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Immunohistochemistry for parathyroid hormone-related protein (PTHrP) in benign
and malignant mammary mixed tumors of dogs with and without hypercalcemia
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Kazuhiro Kariya®, Takuo Ishida®, and Hiroyuki Okada’

(Accepted for publication : Feb. 14, 2000)

Abstract

We evaluated the expression of parathyroid hormone-related protein (PTHrP) by im-
munohistochemistry in eight benign and malignant mammary mixed tumors of dogs with (n
=4) and without (n=4) hypercalcemia. Positive immunoreactive staining for PTHrP was
observed in all four tumors from hypercalcemic dogs. The mammary tumors from 2 of the
4 normocalcemic dogs stained positively for PTHrP, but the numbers of immunoreactive
cells and intensity of the immunoreaction were less than in the hypercalcemic dogs. In the
other 2 tumors without hypercalcemia, the tissue samples were negative for PTHrP.

Key words: dog, mammary tumor, PTHrP.

Two types of cancer-associated hypercalce-
mia have been described: local osteolytic hyper-
calcemia (LOH) and humoral hypercalcemia of
malignancy (HHM)”. LOH is due to direct
bone destruction by primary or metastatic
tumors. HHM is mediated by circulating fac-
tors secreted by malignant cells without evi-
dence of bony disease. HHM is commonly
found in certain human cancers, particularly
squamous cell carcinoma and hematopoietic
neoplasiaS'lz). In animals, spontaneous HHM
has been reported in the adenocarcinoma de-

rived from the apocrine gland of the anal sac of
the dog”'®. It is now believed that hypercal-
cemia is due to the release of factors by malig-
nant cells that ultimately cause calcium reab-
sorption from bone. One such factor is a para-
thyroid hormone-like protein known as para-
thyroid hormone-related protein or peptide
(PTHrP). PTHrP has been identified in both
human and animal cases'®'®. PTHrP is com-
posed of three isoforms containing 139, 141 or
Each of the three isoforms
has common amino acids, residue positions 1 to

173 amino acids®.
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139 (1-139). The N-terminus (1-36) and
midregion (36-61) of the PTHrP are well con-
served among species, suggesting that there is
immunologic Cross reactivity between
species'®. The N-terminus of PTHrP binds
parathyroid hormone-receptors of osteoblasts
and renal epithelial cells, resulting in symptoms
similar to those of hyperparathyroidism®*.

One of the authors of the present paper,
Okada'?, demonstrated PTHrP immunoreactiv-
ity in 58 canine mammary tumors, including
In that

study, mammary epithelial cells and myoepithe-

benign and malignant mixed tumors.

lial cells uniformly showed positive reactions
against a chicken-derived polyclonal antibody
to PTHrP (1-36) in all the tumors that they ex-
amined after antigen-retrieval with microwave
heating. However, the study was not con-
cerned with the status of the serum calcium
level. Mammary tumor-associated HHM is
very rare and has not been reported yet in
dogs. We experienced 4 hypercalcemic dogs
having mammary tumors that were clinically
diagnosed as mammary tumor-associated HHM.
PTHrP immunoreactivity in the neoplastic tis-
sues taken from the hypercalcemic dogs was
compared with other 4 cases of normocalcemic
dogs using rabbit-derived polyclonal antibodies
that recognize human PTHrP to investigate the
contribution of PTHrP to the hypercalcemia of
the cases.

Eight female dogs with mammary tumors
were examined. The clinical and pathological
findings are summarized in Table 1. Four dogs
(cases 1-4) had hypercalcemia, and four dogs
(cases 5-8) were normocalcemic. The serum
calcium level was evaluated using KODAK
ECTACHEM DT60 (Kodak, Tokyo, Japan).
The hypercalcemic dogs had anorexia, depress-
ion and polydipsia. The hypercalcemia of the
four dogs was treated with fluid therapy prior
to surgical treatment. When the serum cal-

