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ABSTRACT. Two monoclonal antibodies (MAbs) were established in 20 clones of MAbs generated against cytokeratin fraction extracted
from canine squamous cell carcinoma to investigate the expression of intermediate filament proteins during tumorigenesis. These MAbs
were confirmed to react with purified cytokeratin by ELISA. One monoclonal antibody, MAb32 reacted all layers of epidermis except
the cornified layer and mammary myoepithelial cells but not any epithelial cells. Another antibody named MAb24 exclusively reacted
the basal monolayer of epidermis, the stratum germinativum. Any positive reactions with MAb24 were not detected in normal mammary
gland. From the analysis by two-dimensional gel electrophoresis followed by immunoblotting, it was revealed that MAb24-recognizing
cytokeratin subunit gave a molecular weight of 57 kilodalton and a isoelectric-pH value of pI 5.1, indicating type I (acidic) cytokeratin. In
intraductal papillomas developed in canine mammary glands, most tumor cells were positively stained with MAb32 in addition of
myoepithelial cells while no positive reaction with MAb24 was seen. In ductal carcinomas, MAb24-positive cytokeratin was begun to
express by tumor cells with positive reaction of MAb32 where these cells showed infiltrative growth into the stroma. We therefore
proposed that 57 kilodalton-type I cytokeratin was a molecular marker for malignant transformation in canine mammary tumor and
these antibodies could be useful tools to investigate the change of cytokeratin expression during tumorigenesis.—KEY WORDS: canine,

cytoskeleton, cytokeratin subunit, mammary tumor, monoclonal antibody.

Intermediate-type or 10 nm cytoskeletal filaments (IF)
are composed of a family of related proteins. This family
include cytokeratins (type I and type II), vimentin,
desmin, glial fibrillary acidic protein (GFAP) and
neurofilament displaying a tissue-restricted distribution
[18]. The constituent of IF expressed by epithelial cells is
cytokeratins which are a subset of 19 polypeptides in
human tissue [13] or 22 polypeptides in bovine and murine
tissues [22], and moreover, Moll et al. recently reported
No. 20 cytokeratin which was restrictedly expressed in
human certain carcinomas, e.g., adenocarcinomas of
colon, stomach and bile system [14, 15]. The unit of
cytokeratin molecule is consisted of the disulfide-bonded
heterodimer between type I (acidic) and type II (basic/
neutral) cytokeratin polypeptides. - Various cytokeratin
subunit-specific monoclonal antibodies (MAbs) were
established by many workers [3, 6, 7, 11, 15, 16, 19, 20,
24, 27] and it is recognized that these MAbs were useful as
the histodiagnostic markers for epithelial cell-originated
tumors. As this intermediate filament expression is largely
retained even when cells undergo neoplastic transforma-
tion, these MADs has been successfully applied for cell
typing and tumor classification. For example, No. 20
cytokeratin was normally detected in gastric and intestinal
epithelium and positive reaction of anti-No. 20 cytokera-
tin MAb with gastric epithelium disappeared during
tumorigenesis, while the expression of No. 20 cytokeratin
was maintained in colon adenocarcinoma [15]. They
proposed, therefore, that cytokeratin No. 20 was a new
histodiagnostic marker of colon adenocarcinomas. Weiss
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et al. reported that 48 and 56 kilodalton cytokeratins were
molecular markers for hyperproliferative keratinocytes in
epidermal diseases, such as psoriasis showing parakerati-
nization [27]. Furthermore, Ramaekers et al. found the
MAD to No. 18 cytokeratin could distinguish adenocarci-
nomas from squamous cell carcinomas (which are
cytokeratin No. 18 negative) [19] and the cytokeratin No.
7 distinguish between ovarian carcinomas (cytokeratin
No. 7 positive) and carcinomas of gastrointestinal tract
(negative) [20].

On the other hand, mammary tumors are the most
common tumors in female dogs, and immunohistochemic-
al examination of IF proteins in these tumors were
investigated by several workers [9, 23, 26]. It is well
known that human mammary epithelial cells express some
cytokeratin polypeptides and change the expression pat-
tern of cytokeratins during tumorigenesis [13]. Mammary
myoepithelial cells express vimentin in addition of
cytokeratin [8]. Certain myoepithelial cells proliferating in
mammary [8] or salivary glands [9] can express even
GFAP or desmin.

In this study, we established two MAbs reacting with
cytokeratin and immunohistochemical and biochemical
analyses of different types of canine mammary tumors
using these MAbs were performed.

