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The role of progestins in the pathogenesis of
breast cancer in women remains controversial.
To advance this discussion, we report the dem-
onstration and localization ofprogestin-induced
biosynthesis ofgrowth hormone (GH) in canine
mammary gland tissue. Nontumorous mammary
tissues and tumors, both benign and malignant,
were obtainedfrom private household dogs. Im-
munoreactive GH was localized in mammary ep-
ithelial ceUs and correlated with the presence of
GH mRNA. Local synthesis of GH was also
proven immunoelectron microscopically by dem-
onstrating GH-containing secretory granules.
Celular GH production in nontumorous tissues
was more extensive during the progesterone-
dominated luteal phase of the ovarian cycle or
during exposure to synthetic progestins than
during anestrus. GH was also associated with
areas of hyperplastic mammary epithelium,
which may indicate that locally produced GH
enhances proliferation, acting in an autocrine
and/or paracrine manner. In 41 of 44 tumors,
GH was present. Of 3 GH-negative tumor sam-
ples, 2 werefrom progestin-depleted, castrated
bitches. In nonmalignant mammary tissues, GH
production is stimulated by progesterone and
synthetic progestins interacting with progester-
one receptors. In some progesterone-receptor-
negative malignant tumors, GH expression was
found, indicating loss of this control. Progestin-

induced GH probably participates in the cyclic
development ofthe mammary gland but maypro-
mote mammary tumorigenesis by stimulating
proliferation of susceptible, and sometimes
transformed, mammary epithelial ceUs. (Am J
Pathol 1997, 150:1037-104 7)

Growth and development of both normal and tumor-
ous mammary tissue is a complex and incompletely
understood process. Growth-enhancing as well as
growth-inhibiting mechanisms are likely to be impli-
cated. Until now, many hormones, growth factors,
and proto-oncogene products involved in these pro-
cesses have been identified.1`7 Although progestin-
based oral contraceptives are widely used by
women, there still is controversy in human medicine
about the role of progestins in mammary gland tu-
morigenesis.a 14

In veterinary medicine, it has become clear that
administration of progestins at high dosages to dogs
induces a dose-dependent mammary tumor devel-
opment.15 19 Also, endogenous ovarian steroids ap-
pear to promote mammary tumorigenesis in dogs, as
ovariectomy at an early age exerts a major protective
effect.20 However, whether these steroids exert their
promotion directly or indirectly is still an unresolved
question.

Recently, research from our group has demon-
strated mammary growth hormone (GH) production
in progestin-exposed beagle dogs by showing an
arterio-venous GH gradient across the mammary
glands.21 In related work using reverse transcriptase
polymerase chain reaction, GH mRNA has been de-
tected in mammary gland homogenates in dogs and
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cats and in mammary tumors of dogs, cats,22 and
women.23

In this report, we present a potential molecular
mechanism by which progesterone and progestins
may contribute to mammary tumor development by
inducing GH gene expression in the mammary
gland. Progestin-induced mammary GH might func-
tion as an autocrine or paracrine growth factor, in
view of the presence of the GH receptor that has
recently been demonstrated in the normal rabbit
mammary gland24 and in mammary tumors of wom-
en 25,26

To further substantiate the (patho)biological sig-
nificance of progestin-induced mammary GH, we
describe the presence of immunoreactive GH in a
range of canine mammary tissues obtained from
domestic pet dogs. The examined samples included
normal mammary tissues, benign mammary tumors,
and malignant mammary tumors. To determine the
origin of GH in these samples, mammary GH pro-
duction was demonstrated using immunoelectron
microscopy, and GH gene expression was localized
using in situ hybridization (ISH).

