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Abstract

Mammary tumors are by far the most common tumors in female dogs and effective treatment relies on
prompt and accurate diagnostic procedures. Canine mammary tumors may originate from various cell types,
such as luminal epithelial, myoepithelial and stromal cells. This study aimed to differentiate luminal epithelial
and myoepithelial lineages, using specific markers including AE1/AE3, Vimentin, and p63. Such data can be
useful for prognosis. Canine mammary tumors were collected by surgical resection and tissue samples were
investigated using the avidin-biotin-immunoperoxidase method with used primary antibodies against AE1/AE3,
vimentin, and p63. Luminal epithelial-origin tumors were found to be immunoreactive with AE1/AE3 and
vimentin monoclonal antibody, while myoepithelial-origin tumors were positive for p63 and vimentin . In addition,
canine mixed tumors showed reactivity with all three antibodies. In summary, AE1/AE3, p63 and vimentin can
be used as specific immunohistochemical markers to distinguish lumino-epithelial and myoepithelial lineages of
canine mammary tumors.
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Introduction vimentin can be used as a myoepithelial cells and
mesenchymal cells markers.p63, a recently characterized

Dogs have the highest incidence of mammary tumorp53 homologue, is necessary to maintain an epithelial stem

among any mammals, including humans, and the lesiorell population, and it is consistency expressed in basal

are known for their biologic and histomorphologic cells of several types of multilayered epithelial organs

heterogeneity. Canine mammary tumors are classified §&ama et al., 2003). p63 is a sensitive and specific

epithelial, mesenchymal and mixed neoplasms (Morrisormyoepithelial markers in canine mammary tumors

2002). In our research, we have focused on specific cg|Batistatou et al., 2003).

type’s origin using immunohistochemistry to supply semi-  Conventional methods utilized for identification of

guantitative data for determination of tumor type in thetumor types are histopathological, but this is most

tissue sections of interest (Veerle, 2005). appropriate for lesions with thesame stem cell linage
The AE1/AE3 monoclonal antibody is a combination(Gama et al., 2003; Novosad, 2003). In our research, we

of 2 monoclones, AE1 and AE3, both of which recognizeaimed to develop an immunohistochemical method to

a wide spectrum of cytokeratins that are expressed durirdjstinguish between canine mammary tumors of

epithelial cell differentiation. Compared with other myoepithelial and lumino-epithelial cells lineage using

epithelial markers, such as the epithelial membrane antigekE1/AE3, vimentin and p63 as markers.

(EMA), AE1/AE3 is more specific and has been widely

used for clinical determination of the epithelial origin of Materials and Methods

malignant cells (Bussolati et al, 1986; Bonnie, 2002).

Vimentin is a member of intermediate filaments whichTissue preparation and immunohistochemistry

are parts of cytoskeleton in cytoplasmic matrix world.  Fifty tissue samples were obtained from female dogs

Normal canine mammary tissues, mixed tumors owith primary mammary tumors. All the dogs underwent

complex adenoma are immunopositive to vimentin insurgery at the Veterinary Teaching Hospital of Mahidol

every type of myoepithelial cells and mesenchymal tissuedniversity among the time of 2005 to 2007.Tissues were

(Destexhe et al, 1993; Rabanal and Else, 1994). Thereforfesed with 10% neutral formalin then paraffin-embedded.
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Three micrometer paraffin sections were then cut andsed at 1:100 dilution. Subsequently, the color was

routinely stained with hematoxylin and eosin (H&E) for developed with 3, 3'-diaminobenzidine tetrahydrochloride

histopathological examination. Tissue sections wer¢DAB) with H,0, in sodium acetate buffer for 5 minutes.

deparaffinized, rehydrated and then antigen retrieval waSlides were counterstained with Mayer’s hematoxylin,

carried out by using microwave heat for 5 minutes atiehydrated and mounted with synthetic resin. Normal

medium voltage in a 10mM citrate buffer, pH 6.0. After canine mammary tissues were used as positive controls.

cooling at room temperature, the sections were immersedegative controls were carried out by replacing the

in 3% hydrogen peroxide (H202) for 45 minutes and thefprimary antibody with PBS.

washed by phosphate buffer saline (PBS), pH 7.6, 3times.