MATERIALS AND METHODS

Surgical specimens: Biopsy specimens from 30 spon-
taneous canine mammary tumors generated in female
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dogs were surgically obtained and immediately fixed in
Methacarn solution (60% methanol/30% chloroform/10%
acetic acid) [12, 25] or 4% paraformaldehyde/0.1 M
phosphate buffer, pH 7.4. Different types of tumors were
histologically examined by hematoxylin and eosin staining
(Table 1).

Table 1. The number of different
types of canine mammary tumors
investigated for the expression of
cytokeratin

Type of tumor Number

Fibroadenoma 7
Intraductal papilloma 7
Benign mixed tumor 8

Ductal carcinoma 6
Malignant mixed tumor 1
Squamous cell carcinoma 1

Total 30

Preparation of antigen: Squamous cell carcinoma de-
veloped in the skin of old female dog surgically obtained
and canine snout epithelia were immediately minced on
ice, washed with 0.15 M NaCl/50 mM Tris-HCI, pH 7.6
(Tris-saline) containing protease inhibitor cocktail (1 mM
phenylmethylsulfonyl fluoride/2 mM N-ethylmaleimide/5
mM ethylenediamine tetraacetic acid (EDTA)/1 mM
p-tosyl-L-arginine methyl ester) and then with high-salt
buffer (1 M KCl/1% Triton X-100/Tris-saline) to eliminate
non-IF proteins at 4°C, overnight. IF proteins were
extracted from the resulting pellets with 8 M urea/20 mM
2-mercaptoethanol/l mM EDTA/Tris-saline containing
the protease inhibitor cocktail at 4°C, overnight, and after
centrifugation, the supernatant was used as an antigen.

Production of monoclonal antibodies: The antigen (200
ug) was injected into BALB/c mice subcutaneously with
Freund’s complete adjuvant and after one booster injec-
tion of the antigen, spleen cells were collected and
hybridized with myeloma cells (P3x63Ag8U1) in the
presence of 50% polyethylene glycol (M.W.: 4000, Merk,
Germany). Hybridomas were suspended in 20% fetal calf
serum-Dulbecco’s modified Eagle’s medium (DMEM-20)
supplemented with HAT (hypoxanthine, aminopterin and
thymidine) solution (Sigma Chemical Co., St. Louis, MO)
and antibiotic (penicillin, streptomycin and neomycin)
solution (Sigma Chemical Co.), and then seeded in
polystylene microtiter plates. Antibody-producing clones
were selected by enzyme-linked immunosorbent assay
(ELISA) followed by immunohistochemical technique
and recloning was performed twice according to the
limiting dilution method in DMEM-20 supplemented with
hypoxanthine and thymidine. The subclass of MAb was
determined by ELISA using a Monoclonal Mouse Isotyp-
ing kit (Pharmingen, San Diego, CA). Finally, MAbs
reacting with cytokeratin were selected by ELISA against
purified human epidermal cytokeratin (Sigma Chemical
Co.).

Gel electrophoretic and immunoblot analyses: Sodium
dodecyl sulfate-13.5% polyacrylamide gel electrophoresis
(SDS-PAGE) was performed according to the method of
Laemmli [10]. For two dimensional -electrophoresis,
isoelectrofocusing was performed according to the method
of O’Farrel [17] using 2.5% Servalyte (pH 2-11, Serva-
Feinbiochemica, GmbH & Co., Heiderberg, Germany) as
the first dimension and then isoelectrofocusing gel was
applied on SDS-PAGE as the second dimension [1, 5].
Immunoblotting was performed as previously described
[4] with anti-cytokeratin MAb as the first antibody.
Alkaline phosphatase-conjugated anti-mouse immunogio-
bulin rabbit IgG (DAKO patts, Glostrup, Denmark) is
used as the second antibody and immunoreactive
polypeptide spot was visualized with 0.01% nitro blue
tetrazolium (Promega Co., Madison, WI) and 0.005%
5-bromo-4-chloro-3-indolyl-phosphate (Promega Co.).

Immunohistochemistry: Immunohistochemical staining
was performed according to the peroxidase-
antiperoxidase method [2]. After the inactivation of
endogenous peroxidase with 0.5% periodic acid, deparaf-
finized section was incubated with anti-cytokeratin MAb
as the first antibody, then with the second antibody and
finally with peroxidase-antiperoxidase complex. The re-
sulting sections were immersed in 0.02% diaminobenzi-
dine/50 mM Tris-HCI, pH 7.6 containing 0.03% H,0O, and
counterstained with Mayer’s hematoxylin.