Materials and Methods

Tissues

Formalin-fixed and paraffin-embedded canine
mammary tissues were selected from our diagnos-
tic pathology archives. Selection of cases was pri-
marily based upon the availability of data concern-
ing plasma progesterone concentrations or
previous progestin administration and steroid re-
ceptor concentrations in mammary samples. In
total, 68 tissues obtained from 43 different animals
were selected. The bitches were presented to the
university clinic because of single or multiple
mammary nodules. At surgery, nodules and in
many cases a sample of nontumorous mammary
tissue were obtained. After excision, tissues were
fixed in a 10% buffered formalin solution, pro-
cessed, and embedded in paraffin. The cases
were histologically evaluated independently by
two veterinary pathologists (E. van Garderen and
W. Misdorp) without knowledge about plasma pro-
gesterone or progesterone receptor concentra-
tions. Lesions were diagnosed according to the
World Health Organization nomenclature.27 In a
minority of malignant tumors, data on metastasis
were available.

Immunohistochemistry

Immunohistochemistry was performed using a poly-
clonal rabbit anti-porcine GH antibody (generous gift
of Dr. M. M. Bevers, Department of Herd Health and
Reproduction, Faculty of Veterinary Medicine, Utre-
cht University) in an indirect immunoperoxidase
staining procedure, using the avidin-biotin based
technique (Vectastain ABC Kit, Vector Laboratories,
Burlingame, CA). Sections (5 ,um) were mounted
onto glasses coated with 0.01% poly-L-lysine (Sigma
Chemical Co., St. Louis, MO). After deparaffinization
and rehydration, antigen retrieval was performed by
pretreatment of the slides with 0.1% Pronase for 10
minutes. Endogenous peroxidase was blocked by
incubating the slides with 1% H202 in methanol for
30 minutes at room temperature. After rehydration
and washing in phosphate-buffered saline (PBS,
three times for 5 minutes each), slides were prein-
cubated with normal goat serum in PBS (1:10) for 15
minutes at room temperature. The primary antibody
was applied in a 1:5000 dilution in 10% normal goat
serum, and incubation was overnight at 4°C. After
incubation, sections were rinsed in PBS (three times
for 5 minutes each) and incubated with biotinylated
goat anti-rabbit IgG (Vector Laboratories) diluted
1:100 in PBS and 1% normal goat serum for 30
minutes. After washing in PBS (three times for 5
minutes each), sections were incubated with avidin-
biotin complex, freshly prepared according to the
manufacturer's instructions. Immunoreactive GH
was visualized using 0.3% H202 and 0.5% 3,3-dia-
minobenzidine tetrahydrochloride (Sigma), diluted in
0.05 mol/L Tris/HCI buffer, during a 10-minute incu-
bation step. After rinsing in distilled water for 2 min-
utes, sections were counterstained with Mayer's he-
matoxylin for 1 minute. Finally, slides were rinsed in
water, dehydrated, sealed, and covered with cover-
slips.
A canine pituitary gland served as a positive con-

trol. Approximately 70% of the cells in the anterior
pituitary gland stained positive for GH. Moreover,
validation of the primary antibody included serial
dilution and preabsorption of this antibody with in-
creasing concentrations of canine GH. After preab-
sorption, immunoreactivity could not be detected
anymore.

Distribution of immunoreactivity in mammary tis-
sue samples was semiquantitatively scored, ranging
from 0 to 3. A score of 0 represents absence of
immunoreactivity. Mammary tissue in which 30% or
less of the cells displayed immunoreactivity scored
1, tissue in which more than 30% but less than 70%
of cells were positive scored 2, and finally a score of
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3 was obtained when more than 70% of cells showed
immunoreactivity.

In Situ Hybridization
cDNA Probe

GH gene expression was demonstrated by ISH
using a digoxigenin-labeled cDNA probe. This probe
was obtained by reverse transcriptase polymerase
chain reaction of mammary total RNA. After reverse
transcription, the PCR amplification was performed
with primers derived from the sequence of the por-
cine GH gene from the second to the fifth exon.
Primer sequences and details of probe validation are
given elsewhere.22 These primers generate a GH-
specific 495-bp DNA fragment. As the selected
mammary tissues were archival specimens that had
been stored for up to 12 years, we anticipated de-
creased mRNA contents in the tissues. Therefore,
digoxigenin labeling of the probe was performed
during the PCR according to the manufacturer's in-
structions (Boehringer Mannheim, Mannheim, Ger-
many). This procedure yields a probe with maximal
label content.

