (four groups: before
implantation, 1 week after 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 ERCL and PR scores and serum level of estradiol-17f and progesterone were
evaluated using Pearson’s correlation coefficients. A P-value < 0.05 was considered

statistically significant.
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4.4 Results

In all bitches, there was no allergic or inflammatory reaction observed at the site
of implantation at any time of the study. The hematology and serum chemistry parameter
tested every 2 weeks, for each bitch was in normal range. (data were not shown).

Before implantation, estrous sign was not found in all bitches in both groups. In
deslorelin group, bloody vaginal discharge was observed al approximately 1 week after
implantation. The estrous signs were slill observed and continued until 2 to 3 weeks

later.

4.4.1 Serum hormone concentrations

Before implantation, all 24 bilches in both deslorelin and placebo groups were in
anestrus as classified by vaginal cytalogy and serum progesterone concentrations. The
average serum progesterone concentration in deslorelin group was 0.23 + 0.23 ng/ml,
and in placebo group the average conceniration was 0.22 + 0.15 ng/ml.

In the deslorelin group, the serum estmdiuk'i?ﬂ and progesterone levels in all
12 bitches were demonstrated in Fig. 6A. The serum estradiol-17[ level was high before
implantation and subsequently decreased after implantation. The serum progesterone
level increased at 2 weeks after implantation and subsequently decreased at 12 weeks
after implantation. In the placebe group, the serum estradiol-17p and progesterone
levels in all 12 bitches changed according to the stages of the estrous cycle which were
shown in Fig. 6B.
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Fig. 6A The levels of serum estradiol-17f and progesterone in bitches during different

stages of deslorelin implantation, mean + SD
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Fig. 6B The levels of serum estradiol-17B and progesterone in bilches during different

stages of placebo implantation, mean + SD

4.4.2 Immunchistochemistry

The pesitive immunolecalization of the EROL and PR were found in the nuclei of
alveolar and tubular epithelium of canine mammary tissues in both groups (Fig. 7 and
Fig. 8 respectively). The EROL and PR immunostaining scores (mean + SD) before
implantation and 1 week, 2 weeks and 12 weeks after implantation, in both deslorelin

and placebo groups were shown in table 6 and 7 respectively,
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Table 6. ER score of the canine mammary tissues, at different stages of deslorelin and

placebo implantations (mean + SD)

Stage of implantation Deslorelin implantation Placebo implantation
Before implantation 35.14 + 7.33"" 38.56 + 8.11""
1 week after implantation 31.00 + 11.98"" 39.28 + 15.78™"
2 weeks after implantation 59.33 + 19.27"" 3149+ 11.11™"
12 weeks after implantation 32.67 + 10.84™" 32.78 + 11.46™"

Mean (+ SD) 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 < 0.05)

Table 7. PR score of the canine mammary lissues, al different stages of deslorelin and

placebo implantations (mean + SD)

Stage of implantation Deslarelin implantation Placebo implantation

Before implantation 35,59 + 9 50™* 68.22 + 27.69" ™
1 week after implantation 38.57 + 1287 74.11 + 28.30"°
2 weeks after implantation 60.04 + 10.36™ ™ 72.44 + 20.61"
12 weeks after implantation 53.36 + 11.21™* 49.18 + 19.07*"

Mean (+ SD) 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 < 0.05)
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. -

Fig. ¥ ERCL immunostaining in ufrnal canine mammary tissue during different stages of deslorelin
and placebo implaitations, 7A, 7B, 7€ and 7D represent ERGL immunostaining &t before, after 1
week, after 2 weeks and after 12 weeks of deslorelin implantation respectively.7E, 7F, 7G and TH
represent EROL immunostaining at before, after 1 week, after 2 weeks and afier 12 weeks of placebo
implantation respectively. Arrow head and armow show, respectively, negative and positive

immunostaining cells,
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Fig. 8 PR immunostaining in normal canine mammary tissue during different stages of deslorelin and

after

placebo implantations, 8A, 8B, BC and 8D represent PR immunostaining at before, after 1 week

8G and 8H represent PR

2 weeks and after 12 weeks of deslorelin implantation respectively, BE, BF,

after 1 week, after 2 weeks and after 12 weeks of placebo implantation

immunostaining at before,

immunostaining celis,

respeclively. Arrow head and arrow show, respectively, negative and positive
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The significantly higher EROL score in the deslorelin group were shown at 2
weeks after implantation, while the ERO immunostaining score at other stages was not
significantly different. When compared between groups, at 2 weeks after implantation
the EROL score in the deslorelin group was significantly higher than the placebo group.

