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ABSTRACT. To compare the roles of chondromodulin-I (ChM-I) and bone morphogenetic protein-6 (BMP-6) in ectopic mesenchymal tissue
formation in canine mammary gland tumors, 33 tumors and 2 normal mammary glands were examined. Immunohistochemical analysis
revealed co-expression of ChM-I and BMP-6 in canine mammary tumors. In mixed tumors, newly formed woven bone with ossified
cartilage matrix was observed in 4/9 cases. The osteoblasts lining the woven bone showed moderate immunoreactivity to ChM-I and
BMP-6. Almost all chondrocytes and proliferative myoepithelial cells within the basement membrane showed intense immunoreactivity
to both, and the myoepithelial cells adjacent to the mature cartilage showed the most intense immunoreactivity. The immunoreactivity
to ChM-I and BMP-6 of the interstitial myoepithetial cells in the myxomatous stroma varied in each focus of mixed tumors. Similar
findings were found in complex adenomas. In simple adenomas, hyperplasic myoepithelial cells within the basement membrane showed
moderate immunoreactivity to both markers. Western blot analysis detected a 25 kDa band of ChM-I in fresh tissue samples from three
mixed tumors. Our results support the hypothesis that proliferating myoepithelial cells with ChM-1 and BMP-6 expression play important

roles in mesenchymal metaplasia in canine mammary tumors.
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Mammary gland tumors are the most common neoplasms
in female dogs [15]. Their most unique morphological fea-
tures are prominent proliferation of myoepithelial cells and
formation of ectopic mesenchymal tissue, including carti-
lage and bone, especially in complex adenomas and benign
mixed tumors. Although proliferation of myoepithelial cells
is rare in human breast tumors, salivary pleomorphic ade-
noma is characterized by mixed proliferation of both glan-
dular epithelial and myoepithelial cells with cartilage or
bone formation. Several reports suggest that neoplastic
myoepithelial cells contribute to the formation of these
ectopic mesenchymal elements [1, 20].

Chondromodulin-I (ChM-I), a 25 kDa glycosylated pro-
tein composed of 335 amino acids, was first extracted and
cloned from fetal bovine cartilage [3, 11]. The major bio-
logical functions of ChM-I are to stimulate the proliferation
of chondrocytes and inhibit angiogenesis [8—10]. Several
reports have indicated that, in human salivary pleomorphic
adenomas, ChM-I might be expressed in the lacunar cells of
the chondroid matrix and in the myoepithelial cells [13, 14].
These observations suggest that myoepithelial cells with
ChM-I expression play major roles in the formation of
ectopic cartilage and bone in these human tumors. How-
ever, there is little information on the roles played by ChM-
I in canine mammary gland tumors.

Bone morphogenetic proteins (BMPs), belonging to a
subgroup of the transforming growth factor-f (TGF-f)

* CORRESPONDENCE TO: TATEYAMA, S., Department of Veterinary
Pathology, Faculty of Agriculture, University of Miyazaki,
Miyazaki 889-2155, Japan.

J. Vet. Med. Sci. 67(11): 1097-1102, 2005

superfamily, and their receptors, have been detected in myo-
epithelial cells in canine mammary tumors [1, 20]. BMPs
were originally identified as important factors for endoch-
ondral ossification [17, 21, 22]. BMP-6 is also involved in
the development of the embryonic urinary system and in the
differentiation of keratinocytes [4, 5]. Myoepithelial cells in
human salivary pleomorphic adenomas are intensely posi-
tive for BMPs, suggesting that BMPs might be involved also
in ectopic cartilage or bone formation in the tumor [7, 23].

Our aim was to examine the association of ChM-I with
ectopic mesenchymal tissue formation and compare the dis-
tribution patterns of ChM-I and BMP-6 among several types
of canine mammary gland tumors.