Hybridization Procedure

Basically, the protocol published by Ehrlein30 was
used, with modifications aimed at the use of a cDNA
probe. Hybridization was performed under RNAse-
free conditions. All solutions were treated with 0.1%
di-ethylpyrocarbonate (Sigma) and autoclaved.
Glassware was baked at 1800C for 6 hours.

Sections (5 ,um) were cut and mounted on glass
slides coated with 0.01% poly-L-lysine. After depar-
affinization and rehydration, they were digested with
20 ,tg/ml proteinase K (Sigma) in Tris buffer (100
mmol/L Tris/HCI, 50 mmol/L EDTA, pH 8.0) for 30
minutes at 370C, rinsed in PBS, and postfixed in 4%
paraformaldehyde in PBS for 5 minutes at 40C. Again
they were rinsed in PBS and acetylated in 0.25%
acetic anhydride in 0.1 mol/L triethanolamine (pH
8.0) for 10 minutes. The acetic anhydride was re-
moved by washing in PBS.

Prehybridization followed in 50% deionized form-
amide in 2 x standard saline citrate (20 x SSC is 3
mol/L NaCL, 0.3 mol/L sodium citrate, pH 7.0) for 15
to 30 minutes at 370C. The hybridization mix con-
sisted of 50% deionized formamide, 0.1% sodium
dodecyl sulfate, 250,g/ml herring sperm DNA, and
5% dextran sulfate in 2 x SSC. Probe concentration
was 5 ng/,ul. Slides were covered with a coverslip
and left to hybridize overnight at 600C in a humidified

chamber. The coverslips were gently removed by
incubation in 4 x SSC at 370C. Post-hybridization
washing was carried out at 370C for 30 minutes per
step, once in 2 x SSC, twice in 1 x SSC, and twice
in 0.5 x SSC. The digoxigenin label was detected
with sheep anti-digoxigenin Fab fragments conju-
gated with alkaline phosphatase (Boehringer Mann-
heim), according to the instructions of the manufac-
turer. Nonspecific binding of the antibody was
reduced by the addition of 10% normal sheep serum
to the preincubation mix and 5% normafsheep se-
rum to the antibody solution. Color development took
place overnight by incubating the slides in a sub-
strate that consisted of nitroblue tetrazolium and
5-bromo-4-chloro-3-indolyl phosphate (Boehringer
Mannheim) according to the manufacturer's instruc-
tions.

Specificity for ISH was confirmed using a formalin-
fixed canine pituitary gland as a positive control.
Strong hybridization was observed in approximately
75% of adenohypophyseal (pars distalis) cells. Neg-
ative controls included incubation of the pituitary
gland in the absence of probe, pretreatment of the
sections with 40 ,g/ml RNAse A (Boehringer Mann-
heim) in 10 mmol/L Tris/HCI (pH 8.0), 0.5 mol/L NaCI,
1 mmol/L EDTA for 30 minutes at 370C, and incuba-
tion with a noncoding digoxigenin-labeled probe. No
hybridization was observed in these negative con-
trols.

Electron Microscopy
Freeze Substitution and Low Temperature

Embedding

Aldehyde-fixed nontumorous hyperplastic mam-
mary tissue obtained from a dog that had been ex-
posed to progestins was cut in small blocks of ap-
proximately 1 mm3, infiltrated with 2.3 mol/L sucrose,
and frozen in liquid nitrogen. Samples were stored in
liquid nitrogen until use. Frozen mammary tissue was
transferred (under liquid nitrogen) into a Reichert
Cs-auto freeze-substitution unit (Leica Aktiengesell-
schaft, Vienna, Austria). Freeze substitution was car-
ried out at -900C in methanol supplemented with
0.5% uranyl acetate for at least 36 hours. After rais-
ing the temperature to -450C at a rate of 5°C/hour
and washing several times with pure methanol, the
samples were infiltrated with Lowicryl HM20. Infiltra-
tion was achieved in the following graded series of
Lowicryl/methanol mixtures: 1:1 for 2 hours, 2:1 for 2
hours, pure Lowicryl for 2 hours, and pure Lowicryl
overnight. The samples were transferred, inside the
Reichert Cs-auto, to a flat embedding mold filled with
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pure Lowicryl and polymerized by ultraviolet light at
-45°C for 2 days. Ultrathin Lowicryl sections of 50
nm were cut on a Reichert UltracutS (Leica Aktieng-
esellschaft).