RESULTS

Immunochemical characterization of monoclonal anti-
bodies: Twenty clones producing interesting MAbs were
selected by ELISA followed by immunohistochemical
staining using the sections of canine mammary tumor. Of
20 clones, eight clones were confirmed to produce MAbs
reacting with cytokeratin by ELISA using purified
epidermal cytokeratin (data not shown). Especially, two
anti-cytokeratin monoclonal antibodies showed the char-
acteristic immunostaining patterns. MAb32-reactive
cytokeratins widely distributed in all layers of canine skin
epidermis except the cornified layer (Fig. 1a) and MAb24
restrictedly reacted with the basal monolayer (Fib. 1b).
Other stratified squamous epithelia in tangue, esophagus
and anus were also stained with both antibodies as same
manner as epidermis (data not shown). Cytokeratins
prepared from canine snout epithelia were separated by
SDS-PAGE and then immunoblot analysis with MAb32
or MAb24 was performed (Fig. 2). Coomasie blue
stained-SDS gel showed canine snout epidermal cytokera-
tins containing 60, 57.5, 57 and 45 kDa polypeptides (Fig.
2; lane 1). Immunoblot analysis revealed that MAbH32
recognized 60, 57.5 and 45 kDa bands (Fig. 2; lane 2) and
MADb24 exclusively reacted with a 57 kDa single band
(lane 3). By two dimensional gel electrophoresis (Fig. 3a)
and immunoblotting (Fig. 3b), MAb24-reactive 57 kDa
polypeptide gave a isoelectric-pH value of pI 5.1 indicat-
ing that the polypeptide belonged to type I (acidic) keratin
family, while other 60, 57.5 and 45 kDa polypeptides and
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Fig. 1. Immunohistochemical stainings of canine normal epidermis with MAb32 (a) or MAb24 (b). MAb32
immunostained the cell of all layers in epidermis (a), while MAb24 restrictedly reacted with the basal monolayer, stratum
germinativum (b). x 250.

type II (basic) keratin family shown in Fig. 3a were not
xDe recognized by MAb24 (Fig. 3b). MADb32 was in a subclass
of IgGy, »-light chain and MADb24 was in a subclass of
IgG,y,, #-light chain, respectively.
Immunohistochemical localization of MAb24- and

66— ) MADb32-positive cytokeratins in canine mammary tumors:
- s - -z — In normal mammary glands, MAb32 recognized only
. - - > B myoepithelial cells but not any epithelial cells, lining cells

of alveoli and alveolar ducts (Fig. 4a). On the other hand,
no positive cells reacting with MAb24 in normal mammary
gland was detected (Fig. 4b). In ductal carcinomas (6
cases) raised in canine mammary glands, MAb32 reacted
with most of tumor cells in addition of myoepithelial cells
17— (Fig. 5a) and MAb24-reactive cytokeratin was appeared in
some tumor cells which showed infiltrative growth into the

stroma (Fig. 5b). Especially, in carcinomatous area where

neoplastic cells were proliferating with tubular formation

in the stroma, MAb24 strongly reacted with some neoplas-

bf— tic cells (Fig. 5d, arrowhead) and mirror-image section
analysis revealed that several tumor cells were stained

with both antibodies (Fig. 5S¢ and 5d). In well-

1 2 3 differentiated intraductal papillomas (Fig. 6) or fibroade-

nomas (data not shown), MADb32 well stained the adeno-
matous area (Fig. 6a) and normal myoepithelial cells,
while MAb24-positive cells were not seen (Fig. 6b).
Squamous cell carcinoma (the source of antigen) was well

Fig. 2. SDS-PAGE (lane 1) and their immunoblots
with MAb32 (lane 2) or MAb24 (lane 3) of epidermal
cytokeratin fraction prepared from canine snout

epithelia. In epidermal cytokeratin preparation, the stained with both antibodies (Fig. 6c and 6d), and
arrowheads indicate MAb32-reacting cytokeratin sub- MADb32-positive tumor cells (Fig. 6¢) more widely distri-
units (lane 2) and the arrow indicates MAb24-positive buted than MAb24-positive cells (Fig. 6d) in carcinoma-
cytokeratin subunit (lane 3), respectively. tous area. In benign and malignant mixed tumors, only
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Fig. 3. Two-dimensional gel electrophoresis (a) of purified epidermal cytokeratin and its immunoblot (b) with MAb24. The
arrowheads in both (a) and (b) indicate the same cytokeratin subunit spot recognized with MAb24. Numbers written in gothic
letter mean type I (I) and type II (I) cytokeratin subfamily. The sample contains an appropriate amount of carbonic anhydrase
(CA, 30 kDa and sequentially different isoelectric-pH value, pH 4.8-6.7) as an inner marker.

