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Abstract

The aim of this study was to evaluate reveal whether there is a significant relationship between cell proliferation and invasion-metastasis
capacity in various mammary carcinomas subtypes observed in dogs immunohistochemically with PCNA and MMP-9 markers. The
material of this study consisted of tissue samples of mammary carcinomas taken from 6 Kangal and 4 Setter dogs with an average age of
8.4 years brought to our department between 2012 and 2020. 4 of 10 mammary carcinoma cases were classified as intraductal papillary
carcinoma, 4 as carcinoma mixed, 1 as solid carcinoma and 1 as tubular carcinoma. We found the highest mean number of PCNA and
MMP-9 positive cells in solid subtype. In conclusion, there may be a positive relationship between cell proliferation, invasion and
metastasis capacity under the solid subtype.
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Koépek Meme Karsinomlarinda PCNA ve MMP-9 Ekspresyonlarinin Inmunohistokimyasal Olarak Degerlendirilmesi
0z
Bu ¢alismanin amaci, kopeklerde goriilen gesitli meme karsinomu alt tiplerinde hiicre proliferasyonu ile invazyon-metastaz kapasitesi
arasinda anlaml bir iliski olup olmadigini PCNA ve MMP-9 gibi immunohistokimyasal belirtegler aracili§lyla ortaya koymaktir. Bu
¢alismanin materyali, 2012-2020 yillari arasinda anabilim dalimiza getirilen yas ortalamasi 8,4 yil olan 6 Kangal ve 4 Setter kdpeginden
alinan meme kanseri doku 6rnekleri olusturdu. 10 meme karsinomu vakasindan 4'G intraduktal papiller karsinom, 4'G miks karsinom, 1'i
solid karsinom ve 1'i tibuler karsinom olarak siniflandirildi. Solid alt tipte en yiksek ortalamada PCNA ve MMP-9 pozitif hiicre sayisi

bulundu. Sonug olarak sadece solid alt tipte hiicre proliferasyonu ile invazyon ve metastaz kapasitesi arasinda pozitif bir iliski olabilecegi
kanisina varildi.

Anahtar Kelimeler: Karsinom, kopek, meme, MMP-9, PCNA

INTRODUCTION

The most common malignant tumors observed in bitches are
mammary cancers and cause serious clinical problems (1-3).
Although many factors play a role in the etiology of mam-
mary tumors in dogs, it is thought that carcinogenic effect,
several molecular pathways, e.g. dysregulation of cellular
proliferation, lack of apoptosis and hormone dependence
contribute significantly to neoplastic transformation (4-6).
Surgery is the most-cost effective and primary treatment
method (7). However, there is a low survival rate in bitches
with malignant tumors. Because the recurrence rate of the
tumor is very high and it can metastasize to organs such as

regional lymph nodes, lung, liver and spleen (8, 9). Early di-
agnosis is the best strategy to fight mammary cancers (10).
The most important prognostic factors related to the tumor
can be briefly summarized as follows; tumor size, lymph
node status, distant organ metastases, histological subtypes,
degree of malignancy, and nucleus differentiation (11, 12).
Mammary cancers have a wide variety of biological behav-
iors (13). Among these factors, histological subtypes are
thought to be the best option for detecting the behavior of the
tumor (14). Malign epithelial tumor types; carcinoma-in situ,
carcinoma simple (tubular, tubulopapillary, cystic-papillary,
cribriform), carcinoma-micropapillary invasive, carcinoma-
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solid, comedocarcinoma, carcinoma-anaplastic, carcinoma-
complex type, carcinoma and myoepithelioma, malignant
myoepithelioma, carcinoma-mix type, ductal carcinoma and
intraductal papillary carcinomas (15).

