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ABSTRACT

In bitches, the incidence of mammary tumors is determined at %50 of all neoplasms.
Most of the cases are malignant and tend to metastasize. Because of this, early diagnosis
has an important value. Due to the molecular and clinical similarities of canine mammary
tumors to human breast cancers, human breast cancer markers are also detectable in
cases of canine mammary tumors. Generally, biomarkers provide information about
criteria such as clinical diagnosis, early diagnosis, prognosis, and determination of the
treatment protocol. When choosing the appropriate biomarker, it should be taken into
account that it is easy to apply, has a positive correlation with tumor specificity and
malignancy, and whether gives precise information about prognosis. Due to the
heterogeneous nature of canine mammary tumors, an ideal biomarker has not
determined yet. However, new studies have revealed the existence of many biomarkers.
In this review it is given to qualified and current biomarkers can be used in dogs,
including invasive and non-invasive mammary tumor biomarkers.
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Introduction

Mammary tumors are among the frequent
neoplasms in bitches (Lana et al., 2007). Malign
tumors constitute approximately 40-50% of the
cases (Sorenmo et al., 2003). Besides, 50% of the
malign masses tend to metastasis (Sleeckx et al.,
2011). The studies conducted report that the
most frequent mammary tumor types in dogs are
mixed tumors (67%), adenoma and
adenocarcinoma (32%) (Casalli et al., 2012). In its
etiology, particularly steroid hormones play a role
as well as the genetic, breed predisposition,
nutrition, and environmental factors (Sorenmo et
al., 2003; Chang et al.,, 2009; Beauvais et al.,
2012). Although mammary tumors are detected in
very old animals, it inclines to occur between the
ages of 8-10 years (Sorenmo et al., 2003). Another
reason for the increased incidence of mammary
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tumors is the time of neutering. While the risk for
an animal to develop mammary tumor associated
to prepubertal neutering is 0.5%, the risk
increases in the subsequent cycles (Sorenmo et
al., 2003). Besides, frequent phantom pregnancy/
false pregnancy or administration of exogenous
progesterone also increase the risk of mammary
tumors (Benavente et al., 2016).

Following the removal of the tumor by surgical
incision, prognostic assessment is based on
clinical grading, size of the tumor, spread to
lymph nodes, existence of metastasis, and
lymphatic and vascular invasion. Histopathologic
examination is conducted according to the criteria
determined by World Health Organization (Perez
Alenza et al., 2000; Sorenmo et al., 2003; Ferreira
et al.,, 2009; Santos et al., 2013; Tavasoly et al.,
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2013). Typically, chemotherapy or radiotherapy is
preferred for malignant masses based on the
result of histopathology. However, the failure to
determine the efficiency of the treatment
protocols produces various restrictions such as
toxic effect and high costs. Similar to humans, it is
reported that the efficiency of the treatment in
dogs may be limited due to the micrometastasis
which have already been occurred at the
treatment stage (Rogers, 1993). This emphasizes
the importance of early diagnosis. Ki-67, CEA
(Carcinoembryonic Antigen), VEGF (Vascular
Endothelial Growth Factor) may be given as
examples to diagnostic biomarkers. Although
there is no sufficient information in the literature
regarding the accuracy of the biomarkers used in
veterinary medicine, the studies on this matter
have increased recently. Human breast neoplasm
cases resemble the canine mammary tumors in
molecular and clinical aspects. As they have
similarities in immunohistochemical properties, it
is concluded that the same biomarkers may be
used (Pena et al., 2014). Yet, the heterogeneous
morphology of canine mammary tumor poses a
challenge in the selection of the most suitable
biomarker (Gama et al., 2008). The purpose of
this review is to include the current invasive and
non-invasive biomarkers proven to be used in
canine mammary tumors.

A. Invasive Biomarkers
1. miRNA

miRNA, known as short non-coding RNA, is
available in eucaryotes such as animals and
plants. It has an important role in the regulation
of gene expression at post-transcription level.
Besides, miRNAs participate in the regulation of
cellular growth, proliferation, differentiation, and
apoptosis (O’day et al., 2010). Studies indicate
that detecting the miRNA in circulation might be
an important diagnostic tool in tumor cases. In
addition to diagnosis and prognosis, miRNAs are
also used in the selection of the efficient
chemotherapy and considered as an effective
biomarker for treatment. Irrespective of the
histological type, miRNA profile of canine
mammary tumors is expressed at different levels
based on the malignity, type, and metastasis
factory of the tumor (Bulkowska et al., 2017).

