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Abstract

Neoplasia occurs mostly in mammary glands in female dogs and mammary gland cancer is one of
the causes of death in these animals cytokeratins are one of the most important of tumor markers for
identification of tumor prognosis.

In this study, 120 canine malignant tumor samples of mammary glands were studied. From each
sample, a section was taken for hematoxylin-eosin staining and two sections for immunohistochemical
staining of markers CK5/6 and CK7. Histopathology slides was evaluated by light microscope.

The results show that the presence of markers CK7 and CK5/6 had no significant relationship
with tumor grade and type (p<0.05).

However, it seems that unlike humans, CK5/6 and CK7 is not an independent prognostic factor in
canine mammary gland tumors.
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Introduction

The prevalence of mammary neoplasms was re-
ported 199 per 100,000 female dogs (Santini et al.
2002). Recent studies on gene expression have identi-
fied two major groups of breast cancer cells, one with
basal/myoepithelial characteristics and the other with
luminal characteristics (Gama et al. 2010). The im-
portant point is the prognosis of basal type cancers
because they are associated with poor clinical
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outcome. Basal tumors are hormone receptor-nega-
tive and express genetic characteristics of basal and
myoepithelial cells (Gama et al. 2010).

Intermediate filaments (IFs) are one of the most
important types of tumor markers, whose presence or
absence is very important (White and Hahn 2003).
A large group of IFs is known as cytokeratins, which
are specific for epithelial cells and carcinomas. Most
malignant tumors are highly consistent, due to their
strong cytoskeleton which is made of cytokeratin pro-
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teins. These proteins may be released into serum and
other body fluids following the neoplastic transform-
ation of these cells and the incidence of carcinoma
(Gusterson et al. 2005). Certain structural proteins in
cytoskeletal IFs may have a relative relationship with
biological behavior and prognosis of breast cancer in
humans. In fact, the immunological expression of ba-
sal cytokeratins such as CK17, CK14 and CK5 has
been associated with poor prognosis (Gu et al. 2008).
Recently, prognostic value of several molecular vari-
ables has been examined in studies of canine mam-
mary gland carcinoma (Gama et al. 2010). These vari-
ables include cell proliferation markers (Warapan et
al. 2009, Gama et al. 2010), receptor proteins (Gama
et al. 2010), oncogenes/tumor suppressor genes
(Gama et al. 2008) and adhesion molecules (Gama et
al. 2010), among others variables (Queiroga et al.
2005, Pinho et al. 2007). Despite the popularity of
these variables as diagnostic indicators related to hu-
man breast cancer, some of them have expressed con-
flicting results and are still invalid in veterinary medi-
cine. This study aimed to investigate the association of
expression of basal and luminal cytokeratins 5/6 and
7 with prognosis and tumor malignity grade and com-
pare it with histopathologic characteristics of canine
mammary tumors.

Materials and Methods

All samples were collected from pet hospitals and
polyclinics in Tehran, IRAN. The inclusion criteria
were the following: primary malignant tumor, not be-
ing recurrent. Some samples were excluded for their
inappropriate tissue fixation, and if samples were
found benign after the pathology study, they were also
excluded. Finally, 120 malignant tumor samples were
selected. All information in the records of dogs were
examined carefully, including age, previous history of
mammary disease, the results of ultrasound and radi-
ology, the position of the involved mammary glands,
the tumor size at the time of excision, axillary and
inguinal lymph nodes status, type of surgery and
status of local invasion or metastasis.

Preparation of samples

After obtaining samples, they were fixed for 24
hours in 10% formalin buffer solution and paraffin
blocks were prepared. Each block was used for a 6-fm
thick section for hematoxylin-eosin staining and two
4-μm thick sections for immunohistochemical stain-
ing. A 4-μm thick section was prepared without
adding primary antibody as negative control. Normal

human breast and skin tissues were used as positive
control for CK7 and CK5/6.

Immunohistochemical staining

Samples confirmed as malignant were stained by
IHC method with the following antibodies:
Ab-CK5/6: (Dako, Denmark, code M7237, GA780,
IR780, IS780) and Ab-CK7: (Dako, Denmark, code
M7018, GA619, IR619, IS619). Immunohistochemical
staining of samples was performed according to the
antibodies manufacturer’s instructions.

Histological evaluation of mammary
glands cancer

In this study, mammary cancer grading was per-
formed according to Table 1 and 2 (Goldschmidt et al.
2011).

Clinical cancer staging (TNM) was carried out ac-
cording to the protocol recommended by Owen 1980
(Cassali et al. 2011) as shown in Table 3 and 4.