Fig. 4. Immunohistochemi

restrictedly reacted against myoepithelial cells in both alveoli and alveolar ducts, while no positive reaction against
alveolar cells with MAD32 was detected. (b) No cells were reacted with MAb24 in normal mammary gland. X 125.
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Fig. 5. Immunohistochemical stainings of mammary ductal carcinomas stained MAb32 (a, c) or

MADb24 (b, d) on the mirror-image serial sections (a and b, ¢ and d). The arrows in (b) indicate the
area positively stained with both MAb32 and MAb24. Moreover, the mirror-image serial sections
reveal the same cell positively stained with both MAb32 (c, arrowhead) and MAb24 (d, arrowhead).

X 250.

MADb32 immunostained a part of adenomatous area and
normal myoepithelial cells, and no MAb24-positive cell
was observed same as in intraductal papillomas (data not
shown).

DISCUSSION

It is well known that cytokeratin, one of the intermedi-
ate-filament proteins, consists of 20 subunits in human

tissue [13, 14] and 22 subunits in bovine and murine tissues
[22]). Each subunit could be separated into some isoelec-
tric variants by two-dimensional electrophoresis. Various
monoclonal antibodies (MAbs) against cytokeratin were
established by many workers and these are recognized as
molecular markers for tumor diagnosis in human medicine
[6-8, 15, 16, 19, 20] and the change of cytokeratin-
subunits expression pattern during tumor progression was
reported in human transitional cell carcinomas [21].
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Fig. 6. Immunohistochemical stainings of well-differentiated intraductal papilloma (a, b, X 125) and squamous
cell carcinoma (¢, d, X 250) stained with MADb32 (a, ¢) or MAb24 (b, d) on mirror-image serial sections. In
intraductal papilloma, MAb32-positive cytokeratins were widely distributed in tumor cells and myoepithelial
cells (a), but no positive reaction with MAb24 was seen (b). Squamous cell carcinoma (the source of antigen) was
well stained with both MAb32 (a) and MAb24 (b). The minor-image serial sections reveal the same cell positively
stained with both MAb32 (c, arrow) and MAb24 (d, arrow).

However, little information of pathobiochemical kinetics
concerning cytokeratin polypeptides in domestic animal is
available.

In this study, we established two MADs reacting with
cytokeratin in 20 clones of MAbs generated against
cytokeratin-enriched fraction extracted from canine
squamous cell carcinoma. One antibody (MADb32) im-
munostained the cells of all layers of epidermis except the
cornified layer and mammary myoepithelial cells, and

another (MADb24) restrictedly reacted with the basal cells
of epidermis, but not with even myoepithelial cells. Both
MADbs did not reacted with any epithelial cells in normal
mammary gland. In ductal carcinomas, most tumor cells
became positive with MAb32 in addition of myoepithelial
cells. Some of these cells also expressed MAb24-positive
cytokeratin in the area where these cells showed infiltra-
tive growth. It is therefore that mammary epithelial cells
obtained the capacity of the synthesis of epidermis-type
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cytokeratin during malignant transformation. Especially,
MAb24-positive 57 kDa cytokeratin was restrictedly
detected in the stratum germinativum of epidermis, and it
is thought that MADb24 could recognized the more
undifferentiated cells than one recognized with MAb32 in
the epidermis. From these aspects, it is suggested that 57
kDa-type I cytokeratin was expressed by more anaplastic
epithelial cells also in canine mammary tumors. As Moll et
al. reported [13], No. 11 cytokeratin only found in
epidermis sometimes became detectable in ductal carcino-
mas of human breast. This molecule gave a molecular
weight of 56 kDa and a isoelectric-pH value of pI 5.3. The
biochemical characterization of this cytokeratin detected
in human ductal carcinomas is extremely resemble to 57
kDa, pI 5.1-cytokeratin described in this paper. On the
other hand, the expression of 50 kDa and 58 kDa
cytokeratins in stratified epithelia-originated carcinomas
was demonstrated by Nelson ef al. [16] using with AE1
and AE3, anti-cytokeratin monoclonal antibodies and
these molecules were not detectable in simple epithelia-
originated carcinomas. Their experiments revealed that 50
kDa and 58 kDa cytokeratins could be molecular markers
of the neoplastic cells originating from stratified epithelia.
In contrast, Debus ef al. [7] reported No. 18 cytokeratin
was found in simple epithelia but not in stratified
squamous epithelia and the antibody against No. 18
cytokeratin strongly reacted with the tumor cells in simple
epithelia-derived tumor including adenocarcinomas and
ductal carcinomas in human breast, indicating a marker
protein for simple epithelia. The 57 kDa-type I cytokera-
tin we described here was not found in normal mammary
gland but became detectable in the infiltrating areas of
ductal carcinomas. Additionally, the present study
showed that simple epithelia could express even stratified
squamous epithelia-type cytokeratin during canine mam-
mary tumorigenesis. From the mention above, It was
suggested that some cytokeratins were newly expressed or
ceased to express and the expression of other cytokeratins
was maintained during tumorigenesis or malignant trans-
formation.