While some miRNAs are upregulated in cancer
cases, others show down-regulation; and this
indicates that miRNAs may move as oncogene or
tumor suppressor genes (lorio et al., 2005). They
are used both as tissue and serum biomarkers
(Kaszak et al., 2018). Despite the numerous
studies on mMIiRNA in human medicine, the
number of studies in veterinary medicine is
limited. Bulkowska et al. (2017) reported that 9
out of 10 miRNA expressed in humans were
similarly expressed in canine mammary tumors.
According to researchers, miR-15a and miR-16
show down-regulation in ductal carcinoma
samples, and miR-181b, miR-21, miR29b and
miRlet-7f show up-regulation in tubular papillary
carcinomas. Similar studies prove the existence of
miRNA’s mentioned related to human breast
neoplasms in canine mammary tumors (Boggs et
al., 2008; Chou et al., 2013; Lutful Kabir et al.,
2015; Sahabi et al., 2018).

2. Ki-67

One of the well-established biomarkers in canine
mammary tumors and an important one in the
assessment of proliferation and apoptosis is Ki-67
(Zuccari et al., 2004). In addition to these, Ki-67
demonstrated positive correlation with
parameters such as metastasis and survival (Pena
et al.,, 1998). The increase in Ki-67 expression is
typically associated with the size of the tumor,
presence of ulcers, poor clinical picture such as
inflammation, invasion towards surrounding
tissues and involvement of lymph nodes (Lohr et
al., 1997; Nowak et al.,, 2015; Rodrigues et al.,
2016). Ki-67 may only be detected during the cell
cycle on chromosomes, and it may not be
detected in cells outside of the division phase
(GO) (Scholzen and Gerdes, 2000; Endl et al.,
2001). The availability of Ki-67 expression during
the cell cycle and the non-availability of this
expression at resting phase enable it to be the
cell proliferation biomarker considered as an
indication of neoplastic changes (Neumann et al.,
2016). Another study reviewed the determination
of Ki-67 antigen in canine mammary tumors using
Diff-Quick method (Choi et al., 2009). It was
concluded that Ki-67 antigen might be detected
using Diff-Quick method when histopathology is
not possible. Obtaining significant results through
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cytological methods allowed Ki-67 to be one of
the biomarkers that may be used for early
diagnosis.

3. PCNA (Proliferating Cell Nuclear Antigen)

Besides being a proliferation biomarker, the
concentration of PCNA fluctuates throughout the
cell cycle, and a significant increase occurs in S
phase which is one of the interphase stages
(Bravo and Celis, 1980; Celis and Celis, 1985).
PCNA plays a role in the nucleic acid metabolism,
and it is responsible for essential DNA replication,
cell cycle control, and RNA transcription (Jurikova
et al., 2016). In dogs with mammary tumors,
PCNA expression was reported to be positively
correlated with tumor size, ulceration, lymph
node metastasis and degree of malignity, and
that, accordingly, higher expressions might be
associated with low survival and poor prognosis
(Carvalho et al., 2016). However, PCNA
expression may also be stimulated by cytokines.
Therefore, it is not suitable to be used as the sole
specific biomarker for cancer cases. Thus, it
should be used combined with another biomarker
(Kazsak et al., 2018).

4. Protein p53

p53 gene participates in DNA repair, regulation of
cell cycle and apoptosis (Lee et al., 2004). In
addition to these, it has tumor suppressing
property, but it gains oncogenic property by
accumulating in tumor tissue due to gene
mutation during tumor development (Gasco et
al., 2002). The studies conducted indicate that
increased expressions are associated with the
degree of malignity and low survival. (Lee et al.,
2004; topuszynski et al., 2010).

As detected in human breast neoplasm cases,
it was concluded that the existence of necrosis is
associated with the increase in p53 expression
(Kato et al., 2002; Dolka et al., 2016). A study
reported that p53 positive mammary tumors are
more frequent in large dog breeds, particularly in
Boxers; this gene mutation may be genetic; and
therefore, genetic susceptibility should be
considered during assessments (Veldhoen et al.,
1999). As in human medicine, increased
expressions of p53 gene are important in
veterinary medicine in terms of prognosis, and
therefore, the use of the mentioned biomarker

should be supported by future studies.

5. E-cadherin

E-cadherin is a member of cadherins known to
have an important role in the regulation of cell-
cell adhesion in epithelial tissues (Takeichi et al.,
1991). E-cadherin is expressed on basolateral
surfaces of epithelial cells and at the contact
points of cells (Boller et al., 1985). In addition to
tissue morphogenesis and differentiation, it
participates in processes such as cell shape,
proliferation. E-cadherin is located in mammary
gland which is one of the epithelial tissues, and it
ensures functional and structural integrity of the
gland (Andrews et al., 2012). Low expressions
occur in transition from epithelial origin to
mesenchymal origin, and this reduction in
expression is associated with the progress of the
case towards malignity (Chan et al., 2015).

Transition from epithelial to mesenchymal
origin causes the invasion and spread of tumor
cells and occurs when the epithelial cells gain
mesenchymal properties (Baranwal et al., 2009;
Chan et al., 2015).