Evaluation of CK5/6 and CK7 expression
by IHC technique

Immunoexpression of CK5/6 and CK7 in breast
cancer tissue were investigated in 10 microscopic
fields at a magnification of 400x. The percentage of
immunoexpression was regardless of staining intensity
and only staining rate was considered. It should be
noted that the immune reaction is exclusively con-
sidered in membranes of invasive epithelial cells in the
tumor stroma. The expression of each cytokeratins 5/6
and 7 was assessed as follows:

1. 0% (without immune response) = null or nega-
tive

2. 1-10%: = +1 or weakly positive
3. 150-50% = +2 or moderately positive
4. >50% = +3 or strongly positive
Tumor grading and scoring for each parameter

were performed according to proposed guidelines of
Goldschmidt et al. (2011).

Statistical analysis

The correlations between CK7 and tumor grade
and type and CK5/6 and tumor grade and type were
assessed by Spearman test. The results were analyzed
by statistical SPSS-18 software. The significance level
was considered p≤0.05.
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Table 1. Criteria for Histologic Malignant Grade.

Tubule Formation Nuclear Pleomorphism Mitoses per 10 High Power Field

1 point Tubule formation > 75%
of the specimen

Uniform or regular small nucleus
and occasional nucleoli

0-9 mitoses

2 point Moderate formation of tubular
arrangements (10-75% of the
specimen) admixed with areas

of solid tumor growth

Moderate degree of variation
in nuclear size and shape,
hyperchromatic nucleus,
and presence of nucleoli

(some of which can be prominent)

10-19 mitoses

3 point Minimal or no tubule formation
(< 10%)

Marked variation in nuclear size
and hyperchromatic nucleus,

often with one or more prominent
nucleoli

> 20 mitoses

Table 2. Histologic malignancy grade of canine mammary glands carcinoma.

Total Score Grade of Malignancy

3-5 point I (low)

6-7 point II (intermediate)

8-9 point III (High)

Table 3. Clinical staging (TNM) of canine mammary carcinomas.

Primary tumor (T) Regional lymph nodes (N)

T0 No evidence of primary tumor N0 No regional lymph node metastasis (axillary or inguinal)
T1 Tumor size < 3cm a: not attached N1 Ipsilateral lymph node involved
b: attached to the skin a: not attached
c: attached to the muscle b: attached

T2 Tumor size 3 – 5cm a: not attached N2 Bilateral lymph node involved
b: attached to the skin a: not attached
c: attached to the muscle b: attached

T3 Tumor size > 5cm a: not attached Distant metastasis (M)
b: attached to the skin M0No distant metastasis
c: attached to the muscle M1 Distant metastasis, including distant lymph nodes

T4 Tumor of any size (Inflammatory carcinoma)

Table 4. Grouping by stages of canine mammary tumors.

T N M
Stage I T1 N0; N1a or N2a M0

Stage II T0 N1
T1a,b or c N1
T2a,b or c N0 or N1a M0

Stage III All T3 All N
All T All Nb M0

Stage IV All T All N M1

T – Size of primary tumor; N – Lymph node; M – Metastasis
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Results

Histopathological type of tumor

Among 120 samples surveyed, there were eight
types of tumors as seen in Fig. 1.

Tumor staging

The results of tumor staging are shown in Fig. 2.
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Fig. 1. Relative frequency of canine mammary gland cancer.
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Fig. 2. Staging of canine mammary gland carcinoma according to T.N.M system. Stage II has the highest number of samples.

Tumor Grading

In this study, grade I tumors had the highest fre-
quency and grade III tumors had the lowest frequency
(three samples) (Fig. 3).

Fig. 4 shows the frequency of tumor grades by the
type of tumor.
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Fig. 3. Relative frequency of mammary gland carcinoma grade.
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Fig. 4. Frequency of tumor grades by the type of tumor.
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Fig. 5. Relative frequency of the severity of CK 5/6 expression according to tumor type.
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Fig. 6. Relative frequency of the serverity of CK 5/6 expression according to tumor grade.
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Fig. 7. Relative frequency of the serverity of CK 7 expression according to tumor type.
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Fig. 8. Relative frequency of the serverity of CK 7 expression according to tumor grade.
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Fig. 9. Micrographs of canine mammary gland tumors – immunohistochemical staning: a – High expression of cytokeratin 5/6
(magnification × 200), the bottom-left image (magnification × 400), b – Low expression of cytokeratin 5/6 (magnification × 200),
c – High expression of cytokeratin 5/6 (magnification × 400), d – No expression of cytokeratin 5/6 (magnification × 400)

Evaluation of CK5/6 with immunohistochemical
staining

In Figs. 5 and 6 the expression frequency of CK5/6
is presented according to tumor type and grade. Fig.
9 shows the micrographs of immunohistochemical
staining for CK5/6.

Evaluation of CK7 with immunohistochemical
staining

In Figs. 7 and 8 expression frequency of CK7 is
shown according to tumor type and grade.