Nonspecific staining was eliminated by 20-minutesEvaluation of immunohistochemical data

incubation with 0.025% normal horse serum (Santa Cruz  Positivity was indicated by the presence of distinct

Biotechnology, Inc). Excess normal serum was removedark brown nuclear (p63) or cytoplasmic (AE1/AE3,

and replaced by primary antibody (either AE1/AES,Vimentin) staining. Classification of staining data was

vimentin, p63) and incubated for an hour in a moisturgemiquantitative by using an immunoperoxidase score

chamber at room temperature following by the incubatiorfAllred et al, 1998).

at 4 °C overnight. After washing the slides, the sections

were incubated with a 1:50 dilution of biotinylated Results

secondary antibody followed by avidin-biotin complex

(ABC mouse staining system) for 45 minutes. The reagents Fifty female dogs ranged from six to fifteen years of

were purchased from Santa Cruz Biotechnology, Incage (X+ SD = 9.792.18 years; median = 9.5 years).

Primary antibody, biotinylated secondary antibody andrwenty one were crossbred and twenty-two were purebred

ABC reagents were diluted in PBS. dogs (8 poodle breed, 2 Shih Tzu breed and single
The primary antibody AE1/AE3 (monoclonal mouse representatives of other breeds). For seven dogs, breed

anti- AE1/AE3, Boehringer) was used at 1:1000 dilutionwas not known. Every female dog had masses in

Vimentin (monoclonal mouse anti-vimentin, DAKO mammary area over for 1 month.

Corp.) were used at 1:300 dilution and p63 (monoclonal According to histopathological study, three patients

mouse anti-p63, Santa Cruz Biotechnology, Inc.) werghowed precancerous lesion which classified as

Figure 1. Immunohistochemical Staining of Luminal Epithelial Tumors Note dark brown color of positive staining of
AE1/AE3 (A) in cytoplasm and vimentin (B) in the mesenchymal tissue. Counterstaining: Harris’s hematoxylin

L

Figure 2. Immunohistochemical Staining of Myoepithelial Tumors Note dark brown positive staining of p63 (A) in
nuclei and cytoplasmic staining of vimentin in myoepithelial cells and mesenchymal cells (B). Counterstaining: Harris'yliematox
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neuroendocrine-like tumor and hyperplastic conditionmuscle characteristics using high-molecular-weight
Twenty one patients were diagnosis with benign tumocytokeratins and smooth muscle actin (Destexhe et al,
classified as adenoma and benign mixed mammary glai®93; Gartner et al, 1999; Griffey et al, 1993; Vos et al,
tumor. Interestingly, twenty-two patients were diagnosed 993 a; 1993b; 1993c; Espinosa De Los Monteros et al,
as malignant tumor and two of them died in 20072002). Nevertheless, Gama et al (2003) revealed in their
However, four mammary tissues were unidentified lesionstudy that p63 is a sensitive and highly specific marker
In the canine mammary gland, AE1/AE3 staining wagor myoepithelial cells in canine mammary tissues for
observed in the cytoplasm of normal epithelial cells, theefining myoepithelial histogenesis. AE1/AE3 and
luminal epithelial and myoepithelial neoplasm as showrimentin are also good markers for both luminal and basal
in Figure 1(A) . Vimentin staining was observed in theepithelial cells in normal mammary gland and mammary
cytoplasm of normal and mesenchymal cells of tumortumor (Griffey et al, 1993; Gartner et al, 1999; Zuccari et
including fibrocytes, lipocytes, smooth muscle cellsal, 2002; Vos et al, 1993a; 1993b; 1993c).
vascular endothelial cells, astrocytes, Schwann cellhe incidence of age-related occurrence from this study
macrophages as well as myoepithelial cells of breast, sweatthe most mammary tumors commonly arise in the
and salivary glands. Positive staining of Vimentin wasniddle-aged and old dog (average 6 to 15 years). Six to
shown in Figure 1(B), 2(B). However, p63 was displayedifteen years old female dogs show no differences in the
by a nuclear staining pattern in normal and neoplasticumber of luminal epithelial, myoepithelial and mixed
myoepithelial cells whereas ductal, luminal and acinatumors. However, luminal epithelial tumors were
cells proved completely negative for p63 staining. Positiveommonly found in dogs over 9 years old.

staining of p63 is shown in Figure 2 (A). According to the results in this study, we also found
that luminal epithelial tumors show worse prognosis than
Discussion myoepithelial tumors because of the high incidence of