MATERIALS AND METHODS

Tissue samples: Surgical specimens from 33 mammary
tumors and two normal mammary gland tissues were used.
The tissues were fixed in methanol-Carnoy’s solution. Par-
affin sections 4 um thick were made and stained with hema-
toxylin and eosin (HE) for routine histopathological
examination. The diagnosis of each tumor was based on the
World Health Organization (WHO) classification [15]. The
diagnoses are summarized in Table 1.

Antibodies: Immunohistochemistry was performed using
an avidin-biotin-peroxidase complex (ABC) kit (PK4000,
Vectastain, Burlingame, CA, U.S.A.). Goat antisera against
human ChM-I (1:20, Santa Cruz Biotechnology, Santa
Cruz, CA, U.S.A.) and BMP-6 (1:20, Santa Cruz Biotech-
nology) were used as primary antibodies. The secondary
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Table 1.
ined

Diagnosis of canine mammary tumors exam-

Histological diagnosis Number of cases

Normal 2
Simple adenoma

Tubular

Papillary
Complex adenoma
Benign mixed tumor
Adenocarcinoma

Tubular

Papillary

Solid
Complex adenocarcinoma
Carcinoma in mixed tumor

O 0O NN

NN R W=

Total 35

antibody was a biotinylated rabbit serum against goat immu-
noglobulin (1:20, Dako-Japan, Kyoto, Japan).
Immunohistochemistry: Sections were incubated with 3%
hydrogen peroxide in methanol at room temperature for 10
min to block endogenous peroxidase activity. Sections were
incubated at 37°C for 40 min with phosphate-buffered saline
(PBS) (pH 7.4) containing 3% bovine serum albumin (BSA)
to avoid nonspecific binding. The sections were then incu-
bated with primary antibodies at 37°C for 45 min, followed
by incubation with secondary antibody and ABC reagent at
37°C for 45 min, respectively. The sections were exposed
to 3, 3-diaminobenzidine-4HCI] (DAB, Sigma, St. Louis,
MO, U.S.A.) and then counterstained with Mayer’s hema-
toxylin. In accordance with the findings of previous reports
[1, 5, 16, 17], mammary cells were classified into 4 types:
(1) glandular epithelial cells, (2) resting and proliferating
myoepithelial cells within the basement membrane, (3) pro-
liferating myoepithelial cells at the interstitial myxomatous
areas, and (4) chondrocytes in the ectopic cartilage. The
intensity and distribution of immunoreactivity to the anti-
bodies were quantified by assessing the labeled cells in 10
high power fields (x 400) as follows: (£)=0%, (+)= 0%-5%,
(+) =5%-10%, (2+) = 10%—-50% , and (3+) = >50%.
Western blot analysis: Fresh tissue samples from three
benign mixed tumors were used for Western blot analysis.
Western blot analysis was performed according to a previ-
ous report [16]. Briefly, samples were homogenized in
extraction buffer and sonicated on ice for 2.5 min; this was
repeated 5 times. Then the extracts were centrifuged at
10,000 x g for 10 min. The supernatants were dialyzed
through a cellophane tube (Wako, Osaka, Japan) and freeze-
dried. The samples obtained were separated by SDS-12%
polyacrylamide gel electrophoresis and transferred to a
polyvinylidiene difluoride (PVDF) membrane (Atto, Tokyo,
Japan). After incubation with antibody against human
ChM-1 (1:20, Santa Cruz Biotechnology) at 37°C for 1 hr,
the membrane was incubated with biotinylated rabbit anti-
goat IgG (1:20, Dako-Japan) at 37°C for 1 hr. The mem-
brane was then reacted with ABC reagents at 37°C for 30

min. The attached antibodies were visualized using DAB
(Sigma).

RESULTS

The distribution patterns of ChM-I- and BMP-6-positive
myoepithelial cells were almost the same. The results of
immunohistochemical analysis for ChM-I and BMP-6 are
summarized in Tables 2 and 3.