Statistical analysis results

The results of statistical analysis show that if the
expression of CK5/6 and CK7 is considered zero, 1+,

2+ and 3+, the presence of these markers has no
significant relationship with tumor grade and type (p<
0.05).

Ignoring the severity of expression and consider-
ing only the expression or lack of expression of CK5/6
and CK7, only CK5/6 is significantly associated with
tumor type.

Discussion

Like in humans, identifying prognostic parameters
is a major part of studies on canine mammary gland
cancer. Although not completely, but several clini-
copathological features are known as prognostic fac-
tors in most canine mammary gland cancer studies
based on univariate or multivariate analysis: (1) tumor
size (Muhammadnejad et al. 2012), (2) histological
type of tumor (Andreia et al. 2013), (3) histological
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grade (Andreia et al. 2013), (4) the invasion rate
(Gama et al. 2008) and (5) metastasis to lymph nodes
and remote areas (Andreia et al. 2013). Karayan-
nopoulou et al. (2005) used Elston and Ellis (1998)
human grading method for histological grading of ca-
nine mammary gland tumors and reported it useful
for predicting tumors. This method (based on tubule
formation, nuclei pleomorphism and mitoses count) is
apparently more reliable (Andreia et al. 2013). Fac-
tors that seem to have no effect on tumor prognosis
include race, tumor site, the number of tumors and
surgical method.

Nearly half of the canine mammary gland tumors
are considered malignant and it is important to detect
reliable prognostic factors for predicting the risk of an
adverse clinical outcome (Birnbaum at al. 2004). The
importance of cytokeratins expression is still unclear
in prognosis estimation of canine mammary tumors
(White and Hahn 2003, Warapan et al. 2009).

Some references report 10-11 years as the
mean age for mammary gland neoplasia (White and
Hahn 2003). In this study, most subjects were 8-10
years old and the mean age distribution was 8 ± 0.4
years. Given that carcinomas are the most common
malignant tumors (White and Hahn 2003), all
samples surveyed in this study related to mammary
carcinoma.

Immunohistochemical studies show that the ma-
jority of luminal cells (CK7, CK8) and basal/my-
oepithelial cells (CK5, CK14) in normal human breast
express p63 and P-Cadherin (Gama et al. 2004, Gama
et al. 2008, Warapan et al. 2009). A significant rela-
tionship between basal phenotype and poor prognosis
in human was reported in several studies and given
that all of these cells can be affected by malignant
changes, breast carcinomas are classified as expressing
basal or luminal phenotypes (Abd El-Rehim et al.
2004, Gama et al. 2010).

Several reports have been published in human
studies for luminal cytokeratin markers. These ar-
ticles showed that the absence of luminal
cytokeratins is significantly associated with tumor
higher grade and more mitotic index (Abd El-Rehim
et al. 2004, Willipinski-Stapelfeldt et al. 2005, Gama
et al. 2010).

According to Moll et al. (1982) the biological sig-
nificance of different expression of cytokeratin poly-
peptides is not clear in mammary carcinoma and al-
though the performance of cytokeratins CK5, CK14,
and CK17 is unknown, their expression is associated
with poor prognosis. Moll’s observations were con-
firmed by other researchers who found similar rela-
tionships between poor prognosis and expression of
CK5, CK14, and CK17 (Gusterson et al. 2005).

In this research, we attempted to evaluate the im-
munohistochemical expression of luminal cell marker
CK7 and basal cell marker CK5/6 in canine malignant
mammary tumors and their possible association with
a number of prognostic parameters. There was a sig-
nificant difference in CK5/6 expression between grade
I and II (p<0.05) and although we had an increase in
CK5/6 expression in grade III tumors because there
were few grade III tumors it was not comparable with
the other two grades (I and II).

Based on the results, there was no significant dif-
ference in relation to CK7 in all tumor grades and it
appears that CK7 cannot be an independent prognos-
tic factor for malignant tumors in dogs, contrary to
the findings in human. So the hypothesis of the rela-
tionship between the intensity of expression of
luminal cytokeratin 7 and positive prognosis of tumor
which has been considered in this study cannot be
true.

Similar results were also obtained for basal
cytokeratin 5/6. Statistical findings suggest that the
presence of markers CK5/6 and CK7 does not show
a significant relationship with tumor grade and type
(p<0.05).

CK 5/6 can be considered an independent prog-
nostic factor for malignant breast tumors in dogs pro-
vided that only the expression of CK5/6 and CK7 is
considered, not the intensity of expression that can be
attributed to the relationship between high tumor
grade and positive basal markers according to the hy-
pothesis of this study because according to previous
findings, higher tumor malignancy causes higher ex-
pression of basal cytokeratins. However, because we
considered the severity of expression in our study, no
significant relationship was observed.

In Conclusion, it seems that unlike in humans,
CK5/6 and CK7 are not independent prognostic fac-
tors in canine mammary gland carcinoma.
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