The score of the PR pasitive cells in the deslorelin group was highest at 2 weeks
after implantation, which was significantly different to before implantation. In the placebo
group, the lowest score was observed at 12 week after implantation which was
significantly different to 1 week after implantation. When compared between deslorelin
group and placebo group, the significantly higher of the PR scores were observed in the

placebo group before implantation and 1 week after implantation.

4.4.3 Cormelation between serum estradiol-17f and progesterone, and ER@ and PR
SCOres

The positive correlation was found between the ERO score and PR score in both
deslorelin and placebo groups (r = 0.48, P = 0.01 and r = 0.39, P < 0.01 respectively).
The positive comrrelation was found between the levels of serum progesterone

and ERQ. score in deslorelin group (r = 0.53, P < 0.01).

4.5 Discussion

In the present study, all bitches in deslorelin group showed estrous signs after
implantation and subsequently tumed to quiescent stage. This finding demonstrated the
stimulating effect of deslorelin on the hypothalamic-pituitary-ovarian axis, which induced
pituitary follicle stimulating hormane (FSH) and luteinizing harmone (LH). Subsequently,
ovarian steroid secretion was induced bul it would be suppressed after sustained
stimulation which caused by desensitization of GnRH receptor in the anterior pituitary
and brain (Corbin, 1982).

The highest ERCL score at 2 weeks after implantation were observed in deslorelin
group. Al this stage, all 12 bitches showed the estrous sign, detected by vaginal
cytology and hormonal pattern in which astradiul-1?l3 concentrations being decreased

while progesterone concentration increased. This finding indicated the stimulating effect
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of this GnRH agonist; deslorelin, at early stage after implantation. The ERQL score was
low at 12 weeks after implantation in deslorelin group, which may due to the
suppression effect of GnRH agonist through the ovarian function. This finding supported
the study in human uterine leiomyomas which demonstrated the decreasing of ERQ
expression after long term GnRH agonist therapy (Vu et al., 1998). In placebo group, the
EROL score was constantly low in all stages of implantation due to anestrous stage of
bitches, in which serum progesterone concentration was not changed throughout the
stage. When compared between deslorelin and placebo groups. the EROL score in
deslorelin group was higher than in placebo group at 2 weeks after implantation, this
may be caused by the stimulating effect of deslorelin at early stage of implantation.

As for EROL, PR score was significantly high al 2 weeks after implantation in
deslorelin group. This similar pattem of the expression of both receptors may be due to
the stimulating effect of deslorelin on the ovarian activity as previously described for
ERdL. In placebo group, the constant score of PR was observed at before, 1 and 2
weeks after implantation, whereas lower score was found at 12 weeks after implantation.
This may be caused by the increasing serum pregesterone concentrations at 12 weeks
after implantation resulting in the down-regulation of PR at that stage for placebo group.
When compared between groups before the implantation, the mean PR scores in
placebo group were higher than in deslorelin group, which may cause by the variation of
receptor expression in the individual bitch rather than from the effect of deslorelin.
However, the PR scores in placebo group were similar before implantation until 2 weeks
after implantation. At 12 weeks after placebo implantation, two bilches in this group
were in estrus which made the serum estradiol-17p increased. Moreover, two bilches in
this group turmned to the 'stage of diestrus which made the serum ‘progesterone
increased as well, and may result in the down-regulation of PR at that stage. However,
the rest of the bitches were still in anestrus.

The present study demonstrated the highest estradiol-17 8 concentration before
implantation in deslorelin group. This finding may be due to the fluctuation of the
estradiol-17 concentration in individual bitch at anestrus which are assumed to derive
from waves of follicle development (Feldman and Melson, 1996) or the stage of eslrous