Simple adenomas (n=4): The tumors were composed of
well-differentiated glandular or tubular epithelial cells with
resting myoepithelial cells. The neoplastic epithelial cells
showed two proliferating patterns, tubular (two cases) or
papillary (two cases). In three cases, weak to moderate
immunoreactivity to both ChM-I and BMP-6 was observed
in the resting myoepithelial cells (Fig.1). A few neoplastic
glandular epithelial cells were weakly positive for both.
Myoepithelial cells in tubular adenomas tended to show
more intense immunoreactivity to BMP-6 than those in pap-
illary adenomas.

Complex adenomas (n=8): The tumors were composed
of glandular or tubular epithelial cells and myoepithelial
cells with various amounts of myxomatous stroma. Moder-
ate to mild immunoreactivity to ChM-I was observed in the
proliferative intraductal myoepithelial cells in all cases.
Although immunoreactivity to ChM-I was weak in the inter-
stitial myxomatous myoepithelial cells, the intraductal myo-
epithelial cells in most cases were intensely positive for
ChM-I (Table 2 and Fig. 2). Most neoplastic glandular epi-
thelial cells were negative for ChM-1. The distribution pat-
tern of BMP-6 in 8 complex adenomas was consistent with
that of ChM-I (Fig. 2). Immunoreactivity to BMP-6 in the
proliferating myoepithelial cells in both intraductal and
interstitial regions was mild compared with that to ChM-I
(Table 2).

Benign mixed tumors (n=9): In this type of tumor,
ectopic cartilage formation was observed in addition to the
proliferation of both myoepithelial and glandular epithelial
cells. The most intense reaction to both ChM-I and BMP-6
was detected in the lacunar cells of the chondroid matrix in
6 of 9 cases (Fig. 3). Proliferating myoepithelial cells adja-
cent to the ectopic cartilage also showed intense immunore-
activity to both (Fig. 4). Woven bone with calcified
cartilage matrix surrounded by osteoblasts was observed in
4 of 9 cases (Table 2). The osteoblasts lining the newly
formed woven bone showed moderate immunoreactivity to
both markers (Fig. 5). Immunoreactivity to ChM-I in the
proliferating intraductal myoepithelial cells varied among
cases. Intense reaction to BMP-6 was observed in the intra-
ductal and interstitial myxomatous myoepithelial cells of
mixed tumors (Table 2). Proliferating myoepithelial cells in
the interstitial myxomatous regions showed mild immu-
noreactivity to ChM-I and intense immunoreactivity to
BMP-6 (Fig. 6). The immunoreactivity of the interstitial
myoepithelial cells tended to mild compared with that of the
intraductal myoepithelial cells. The neoplastic glandular
epithelial cells were negative for both markers.
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Fig. 1. Mammary gland; simple adenoma (case No. 3). Inmunoreactivity of resting myoepithelial cells. ChM-1 (A) and BMP-6 (B). Bar=60 um.

Fig. 2. Mammary gland; complex adenoma (case No. 14). Intense immunoreactivity of proliferating myoepithelial cells within the basement
memabrane and weak reactivity of interstitial myoepitheliat cells. ChM-I (A) and BMP-6 (B). Bar=60 ym .

Fig. 3. Mammary gland; benign mixed tumor (case No. 22). Intense immunoreactivity of mature cartilage. ChM-I (A) and BMP-6 (B). Bar=70 ym.