cium level of these cases was decreased to the

normal range, surgical operation for the tumor
was performed. After the dissection of the
tumors, the dogs maintained a normal serum
calcium level. The radiographic examination
revealed no osteolytic lesions or metastasis to
the internal organs in any case. These cases
were clinically diagnosed as HHM based on the
findings of decreased serum calcium level after
the surgery and no osteolytic lesions. The
normocalcemic dogs had no clinical signs other
than those concerning the tumor. In cases 1, 2
and 5, both sides of the whole mammary gland
were surgically dissected. In cases 3, 4, 6 and
7, one side of the whole mammary gland includ-
ing the tumor mass was dissected. In case 8,
masses only were dissected. Two of the big-
gest masses in cases 1, 2, 4, 5 and 8 and one
of the biggest masses in cases 3, 6 and 7 were
fixed in 10% neutral-buffered formalin. Tis-
sue samples taken from cases 1-7 contained
overlying normal skin. The tissue samples
were embedded in paraffin, and sections (5
micrometers in thickness) were prepared and
stained with hematoxylin and eosin for histo-
pathological examination. The histopathologic-
al diagnoses were made based on the classifica-
tion of canine mammary tumors by Moulton®.
Paraffin sections were also used for the im-
munostaining of PTHrP. A half batch of de-
waxed sections for the immunohistochemistry
was heated in a 10mM citric acid solution (pH
6.0) with a H2500 microwave processor (BIO-
RAD, Tokyo, Japan) at 600W for 10 min
according to Okada’s protocol“). These prehe-
ated and non-heated sections were incubated
with rabbit anti-human PTHrP polyclonal anti-
bodies against three synthesized peptides (1-
19, 1-34 or 15-34) (Yanaihara Institute Inc.,
Shizuoka, Japan) at a dilution of 1:6,000. The
immunostaining procedure was performed by
the peroxidase-conjugated avidin-biotin complex
method using a commercial kit (Histofine SAB-

PO(R), Nichirei, Tokyo, Japan). As a negative
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control, non-immunized rabbit serum (Ceder-
lane, Ontario, Canada) was used, replacing the
primary antiserum at a dilution of 1 : 200.

Histopathological examination of the tis-
sues obtained from the four hypercalcemic dogs
revealed two malignant (cases 1 and 4) and two
benign mammary mixed tumors (cases 2 and 3).
Neoplastic epithelial components of the two
malignant mixed tumors were diagnosed as
papillary carcinoma. The two benign cases
had lobular adenoma. Stromal proliferation of
all four dogs was characterized by myxomatous
and fibrous growths of myoepithelial cells
(MECs) without malignant features. Formation
of hyaline cartilage derived from metaplastic
MEC was present in cases 1-3. Formation of
bone tissue also was present in case 3 (Table
1).

All four of the normocalcemic dogs had be-
nign mixed mammary tumors. All of the
tumors had lobular adenoma and fibrous and
myxomatous growths of MECs. Only one dog
(case 7) had formation of hyaline cartilage
(Table 1).

The immunoreactivity for PTHrP in the le-
sions of mammary tumors without microwave
pretreatment is summarized in Table 2. With
microwave pretreatment, PTHrP immunoreac-
tivity was not enhanced in the lesions of the
tumors, but normal epidermal cells showed en-
hanced immunoreactivity. In case 1, the dog
had mild hypercalcemia, and a weak positive
reaction to only one antibody, anti-PTHrP (1-
19) antibody (among the three antibodies tested
in this study) was detected. The positive cells
for PTHrP were MECs of fibrous and myxoma-
tous areas, but the neoplastic epithelial compo-
nent was negative for PTHrP. Intense positive
staining for PTHrP was demonstrated in cases
2-4 with severe hypercalcemia. In case 2,
MECs in fibrous and myxomatous areas were
positive for PTHrP (1-19) , (1-34) and (15-34).

This case showed no immunoreactivity for

PTHrP in the epithelial component. In case 3,
intense positive staining in response to all anti-
bodies was present in MECs surrounding neo-
plastic alveoli (Figs. 1a and b) and proliferating
in the fibrous and myxomatous areas (Fig. 1b).
In addition, PTHrP immunoreactivity was de-
monstrated in chondrocytes of hyaline cartilage
and in osteoblasts (Fig. 1¢) and osteoclasts (Fig.
1d) of the bone tissue.
well as in case 1, epithelial components were
negative for PTHrP. In case 4, the cytoplasm
of the neoplastic epithelial cells in the alveoli

In cases 2 and 3 as

had a moderate, diffusely positive immunoreac-
tion with anti-PTHrP (1-19) and PTHrP (15-
34) antibodies (Fig. 2).
alveoli and proliferating in the interstitial area
did not have immunoreactivity for PTHrP in
case 4.

MECs surrounding the

In the mammary tumors from two of the
four normocalcemic dogs (cases 5 and 6), MECs
of fibrous and myxomatous areas had positive
reactions for PTHrP (Fig. 3); however, the num-
bers of immunoreactive cells and intensity of
the immunoreaction were less than in the
hypercalcemic dogs. No immunoreactivity for
PTHrP was shown in the epithelial components
from these cases. In the other two cases (7
and 8) without hypercalcemia, the tissue sam-
ples, including adenomatous alveoli, were nega-
tive for PTHrP (Fig. 4). Omission of the
primary antibody, as well as the substitution of
the primary antibody by a negative control,
non-immune rabbit serum, resulted in negative
staining. Both the epithelial cells and MECs of
the normal mammary and sweat glands and
epithelial cells of the sebaceous gland that were
included in the biopsies failed to show a posi-
tive reaction. The normal skin overlying the
tumors was weakly positive for the antibodies
in the epidermal keratinocytes.