cycle may be in late anestrus. However, the highest estradiol-17f concentration from
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the bitches of this group might be shown during first and second week (at mid-estrous
stage) was in between the time of data collection of the study. In placebo group, the
highest estradiol-1 ?ﬂ concentration was found at 12 weeks after implantation, which
caused by the estrous bitches at that time. For the results of correlations, the deslorelin
group demonstrated that the ERQL score was positive correlated with the serum
progesterone level. This finding was not in agreement with the previous studies in
normal mammary tissues in other species (Battersby et al., 1992; Shyamala et al., 2002}
and canine uterine tissue (Vermeirsch et al., 2000; Vermeirsch et al., 1999), which were
demonstrated the negative correlation. This can be explained that at the stimulation
stage of deslorelin (at 2 weeks after implantation), the serum progesterone level was
increasing but were not high enough to suppress the expression of the EROL. This
explanation revealed the specific physiclogical estrous steroid hormones in dog which is
different from other species. Moreover, the positive correlation between EROL score and
PR score that found in the present study supported the hypothesis that the presence of
PR is indicaled that ER was function. Since PR was identified as an ER-regulated gene
product (Graham and Clarke, 1997; Osbome et al., 2005).

In conclusion, this is the first report on the effect of deslorelin on ovanan steroid
receptors in normal mammary tissues. The results from the present study showed the
similar pattern on the expression of both ERGL and PR, which was up-regulated in the
stimulation stage (at 2 weeks after deslorelin implantation) and down-regulated in the
quiescent stage (12 weeks after deslorelin implantation). In addition, further study on the
longer-period effect of deslorelin implantation in hormene-dependent canine mammary
tumor should be performed to investigate the alteration of mammary tumor tissue in
relation to the ovarian steroid hormone receptors and to make the alternative method for

canine mammary tumar therapy.



CHAPTER V

GENERAL DISCUSSION AND CONCLUSIONS

The growth and development of the canine mammary gland and etiology of the
mammary gland tumors were regulated by numerous factors. The owvarian steroid
hormones; estrogen and progesterone also played an important role in the development
of the noermal and tumoral mammary tissue. In order to better understand the regulation
and role of ovarian steroid receptors on the varous conditions of canine mammary
tissues, the immunchistochemical detection of estrogen receptor alpha (ERa) and

progesterone receptor (PR) was investigated.

5.1. Methodological considerations
5.1.1. Animals

The bitches in expenment 1 and 3 had a reproductive history with no
complications from any repreductive disease. All of these bitches showed normal estrous
cycle with no any pathological finding on the mammary glands. In expernment 2, the
difference of the steroid receptors localization between normal and mammary tumor
tissues in the same bitch was compared. Normal mammary tissues from the same bitch
were collected from contra-lateral mammary gland and confirmed with the histological
examination.

5.1.2. Immunohistechemical assay

The advantages of immunchistochemical assay with respect to others
biochemical assays are the ability to observe the precise histological identification of
lissue structure with ovarian steroid receptors protein. Moreover, this technique can use
the routine histological methods for tissue fixation and processing. However, the variation
in sensitivity and specificity of the antibodies used i.e, different antibodies to the same
protein as well as different protocols may give different resulls. The scoring method used
in this study followed the human scoring system, which counted the different levels of the

intensity, calculated and presented as continuous data.



52

5.2. Immunohistochemistry

The steroid receptors ERa and PR are discussed separately for each condition
of mammary lissues. In general, the immunostaining of the ERa and PR was localized in
the nuclei of alveolar and tubular epithelial cells.

5.2.1. Normal mammary tissues in cyclic bitches

The same pattemn of the ERa and PR scores in both cross-sectional group and
longitudinal group was observed. The high ERa score at proestrus, estrus and the lowest
ERa score at diestrus were observed in both groups. The varation in ER score during
different stages of the estrous cycle may be related to the serum estradiol-17f and
progesterone levels, it was high when serum level of estradiol-17p was high, whereas
low score was observed when serum progesterone level was low. Also for PR, The lowest
PR score was observed during diestrus and mid diestrus in cross-sectional group and
longitudinal group respectively may due o the increasing progesterone levels at that
stage.

The ERec and PR scores were negative correlated with the serum progesterone
level, while the level of estradiol-17@ was nol comelated with the receplors scores. In
conclusion, the results showed that ERa and PR were regulated by ovarian steroid
hormones, which may be down-regulated by progesterone. Estradiol-17p seems to have
the up-regulation on the presence of ERa and PR.