Immunohistochemical analysis of canine mammary
tumor using two MAbs present in this paper (MAb32 and
MAD24) confirmed that neoplastic mammary epithelial
cells characterized by infiltrative growth could express
stratified squamous epithelia-type cytokeratin and that
these two MAbs were very useful markers of neoplastic
cells in canine mammary glands. For the investigation of
the switching mechanism of cytokeratin molecules ex-
pression during tumorigenesis, further molecular biologic-
al study such as the analysis of processing mechanism of
cytokeratin messenger RNA is needed.

ACKNOWLEDGEMENTS. We are grateful to Dr. Yoshito
Kamiyama, Department of Pathology, Tokai University School
of Medicine for his generous consultation on tumor diagnosis.
This study was supported in part by a Grant-in-Aid for Scientic
Research from the Ministry of Education, Science and Culture of
Japan (Grant No. 04660302 to K. Uehara and No. 04760202 to K.

Arai).

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Achtstaetter, T., Hatzfeld, M., Quinlan, R. A., Parmelee,
D. C., and Franke, W. W. 1986. Separation of cytokeratin
polypeptides by gel electrophoretic and chromatographic
techniques and their identification by immunoblotting.
Methods Enzymol. 134: 355-371.

Arai, A., Uehara, K., and Nagai, Y. 1989. Expression of
type II and type XI collagen in canine mammary mixed
tumors and demonstration of collagen production by tumor
cells in collagen gel culture. Jpn. J. Cancer Res. 80: 840-847.
Arai, K., Matsunaga, A., and Uehara, K. 1991. Production
and characterization of a monoclonal antibody against
low-sulfur component of bovine hair keratin. Anim. Sci.
Technol. (Jpn.) 62: 114-121.

Arai, K., Matsunaga, A., and Uehara, K. 1992. Demon-
stration of immunochemical similarities in bovine, goat,
swine and rat hair. Anim. Sci. Technol. (Jpn.) 63: 376-384.
Arai, K., Matsunaga, A., and Uehara, K. 1993. Hal and
Ha4-trichocytic cytokeratin subunits expression during hair
development in rat embryonal skin. 1993. Anim. Sci.
Technol. (Jpn.) 64: 107-114.

Broers, J. L. V., Ramaekers, F. C. S., Rot, M. K.,
Oostendorp, T., Huysmans, A., van Muijen, G. N. P.,
Wagenaar, S. S., and Vooils, G. P. 1988. Cytokeratins in
different types of human lung cancer as monitored by
chain-specific monoclonal antibodies. Cancer Res. 48:
3221-3229.

Debus, E., Moll, R., Franke, W. W., Weber, K., and
Obsorn M. 1984. Immunohistochemical distinction of hu-
man carcinomas by cytokeratin typing with monoclonal
antibodies. Am. J. Pathol. 114: 121-130.

Domagala, W., Halczy-Kowalik, L., Weber, K., and
Osborn, M. 1988. Coexpression of glial fibrillary acid
protein, keratin and vimentin: A unique feature useful in
the diagnosis of pleomorphic adenoma of the salivary gland
in fine needle aspiration biopsy smears. Acta Cytol. 32:
403-408.

Hellmen, E. and Lindgren, A. 1989. The expression of
intermediated filaments in canine mammary glands and
their tumors. Vet. Pathol. 26: 420-428.

Laemmli, U. K. 1970. Cleavage of structural proteins
during the assembly of the bacteriophage T4. Nature
(Lond.) 227: 680-685.

Lane, E. B., Bartek, J., Purkis, P. E., and Leigh, I. M.
1985. Keratin antigens in differentiating skin. Ann. New
York Acad. Sci. 455: 241-258.