PTHrP was originally isolated from tumors
associated with hypercalcemia, and it is

thought to be responsible for many causes of



Table 1. Cinical and pathological findings of the canine subjects with mammary tumours
Serum-Ca level (mg/dl) Histopathology
Case no. Age (years)/ Breed Hypercalcemia Gross Morphology Diagnosis Myxomatos Cartilage/bone
Pre/Postoperation .
Sex growth formation

1 18/F Dachshund 13.5/10.8 Yes Two masses 9cm in diameter Malignant MMT Yes Yes/No
each, and 2 other masses 3 cm in (Carcinomatous)
diameter each

2 9/F Yorkshire Terrier 15.4/9.2 Yes Multiple growths of masses 0.5- MMT Yes Yes/No
3cm in diameter (Adenomatous)

3 5/F Shih Tzu 17.6/10.5 Yes One mass 2.5cm in diameter and MMT Yes Yes/Yes
multiple growths of masses about (Adenomatous)
0.5cm in diameter

4 10/F Pomeranian 14.1/8.6 Yes Six masses 2.5cm in diameter and Malignant MMT Yes No/No
multiple growths of masses about (Carcinomatous)
0.5c¢m in diameter

5 8/F Maltese 10.0/NE No Two masses 3cm in diajeter MMT Yes No/No
each (Adenomatous)

6 9/F Shih Tzu 10.2/9.7 No One mass 1.5c¢m in diamer MMT Yes No/No

(Adenomatous)

7 10/F Poodle 9.8/9.9 No One mass lcm in diameter and MMT Yes No/No
multiple growths of masses, about (Adenomatous)
0.3cm in diameter

8 10/F Mongrel 10.4/NE No Two masses 0.7cm in MMT Yes No/No
diameter each (Adenomatous)

F=female, MMT =mammary mixed tumor, NE=

not examined
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Table 2. PTHrP-immunoreactive cells in the canine mammary tumours

Reactivity for PTHrP Reactivity for PTHrP

Case No. Tumor cells Case No. Tumor cells
(1-19) (1-34) (15-34) (1-19) (1-34) (15-34)

Hypercalcemic dogs

Normocalcemic dogs

1 Alveolar epithelial cells — - - 5 Alveolar epithelial cells — — —
MECs surrounding the alveoli — — — MECs surrounding the alveoli — — -
MECs in the fibrous and myxomatous areas + - - MECs in the fibrous and myxomatous areas + + +

2 Alveolar epithelial cells - - - 6  Alveolar epithelial cells — — —
MECs surrounding the alveoli ++ ++ ++ MECs surrounding the alveoli - — -
MECs in the fibrous and myxomatous areas ++ ++ ++ MECs in the fibrous and myxomatous areas + + +

3 Alveolar epithelial cells - — - 7 Alveolar epithelial cells — — —
MECs surrounding the alveoli ++ ++ ++ MECs surrounding the alveoli — — —
MECs in the fibrous and myxomatous areas ++ ++ ++ MECs in the fibrous and myxomatous areas — - —
Chondrocytes, Osteoblasts, Osteoclasts ++ ++ ++

4 Alveolar epithelial cells ++ ++ ++ 8  Alveolar epithelial cells — - —
MECs surrounding the alveoli — — — MECs surrounding the alveoli — - —
MECs in the fibrous and myxomatous areas - - — MECs in the fibrous and myxomatous areas — — —

++ : Most cells were strongly positive, +: Most cells were weakly positive, £: Some or a few cells were weakly positive, —: Most cells were negative.

MEC=myoepithelial cell
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Fig. l1a:

Fig. 1b:

Fig. 1c:

Fig. 1d:

Fig. 2:

Fig. 3:

Fig. 4:

Case 3 with hypercalcemia. Myoepithelial cells surrounding the neoplastic lobules in the mixed mam-
mary tumor have strong immunoreactivity for PTHrP (arrowheads). PTHrP (15-34)-immunoperoxidase
staining. Bar=23.5¢m

Case 3. Myoepithelial cells surrounding the neoplastic mammary gland (lower right of the figure) and
myoepithelial cell-derived chondrocytes in the cartilage (Upper left of the figure) have positive staining for
PTHrP. PTHrP (1-34)-immunoperoxidase staining. Bar=29.4um