Immunogold Labeling of Lowicryl Sections

Ultrathin Lowicryl sections of mammary tissue
were placed on formvar-carbon-coated nickel grids
and labeled according to the following procedure.
Nonspecific binding sites were blocked by incubat-
ing the sections for 30 minutes on block buffer con-
taining 5% bovine serum albumin and 0.1% cold
water fish gelatin in PBS, pH 7.4. Sections were
incubated at room temperature with primary anti-
body (rabbit anti-porcine GH diluted 1:5000) in 0. 1%
BSA-C (Aurion, Wageningen, The Netherlands) in
PBS, pH 7.4 (BSA-C/PBS) for 1 hour. Sections were
rinsed three times for 10 minutes with BSA-C/PBS
and immunoreactivity was visualized by incubation
with 10-nm protein A-gold particles prepared by the
tannic acid/citrate method.28 Finally, immunolabeled
sections were rinsed three times for 10 minutes with
BSA-C/PBS, four times for 5 minutes with distilled
water, and stained for 2 minutes on a drop of Reyn-
olds lead citrate.29 Immunogold-labeled sections
were examined and photographed in a Philips CM10
electron microscope (Philips Electron Optics, Eind-
hoven, The Netherlands) at 80 kV.

Plasma Progesterone Concentration
Progesterone concentrations were determined in
dogs considered not to be exposed to exogenous
progestins, using a radioimmunoassay.31 In dogs
that had received long-acting synthetic progestins,
levels were interpreted as + (last injection <5.5
months before removal of mammary tissue) or ± (last
injection between 5.5 and 7 months before removal
of tissue), or - (last injection >7 months before
tissue removal).

Steroid Receptor Analysis
After surgical removal of mammary tumors, samples
were divided in two pieces. One sample was quickly
frozen in liquid nitrogen, and the other one was fixed
in formalin. Estrogen receptors (ERs) and progester-
one receptors (PRs) were determined in the frozen
tissue specimen by a multiconcentration dextran-
coated charcoal assay.31 Adjacent formalin-fixed tu-
mor samples were histologically examined for the
presence of nontumorous tissue, which may influ-

ence tumor-associated receptor concentrations. For
the receptor concentrations in Tables 2 and 3, such
cases are indicated.

Results

Histology and Immunohistochemistry
Nontumorous Mammary Tissue (n = 24; Table 1)

The histological characteristics of the glandular
structures of nontumorous mammary tissues re-
flected the stage of the ovarian cycle (endogenous
progesterone) or the effect of progestin administra-
tion. Tissue samples characterized by the presence
of ductal structures with quiescent epithelium and
remnants of lobules were classified as anestrus (n =
2). In the luteal or metestrus phase, which in the dog
is characterized by prolonged persistence of cor-
pora lutea irrespective of pregnancy, proliferation
and differentiation occurred resulting in lobulo-alve-
olar structures. In early metestrus (n = 2), the tissue
displayed moderate stromal proliferation and multi-
focal proliferation of ductal epithelium resulting in
budding structures. Although these buds can essen-
tially be divided into terminal end buds and alveolar
buds in three-dimensional preparations,32 in routine
histology (two-dimensional) clear distinction be-
tween these two types is not possible. Therefore, we
use the term budding structures. During metestrus,
budding structures further proliferated and ultimately
differentiated into alveoli, arranged in a lobular pat-
tern. In middle metestrus, in several lobules alveolar
secretion occurred (n = 9), whereas in late
metestrus, alveolar involution started (n = 8). Three
samples demonstrated complete lobulo-alveolar dif-
ferentiation with abundant secretion. These changes
are typical for canine pseudo-lactation that may oc-
cur during the metestrus.