recurrence rate after mass resection. Even though a

In previous study, p63 gene is expressed in the basedmbination of surgery and chemotherapy is a standard
cells of several organs, including myoepithelial origin offor treating mammary tumors in dogs (Novasad, 2003), a
mammary gland tumor. It is highly specific since neithetarge prospective study comparing simple mastectomy to
stormal fibroblast nor vascular smooth muscle cells aradical mastectomy showed that there was no difference
not stained (Gama et al, 2003; Veerle, 2005). Vimentin ig recurrence rates or survival times (MacEwan et al, 1985;
a 57 kDa intermediated filament (IF) protein, which formsStratmann et al, 2008). In dogs, the best surgical plan
part of the cytoskeleton of vertebrate cells and is importaimvolves removing all of the affected tissue with wide
as diagnostic markers in histogenesis of tumors celsurgical margins (Rutterman et al, 2001).
(Veerle, 2005). AE1/AE3 mAB, a combination of two  Doxorubicin has been shown to have some efficacy
colnes, is a cytokeratin that form the cytoskeleton oégainst canine mammary tumor cell lines in in vitro models
epithelial cells and presents on most of epithelial neoplas(®artin et al, 1993) while VAC protocol is the optional
(Bonnie, 2002). As it has been reported previously, p68hoice (Sorenmo, 2003). Moreover, mammary tumors can
antigen displays a nuclear staining pattern. While vimentibe prevented by spaying the bitches before 6 months of
and AE1/AE3 antigen display a cytoplasmic stainingage. The risk of developing a mammary tumor is 0.5% in
pattern. The positive results would show brown-stainedogs spayed before 6 months of age or their first heat
(Veerle, 2005; Gama et al, 2003; Gartner et al, 1999). compared to 26% (and up to 71% in some reports) if
Tumor cells with myoepithelial origins are positive for spayed after 2 years of age (Schneider et al, 1969). In the
p63 and Vimentin staining. Twenty-eight percent of thestudy by Sorenmo et al (2000) dogs that were spayed less
canine primary tumors are myoepithelial lineages. On#han two years before mammary tumor surgery can survive
patient had recurrent and metastasis after mass wisger compared to the group of intact dogs and dogs that
removed. Six of them had found metastasis. were spayed >2 years before mammary tumor treatment.

Luminal epithelial originated tumors were positive for  In conclusion, our research revealed that p63 and AE1/
both AE1/AE3 and vimentin staining but negative for p63AE3 are specific markers for segregating epithelial
Nineteen cases showed luminal epithelial origins. Thremammary tumors from those of myoepithelial lineages.
female dogs had recurrent and 7 female dogs fourdmentin and AE1/AE3 can be used to evaluate luminal
metastasis. We demonstrated that mixed tumors wespithelial tumors. Mixed tumors were positive to AE1/
positive for all markers included p63, AE1/AE3 andAE3, Vimentin and p63. These markers are new prognostic
vimentin staining. Seventeen from 50 mammary masségols to identify histogenesis of canine mammary tumors.
were originated from both lumino- and myoepithelial cells.

There are two epithelial cell types lined the entireAcknowledgements
normal duct and lobular system of mammary gland; inner
luminal cell layer and incomplete outer myoepithelial cell The authors would like to thank Veterinary Teaching
layer. Tumors showing myoepithelial differentiation haveHospital for supporting the patient information and
been reported to be the most frequent canine benigmecimens and Faculty of Veterinary science, Mahidol
neoplasm (Moulton, 1990; Foschini and Eusebi, 1998 niversity for laboratory instrument and the staff. We
Lakhani and O’Hare, 2001). Previous study to distinguisivould like to express my sincere pleasure to Dr. Kriengkrali
myoepithelail cells by using immunohistochemicalPrahkarnkaeo, Department of Clinical Sciences and Public
markers is based on their dual epithelial and smootHealth, Faculty of Veterinary science and Dr. Amornrat

Asian Pacific Journal of Cancer Prevention, Vol 11, 201229



P Toniti et al

Naranuntarat, Department of Pathobiology, Faculty oRutterman GR, Withrow SJ, MacEwan EG (2001).Tumors of
Science, Mahidol University. We also thank Mr. Suraphol ~ the mammary gland, in Withrow SJ, MacEwan EG (eds):
Kongtim, Department of Pathobiology, Faculty of Science, Small Animal Clinical Oncology (3rd ed.) Philadelphia: WB

; : ; ; ; ; ; Saunders Co.
Mahidol University for hlstopgthologlpal tgchnlque. This Sartin E, Barnes S, Toivio-Kinnucan M, et al (1993). Heterogenic
study was supported by Mahidol University.

properties of clonal cell lines derived from canine mammary
carcinomas and sensitivity to tamoxifen and doxorubicin.
Anticancer Resl3, 229-36.
Schneider R, Dorn CR, Taylor DON (1969). Factors influencing
canine mammary cancer development and postsurgical
survival.J Natl Cancer Ins#43, 1249-61.
enmo K, Shofer FS, and Goldschmidt MH (2000). Effect of
spaying and timing of sapying on survival of dogs with
mammary carcinoma. Vet Int Med14, 266-70.
enmo K (2003). Canine mammary gland tumdes.Clin
North Am Small Anim Prac83, 573-96.
atmann N, Failing K, Ritchter A, and Wehrend A (2008).
Mammary tumor recurrence in bitches after regional
masectomyVeterinary Surg37, 82-6.
erle F (2005). Immunohistochemical Study of Canine

References

Allred CD, Harvey JM, Berardo M, et al (1998). Prognostic and
predictive factors in breast cancer by immunohistochemicaéOr
analysisMod Patho] 11, 155-68.