Mitchell, D., Ibrahim, S., and Gusterson, B. A. 1985.
Improved immunohistochemical localization of tissue anti-
gens using modified methacarn fixation. J. Histochem.
Cytochem. 33: 491-495.

Moll, R., Franke, W. W., Schiller, D. L., Geiger, B., and
Krepler, R. 1982. The catalog of human cytokeratins:
Patterns of expression in normal epithelia, tumors and
cultured cells. Cell 31: 11-24.

Moll, R., Schiller, D. L., and Franke, W. W. 1990.
Identification of protein IT of the intestinal cytoskeleton as
a novel type I cytokeratin with unusual properties and
expression patterns. J. Cell Biol. 111: 567-580.

Moll, R., Lowe, A., Laufer, J., and Franke, W. W. 1992.
Cytokeratin 20 in human carcinomas: A new histodiagnostic

NII-Electronic Library Service



58

16.

17.

18.

19.

20.

21.

K. ARAI, ET AL.

marker detected by monoclonal antibodies. Am. J. Pathol.
140: 427-447.

Nelson, W. G., Hector, B., Santana, H., and Sun T-T.
1984. Specific keratins as molecular markers for neoplasms
with a stratified epithelial origin. Cancer Res. 44:
1600-1603.

O’Farrel, P. Z., Gordon, H. M., and O’Farrel, P. H. 1977.
High resolution two-dimensional electrophoresis of basic as
well as acidic proteins. Cell 12: 1133-1142.

Osborn, M. and Werber, K. 1982. Intermediate filaments:
Cell-type-specific markers in differentiation and pathology.
Cell 31: 303-306.

Ramaekers, F., Huysmans, A., Moesker, O., Kant, A.,
Jap, P., Herman, C., and Vooijs, P. 1983. Monoclonal
antibody to keratin filaments, specific for grandular epithe-
lia and their tumors: Use in surgical pathology. Lab. Invest.
49: 353-361.

Ramaerkers, F., van Niekerk, C., Poels, L., and Schaafs-
ma, E. 1990. Use of monoclonal antibodies to keratin 7 in
the differential diagnosis of adenocarcinomas. Am. J.
Pathol. 136: 641-655.

Schaafsma, H. E., Ramaekers, F. C. S., van Muijen, G. N.
P., Lane, E. B., Leigh, I. M., Robben, H., Huysmans, A.,
Ooms, E. C. M., and Ruiter, D. J. 1990. Distribution of
cytokeratin polypeptides in human transitional cell carcino-
mas, with special emphasis on changing expression patterns
during tumor progression. Am. J. Pathol. 136: 329-343.

22.

23.

24.

25.

26.

27.

Schiller, D. L., Franke, W. W., and Geiger, B. 1982. A
subfamily of relatively large and basic cytokeratin
polypeptides as defined by peptide mapping is represented
by one or several polypeptides in epithelial cells. EMBO J.
1: 761-769.

Schmid, E., Schiller, D. L., Grund, C. C., Staler, J., and
Franke, W. W. 1983. Tissue type-specific expression of
intermediate filament proteins in a cultured epithelial cell
line from bovine mammary glands. J. Cell Biol. 96: 37-50.
Sun, T-T., Eichner, R., Nelson, W. G., Tseng, S. C. G,
Weiss, R., Jarvinen, M., and Woodcock-Mitchell, J. 1983.
Keratin classes: Molecular markers for different types of
epithelial differentiation. J. Invest. Dermatol. 81: 109-115.
Tsubura, A., Shikata, N., Inui, T., Morii, S., Hatano, T.,
Oikawa, T., and Matsuzawa, A. 1988. Immunohistochemic-
al localization of myoepithelial cells and basement mem-
brane in normal, benign and malignant human breast
lesions. Virchows Arc. A [Pathol Anat] 413: 133-139.
Vos, J. H., van den Ingh, T. S. G. A. M., Misdorp, W.,
Ramaekers, F. C. S., van Mil, F. N., and de Neijs, M. 1989.
Keratin staining of canine epithelial tissues by a polyclonal
antiserum. J. Vet. Med. 36: 374-385.

Weiss, R. A., Eichner, R., and Sun, T-T. 1984. Monoclonal
antibody analysis of keratin expression in epidermal dis-
ease: A 48- and 56-kdalton keratin as molecular markers for
hyperproliferative  keratinocytes. J. Cell Biol. 98:
1397-1406.

NII-Electronic Library Service