Confirmation of the morphological assessment
was attempted with reference to data on progestin
levels, ER and PR concentrations, and distribution of
immunoreactive GH in epithelial cells. From the re-
sults summarized in Table 1 it can be concluded that
the histologically defined development stage of ca-
nine mammary gland tissue correlated with endoge-
nous plasma progesterone levels. The results of the
effect of exogenous administered progestins on
mammary tissue appeared to vary considerably,
ranging from atrophic glandular tissue to complete
lobulo-alveolar development with secretion (pseudo-
lactation). However, in most cases, progestin admin-
istration resulted in hyperplastic changes of ductal
epithelium (mid-metestrus phase).
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Table 1. Suimmary of Data on Nontumorouis Mammary Tissuies

Functional stage
of mammary

gland

Anestrus

Early metestrus

Mid-metestrus

Late metestrus

Pseudo-lactation

Progestin

Endogenous
Number (nmol/L)

2

2

9

8

3

7.6
32.9
53.2

113.1
9.5

14.0

ND
1.3
7.0
7.0
2.5
0.6
0.6

19.1

ER/PR
concentrations

Exogenous (fmol/mg protein)

+ 56/44
<5/<5
86/57
56/70
58/32
189/90

+ 76/137
+ nd/nd
+ 39/39
+ 47/35
+ 45/40

97/23
+ 28/57

nd/nd
15/40
27/70
13/46
23/25
88/64
18/49

+ 35/36
42/33

+ 88/12
+ 82/26

Distribution of i-GH in
epithelial cells

Ducti

0
1
2
1
2
2
2
1
2
2
2
1

0

1
1
1
1

1

2
0
0
1

Alveoli/buds*

0
2
2
3
2
3
2
2
2
2
2
2
2
0
1
1
1

0
1
3
2
1
0
0

For exogenous progestin concentration, + indicates injection of long-acting progestins less than 5.5 months before removal of the
mammary tissue. Semiquantitative score of GH distribution was as follows: 1, less than 30% of epithelial cells positive; 2, more than 30%
but less than 70% of epithelial cells positive; 3, more than 70% of epithelial cells positive. ND, not determined.

*Depending on functional stage of mammary gland.

Immunohistochemical examination of the samples
demonstrated heterogenous immunoreactivity for
GH both in terms of distribution patterns and staining
intensity. Immunoreactivity was located only within
the cytoplasm of ductal (Figure 1A) and alveolar
epithelial cells. Myoepithelial cells and stromal cells
were negative. Clustered immunoreactivity was ob-
served in hyperplastic budding structures in early
and mid-metestrus (Figure 1 B), which persisted in a
heterogeneous way in differentiated alveolar epithe-
lium in late metestrus. Proliferation of epithelial cells
occurs predominantly in early and mid-metestrus, in
contrast to nonproliferation in anestrus, late
metestrus, and pseudo-lactation. Therefore, we ex-
amined whether proliferation was correlated with GH
expression. Indeed, GH expression was higher both
in ductal and alveolar epithelial cells in the prolifer-
ation phase (P < 0.05, Mann-Whitney test). Thus, the
distribution pattern of immunoreactivity paralleled
the cyclic development pattern of the mammary
gland.

Benign Mammary Tumors (n = 25; Table 2)

In female dogs, complex adenoma is the predom-
inant benign mammary tumor. By definition, complex

tumors are composed of both tumorous epithelial
cells and spindle cells.27 Immunohistochemical ex-
amination revealed that, with the exception of two
complex adenomas, immunoreactive GH was de-
tected in benign mammary tumors. Interestingly, im-
munoreactivity was located mainly in tumorous epi-
thelium and rarely in spindle cells. Only in 4 of 19
tumors comprising spindle cell proliferations (com-
plex adenomas and fibroadenomas) was focal slight
immunoreactivity observed in spindle cells, located
in the vicinity of immunoreactive epithelial cells.

Malignant Mammary Tumors (n = 19; Table 3;
Figure 1C)

Several malignant tumor types could be identified,
with solid carcinomas being the predominant type.