Fig. 4. Mammary gland; benign mixed tumor (case No. 21). Intense immunoreactivity of the proliferating myoepithelial cells adjacent to the
ectopic cartilage. ChM-I (A) and BMP-6 (B). Bar=50 um.
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Table 2. Immunoreactivity to ChM-I and BMP-6 in canine benign mammary tumors
) ) *Glandular ECs  Intraductual MCs  Interstitial MCs  Chondrocytes Otesoblasts
Diagnosis CaseNo. ChM-I BMP-6 ChM-I BMP-6 ChM-I BMP-6 ChM-I BMP-6 ChM-I BMP-6
Normal (n=2) 1 - - + +
2 - — - -
Simple adenoma (n=4)
Tubular 3 + 2+ +
4 - + + 2+
Papillary
5 + - 2+ 2+
6 - - + -
Complex adenoma (n=8) 7 + 2+ 2+ 2+ +
8 - - 2+ + + 2+
9 + + 2+ 2+ bud 2+
10 - + 2+ 2+ + +
11 - - + + + +
12 + - 2+ + + *
13 + - + t + -
14 + + 2+ 2+ + +
Benign mixed tumor (n=9)
15 - - + 2+ + + 2+ 2+ + +
16 + + 2+ 2+ + t 3+ +
17 + + 2+ 2+ + + 2+ 3+ + +
18 + + 2+ 2+ + 2+ 2+ 2+ + +
19 - - + + + + + +
20 + + 2+ 2+ 2+ 2+ + 2+ + +
21 + + 3+ 2+ 2+ 2+ 2+ 2+
22 + + 2+ 2+ 2+ 2+ 2+ 3+
23 + + + 2+ + + 2+ +

* EC=epithelial cells: MC=myoepithelial cells.

(=)=0%, (£)=0-5%, (+)=5-10%, (2+)=10-50% and (3+)=>50% positive cells.

Simple adenocarcinomas (n=8): This type of tumor was
composed of poorly differentiated tubular and glandular
epithelial cells. The proliferating patterns of these tumors
were tubular (one case), papillary (three cases) and solid
(four cases). The distribution patterns of ChM-I and BMP-
6 in the tumors were consistent with those of simple ade-
nomas (Table 3). Proliferating myoepithelial cells were rare
in solid adenocarcinomas. In tubular adenocarcinomas,
resting and proliferating myoepithelial cells showed intense
immunoreactivity for BMP-6 and ChM-I compared with the
level of reactivity in tubular adenomas. The myoepithelial
cells in papillary adenocarcinomas showed mild immunore-
activity to both markers compared with those in papillary
adenomas. In all types of adenocarcinomas, the neoplastic
glandular epithelial cells were weakly positive for both
markers.

Complex adenocarcinomas (n=2). The morphological
features of these tumors were consistent with those of com-
plex adenoma, with the exception of apparent cellular atypia
and invasive activity of neoplastic glandular epithelial and/
or myoepithelial cells. The results of ChM-I- and BMP-6-
immunostaining were consistent with those in complex ade-

nomas (Table 3).

Adenocarcinomas in benign mixed tumors (n=2). The
morphology of these tumors was similar to that of benign
mixed tumors, except for the malignant features of neoplas-
tic epithelial cells. Intraductal and interstitial myoepithelial
cells were intensely positive for ChM-1. However, these
myoepithelial cells were weakly positive for BMP-6 (Table
3).

Normal mammary gland tissues (n=2): In intact mam-
mary glands around the tumor mass, resting myoepithelial
cells were weakly positive for both markers. The glandular
epithelial cells were totally negative (Table 2).

Western blot analysis: Western blot analysis was per-
formed to examine the presence of ChM-I protein in benign
mixed tumors. Bands immunopositive for ChM-1 were
detected at 25 kDa in all three mixed tumors examined; this
corresponds to the molecular weight of human ChM-I (Fig.
7.

DISCUSSION

ChM-1 was distributed in neoplastic myoepithelial cells

Fig. 5. Mammary gland; benign mixed tumor (case No.18). Mild or moderate immunoreactivity of the osteoblastic cells. ChM-I (A) and

BMP-6 (B). Bar=70 um.

Fig. 6. Mammary gland; benign mixed tumor (case No. 21). Moderate immunoreactivity of interstitial myxomatous myoepithelial cells.