5.2.2. Normal mammary tissues and tumoral mammary lissues

Immunostaining was recognized in normal mammary tissues as well as benign
and malignant mammary tumors. The ERa and PR scores between normal and tumoral
mammary tissues were not different in the same bitch. This finding suggested similar
regulation of both steroid receptor expressions in those tissues within the same bitch.
However, it seems that normal mammary glands have higher mean percentage of ERa
as well as PR than that in mammary tumors from the same bitch though net significant.

A positive correlation was found between the number of ERx and PR in both
normal and tumoral mammary lissues. The positive correlation between ERa and PR
from the present study may indicate that either ERaxt or PR could be used as a prediction
parameter of hormonal therapy in bitches. Moreover, it appears that half of the mammary

tumors from the present study are hormone-independent tumors (ERa and PR negative).
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This finding supports the multifactorial causes of mammary tumor in animal and human,
Therefore, the treatment of canine mammary tumor by hormonal therapy should be
carefully considered.

5.2.3. Mammary tissues of deslorelin implanted bitches

The immunostaining of ERa and PR were observed in both deslorelin implanted
and placebo implanted groups. The ERa and PR score in deslorelin implanted group
were highest at 2 weeks after implantation, in which deslorelin played the stimulatory
effect on the hypothalamic-pituitary-ovarian axis. Moreover, the receptor scores were low
at 12 weeks after implantation which showed the suppression of the hypothalamic-
pituitary-ovarian axis after sustained stimulation. In placebo implanted groups, the
receptor scores were not significantly different, this finding may be caused by the stage
of the estrous cycle of the bitches in this group were mostly in anestrus,

The positive correlation between the level of progesterone and ERo. score was
observed in deslorelin implanted group. This finding was not in agreement with other
previous studies in normal mammary tissues in other species (Baltersby et al,, 1992;
Cheng et al., 2005; Rickelts et al., 1991; Soderqvist et al.,, 1993) and canine uterine
lissue (Vermeirsch et al., 1999), which demonstrated the negative correlation. This can
be explained that at the stimulation stage the serum progesterone level was increasing
but were not high enough to suppress the expression of the ERa. In conclusion,
deslorelin may have the effect on the expression of ovarian steroid receptors of canine
mammary tissue by acting on the hypothalamic-piluitary-ovarian axis, in which stimulated
the expression when initially implanted and subsequently suppressed after sustained

stimulation.

5.3. Conclusions

The immunopresence of ERa and PR in various conditions of canine mammary
tissues in the present study supported the hypothesis that the ovarian steroid hormones,
estrogen and progesterone play an important role in the growth and development of
normal canine mammary gland and also in pathogenesis of the canine mammary tumars.
The estradiol-17f8 and progesterone levels had the effects on the expression of their

receptors, which was up-regulated by estrogen and down-regulated by progesterone.
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The status of the receptors can be used as a predictive marker for endocrine therapy
response and can also be a useful tool to select mode of therapy in canine mammary
tumors. The GnRH agonist (Deslorelin) had an effect on the expression of ERa and PR in
normal canine mammary lissues by acling on hypothalamic-pituitary-ovarian axis, which
suppressed the production of ovarian steroid hormones, therefore at 12 weeks after
implantation the expression of steroid receptors, both ERa and PR was down-regulated.
Further study on receptors mRNA should be performed to investigate the
functional state of the receptors. Moreover, deslorelin implantation should be performed
on the bitches with hormone-dependent mammary tumor to investigate the effect of
deslorelin on mammary tumor and to make the altemative method for the treatment of

canine mammary tumaor.



REFERENCES

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

Battersby, 5., Robertson, B. J., Anderson, T. J., King, R. J. and McPherson, K. 1992,
Influence of menstrual cycle, panty and oral contraceptive use on steroid
hormone receptors in normal breast. Br.J Cancer 65; 601-607.

Bocchinfuso, W. P. and Korach, K. 5. 1997, Mammary gland development and
tumerigenesis in estrogen receptor knockout mice. J Mammary Gland Biol
Neoplasia 2: 323-334,

Bocchinfuso, W. P., Lindzey, J. K Hewitt, S. C., Clark, J.A:, Myers, P. H., Cooper, R,

and Korach, K. 5. 2000. Induction of mammary aland development in estrogen

receptor-alpha knockoutmice. Endocnnology 141: 2982-2994.
Brosens, J. J., Tullet, J., Varshochi, R, and Lam, E. W. 2004, Steroid receptor action.
Best Pract Res Clin QObstet Gynaecol 18:265-283.