Proliferating cell nuclear antigen (PCNA) plays serious
roles in the metabolism of nucleic acid. Its major function is
in DNA replication, but it is also related with DNA excision
repair, cell cycle control, chromatin assembly, and RNA tran-
scription (16). Matrix metalloproteinases (MMPs) are zinc
dependent proteolytic metalloenzyme. Matrix metallopro-
teinase-9 (MMP-9), also known as gelatinase b, is one of the
most complex forms of matrix metalloproteinases. MMP-9
has the ability to break down the extracellular matrix (ECM)
components and has serious role in the pathophysiological
functions (17).

In this study, we aimed to evaluate whether there is a
significant relationship between cell proliferation and inva-
sion-metastasis capacity in various mammary carcinoma
subtypes observed in dogs, by means of immunohistochem-
ical markers such as PCNA and MMP-9.

MATERIALS AND METHODS

Animals

The material of this study consisted of tissue samples of
mammary carcinomas taken from 6 Kangal and 4 Setter dogs
with an average age of 8.4 years brought to our department
between 2012-2020.

Ethical Approval

The ethics committee report of this study was obtained from
Kafkas University Animal Experimentals Local Ethics Commit-
tee (Authorization number: KAU-HADYEK-2020/076).

Histopathology

Tissue samples from dogs were fixed in 10 % buffered for-
malin solution. After routine tissue procedures, paraffin
blocks were prepared and sections with a thickness of 5 um
were taken for Hematoxylin and Eosin (H&E) staining. Sec-
tions were examined with the light microscope to determine
the histopathological subtypes and photographed with
Cell*P Program.

Immunohistochemistry

Avidin-Biotin Peroxidase method was used as immunohisto-
chemical method. For immunohistochemical staining, the
sections of 4 um in thickness taken to poly-L-lysine coated
slides were deparaffinized and rehydrated in graded alco-
hols. In order to prevent endogenous peroxidase activity,
the sections were treated with 3% hydrogen peroxide solu-
tion in Phosphate Buffered Saline (PBS) for 15 minutes. For
antigen retrieval, the sections were boiled in Citrat Buffer So-
lution (pH 6) for 25 min in the microwave oven (at 800 watt).
In order to prevent nonspecific staining, the sections were
incubated for 30 min with non-immune serum (Genemed Bi-
otechnologies REF 54-0003) at room temperature. Diluted
antibodies (PCNA: Santa Cruz, sc-56, Dilution Ratio: 1/100;
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MMP-9: Santa Cruz, sc-393859, Dilution Ratio: 1/100) were
incubated for one hour at room temperature. The sections
were washed 3 times in PBS solution for 5 minutes, and the
biotinylated secondary antibody (Genemed Biotechnologies
REF 54-0003) was applied to them at room temperature for
30 minutes. After washing in PBS (3-5 min), all sections were
incubated with peroxidase-bound Streptavidin (Genemed
Biotechnologies REF 54-0003) for 30 minutes at room tem-
perature. A solution of 3.3-diaminobenzidine tetra hydro-
chloride (DAB) (Genemed Biotechnologies REF 10-0048) was
used as a chromogen for 15 minutes. The sections were
treated with Mayer’s Hematoxylin for 30 second and washed
in running water for 5 min, dehydrated in graded alcohols,
cleared in xylene and coated with entellan. Primary antibod-
ies were omitted from the negative control sections and
were treated with diluted normal serum. The slides prepared
after the covering were examined under a light microscope
and photographed via the Cell*P program. Analyzes of the
images were done with Image J Program.

Analysis of immunohistochemical staining results;
PCNA and MMP-9 immunoreactivities were scored by num-
ber of positive cells in the areas that best reflect the charac-
ter of staining. For quantification of the immunostaining in
the tissue, the analysis was started on the basis of high in-
tensity reaction areas. For each sample, 10 different areas
were examined at a total enlargement of 200. The number
of cells stained positively in each area was recorded and the
average of these 10 sites was taken as the data of that ani-
mal.