Batistatou A, Stefanou D, Arkoumani E, Agnantis NJ (2003).
The usefulness of p63 as a marker of breast myoepitheli@Or
cells.In vivo, 17, 573-6.

Bonnie LK (2002). Immunohistochemical analysis of breast Ce"%tr
obtained by ductal lavag€ancer CytopathoB6, 244-9.

Brunetti B, Sarli G, Marcato PS, Benazzi C (2003).
Histochemical and immunohistochemical characterizatior{/e

cl)fzgaln:lsri%mammary mucinous carcinomaComp Path Mammary Gland Tumors. Uppsala University.
. N o Vos JH, van den Ingh TS, Misdorp W, et al (1993a).
Bussolati G, Gugliotta P, Morra |, Pietribiasi F, Berardengo E . . - R ; .
Immunohistochemistry with keratin, vimentin, desmin, and

(1986). The immunohistochemical detection of lymph node . LT .
PP . alpha-smooth muscle actin monoclonal antibodies in canine
metastases from infiltrating lobular carcinoma of the breast. ; :
mammary gland: benign mammary tumours and duct

Br J Cancer. 54. 631-636. ectasiasvet Q 15, 89-95,
Destexhe E, Lespagnard L, Degeyter M, Heymann R, angOS JH, van den Ingh TS, Misdorp W, et al (1993b).

Coignoul F (1993). Immunohistochemical identification of Immunohistochemistry with keratin, vimentin, desmin, and

myoepithelial, epithelial, and connective tissue cells in . LT .
alpha-smooth muscle actin monoclonal antibodies in canine

canine mammary fumorset Pathal 30, 146-54. mammary gland: malignant mammary tumoies. Q 15,
Espinosa De Los Monteros A, Millan MY, Ordas J, et al (2002). 96-102 Y9 ’ 9 y ’

Immunolocalization of the smooth muscle—specific protein\/OS JH, van den Ingh TS, Misdorp W, et al (1993c)

Calponin in complex and mixed tumors of the mammary . - : o : X
! . Immunohistochemistry with keratin, vimentin, desmin, and
gland of the dog: assessment of the morphogenetic role of . LT .
alpha-smooth muscle actin monoclonal antibodies in canine

the myoepitheliumVet Patho] 39, 247-56. ) . .
Foschini MP, Eusebi V (1998). Carcinomas of the breast showing lm0a7mmary gland: normal mammary tissué.Q 15, 102
myoepithelial cell differentiation. A review of the literature. Zuccari DA, Santana AE, Rocha NS (2002). Expression of

Virchows Arch432, 303-10. intermediate filaments in canine mammary tumor diagnosis
Gama A, Alves A, Gartner F, Schmitt F (2003). p63: A novel Arq Bras Med Vet ZooteB4, 586-91.

myoepithelial cell markers in canine mammary tissues.
Pathol 40, 412-20.

Gartner F, Geraldes M, Cassali G (1999). DNA measurement
and immunohistochemical characterization of epithelial and
mesenchymal cells in canine mixed mammary tumors:
putative evidence for a common histogenégterinary J
158 39-47.

Griffey SM, Madewell BR, Dairkee SH, et al (1993).
Immunohistochemical reactivity of basal and luminal
epithelium-specific cytokeratin antibodies within normal and
neoplastic canine mammary glandst Pathol30, 155-61.

Lakhani SL, O’Hare MJ (2001). The mammary myoepithelial
cell - Cinderella or ugly sisteBreast Cancer Re8, 1-4.

MacEwan EG, Harvey HJ, Patnaik AK, et al (1985) Evaluation
of effects of levamisole and surgery on canine mammary
cancerJ Biol Resp Mod4, 418-26.

Morrison WB (2002). Cancers in Dogs and Cats - Medical and
Surgical Management (2nd ed.). Wyoming: Teton
NewMedia.

Moulton JE (1990). Tumors of the mammary gland. In: Tumors
in Domestic Animals (3rd ed.). California: University of
California Press.

Novosad CA (2003). Principles of treatment for mammary gland
tumors Clinical Techniques Small Animal Practjds, 107-

9.

Rabanal RM, Else RW (1994). Immunohistochemical
localisation of cytokeratin and vimentin intermediate
filament proteins in canine mammary tumouRes Vet Sci
56, 225-33.

230 Asian Pacific Journal of Cancer Prevention, Vol 11, 2010