Immunohistochemical analysis exhibited that
E-cadherin membrane expression reduces in
canine mammary carcinoma (Asproni et al.,
2015). This result was associated with aggressive
clinical features observed in canine mammary
carcinomas such as high mitotic index, large
tumor size, infiltration, invasion, and lymph node
metastasis (Brunetti et al.,, 2003; Matos et al.,
2006; Gama et al., 2008). Besides, it is agreed that
E-cadherins have an effect on tumor suppression.
In tumors with partial or total loss of E-cadherin
expression, higher infiltration and lymph node
involvement were observed (Heimann et al,
2000). Reduced E-cadherin expression in canine
mammary tumors were found to be associated
with poor prognosis (Matos et al., 2006). It was
also presented that low or negative E-cadherin
expression in canine mammary tumors is a
marker associated with aggressive properties
exhibited by the tumor (Varallo et al., 2019).

6. CEA (Carcinoembryonic antigen)

Carcinoembryonic antigen (CEA) is produced by
the cells located in gastrointestinal mucosa
(Almeida et al., 2007). It participates in

41



Baykal and Turna, 2021 / Journal of Istanbul Veterinary Sciences. Volume 5, Issue 1, pp: 39-56

intercellular adhesion (von Kleist et al., 1995).
Increased expression occurs in breast, lung, and
rectum adenocarcinoma cases (Souza et al.,
2002). In human breast neoplasmes, it is used in
combination with CA 15-3 biomarker (Ledecky et
al., 2013). Besides, European Group on Tumor
Markers recommends using CEA and CA15-3
levels together in the early detection of disease
progression and in the assessment of the
treatment follow-up in breast cancer (Molina et
al., 2005). On the other hand, regarding the use
of CA 15-3 and CA together, American Society of
Clinical Oncology suggests that the use of these
biomarkers in monitoring, staging and routine
surveillance of the disease after primary
treatment would not lead to accurate data (Harris
et al., 2007; Cardoso et al., 2008). While CEA may
be detected in canine mammary tumor tissue, it
is found at higher levels in tumor tissues
compared to healthy tissues (Campos et al., 2012;
Ledecky et al.,, 2013). There is no sufficient
literature in veterinary medicine on this matter,
and new research should be conducted to
determine its usability in disease follow-up and
other roles in the assessment of disease.

7. CA 15-3 (Carbohydrate antigen)

Carbohydrate antigen (CA 15-3) is a product of
mucin 1 (MUC1) gene, and it is used as a
biomarker which is expressed in high levels in
adenocarcinomas and which may subsequently
be detected in circulation (Perey et al., 1992;
Hayes et al., 2012). Malignant changes that occur
in the tissue and the changes in the structure of
the relevant cells lead CA 15-3 to increase in the
circulation, and from this aspect, CA 15-3 is
accepted as an essential biomarker which may be
used in detecting mammary gland carcinoma
(Kausitz et al., 2003). During the transformation
to malignity, MUC1 acts like an anti-adhesive
molecule and causes the malign cells separate
from each other; this increases the invasion and
metastatic potential in tumor cells (Kaszak et al.,
2018). Manuali et al. (2012) reviewed the
correlation between the expression of CA 15-3 in
cell line and tissue and the histological staging of
tumor in canine mammary tumors. At the end of
the trial, it was presented that CA 15-3 was
expressed at higher levels at grade | compared to

grade Il and grade Ill carcinomas. This finding

suggests that CA 15-3 is associated with
parameters such as poor clinical picture, poor
prognosis, tumor size, ulceration, and
inflammation.

8. VEGF

Vascular endothelial growth factor (VEGF) is a
protein that stimulates the migration and
proliferation of vascular endothelial cells which
have an important role in angiogenesis (Restucci
et al., 2002). VEGF is produced by neoplastic cells,
macrophages, and plasma cells, and it also
stimulates the growth of neoplastic cells (Lui et
al., 1995). It is typically used for the assessment
of angiogenesis in human medicine. VEGF
synthesis in many malignant tumor cases is
associated with metastasis (Takahashi et al.,
1995). VEGF expression is highest in tumors with
significant necrosis, and this is known to occur
associated with hypoxia in necrotic areas (Shweiki
et al., 1992). This is because hypoxia has an effect
of increasing the transcription of VEGF coding
gene (lkeda et al., 1995). The studies on canine
mammary tumor present that high VEGF
expressions are associated with poor prognosis
and low survival (Queiroga et al., 2011). Similar to
human medicine, its combined or individual use is
indicated to be important for early diagnosis also
in veterinary medicine (Lawicki et al., 2016;
Zajkowska et al., 2016).