RESULTS

Histopathological Results

4 of 10 mammary carcinoma cases were classified as intra-
ductal papillary carcinoma, 4 as carcinoma mixed, 1 as solid
carcinoma and 1 as tubular carcinoma according to Gold-
schmidt et al. 2017 (15). In histopathological examinations;
we observed finger-like protrusions in which the tumor cells
were supported by a fibrovascular layer in intraductal papil-
lary carcinoma subtype cases. In addition, we detected
changes in the ratio of nucleus and cytoplasm, increased mi-
totic activity and remarkable pleomorphism in neoplastic ep-
ithelial cells. In cases with carcinoma mixed subtype; we de-
termined the presence of epithelial cells forming irregular
ductular structures, spindle-shaped myoepithelial cells and
bone-cartilage tissues. In addition to these, increased mi-
totic activity and pronounced pleomorphism were other im-
portant findings we observed. We found that 1 or 2 cell thick
tubular structures, pleomorphism, marked hyperchromasia
and increased mitotic activity in case of tubular carcinoma
subtype. In cases with solid carcinoma subtype case; the
presence of cells in the form of solid layers was noteworthy.
In addition, we detected differences in nuclear and cyto-
plasm ratios and varying degrees of mitotic figures. (Figure 1
A-D).
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Figure 1. Histological subtypes, H&E, Bar=100 um A) Intraductal
papillary subtype. B) Carcinoma mix subtype. C) Solid subtype.
D) Tubular subtype.

Immunohistochemical Results

Average numbers of positive PCNA, MMP-9 cells and metas-
tasis status for all animals are given in Table 1. We found the
highest mean number of PCNA positive cells in solid subtype.
PCNA immunoreactivity was detected especially in the nu-
cleus. In addition, cytoplasmic staining was observed. In
cases with intraductal papillary carcinoma subtype; immune
positive reactions were concentrated in the tumoral cells
that formed finger-like protrusions compared to the fibro-
vascular layer. In cases with carcinoma mixed subtype;
strong immunoreactivity was observed in epithelial cells
formingirregular glandular structures. We did not detect any
positive reaction in cartilage and bone tissue components. In
case with tubular carcinoma subtype; PCNA expression es-
pecially was evident in the solid layers formed by the tu-
moral cells. In case with solid carcinoma subtype; immun-
positive reaction was detected in pleomorphic tumoral cells
forming tubular structures separated by thin fibrous tissue
(Figure 2 A-D).

Table 1. Average PCNA and MMP-9 positive cell numbers of the

cases
Case No Histologic Subtype PCNA MMP-9 Meta-
stasis

Case 1 Carcinoma mix type 421 392 -
Case 2 Carcinoma intraduc- 781 462 -

tal papillary type
Case 3 Carcinoma intraduc- 839 492 +

tal papillary type
Case 4 Carcinoma solid type 1273 623 +
Case 5 Carcinoma tubular 1080 576 -

type
Case 6 Carcinoma mix type 486 372 -
Case 7 Carcinoma mix type 468 388 -
Case 8 Carcinoma intraduc- 971 480 +

tal papillary type
Case 9 Carcinoma intraduc- 611 392 -

tal papillary type
Case 10  Carcinoma mix type 517 406 -
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R 00 P2 k. b
Figure 2. PCNA positive expressions, IHC, Bar=100 um. A) Intraductal
papillary subtype. B) Carcinoma mix subtype. C) Tubular subtype.
D) Solid subtype

Similar to PCNA, we found the highest mean number of
MMP-9 positive cells in solid subtype. MMP-9 immunoreac-
tivity was observed in both the cytoplasm and the nucleus of
tumoral cells. Positive reactions in the cases with intraduct-
ular papillary subtype were detected especially in the cells
forming the glandular structures. In the cases with carci-
noma mixed subtype, no reaction was observed in bone and
cartilage tissue components similar to PCNA, while brown
positive reactions were detected especially in the tumoral
cells between these two components. A positive reaction
was detected in a case with tubular subtype spread over
large areas. In the case with solid subtype, MMP-9 expres-
sions were observed densely in the cytoplasm of cells form-
ing solid sheets separated by a thin fibrous tissue (Figure 3
A-D).

tal papillary subtype. B) Carcinoma mix subtype. C) Tubular subtype.
D) Solid subtype.