ChM-I (A) and BMP-6 (B). Bar=50 ym.
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Table 3. Immunoreactivity to ChM-I and BMP-6 in canine malignant mammary tumors
* Glandular ECs Intraductual MCs  Interstitial MCs Chondrocytes
Case No. ChM-I BMP-6 ChM-1 BMP-6 ChM-I BMP-6 ChM-I BMP-6
Adenocarcinoma (n=8)
Tubular
24 + - 2+ 2+
Papillary
25 - - + +
26 - - -
27 + - + +
Solid
28 + +
29 - +
30 - -
31 + -
Complex adenocarcinoma (n=2)
32 + 2+ 2+ + +
33 + + 2+ + 2+ +
Carcinoma in mixed tumor (n=2)
34 + - 2+ + * + 2+ 2+
35 + + 2+ 2+ 2+ + 3+ 2+

* EC=epithelial cells: MC=myoepithelial cells.

(—)=0%, (£)=0-5%, (+)=5-10%, (2+)=10-50% and (3+)=>50% positive cells.

Fig. 7. Western blot analysis for a 25 kDa protein of ChM-I from
fresh tissue samples of 3 benign mixed tumors. M. Low molecu-
lar weight marker. Lanes 1-3. Fresh tissues samples from
benign mixed tumors.

in canine mammary tumors. Arai et al. [2] indicated that
class II B-tubulin was associated with cartilaginous metapla-
sia of proliferative myoepithelial cells in canine benign
mixed tumors. Gama et al. [6] also suggested p63 as an
additional marker of myoepithelial histogenesis. Although
previous studies have suggested that metaplasia of prolifer-
ative myoepithelial cells might be involved in the formation
of cartilage or bone in canine benign mixed tumors, this
hypothesis has not been completely supported. Our present
results indicate that expression of ChM-I in myoepithelial
neoplastic cells might be involved in the formation of carti-
lage in canine benign mixed tumors. Expression of ChM-I
was observed in myoepithelial cells within several types of
canine mammary tumors, especially in complex and mixed
tumors. The basic distribution pattern of ChM-I-immunop-
ositive cells was similar to that of BMP-6 positive cells, as
previously reported [1, 20]. This suggests that ChM-I and

BMPs play important roles in the metaplastic process.

Immunoreactivity to BMP-6 was observed in intraductal
and interstitial myxomatous myoepithelial cells in complex
adenomas and benign mixed tumors. Although intense
immunoreactivity to ChM-I was observed in chondrocytes,
interstitial myxomatous myoepithelial cells showed weak
immunoreactivity to ChM-I. The most intense immunore-
activity to ChM-I was observed in the proliferative myoepi-
thelial cells adjacent to ectopic cartilage and mature
chondrocytes. The intense expression of ChM-I in these
cells may be explained by the biological nature of this pro-
tein as an inducer of cartilage and bone formation [3, 9-11,
19]. These observations suggest that both ChM-I and BMP-
6 play roles in the metaplastic change of myoepithelial cells,
and especially that ChM-I might contribute to metaplastic
change of the cells into mature chondrocytes.

In addition, the osteoblasts lining the woven bone showed
moderate immunoreactivity for ChM-I and BMP-6.
Although ChM-I was first isolated as a growth-promoting
factor from chondrocytes [12], Suzuki [18] suggested that
ChM-I and - II might be associated with endochondral ossi-
fication. Nakamichi er al. [16] also reported that ChM-I
knockout mice showed a significant increase in bone min-
eral density and suggested that ChM-I might play a role in
endochondral bone development. In agreement with these
observations, our results suggested that ChM-I might be
associated with not only chondral metaplasia but also
osseous metaplasia of mixed tumors. Interestingly, intra-
ductal myoepithelial cells showed distinct immunoreactivity
to ChM-I and BMP-6, even in simple adenomas and in his-
tologically intact mammary glands. This indicated that they
might have certain roles in regulating the proliferation and/
or transformation of myoepithelial cells. However, immu-
noreactivity to both markers was slightly decreased in the
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malignant counter parts of these tissues, suggesting that the
intense expression of ChM-I and BMP-6 in myoepithelial
cells might decrease with proliferation outside the basement
membrane.