9. EGFR (HER-1)

Epidermal growth factor receptor (EGFR) is a
transmembrane protein and participates in the
regulation of morphogenesis, proliferation,
migration, and adhesion in cells (Yarden and
Sliwkowski, 2001). It is proven that EGFR
expression occurs in aggressive canine mammary
tumors (Gama et al, 2009). High EGFR
expressions are also associated with stimulated
angiogenesis and poor prognosis (Carvalho et al.,
2013; Queiroga et al., 2017). Guimaraes et al.
(2014) studied whether there was a relation
between Cox-2 and EGFR in canine mammary
tumors. As both parameters studied had positive
correlation with each other, they concluded that
EGFR and Cox-2 inhibitors may be a treatment
option in canine mammary tumors. The studies
conducted indicate that EGFR may be used in
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clinical picture assessment and the inhibitors may
be used in treatment protocol.

10. HER-2

Human epidermal growth factor receptor (HER-2)
is one of the important biomarkers in mammary
tumor cases. HER-2 regulates the events such as
tumor growth, survival, and differentiation
(Kazsak et al.,, 2018). Studies suggest that
increased expressions of HER-2 protein in canine
mammary tumors indicate poor prognosis (Dutra
et al., 2004). On the other hand, in some studies,
it was determined that the patient had longer
survival time in malignant mammary tumors with
high HER-2 expression (LuUftner et al., 2003).
Supporting this finding, a study conducted by Hsu
et al. (2009) analyzed the survival time with HER-
2 expression. When the survival time were
reviewed at the end of one year in trial, it was
concluded that dogs with HER-2 positive had
longer survival time. Accordingly, it was identified
that HER-2 is not suitable to use directly in
determining  development and  malignity.
However, the area of use of this biomarker
should be supported with new studies as there
are opposite findings.

11. PR/ER

Estrogens bind to estrogen receptors (ER) in
healthy canine mammary gland. When malignant
masses were compared with benign masses or
normal tissue in terms of ER expression, it was
observed that the expression was low in
malignant tumors (Canadas-Sousa et al., 2019). In
addition to this, reduced ER expression is
associated with large size of the mass and lymph
node involvement, and therefore, ER is accepted
as a marker with prognostic importance (Nieto et
al., 2000; Las Mulas et al., 2005). Progesterone
has severe effects on the growth and
differentiation of normal mammary gland and
malignant mammary epithelial growth (Queiroga
et al., 2015). In a study, the expression levels of
steroid hormones in serum and tissue were
analyzed and at the end, an increased expression
in malignant tumors was detected (Queiroga et
al., 2015). There are studies that support the
opposite of these findings. In a study where the
progesterone receptor (PR) expression was
reviewed a gradual reduction in PR expression

was observed in hyperplastic, benign, and malign
masses, respectively (Millanta et al., 2005).

Unlike the chemotherapy protocol administered
to human breast tumor cases, the use of
hormones in canine mammary tumors is not
widespread due to the side effects. There is a
single study which reviewed the potential
therapeutic effect of tamoxifen and determined
the safe dosage range (Tavares et al.,, 2010).
However, the side effects of tamoxifen used in
dogs with estrogenic effect such as pyometra
should be taken into account (Morris et al., 1993).

12. Oxytocin

Oxytocin is  essentially  synthesized in
hypothalamus and secreted by neurohypophysis
and participates in different biological functions.
(Zingg and Laporte, 2003). In the mammary gland,
oxytocin primarily ensures lactation with the
contraction of the myoepithelial cells (Geddes,
2007). Recently, the effect of oxytocin hormone
on human breast neoplasm has been revealed
(Cassoni et al., 2004). But the role of oxytocin
receptors in dogs in the formation of tumors in
mammary tissue has not yet been clarified. In a
study conducted in 2012, the existence of
oxytocin receptor expression on canine mammary
tumor cell line was determined (Bergman, 2012),
and the subsequent study revealed that oxytocin
might have antiproliferative effect on cell line
(Benavente et al., 2016). In another study by
Benavente et al. (2019), the existence of oxytocin
receptor expression was detected in all samples.
When classified based on the histological grades,
the oxytocin receptor expression among malign
tumors was found significantly high in Grade llI
compared to Grade | and Grade |Il. In
fibroadenoma, adenoma and benign mixed tumor
group, it was shown that the expression in
samples with fibroadenoma was higher, and
there was not a significant difference between
solid carcinoma, carcinosarcoma and
tubulopapillar carcinoma samples. As a result,
benign tumors have higher oxytocin receptor
expression than malign tumors. When ER and ER
malign mammary tumors were compared, the
oxytocin receptor expression in ER tumors was
found significantly higher, and no relation was
detection between ER tumors and oxytocin
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receptor expression. Finally, it was suggested that
oxytocin receptor expression is not associated
with tumor size, clinic phase or lymph node
involvement. Based on this study, it may be
proposed that oxytocin receptor expression may
be used as cellular differentiation biomarker. The
change in oxytocin receptor expression based on
malignity in canine mammary tumors should be
supported with new studies.