Cheng, G., Li, Y., Omolo, Y., Wana, Y., Berg, T., Nord, M_, Vihkeo, P., Warner, M., Piao, Y
S. and Gustafsson, J. A, 2005. Difierential regulation of estrogen receptor
(ER)alpha and ERbeta in primate mammary gland. J Clin Endocrinol Metab 90:
435-444,

Clark, J. H., Hsueh, A. J. and Peck, E. J., Jr. 1977. Regulation of estrogen receptor
replenishment by progesterone. Ann N Y Acad 5¢Ci 286: 161-179.

Concannon, P. W., Spraker, T. R., Casey, H. W. and Hansel, W." 1981. Gross and
histopathologic effects of medroxyprogesterone acetate and progesterone on
the mammary glands of adult beagle bitches: Fertil Stenl 36: 373-387.

Corbin, A. 1982. From contraceplion to cancer: a review of the therapeutic applications
of LHRH analogues as antitumor agents. Yale J Bigl Med 55: 27-47,

Dhaliwal, Gi K., England, 'G. C. and, Noakes, D. E, 1997, /Immunocytochemical
localization of oestrogen and progesterone receptors in the uterus of the normal
bitch during eestrus and metoestrus. J Reprod Ferdil Suppl 51: 167-176.

Donnay, |., Rauis, J., Devieeschouwer, N., Wouters-Ballman, P., Leclercg, G. and

Verstegen, J. 1995a. Comparison of eslrogen and progesterone receplor



56

expression in nermal and tumer mammary tissues from dogs. Am J Vet Res 56:
1188-1194.

Donnay, 1., Wouters-Ballman, P., Devieeschouwer, M., Leclercg, G. and Verstegen, J.
1995b. Changes in cestrogen, progesterone and epidermal growth factor
receptor concentrations and affinities during the oestrous cycle in the normal
mammary gland and uterus of dogs. Vet Res Commun 19: 101-113.

Donnay, |, Deveeschouwer, N., Wouters-Ballman, P., Leclercq, G. and Verstegen, J.
1996. Relationship between receptors for epidermal growth factor and steroid
hormones in normal, dysplastic and neoplastic canine mammary tissues. Res
Vet Sci 60: 251-254.

El Etreby, M. F., Muller-Peddinghaus, R., Bhargava, A. S., El Bab, M. R., Graf, K. J. and
Trautwein, G. 1980. The role of the pituitary gland in spontaneous canine
mammary tumorigenesis. Vel Pathal 17: 2-16.

Eling, H. and Ungemach, F. R 1983. Simullaneous occumrence of receptors for
estradiol, progesterone, and dihydrotestosterone in canine mammary tumors. J
Cancer Res Clin Oncol 105: 231-237.

Emens, L. A. and Davidson, N. E. 2003. Adjuvant hermonal therapy for premenopausal
women with breast cancer. Clin Cancer Res 9: 4865-494S.,

Fanton, J. W. and Withrow, S. J. 1981. Canine Mammary Neoplasia: An Overview.
California Vet. 7: 12-16.

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

Galabova-Kovacs, G., Walter, I., Aurich, C. and Aurich, J. E. 2004. Steroid receptors in
canine endometrial cells can be regulated by estrogen and progesterone under
in vitro conditions. Theriogenology 61: 963-976.

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: 403-406.



57

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

Graham, J. D. and Clarke, C. L. 1997. Physiological action of progesterone in target
tissues. Endocr Rev 18: 502-519,

Hahn, K. A., Richardson, R. C. and Kapp, D. W. 1992. Canine malignant mammary
neoplasia: biological behavior, diagnosis, and treatment alternatives. J Am Anim
Hosp Assoc 28: 251-256.

Haines, D. M. and Chelack, B. J. 1991. Technical considerations for developing
enzyme immunohistochemical staining procedures on formalin-fixed paraffin-
embedded tissues for diagnostic pathology. J Vet Diagn Invest 3: 101-112.

Hamilton, J. M., Else, R. W. and Faorshaw, P. 1877. Oeslrogen receptors in canine
mammary tumours. Vet Rec 101: 258-260.

Hampe, J. F. and Misdorp, W. 1974, Tumours and dysplasias of the mammary gland.
Bull World Health Organ 50: 111-133.