DISCUSSION AND CONCLUSION

Uncontrolled cell proliferation is one of the most important
reasons for the transformation of normal cells into malig-
nant cells (18). Proliferation index can be determined by cell
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cycle markers such as PCNA and Ki-67. Compared to Ki-67,
PCNA is a more reliable marker for mammary tumors in hu-
mans and dogs (1). This is due to the long half-life of PCNA in
cells. It is thought to take approximately 8 hours for dividing
cells and approximately 20 hours for cells that enter the rest-
ing phase (18, 19). PCNA is an acid nuclear protein weighing
36 kDa and working as DNA polymerase delta co-factor. In
addition, it plays an important role in DNA replication and
repair processes (20). PCNA is synthesized in the G1/S
phases of cell division, and its expression is closely associ-
ated with cell proliferation (21, 22). Subsequently PCNA de-
creases in the G2/M phases (19, 23). Increased PCNA expres-
sion is associated with mitotic activity, poor prognosis and
malignant potential; PCNA positive reaction detected at a
rate of 50% or more in malignant cells indicates poor prog-
nosis (4, 24). While studies highlight the prognostic value of
cell proliferation in canine mammary tumors, some of the
results obtained are open to discussion (13).

Preziosi et al. 1995 (19), Peia et al. 1998 (22), Zacchetti
etal. 2003 (23) and Silva et al. 2016 (25) demonstrated PCNA
immunoreactivity both intensely and weakly in the nucleus,
they also found a positive reaction in the cytoplasm of cells
that undergoing mitosis. In addition, Silva et al. 2016 (25)
found that PCNA immunostaining reacted more intensely in
the nuclei of tumoral cells in the mammary glands compared
to connective tissue and myoepithelial cells. They did not
find any PCNA expression in bone and cartilage-derived myx-
oid areas (25). In accordance with this study data, we did not
detect any positive reaction in cartilage and bone tissue
components in cases with carcinoma mixed subtype. Similar
to previous studies, ilhan et al. 2008 (24) and Carvalho et al.
2016 (13) observed PCNA immunoreactivity especially in the
nucleus of cells. Zuccari et al. 2008 (20) observed intense and
nuclear PCNA expressions in canine mammary neoplasies.
Aydogan et al. 2018 (1) detected the PCNA positive reaction
in the nucleus and brown color. In this study, in accordance
with the literature data, we observed PCNA positive reac-
tions in the brown color in the nucleus of tumor cells (13,
24). In addition, similar to previous studies, we detected
PCNA expressions in the cytoplasm of cells undergoing mito-
sis (19, 22, 23, 25). Similar to the study conducted by Ilhan et
al. 2008 (24), we did not detect any PCNA positive reaction
in normal mammary glands.

Preziosi et al. 1995 (19) found that PCNA positive cells
are higher in solid adenocarcinomas than tubular adenocar-
cinomas. Funakoshi et al. 2000 (21) observed the highest
PCNA expression in solid type, while the lowest reaction was
found in tubular type. ilhan et al. 2008 (24) found the inten-
sity of PCNA staining higher in papillary adenocarcinomas
compared to solid adenocarcinomas. Ranganath et al. 2011
(9) detected the highest PCNA expressions in solid carcino-
mas. Solid carcinomas were followed by papillary, tubular
and complex carcinomas, respectively. Lokesh et al. 2014 de-
termined that the PCNA index was higher in solid carcinoma
cases compared to tubulopapillary and complex adenocarci-
nomas (26). topuszynski and Hellmén 2015 (18) and Car-
valho et al. 2016 (13) detected the highest mean PCNA im-
munoreactivity in solid carcinomas, followed by
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tubulopapillary carcinomas and complex carcinomas, re-
spectively. Aydogan et al. 2018 (1) observed PCNA positive
reactions in the following histological subtypes of carcino-
masarcomas, tubulopapillary carcinoma and complex carci-
nomas, respectively. Similar to previous studies, we found
the highest mean number of PCNA positive cells in tubular
subtype (9, 13, 18, 19, 21, 26).