13. Heat-scock proteins
13.1. aB-crystallin

Heat-shock proteins is a group of proteins that
increase with the exposure of cells to high
temperature. Other stress factors except for high
temperature may also cause an increase in these
proteins. It participates in correct folding of the
proteins or ensuring the detachment of wrong
folded proteins from each other. The substances
that assist the correct folding of proteins in the
cell are called ‘molecular chaperones’ (Ellis et al.,
1991; Deocaris et al, 2006; Chmielewska-
Krzesinska et al.,, 2019). Many tumor cells
produce high levels of chaperones. Heat-shock
proteins released out of the cell participate in the
spread of tumor cells to surrounding or farther
tissues. belonging to small heat-shock proteins
family, ATP inhibits the wrong folding and
accumulation of proteins as an independent
molecular chaperone (Bakthisaran et al., 2015).
Besides, it supports the oncogenic transformation
and participates in carcinogenesis at the
transition from epithelial origin to mesenchymal
origin in form of anoikis resistance, angiogenesis,
and organ specific colonization (Malin et al.,
2016). In a study by Chmielewska-Krzesinska et al.
(2019), the usability of gene expression as a
circulating tumor cell biomarker was reviewed.
Circulating tumor cells are those which may be
detected in blood in epithelial tumors produced
from the primary focus or its metastasis (Plaks et
al., 2013). Therefore, the use of circulating tumor
cells as biomarkers may be important in
determining the cells likely to form metastasis.
So, the ‘circulating tumor cells (CTCs)’ may be
recommended as biomarker for canine mammary
tumors (da Costa et al., 2011). In the majority of
the cases, gene expression was detected higher
in tumor tissue than healthy tissue. Besides,

increased expression of is associated with
aggressive tumor characteristics and poor clinical
picture (Goplen et al.,, 2010; Malin et al., 2014;
Shi et al., 2016). In another study, it is indicated
that CRY AB and CK17 expressions occurred 90%
together in canine mammary adenoma and
carcinoma, and therefore, these two genes might
be referred to jointly (Chmielewska-Krzesinska et
al., 2019). According to this, while CRY AB and
CK17 increased by 70% in adenoma group, this
increase was found to be 50% in carcinoma
group. It was concluded that might be
considered as a circulating tumor cells biomarker,
but it might not be used as a universal biomarker.
Due to the difference between the data and the
lack of further literature regarding the given
biomarker, there should be more studies related
to the use of gene expression as a biomarker in
veterinary medicine.

13.2. HSP90B1

Hsp90 is a member of heat-shock proteins family
and plays an important role in mammary tumors.
Hsp90B1 gene is expressed at high levels on many
cancer cell lines and associated with aggressive
growth and invasion (Lee et al., 2014). It is also
associated with increased expression, distant
metastasis, and decreased survival time on
mammary cancer cell line (Cawthorn et al., 2012).
Grp94 (Glucose regulated protein) is the
endoplasmic reticulum paralogue coded by
Hsp90B1 gene (Sunil Kumar et al, 2017).
Carcinogenesis causes nutrition and hypoxic
stress in cells and damages the protein
mechanism. The wrong folded or unfolded
proteins due to the damaged protein mechanism
accumulate in endoplasmic reticulum lumen.
Eventually, Grp94 expression increases to protect
cell homeostasis. Besides, Grp94 participates in
the living, proliferation, and invasion of cancer
tumors (Scheuner et al., 2001; Nami et al., 2016).
In a study, Hsp90B1 mRNA expression was
compared in healthy and tumorous mammary
tissues (Sunil Kumar et al., 2017). In this context,
Hsp90B1 mRNA expression in tumorous tissues in
form of carcinosarcoma, complex carcinoma,
fibrosarcoma and simple carcinoma was higher
than healthy tissues. In tumorous tissues, only
simple carcinoma occurred significantly lower
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compared to other tumor subtypes. Data
obtained suggest that Grp94 is a promising
biomarker in the assessment of prognosis
although there are no sufficient sources regarding
the correlation in serum concentration.

14. Interleukins
14.1. Interleukin-6 and interleukin-10

As the tumor growth and progression is
controlled by the immune system, the
importance of availability of cytokines in the
occurrence of these events is proven in various
studies (Lin and Karin, 2007; Fernandes et al.,
2015). While certain cytokines participate in the
mechanisms causing the growth and progression
of the tumor, some involve in the mechanisms
inhibiting the tumor growth (Nicolini et al., 2006;
Newman and Gonzalez-Perez, et al. 2014).
Interleukin-6  (IL-6) is a pro-inflammatory
cytokine, and tumor cells play a role in its
production (Ben-Baruch, 2003; Kim et al., 2010).
Besides, IL-6 supports tumor growth and
progression as it has numerous effects on tumor
cell proliferation, patient’s survival time and
formation of metastasis (Nicolini et al., 2006).
Studies on canine mammary tumor associate high
levels of IL-6 in serum with poor prognosis
(Estrela-Lima et al., 2016; Martins et al., 2016).
Interleukin 10 (IL-10) is an anti-inflammatory
cytokine and inhibits the pro-inflammatory
cytokine production. It is also considered that IL-
10 has an anti-tumor activity and supports tumor
growth (Changkija et al., 2012). Merendione et al.
(1996) reviewed increased IL-10 concentration
and concluded that this increase is in correlation
with advanced clinical findings. Estrela-Lima et al.
(2016) addressed the change of IL-10
concentration in dogs with metastatic mammary
tumor. As a result, they determined that IL-10
concentration was higher in the existence of
metastasis compared to non-metastatic cases. In
another study supporting the mentioned study, it
was concluded that IL-10 concentrations were
higher in inflammatory adenocarcinoma cases
compared to non-inflammatory adenocarcinoma
cases (De Andres et al., 2013). In light of these
information, a study on healthy plasmas and
plasmas wit mammary tumors in dogs
investigated the usability of IL-6 and IL-10 as a