Hoffer, R. E. 1974. Skin and its adnexa, bums. In J, Archibald (Ed.), Canine surgery:
107-129. California; American veterinary publications, Inc.

Horwitz, K. B. and McGuire, W. L. 1978, Muclear mechanisms of estrogen action.
Effects of estradiol and anti-estrogens on estrogen receplors and nuclear
receptor processing. J Bigl Chem 253: 8185-8191.

lwase, H., Zhang, Z., Omoto, Y., Sugiura, H., Yamasl?itaral-L. Tayama, T., lwata, H. and
Kobayashi, S. 2003. Clinical significance of the expression of estrogen
receptors alpha and beta for endocrine therapy of breast cancer. Cancer
Chemother Pharmacol 52 Suppl 1: 534-38.

Jensen, E. V. and Desombre, E. R, 1997. Steroid hormone binding and hormone
receptors. Cancer medicine: 1049-1065, Balimore: Williams & Wilkins.

Keightley, M. C. 1998. Steroid receptor isoforms: exceplion or rule? Mol Cell
Endocringl 137: 1-5.

Lantinga-van Leeuwen, |. S., van Garderen, E., Rutteman, G. R. and Mol, J. A. 2000.

Cloning and cellular localization of the canine progesterone receptor: co-



58

localization with growth hormone in the mammary gland. J Steroid Biochem Mol
Bial 75: 219-228.

Lombardi, P., Florio, S.. Pagnini, U.. Crispino, A. and Avallone, L. 1999. Ovaran
function suppression with a GnRH analogue: D-ser(But[t])[6]-Arzgly[10}-LHRH
(Goserelin) in hormone dependent canine mammary cancer. ) Vet Pharmacol
Ther 22: 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: 2255-2259.

MacEwen, E. G. 1990. Spontaneous tumaors in dogs and cats: models for the study of
cancer biology and treatment. Cancer Metastasis Rev 9: 125-136.

Mann, F. A. 1984. Canine mammary gland neoplasia. Canine practice 11: 22-26.

Martin de las Mulas, J., Van Niel, M., Millan, Y., Ordas, J., Blankenstein, M. A., Van Mil,
F. and Misdorp, W. 2002, Progesterone receplors in normal, dysplastic and
tumourous feline mammary glands. Comparison with cestrogen receptors status.
Res Vet Sci 72: 153-161.

Martin de las Mulas, J., Ordas, J., Millan, M. Y., Chacon, F., De Lara, M., Espinosa de
los Monteros, A., Reymundo, C. and Jover, A. 2004. Immunohistochemical
expression of estrogen receptor beta in normal and tumoral canine mammary
glands. Vet Pathol 41: 269-272.

Millanta, F., Calandrella, M., Bar, G., Niccolini, M., Vannozzi, |. and Pali, A. 2005.
Comparison of steroid receplor expression in normal, dysplastic, and neoplastic
canine and feline mammary lissues. Res Vet Sci 79: 225-232.

Misdorp, W. 2002. Tumors of the mammary gland. In D. J. Meuten (Ed.), Tumors in
domestic animals: 575-606. Ames: lowa stale press.

Mal, J. A., Selman, P. J., Sprang, E. P., van Neck, J. W. and Oosterlaken-Dijksterhuis, M.
A. 1997. The role of progestins, insulin-like growth factor (IGF) and IGF-binding
proteins in the normal and neoplastic mammary gland of the bitch: a review. J
Reprod Fertil Suppl 51: 339-344.

Momis, J. 5., Dabson, J. M. and Bostock, D. E. 1993, Use of tamoxifen in the control of
canine mammary neoplasia. Vet Rec 133: 538-542.



59

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: 239-247.

Osborne, C. K., Schiff, R., Arpino, G., Lee, A. 5. and Hilsenbeck, V. G. 2005. Endocrine
responsiveness: understanding how progesterone receptor can be used to
select endocrine therapy. Breast 14: 458-465.

Owen, L. N. 1979. A comparative study of canine and human breast cancer. Invest
Cell Pathol 2: 257-275.

Pagnini, U., Florio, S., Crispino, L., Pagnini, G., Colangele, B., Rocco, D., Pacilio, C.,
Pacilio, M., Macaluso, M. and Giordano, A. 2002. Direct effect of a
gonadotropin-releasing hormone agonist on the growth of eanine mammary
tumour cells. J Cell Biochem 85: 470-481.