In canine tumors, invasion to surrounding tissues and
metastasis to other organs are quite common (27). Invasion
and metastasis occur as a result of a highly complex and
multi-stage process (28). The first of these stages is the de-
struction of the extracellular matrix and the invasion of the
basement membrane (28, 29). Various proteolytic systems
mediate the destruction of these elements and especially
MMPs play a significant role (30). MMPs are a zinc-depend-
ent family of proteases and are synthesized mainly by fibro-
blasts, leukocytes, monocytes, macrophages, neutrophils
and endothelial cells as well as neoplastic cells and released
into extracellular spaces (2, 29). The MMP family consists of
several substrate-specific subfamilies; gelatinases, one of
them, is a subfamily often associated with tumor invasion
and metastasis. Gelatinases break down the type 4 collagen
of the basement membrane and thus contribute to invasion,
tumor growth and spread (30). MMP-9 (also known as gelati-
nase b), which is one of the most important members of
gelatinases and weighs 92-kDa, is involved in cancer initia-
tion, development, metastasis, and progression (10). The in-
crease in MMP-9 activity observed in canine mammary tu-
mors is closely related to tumor malignancy, proliferation
rate and histological grade (30).

Chen et al. 2019 (10) found that malignant canine
breast tumors express MMP-9 at a higher rate than normal
breast tissues. Nowak et al. 2008 (29) detected MMP-9 pos-
itive reaction in 83% of the cases in their study with tissue
samples taken from 35 canine mammary carcinomas. Santos
et al. 2012 (30) found MMP-9 expressions in both stromal
and neoplastic cells in 31 solid and 20 tubulopapillary canine
adenocarcinoma cases. Hirayama et al. 2002 (27) observed
MMP-9 expressions particularly strongly in the cytoplasm of
neoplastic luminal cells in tubular, papillary and solid adeno-
carcinoma cases. Similar to this study Aresu et al. 2011 (28)
MMP-9 positive reactions were detected in the cytoplasm of
tumoral cells and fibroblasts. Raposo et al. 2016 (31) re-
ported that in canine inflammatory mammary carcinomas,
MMP-9 expressions are localized in the cytoplasm of neo-
plastic cells. Dong et al. 2019 (2) detected 85.3% of MMP-9
positivity in 34 tubulopapillary canine breast cancer cases. In
accordance with literature data, we detected MMP-9 posi-
tive reaction in all cases of intraductal papillary, mixed, tub-
ular and solid subtypes (27-30). Similar to previous studies
(27, 28), we found MMP-9 expressions especially in the cy-
toplasm of neoplastic cells. Apart from cytoplasms, we also
observed a positive reaction in the nuclei of some cells. In
the literature searches, there is no study comparing different
canine mammary carcinoma subtypes in terms of MMP-9 ex-
pressions. In our study, the subtype with the highest mean
number of MMP-9 positive cells was solid type parallel to the
number of PCNA positive cells. When the metastasis status
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of animals is examined, it is seen that only 3 out of 10 cases
metastasize to near or distant tissues. Of the 3 cases that
metastasize, 2 are intraductal papillary and 1 case is solid
type.

In conclusion, there may be a positive relationship be-
tween cell division rate, invasion and metastasis capacity un-
der the solid subtype. Although the tubular type PCNA and
MMP-9 positive cell count scored higher than the intraductal
papillary variant, we did not detect any metastasis in this
case. We interpreted this result in relation to the small num-
ber of samples studied. We think that the correlation of
PCNA and MMP-9 expressions with each other may be very
valuable, especially in terms of tumor aggressiveness, cancer
prognosis and histologic subtypes.
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