We observed the expression of ChM-I and BMP-6 in
canine mammary gland tumors. Co-localization of ChM-I
and BMP-6 in myoepithelial cells might be associated with
mesenchymal metaplasia of canine mammary gland tumors.
BMP-6 might be involved in all stages of metaplasia of
myoepithelial cells to cartilages or bone, and ChM-I might
especially participate in the latter process of cartilage forma-
tion, and also in endochondral ossification. To confirm
some other additional roles of ChM-I, such as inhibition of
the proliferation of neoplastic cells, further studies in vivo
and in vitro will be required.

REFERENCES

1. Akiyoshi, T., Uchida, K. and Tateyama, S. 2004. Expression of
bone morphogenetic protein-6 (BMP-6) and BMP receptors in
myoepithelial cells of canine mammary gland tumors. Ver.
Pathol. 41: 154-163.

Arai, K., Nakano, H., Shibutani, M., Naoi, M. and Matsuda, H.
2003. Expression of class II B-tubulin by proliferative myoepi-
thelial cells in canine mammary mixed tumors. Ver. Pathol. 40:
670-676.

3. Azizan, A, Gaw, J. U, Govindraj, P., Tapp, H. and Neame, P.
J. 2000. Chondromodulin-I and pleiotrophin gene expression in
bovine cartilage and epiphysis. Matrix Biol. 19: 521-531.

4. Bitgood, M. J. and McMahon, A. P. 1995. Hedgehog and BMP
genes are coexpressed at many diverse sites of cell-cell interac-
tion in the mouse embryo. Dev. Biol. 172: 126-138.

5. Dorozdof, V., Wall, N. A. and Pledger, W. J. 1994. Expression
and growth inhibitory effect of decapentalegic Vg-related pro-
tein 6: evidence for a regulatory role in keratinocytes differen-
tiation. Proc. Natl. Acad. Sci. U. S. A. 91: 5528-5532.

6. Gama, A., Alves, A., Gartner, F. and Schmitt, F. 2003. P63: A
novel myoepithelial cells marker in canine mammary tissues.
Vet. Pathol. 40: 412-420.

7. Heikinheimo, A. K., Laine, M. A., Ritvos, O. V. P., Vouti-
lainen, R. J., Hogan, L. M. and Leiro, 1. V. 1999. Bone mor-
phogenetic protein-6 is a marker of serous acinar cell
differentiation in normal and neoplastic human salivary gland.
Cancer Res. 59: 5815-5821.

8. Hiraki, Y., Inoue, H., Iyama, K., Kamizono, A., Ochiai, M.,
Shukunami, C., lijima, S., Suzuki, F. and Kondo, J. 1997. Iden-
tification of chondromodulin-I as a novel endothelial cell
growth inhibitor. J. Biol. Chem. 272: 32419-32426.

9. Hiraki, Y., Kono, T., Sato, M., Shukunami, C. and Kondo, J.
1997. Inhibition of DNA synthesis and tube morphogenesis of
cultured vascular endothelial cells by chondromodulin-I. FEBS
Lett. 415: 321-324.

10. Hiraki, Y., Mitsui, K., Endo, N., Takahashi, K., Hayami, T.,
Inoue, H., Shukunami, C., Tokunaga, K., Kono, T., Yamada,
M., Takahashi, H. E. and Kondo, J. 1999. Molecular cloning of
human chondromodulin-I, a cartilage-derived growth modulat-

[S]

12.

13.

14.

16.

18.

19.

20.

21.

22.

23.

A. KAWABATA ET AL.

ing factor, and its expression in Chinese hamster ovary cells.
Eur. J. Biochem. 260: 869-878.