biomarker in canine mammary tumors (Szczubial
et al., 2018). It was detected that plasma IL-6
concentration in dogs with mammary tumor was
higher compared to healthy dogs, and it was
higher in Grade 3 tumors then Grade 1 tumors. IL-
10 was detected at significantly higher levels only
in malign tumors. The higher concentrations of IL-
6 in Grade 3 tumors indicate that the mentioned
cytokine has a positive correlation with the
increase in the malignity grade of the tumor, and
therefore, it may be used as a potential diagnostic
and prognostic biomarker. The increase in IL-10
concentration suggests that it may assist in the
assessment of the malign form.

14.2. interleukin-35

Interleukin-35 (IL-35) is a member of interleukin-
12 family (Olson et al., 2013). It is also a cytokine
which ensures the secretion of Treg cells and
participates in inhibiting the functions and
proliferation of T cells (Collison et al., 2010). Treg
cells suppress the immune system cells through
various mechanisms (Carvalho et al., 2019). It was
proven that IL-35 is associated with tumor growth
pathogenesis, progression of malignity,
immunosuppression, and poor prognosis (Zeng et
al., 2013; Liao et al., 2014; Hamidinia et al., 2015;
Zhang et al., 2015). It was determined that IL-35
expression is higher in human mammary tumor
tissues (Hamidinia et al., 2015; Hao et al., 2018).
In another study, it was determined that the ratio
of IL-23 and IL-35 (IL-23:IL-35) in the circulation
decreases with the increase in the expressions of
ki-67, p53 and EGFR, which are in the same
family, in the human breast neoplasm tissue.
According to this, it was concluded that IL-35
might be an important marker in the prognosis
and progression of the disease (Hamidinia et al.,
2015; Hao et al.,, 2018). When the literature on
the given cytokine is reviewed, there is no
sufficient literature in veterinary medicine.
Carvalho et al. (2019) proved that high levels of IL
-35 expressions are significantly associated with
ulceration, formation of necrosis, histological
grade of tumor, increased mitotic index, spread
to lymph nodes, and aggressive tumor
proliferation.

15. COX-2 (Cyclooxygenase-2)

Cox-2 participates in the formation of prostaglandins
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mediating events such as cellular proliferation,
apoptosis, angiogenesis by taking part in
arachidonic metabolism during tumorigenesis
(Grosch et al., 2006). The studies conducted
suggest that Cox-2 expression is associated with
lymph node involvement and distant tissue
metastasis (Lavalle et al., 2009; Queiroga et al.,
2010). In canine mammary carcinomas, Cox-2 and
ki-67 expressions are associated with poor
prognosis and short survival time (Aradjo et al.,
2016). Besides, expression of Cox-2 and HER-2 in
positive correlation indicates poor prognosis
(Millanta et al., 2006). In these tumor cases
where Cox-2 expression existence is observed,
the use of piroxicam and meloxicam of Cox-2
inhibitors helps in the treatment by inhibiting
angiogenesis and cellular proliferation
(Knottenbelt et al., 2006). It is known that the use
of piroxicam particularly in inflammatory
carcinoma cases is very effective (Hugo et al.,
2015). As a result, in addition to the use of Cox-2
expression as a good marker, its inhibitors have a
great share in treatment.

16. BRCA1/BRCA2 (Breast Cancer Type 1 and
Type 2 Susceptibility Protein)

Mutations in BRCA1 and BRCA2 genes are known
to play a role in the growth of canine mammary
tumors. In addition to its use as a biomarker, its
use in the target treatment is another research
subject. BRCA1 gene is observed in malignant
tumors and BRCA2 gene is observed in both
malignant tumors and benign tumors (Nieto et
al.,, 2003; Rivera et al., 2009). In a study where
BRCA2 mRNA levels were analyzed, reduced
BRCA2 expression was detected in tumorous
tissue when compared to healthy mammary
tissue (Yoshikawa et al., 2015). On the other
hand, Ripoli Liider et al. (2016) compared healthy
tissues, benign and malignant tissues, and no
significant difference was detected between
them. Due to the contradicting results in
veterinary oncology, the mentioned gene
mutations are still open to research. Its usability
as a biomarker should be studied by future
genome studies.