Perez Alenza, M. D., Pena, L., del Castillo, N. and Nieto, A, |. 2000. Factors influencing
the incidence and prognosis of canine mammary tumours. J Small Anim Pract
41: 287-291.

Periow, L. S. and Holland, J. F. 1984. Chemotherapy of breast cancer. Med Oncol
Tumeor Pharmacother 1: 169-192.

Pichon, M. F., Pallud, C., Brunet, M. and Milgrom, E. 1980. Relationship of presence of
progesterone receptors to prognosis in early breast cancer. Cancer Res 40:
3357-3360.

Ramos-Vara, J. A. 2005. Technical aspects of immunohistochemistry. Vel Pathol 42:
405-426.

Ricketts, D., Tumbull, L., Ryall, G, Bakhshi, R., Rawson, N. S., Gazet, J. C., Nolan, C.
and Coombes, R. C. 1991. Estrogen and progesterone receptors in the normal
female breast. Cancer Res 51: 1817-1822.

Rutteman, G. R., Misdorp, W., Blankenstein, M. A. and van den Brom, W. E.  1988.
Oestrogen (ER) and progestin receptors (PR) in mammary tissue of the female
dog: different receptor profile in non-malignant and malignant states. Br J
Cancer 58: 594-589,



60

Santen, R. J., Manni, A., Harvey, H. and Redmond, C. 1990. Endocrine treatment of
breast cancer in women. Endocr Rev 11: 221-265.

Sartin, E. A., Bames, S., Kwapien, R. P. and Wolfe, L. G. 1992. Estrogen and
progesterone receptor status of mammary carcinomas and correlation with
clinical outcome in dogs. Am.J Vet Res 53: 2196-2200.

Schmitt, F. C. 1995. Multistep progression from an oestrogen-dependent growth

towards an autonomous growth in breast carcinogenesis. Eur J Cancer 31A;
2049-2052.

Schneider, R., Domn, C. R. and Tayler, D. O, 1968. Factors influencing canine mammary
cancer development and postsurgical sunival. J Natl Cancer Inst 43: 1249-
1261.

Selman, P. J., Mol, J. A., Rutteman, G. R., van Garderen, E. and Rijnberk, A. 1994,
Progestin-induced growth hormene excess in the dog originates in the mammary
gland. Endocrinology 134: 287-292,

Shyamala, G. 1997. Roles of Estrogen and Progesterone in Normal Mammary Gland
Development - Insights from Progesterane Receptor Null Mutant Mice and In Situ
Localization of Receptor Trends in Endognnology and Metabolism 8: 34-39,

Shyamala, G., Chou, Y. C., Louig, S. G., Guzman, R. C., Smith, G. H. and Nandi, 5.
2002. Cellular expression of estrogen and progesterone receptors in mammary
glands: regulation by hormones, development and aging. J Sterpid Biochem
Mol Biol 80: 137-148.

Snead, D. R., Bell, J. A., Dixon, A. R., Nicholson, R. 1., Elston, C. W., Blamey, R. W. and
Ellis, I. O. 1993. Maethodology of immunohistological detection of oestrogen
receptor in human breast carcinoma in formalin-fixed, paraffin-embedded tissue:
a comparison with frozen section methodology. Histopathology 23: 233-238.

Soderquist, G., von Schoultz, B., Tani, E. and Skoog, L. 1993. Estrogen and
progesterone receptor content in breast epithelial cells from healthy women
during the menstrual cycle. Am J Obstet Gynecol 168: 874-879.

Sonnenschein, E. G., Glickman, L. T., Goldschmidt, M. H. and McKee, L. J. 1991. Body
conformation, diet, and risk of breast cancer in pet dogs: a case-control study.
Am J Epidemiol 133: 694-703.



61

Stewart, A. J., Johnson, M. D., May, F. E. and Westley, B. R. 19390. Role of insulin-like
growth factors and the type | insulin-like growth factor receptor in the estrogen-
stimulated proliferation of human breast cancer cells. J Bigl Chem 265: 21172-
21178.

Stute, P., Wood, C. E., Kaplan, J. R. and Cline, J. M. 2004. Cyclic changes in the
mammary gland of cynomolgus macaques. Fedil Steril 82 Suppl 3: 1160-1170.

Sulkjumnlong, 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: 5-12.