Immunohistochemical investigation revealed the
presence of GH in 18 of 19 malignant mammary
tumors. Immunoreactivity in carcinomatous epithelial
cells was heterogeneous both in terms of distribution
and intensity within one tumor and between the tu-
mors. In one simple-type adenocarcinoma, derived
from a castrated bitch, immunoreactive GH could not
be detected. Immunoreactivity of spindle cell prolif-
erations in the complex-type adenocarcinomas was
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Table 2. Sutnmary of Data on Benign Mammary Tuimors

Histology

Simple adenoma,
tubular type

Complex adenoma

Fibroadenoma

Progestin

Endogenous
Number (nmol/L)

2 1.3

20

0.6

4.1

68.6

4.5
1.6

ovx

68.6

3

68.6
8.6

et:veisb ER/PR

concentrations
Exogenous (fmol/mg protein)

39/79

88/79
66/65
60/167
31/80
80/370
72/371
ND/ND
102/259
96/173
75/53

187/423
98/156
58/106
123/546
98/133
25/60
58/21
52/65
39/50
94/177
66/22
36/58
100/107
41/41

Distribution of i-GH in
tumorous epithelial

cells

2

3
3
3
3
3
2
0

3
3
1
1
2
1
2
1

2
2
2
1
3
3
3
3

For exogenous progestin concentration, + indicates depot injection of progestins administered less than 5.5 months before removal of
the mammary tissue and + indicates depot injection of progestins administered between 5.5 and 7 months before removal of the mammary
tissue. OVX, ovariohysterectomy; ND, not determined.

in most cases absent. However, in two cases, a faint
multifocal reaction was noticed in this cellular com-

partment. In both malignant mixed tumors, the ma-

lignant spindle cell proliferations were faintly to mod-
erately positive for GH in the majority of cells.

In Situ Hybridization (Figure 1D)

ISH for GH mRNA was performed on randomly cho-
sen cases. Eight nontumorous mammary tissues,
eleven benign tumors, and thirteen malignant tumors
were examined. In most cases, ISH confirmed the
mammary origin of GH. Results of this technique
were not always consistent with the results of immu-
nohistochemistry. A positive hybridization was dem-
onstrated in twenty-four samples, and in eight sam-

ples the result was negative. In one nontumorous
mammary gland sample that was histologically char-
acterized by pseudo-lactation, a positive hybridiza-
tion was noticed although GH immunoreactivity was

absent. In seven cases, comprising two nontumor-
ous mammary samples, three benign mammary tu-
mors, and two malignant tumors, no hybridization
was noticed, although these samples displayed im-
munoreactivity for GH. One tubular-type adenocar-
cinoma, derived from a castrated bitch, was nega-

tive in both immunohistochemical and ISH tests.
In nontumorous mammary gland, hybridization oc-

curred in ductal and alveolar epithelial cells. Myoep-
ithelial and stromal cells were negative. In the benign
tumor group, in which the majority of tumors were

composed of tumorous proliferations of both epithe-
lial and spindle cells (complex adenomas and fibro-
adenomas), consistent hybridization was noticed in
the epithelial component.

Generally, no hybridization was noticed in spindle
cell proliferations. However, in agreement with immu-
nohistochemical findings, in a few cases, focal hy-
bridization was observed in spindle cell areas local-
ized in the vicinity of tumorous epithelial cells. In the

Figure 1. Growth hormone in nmammary epithelial cells. A: Nontuemorouis nmammar tissue in earsly metestrus phase. Immunoreactive GH is present
in dcuctal epithelial cells (arrow), whereas stromal cells are negative. Bar, 20 Lrni. B: Nouttumorou.s nammary tissue in mid-metestrsphase. The tissuie
is characterized by the presence of budding structures. Epithelial cells in ducti and buds (arrow) demonstrate immunoreactive GH homogenously.
Bar, 30 ,um. C: High-power magnificationi ofa solid mammary carcinoma. Nearly all tumor cells are positive for GH. Bar, 15 Jim. D: ISHfor GH
mRNA in a tubular adenoma. The presence qfGH mRNA is restricted to epithelial tumor cells. The inlay represents a negative control in which the
tissue wvas treated with RNAse bcefore the hybridization. Bar, 55 ,um.
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Table 3. Summary of Data on Malign1ant Mamar Tumors