17. Caspase-3
Caspases are members of cysteine protease
family, and they are one of the major effectors of

apoptosis (Zapata et al.,, 1998; Degterev et al.,
2003). Apoptosis begins with the extrinsic and
intrinsic stimulation of caspases in mammals
(Reed, 2000). Once caspases are activated, they
may break up many cellular targets such as
cytoskeleton proteins, oncoproteins and DNA
repair system proteins. Active caspase-3 is
particularly responsible for breakdown the DNA
repair system. As it occurs in the cytoplasm of
apoptotic cells, the assessment of active caspase-
3 allows detecting the early stage of apoptosis
(Hadjiloucas et al., 2001). Besides, caspase-3 is
accepted as an important indicator of
morphological and  biochemical  changes
associated with apoptosis (Degterev et al., 2003).
In a study, caspase-3 positive cells were detected
at lower levels in malignant mammary tumors
(Rodrigues et al., 2015). It also is noted that there
is a statistically significant relation between
mitotic index which confirms the disrupted
balance between proliferation and apoptosis in
canine mammary tumors (Vakkala et al., 1999;
Huang et al., 2015; Dolka et al., 2016). Recently,
caspase-3, which is a protein associated with
apoptosis, has been wused as a potential
biomarker in human breast tumors (Kymionis et
al., 2001; Yildirim et al., 2014). Therefore, as a
result of the similarities between human breast
tissues and canine mammary tissues, the use of
caspase-3 as a biomarker in veterinary oncology
should be clarified through future studies.

B. Non invasive biomarkers
1. Urine
1.1. Spesific urine metabolites

Valko-Rokytovska et al. (2020), unlike invasive
approaches, paved the way for the use of non-
invasive biomarkers and detected the levels of
tyrosine (TYR), tryptophan (TRP) and their
metabolites from urine collected through
palpation from healthy patients and patients with
mammary tumor after 12-hour fasting. The
imbalances in TYR and TRP and their metabolites
occur as a result of cancer, neurologic and
inflammatory disorders (Oto et al., 2008; Wiggins
et al., 2015; Heng et al., 2016). Serotonin (5-HT)
which is one of the TRP metabolites is a mitogenic
factor for cancer cells and participates in the
autocrine cycle of growth factors. Besides, it
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contributes to the proliferation in aggressive
tumors such as lung, bladder, and breast tumors
(Jose et al., 2017). In addition to 5-HT, 5-
hydroxyindol acetic acid (5-HIAA), which is
another metabolite, participates in the follow-up
of disease progression and the assessment of
treatment response (Nam et al., 2009). Kynurenic
acid (KYNA) is known to have a dual role by
allowing malignant cells escape the immune
system agents or having an anti-proliferative
effect on cancer cells (Sagan et al., 2015). 3,4-
dihydroxy-L-phenylalanine (L-DOPA) metabolizes
into epinephrine and norepinephrine as a result
of decarboxylation reaction (Valko-Rokytovska et
al., 2020). Epinephrine participates in the
formation of immunosuppressive
microenvironment in mammary gland tumors in
humans as well as some cancer types
(Muthuswamy et al., 2017). At the end of the
experiment, the values of epinephrine, L-DOPA, 5
-HIAA, indoxyl sulphate (IS), 5-HT, KYNA
metabolites were found significantly high when
compared to the control group. Although the
tumors of the patients enrolled in the study were
small, the metabolite levels were compared
according to tumor size and tumor grade. The
levels of E, L-DOPA, 5-HIAA and 5-HT metabolites
were found highly significant in Grade 3 tumors.
Results indicate that the metabolite level is not
associated with tumor size. Similar to humans,
the use of biomarkers in animals to distinguish
diseases from normal individuals has a great
importance. In this determination process,
responses to process-related criteria such as
proliferation, lifetime, chemotherapy response,
etc. are sought through various invasive
procedures such as various aspiration/biopsy and
blood collection from the patient. The non-
invasive biomarkers should have more extensive
use because of the ease of application, and they
should be developed by future studies.

1.2. Neutrophil gelatinase—associted lipocalin
and matrix metalloproteinase 9 complex

Neutrophil gelatinase-associated lipocalin (NGAL)
is expressed by neutrophils or different cells in
cases such as tissue injuries (Kjeldsen et al.,
2000). Besides, studies indicate that accumulation
of NGAL is associated with the progression of the

tumor (Fernandez et al., 2005; Provatopoulou et
al.,, 2009). Three molecular forms of NGAL
complexed with Matrix Metalloproteinase 9
(MMP9) are identified which are monomer (25-
kDa), homodimer (45-kDa) and heterodimer (135-
kDa) (Chen et al., 2019). MMP9 is an enzyme
which participates in the initiation, growth,
metastasis, and progression of the tumor (Gialieli
et al., 2011). In a study conducted on the role of
NGAL in human breast tumor, increased MMP9
activity and NGAL/MMP9 complex formation was
observed in the urine of mice with tumor cells
expressing high levels of NGAL (Fernandez et al.,
2005). Apart from human studies, the literature
on NGAL expression and NGAL/MMP9 complex
formation in tissue and urine in canine mammary
tumor cases is not sufficient. Chen et al. (2019)
detected the molecular form of NGAL/MMP9
both in tissue and urine samples of dogs with
benign and malign mammary tumors, and they
stated that this complex was not found in healthy
dogs. They also indicated that NGAL/MMP9
complex was only found in the urine of dogs with
mammary tumors.