Case 3. Osteoblasts in the bone tissue express PTHrP immunoreactivity in their cytoplasm. PTHrP (1-34)-
immunoperoxidase staining. Bar=11.7 #m

Case 3. Intense cytoplasmic PTHrP immunoreactivity in the osteoclasts of bone tissue. Bar=14.7 #m
Case 4. The neoplastic epithelial cells that are papillary proliferating in the alveolus express PTHrP im-
munoreactivity. PTHrP (1-19)-immunoperoxidase staining. Bar=18.4 #m

Case 5 with normocalcemia. A few myoepithelial cells in the myxomatous areas have PTHrP im-
munoreactivity (arrowhead). PTHrP (1-34)-immunoperoxidase staining. Bar=23.5um

Case 6 with normocalcemia. There is no PTHrP-immunoreactivity in the neoplastic alveolar epithelial
cells or the surrounding myoepithelial cells. PTHrP (1-34)-immunoperoxidase staining. Bar=23.5#m
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hypercalcemia®.

However, widespread localization of PTHrP in
normal canine and human tissues, including the
-epidermis and mammary gland, has been de-
monstrated in non-association with hypercalce-
mia by immunohistochemistry.

malignancy-associated

In the normal
canine mammary gland, alveolar epithelial cells,
duct epithelial cells and myoepithelial cells are
positive for the proteinz‘“). Expression of
PTHrP mRNA has been also reported in chon-
drocytes and osteoblasts of the cartilage and
bone tissues, respectively, of mice by i situ
hybridization?. It has been considered that
autocrine and/or paracrine PTHrP modulates
the proliferation and differentiation of its

1,16) In

tissues
although

signs, including the serum calcium level, were

target cells in the normal

canine mammary tumors, clinical
not investigated, the immunohistological ex-
pression of the protein was demonstrated in
alveolar epithelial cells, myoepithelial cells and
metaplastic chondrocytes of all 58 canine mam-
mary tumors tested, including benign and
D PTHrP positive
cells were also found in ovarian small cell car-

malignant mixed tumors

cinomas of both hypercalcemic and normocalce-
mic human patients”. The precise function of
PTHrP in tumors, including mammary cancer,
is currently unknown, but it may play a role in
the growth and differentiation of tumor cells as
well as normal cells®®. Thus, PTHrP is de-
tectable in many normal cells and tumors in
non-association with hypercalcemia by immuno-
histochemistry. In fact, we detected the im-
munoreactivity in proliferating MECs in 2 of
the 4 normocalcemic dogs.

In our present study, there was an in-
creased number of PTHrP-immunoreactive cells
in the neoplastic mammary tissues with hyper-
calcemia compared with normocalcemia, and the
positive staining intensity was greater in the
hypercalcemic dogs than in the normocalcemic

dogs. In addition, the alveolar epithelial cells

and MECs of normal mammary gland adjacent
to the tumor tissues showed no immunoreactiv-
ity. This study reports for the first time the
relationship between the serum calcium level
and PTHrP-immunoreactivity of mammary
Although PTHrP presents ubi-
quitously in tissues, circulating (serum) PTHrP
is thought to be a useful predictive marker of
HHM'?. In fact, the serum PTHrP levels in
human patients with HHM are significantly
higher than those in normal subjects. The
time course in two hypercalcemic patients with

tumor tissue.

esophageal carcinoma revealed that serum
PTHrP levels were elevated before hypercalce-
mia developed and that changes in PTHrP and
corrected serum calcium levels were signifi-
Thus, the possibility

arises that the increased number and staining

cantly correlated*?.
intensity of immunoreactive cells in the hyper-
calcemic dogs as compared with the normocal-
cemic dogs is due to circulating PTHrP sec-
reted from the tissues at a level sufficient to
elevate the serum calcium level. Quantitative
studies of PTHrP in serum samples by ELISA
and its mRNA in tissues by % situ hybridiza-
tion and northern blotting are needed to prove
this hypothesis.

One of the authors of the present paper,
Okada'!, showed that microwave heating en-
hances the immunoreactivity for PTHrP in both
tumor cells and adjacent normal mammary tis-
sue. However, that pretreatment had no effect
on the tumors of the present cases in spite of
same heating conditions. Chicken polyclonal
antibody against human PTHrP (1-36) was
used as primary antibodies in his study.
Antigen-retrieval with microwave heating might
depend on the property of the primary anti-
body. The effect of microwave heating on
antigen-retrieval also depends on fluid media
and heating time®. To detect a small amount
of PTHrP, optimum conditions, including those
of fluid media and heating time have to be ev-
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aluated.
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