Histology

Adenocarcinoma,
simple type

Adenocarcinoma,
complex type

Solid carcinoma,
simple type

Solid carcinoma,
complex type

Anaplastic
carcinoma
(or anaplastic
carcinoma
cells in ducti)

Malignant mixed
tumors

Number

2

2

Progestin levels ER/PR
Endogenous concentrations
(nmol/L)* Exogenous (fmol/mg protein)

ovx <3/<3

+

+8

2.2
ND

0.3
0.6
4.1

4

2

+

+

+

+

NDt

14/10
ND /205t

59/56
<5/<5

16/28
5/3t

ND/ND
6/<5
ND/ND
<31<3
12/3
8/21

1 7/3t
<5/<5
88/12t
ND/ND

ND/ND

6/1916.8

Distribution of i-GH
in tumor cells

0

3
2

3
3

2
3
1
1
2
3
2
3

3
3
3
3

3

3

OVX, ovariohysterectomy; ND, not determined.
*Normal plasma concentration of endogenous progesterone during anestrus <3 nmol/l and during metestrus, 3 to 100 nmol/L.
tReceptor concentrations may not be representative for the tumor as the samples also contained nontumorous tissue
tMultiple corpora lutea in ovaries.

malignant mammary tumors, findings were compa-
rable with the results in benign tumors, including
conflicting results in spindle cells.

Electron Microscopy
Using immunogold-based transmission electron mi-
croscopy, immunoreactive epithelial cells in hyper-
plastic mammary tissue revealed the presence of
GH in secretory granules in these cells. In addition,
gold particles were observed in the Golgi system,
demonstrating the local biosynthesis of GH (Figure
2). Apparently, adjacent epithelial cells in which no
GH was detected did not differ ultrastructurally from
GH-positive cells.

Discussion
It is a well known phenomenon that female dogs can
develop symptoms of GH excess during the luteal
phase of the ovarian cycle or after administration of
long-acting synthetic progestins to prevent estrus.
Symptoms of GH excess include glucose intolerance
and acromegaly. Also, female dogs not demonstrat-
ing clinical symptoms of GH excess experience a

small but significant elevation of GH levels during
metestrus or after progestin administration.33 Previ-
ous experiments have demonstrated that this pro-
gestin-induced GH excess in dogs originated in the
mammary gland and not in the pituitary gland.21 In
an attempt to further investigate the biological signif-
icance of this mammary GH, in this report we de-
scribe the presence of GH in (tumorous) mammary
tissues obtained from domestic pet dogs. The local
biosynthesis of GH is proven by ISH and immuno-
electron microscopy.
Compared with the presence of immunoreactive

GH, in 7 of 30 samples, a negative result with ISH
was obtained. This discrepancy is probably inherent
to the nature of fixed archival tissues and can be
explained by variations in tissue handling, fixation
conditions, and fixation time after surgery. Cross-
linking effects in tissue induced by fixatives can di-
minish probe penetration and moreover can mask
mRNA, resulting in diminished probe-target interac-
tion. In addition, mRNA is notorious for rapid degra-
dation under suboptimal fixation conditions.34 Alter-
natively, the possibility remains that in these cases
immunoreactivity reflected plasma-derived GH
bound to its receptor. In one mammary sample with

1
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Figure 2. Immunoelectron microscopic aspect ofa nontumorous mammary epithelial cell. The tissue was obtainedfrom a dog exposed to progestins.
Gold particles representing GH are located in secretory granules (arrow) and in the Golgi system ( *). Bar, 400 nm.

pseudo-lactation, hybridization occurred although
immunoreactive GH could not be detected. As GH
has been detected in canine colostrum (I. Schoen-
makers, submitted), in this particular case, epithelial
cells may have secreted GH resulting in cytoplasmic
GH contents that were under the immunohistochem-
ical detection limit.