Sukjumlong, S., Dalin, A. M., Sahlin, L. and Persson, E. 2005. Immunohistochemical
studies on the progesterona receplor (PR) in the sow uterus during the oestrous
cycle and in inseminated sows at cestrus and sarly pregnancy. Reproduction
129: 349-359.

Theilen, G. H., Madewell, B. R.and Carter, 5. K. 1987. Chemotherapy (introduction). In
G. H. T. a. B. R. Madewell (Ed), Vetennary Cancer Medicine: 157-166.
Philadelphia: Lea & Febiger.

Trigg, T. E., Wright, P. J., Ammour, A. F., Wiliamson, 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 Feril Suppl 57: 255-261.

Vermeirsch, H., Simoens, P., Lauwers, H. and Coryn, M. 1999, Immunohistochemical
detection of estrogen receptors in the canine uterus and their relation to sex
steroid hormone levels. Therogenology S1: 729-743.

Vermeirsch, H., Simoens, P., Hellemans, A., Coryn, M. and Lauwers, H. 2000.
Immunehistochemical detection of progesterone receptors in the canine uterus
and their relation to sex steroid hormone levels. Theriogenology 53: 773-788.

Vu Hai, M. T., Warembourg, M. and Milgrom, E. 1977. Hormonal control of

progesterone receptors. Ann N Y Acad Sci 286: 199-209.



62

Vu, K., Greenspan, D. L., Wu, T. C,, Zacur, H. A. and Kurman, R. J. 1998. Cellular
proliferation, estrogen receptor, progesterone receptor, and becl-2 expression in
GnRH agonist-treated uterine leiomyomas. Hum Pathol 29: 359-363.

Weihua, Z., Andersson, S., Cheng, G., Simpson, E. R., Wamer, M. and Gustafsson, J. A.
2003. Update on estrogen signaling. FEBS Lett 546: 17-24.

Wright, P. J., Verstegen, J. P., Onclin, K., Jochle, W., Armour, A. F., Martin, G. B. and
Trigg, T. E. 2001. Suppression of the oestrous responses of bitches to the
GnRH analogue deslorelin by progestin. J Reprod Fedil Suppl 57: 263-268.

Yamagami, T., Kobayashi, T., Takahashi, K. and Sugiyama, M. 1996. Prognosis for

canine malignant mammary tumors based on TNM and histologic classification.
J Vet Med Sci 58: 1079-1083.



63

CURRICULUM VITAE

Miss Sukanya Manee-in was bom on August 14" 1976 in Bangkok province,
Thailand. She graduated with Degree of Doctor of Veterinary Medicine (DVM) from

Faculty of Veterinary Medicine, Khon Kaen University, in 1999 and MSc

(Theriogenology) from Chulalongkom University in 2002. In 2003, she received a UDC
scholarship from Mahidol University to perform a PhD program at the Department of
Obstetrics, Gynaecology and Reproduction,
Chulalongkom University.

Faculty of WVeterinary Science,



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements
	Contents
	CHAPTER I INTRODUCTION AND LITERATURE REVIEW
	1.1 Introduction
	1.2 Literature Review
	1.3 Objectives

	CHAPTER II THE NUMBER OF ERa AND PR IN THE MAMMARY GLAND OF BITCHES DURING DIFFERENT STAGES OF ESTRUS CYCLE USING IMMUNOHISTOCHEMICAL ASSAY
	2.1 Abstract
	2,2 Introduction
	2.3 Materials and methods 
	2.4 Results
	2.5 Discussion

	CHAPTER III THE NUMBER OF ERa AND PR IN THE MAMMARY OF BITCHES WITH AND WITHOUT TUMOR MASS USING IMMUNOHISTOCHEMICAL ASSAY
	3.1 Abstract
	3.2 Introduction
	3.3 Materials and methods
	3.4 Results
	3.5 Discussion

	CHAPTER IV THE EFFECT OF LONG ACTIONG GnRH AGONIST (DESLORELIN)ON ERa AND PR IN CHNINE MAMMARY TISSUE
	4.1 Abstract
	4.2 Introduction
	4.3 Materials and methods
	4.4 Results
	4.5 Discussion

	CHAPTER V GENERAL DISCUSSION AND CONCLUSIONS
	5.1 Methodological considerations
	5.2 Immunohistochemistry
	5.3 Conclusions

	References 
	Vita