2. Saliva

Saliva is a biological secretion which is
systemically and locally used as a biomarker in
the diagnosis of many diseases. As the sample
collection is painless and easy and does not
require an invasive procedure, it provides an
important advantage to reduce sampling stress of
patients (Cerdn et al., 2019). In humans, it is
concluded that the proteomic analysis of saliva is
a successful technique in identifying the
biomarkers associated with the disease in many
pathologies such as cancer (Sivadasan et al.,
2015). Tandem Mass Tag (TMT) which is one of
the gel-free proteomic approaches was
successfully used in pyometra cases that are
gynecologically important in addition to certain
infectious diseases in dogs (Franco-Martinez et
al., 2020). When the current literature is
reviewed, the first comparison of serum and
saliva proteomics with gel-free TMT proteomic
approach between mammary tumor cases in dogs
which are gynecologically important and healthy
dogs was conducted by Franco-Martinez et al.
(2020). In salivation of patients with mammary
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tumor, S100A2, S100A4 and S100A6 from S100A
protein are among the upregulated proteins.
S100A proteins have a calcium binding role in
many cancer types including the mammary
tumors (Salama et al., 2008). In human mammary
tumors, the positive correlation between S100A4
expression and cancer is proven with studies
(Platt-Higgins et al., 2000; Rudland et al., 2000;
Pedersen et al., 2002). S100A2 protein of the
same family is considered to have a debatable
role in carcinogenesis. This arises from its role
both as a tumor suppressor and a promoter (Naz
et al., 2014; Zha et al., 2015). However, increased
expression is significantly associated with short
survival time in ovarium cancers (Giri et al., 2019).
S100A6 expression is associated with poor
prognosis in certain cancer types, and recent
studies have shown that it is associated with good
prognosis in human breast tumors (Zhang et al.,
2017). The use of S100A family as a biomarker to
assess the prognosis in canine mammary tumors
should be supported with future studies. In the
same study, the existence of proteins similar to
calmodulin (CALM) in salivation of dogs with
mammary tumors was also presented (Franco-
Martinez et al., 2020). While CALM2 and CALM3
showed up-regulation, KLK1 showed down-
regulation. Both kallikrein genes and proteins
have an effect of inducing and inhibiting tumor
cell angiogenesis, metastasis, and the growth of
these tumor cells through various mechanism
(Borgofio et al., 2004). Therefore, the role of
kallikrein genes and proteins in cancer is
controversial. There was no significant difference
between the proteomic results of serum and
salivation when they were compared in the study.
However, it was determined that the proteins in
salivation were twice as much of those in serum,
and none of the proteins was detected together
both in serum and salivation. This indicates that
proteins originate from different locations.
Besides, it is determined that the proteins occur
in the salivation are not carried in the blood; and
they originate from salivary glands, nasal or
bronchial secretion, and gingival crevicular fluid.
Thus, salivation may be presented as a non-
invasive biomarker when it is supported with
further studies.

Conclusion

In human and veterinary oncology, it is very
important to identify biomarkers which may
distinguish healthy individuals from unhealthy
ones. In veterinary medicine, there are many
studies on the canine mammary tumor
biomarkers. Despite this, the ideal biomarker has
not yet been concluded. An ideal biomarker
should bear minimum risk for the patient during
application; it should have positive correlation
with the malignity; and it should give a definite
result about the prognosis. With the recent
studies, non-invasive biomarkers which may be
measured from bodily fluids such as salivation are
added to biomarkers such as tissue which require
an invasive procedures during sampling. Invasive
biomarkers provide information on many criteria
such as diagnosis, cellular differentiation,
ulceration and necrosis formation, prognosis of
the patient, histological grade of tumor, high
mitotic index, spread to lymph nodes, and
survival time. Non-invasive approaches provide
benefits for the follow-up of the diseases with the
imbalances in the systems. Higher expression of
specific urine metabolites, which is one of these
biomarkers, in patients with mammary tumors

compared to healthy individuals may be
considered as a beneficial biomarker for
diagnosis. Salivation, which is another non-

invasive biomarker, may be accepted as a
potential biomarker although it is quite new.
When non-invasive biomarkers are considered,
they are promising but their usability should be
supported by future studies.
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