Based upon an inhibitory effect on the risk of
developing endometrial tumors in women, it was ini-
tially thought that progesterone or progestins had an
antiproliferative effect. However, it appears that this
concept is too restricted and is not valid in other
target tissues. Recent research has demonstrated a
growth-promoting effect of progesterone or proges-
tins in uterine leiomyomas in women.35 In addition, in
the mammary gland, progesterone and progestins
have a prominent proliferative effect upon ductal
epithelium both in female human beings36 and sev-
eral other mammalian species, including laboratory
rodents,3738 dogs,153940 and cats.41'42 As we ob
served in nontumorous mammary samples, this pro-
liferative effect was associated with the formation of
ductal outgrowths that are microscopically encoun-

tered as budding structures. After proliferation, these
outgrowths finally differentiate into lobulo-alveolar
glandular tissue during the luteal phase of the ovar-
ian cycle. One of our most interesting findings in
nontumorous mammary tissue is that epithelial cells
in budding structures diffusely produce GH followed
by a notable decrease of GH production in the dif-
ferentiation phase of the mammary gland. Therefore,
mammary-derived GH is possibly an autocrine or
paracrine growth factor and may have a physiolog-
ical function in the cyclic development of the mam-
mary gland.

Epidemiological studies have provided circum-
stantial evidence that progestin administration re-
sults in dose-dependent mammary tumor induction
in dogs and cats.15'19'42 Therefore, as both mam-
mary GH production and mammary tumor induction
can be a sequel of progestin administration, we ex-
amined whether GH production also occurred in ca-
nine mammary tumors. Indeed, GH production was
encountered in the great majority of benign and ma-
lignant mammary tumors. The significance of GH
production for tumor growth is not clear yet. In fact,
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GH production may be an epiphenomenon in mam-
mary tumorigenesis by reflecting the cellular origin of
mammary tumors. In rats, there is strong evidence
that experimentally induced mammary tumors exclu-
sively arise from epithelial cells in terminal end buds,
terminal ducts, or alveolar buds.32 If canine mam-
mary tumors also preferentially originate in these
structures, in which we frequently detected GH dif-
fusely, then it can be explained that these tumors
have the potential to produce GH. In this perspec-
tive, relatively few canine mammary tumors would
originate in other parts of the glandular tree. Theo-
retically, the three GH-negative mammary tumor
samples might represent the latter.

From a mechanistic point of view, research has to
be focused on the link between progesterone/pro-
gestins and mammary GH production. A crucial
question is whether a significant plasma progester-
one concentration combined with the presence of
PRs in (tumorous) mammary epithelial cells triggers
mammary GH production. Although we have strong
indications for this mechanism in nontumorous tis-
sue, in benign and especially in malignant mammary
tumors this is far from clear. On the one hand, we
observed that in both tumor groups mammary tu-
mors of castrated bitches were negative for GH; on
the other hand, in several malignant tumors with very
low PR concentrations, GH was diffusely present in
tumor cells.

It is generally accepted that normal PR functions
are dependent on the interaction of the ligand with
the receptor. However, Cohen-Solal et a143 demon-
strated that a PR mutant with the complete steroid-
binding domain deleted remained biologically ac-
tive. As far as we know, until now only one report has
documented the presence of a truncated PR in hu-
man breast tumors.44 Although there are no data
available about the presence of truncated PRs in
canine mammary tumors, the presence of such re-
ceptors might explain negative findings in the ligand-
binding assay, although they retain the ability to
initiate GH gene expression.

Although the complete mechanism is not entirely
clear, we conclude that progesterone/progestin-in-
duced hyperplastic epithelial changes in the mam-
mary gland may be mediated by locally produced
GH. As proliferating cells are sensitive to carcino-
genic insults, progesterone/progestins may indi-
rectly stimulate mammary tumorigenesis. Although
our results may have an impact on veterinary onco-
logical research, we believe that, in view of the
widely used progestin-based oral contraceptives by
women, our results warrant a thorough re-evaluation

of the role of progestins in mammary gland tumori-
genesis.
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