Hiraki, Y. and Shukunami, C. 2000. Chondromodulin-I as a
novel cartilage-specific growth-modulating factor. Pediatr.
Nephrol. 14: 602-605.

Hiraki, Y., Tanaka, H., Inoue, H., Kondo, J., Kamimizo, A. and
Suzuki, F. 1991. Molecular cloning of a new class of cartilage-
specific matrix, chondromodulin-I, which stimulates growth of
cultured chondrocytes. Biochem. Biophys. Res. Commun. 175:
971-977.

Kusafuka, K., Luyten, F. P., Bondt, R. D., Hiraki, Y., Shuku-
nami, C., Kayano, T. and Takemura, T. 2003. Immunohis-
tochemical evaluation of cartilage-derived morphogenic
protein-1 and -2 in normal human salivary glands and pleomor-
phic adenomas. Virchows Archiv. 442: 482-490.

Kusafuka, K., Yamaguchi. A., Kayano, T. and Takemura, T.
1999. Immunohistochemical localization of the bone morpho-
genetic protein-6 in salivary pleomorphic adenomas. Pathol.
Int. 49: 1023-1027.

Misdorp, W., Else, W., Hellmen, E. and Lipscomb, T. P. 1999.
Histological classification of the mammary tumors of the dog
and the cat. pp. 1-59, In: World Health Organization Interna-
tional Histological Classification of Tumors of Domestic Ani-
mals second series, vol.7, AFIP, Washington, D.C.

Nakamichi, Y., Shukunami, C., Yamada, T., Aihara, K.,
Kawano, H., Sato, T., Nishizaki, Y., Yamamoto, Y., Shindo,
M., Yoshimura, K., Nakamura, T., Takahashi, N, Kawaguchi,
H., Hiraki, Y. and Kato, S. 2003. Chondromodulin-I is a bone
remodeling factor. Mol. Cellular Biol. 23: 636-644.

Sampath, T. K. and Reddi, A. H. 1981. Dissociative extraction
and reconstitution of extracellular matrix components involved
in local bone differentiation. Proc. Natl. Acad. Sci. U.S.A. 78:
7599-7603.

Suzuki, F. 1996. Roles of cartilage matrix proteins, chondro-
modulin-I and -II, in endochondral bone formation: a review.
Connect. Tissue Res. 35: 303-307.

Suzuki, F. 1999. Cartilage-derived growth factor and antitumor
factor: past, present, and future studies. Biochem. Biophys. Res.
Commun. 259: 1-7.

Tateyama, S., Uchida, K., Hidaka, T., Hirao, M. and Yamagu-
chi, R. 2001. Expression of bone morphogenetic protein-6
(BMP-6) in myoepithelial cells in canine mammary gland
tumors. Vet. Pathol. 38: 703-709.

Wang, E. A, Rosen, V., Cordes, P., Hewick, R. M., Kriz, M. J.,
Luxenberg, D. P, Sibley, B. S. and Wozney, J. M. 1988. Puri-
fication and characterization of other distinct bone-inducing
factors. Proc. Natl. Acad. Sci. U.S.A. 85: 9484-9488.

Wang, E. A., Rosen, V., D’Alessandro, J. S., Bauduy, M,,
Cordes, P., Luxenberg, D. P., McQuid, D., Moutsatsos, I. K.,
Nove, J. and Wozney, J. M. 1990. Recombinant human bone
morphogenetic protein induces bone formation. Proc. Natl.
Acad. Sci. U.S.A. 87: 2220-2224.

Yang, L., Jin, Y., Nakamine, H., Sumitomo, S., Kamegai, A.
and Mori, M. 1993. An immunohistochemical study of bone
morphogenetic protein in pleomorphic adenoma of the salivary
gland. Virchows Arch. A. Pathol. Anat. Histopathol. 422: 439—
443.

NI | -El ectronic Library Service





