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INTRODUCTION

Oldest description of cancer dates back to about 3000 BC which was
discovered in Egypt and describes 8 cases of tumors or ulcers of the breast. The
writing says about the disease, “There is no treatment.” Greek physician
Hippocrates (460-370 BC) is credited with the origin of word cancer. The
terms “carcinos” and “carcinoma” refer to crab suggesting finger-like spreading
projections from a cancer to the shape of crab. Even after so many centuries
there is still no cure for cancer. Understanding cancer remains a daunting task for
everyone. Cancer continues to wreak havoc upon and remains as one of the

leading cause of mortality.

Mammary tumors in canines are most frequent in intact bitches; they are
extremely rare in male canines. The canine is so far the most frequently affected
domestic species, with prevalence 3 times that in women; 50% of all tumors in
the bitch are mammary tumors. In canines, mammary tumors are the second
most common tumor (after skin tumors) over all and the most common tumor in
female canines (Benjamin et. al., 1999). Few studies show that significant
similarities and differences exist between canine and human mammary tumors at
the molecular level (Klopfleisch et. al., 2010). Canine mammary tumors are
specific tumors of females and are rare in males and are often associated with
hormonal abnormalities (Moulton et al., 1970). Gupta (2008) reported that the
age of dogs affected with mammary tumors ranged from 2-16 years. The highest
incidence was recorded in 10-12 years of age. There is maximum involvement of
fifth pair of mammary gland followed by fourth pair, third, second and first pair.
Maximum involvement of the caudal glands may be due to the fact that they have
maximum glandular tissue and they maintain their secretary activity longer than
other pairs (Fidler et al., 1967). Bitches spayed before any estrous cycles has
very less (approximately 0.5%) risk of the mammary cancer. Spaying after 1
estrous cycle, increased risk to 8%. Which further increased to 26% in case of 2
or more estrous cycles (Schneider et al., 1969). Relative incidence of mammary
gland lesions were 47.8% benign, 47.5% malignant and 4.7% diagnosed as non-

neoplastic disorders (Salas et al., 2015).

The high mortality rates affiliated with cancer are caused by the
metastatic spread of tumor cells from the site of their origin. In fact, metastatic
tumors are the cause of more than 90% of cancer related deaths due to the fact



that current therapies frequently fail to provide durable curative response if tumor
is spread (Mehlen et al., 2006). Mammary tumor frequently metastasizes to bone,
liver, brain and lungs. Epithelial-mesenchymal transition (EMT) is a crucial step
for metastasis. It is the stepping stone of metastatic cascade, generates cells with
properties of stem cells (Mani et al., 2008).

Most malignancies are composed of a subset of populations called cancer
stem cells (CSC). CSC is a cell within the tumor that holds the capacity to self-
renew and to generate the heterogeneous lineages of cancer cells that comprise
the tumor (Clarke et al., 2006). Up till now different theories have been proposed
regarding origin of cancer stem cells. One theory suggests that CSC arise due to
accumulation of special genetic mutation in normal stem cells over a period of
time. Another theory suggests that accumulation of genetic and/or heterotypic
alterations in normal somatic cells result into stem like characteristics along with
malignant behaviour. Epithelial-mesenchymal transition is its classical examples.
EMT is driven by transcription factors, including SNAI1/2, ZEB1/2, or TWIST1/2,
which increase the invasiveness of epithelial cells (Yu et al., 2012).

Conventional cancer treatments successfully target proliferating cells and
induce tumor shrinkage, they frequently fail to prevent disease progression.
CSCs are highly resistant to chemotherapeutics, they are believed to be a
decisive factor responsible for tumor relapse and can be ultimate therapeutic
target. Elimination of CSCs offers an exciting potential to obtain a durable clinical
response with the prevention of tumor recurrence and metastasis (Agliano et al.,
2017).

CSC might serve as biomarker for early tumor detection, prognostication,
and prediction of therapy response. However, different CSC targeted therapies
are emerging as potentially curative anti-cancer treatment (Krause et al., 2017).

The separation and identification of metastatic CSCs as a subpopulation
could enhance the understanding of the initiation, progression, metastasis or
relapse of cancer, as well as lead to the identification of novel molecules for the
development of therapeutic agents targeting cancer. Expanding our knowledge
on the metastatic mechanism of CSCs will help to discover the pertinent
prognostic markers and develop novel therapeutic targets. So the present study

is designed with following objectives:



To study haematological and biochemical alteration in serum of canines
bearing tumors.

To study gross and histopathological changes in canine mammary tumors
and their grading.

To isolate cancer stem cells from cancerous mammary glands in canines.

To characterize cancer stem cells using metastasis associated markers.



REVIEW OF LITERATURE

The literature review on canine mammary gland tumor is discussed in
relevance to following topics:

Epidemiology
Haemato-biochemical alterations

Histopathological examination and grading

AP wDd e

Cancer stem cells and Metastasis associated markers
2.1 Epidemiology

Schneider et al.,, (1969) studied canine mammary tumor (CMT)
considering various factors like estrus, pseudopregnancy, parity, fecundity, and
postsurgical survival as predisposing factors. They observed that neutered
bitches had 12% of the mammary cancer risk as compared to intact animals.
Bitches spayed before any estrous cycles had approximately 0.5% of the
mammary cancer risk; those that had only 1 estrous cycle had 8%, and animals
that had 2 or more estrous cycles before neutering, 26%. Within the group having
2 or more estrous cycles before being spayed, those neutered before 2%/, years
of age exhibited a marked sparing effect on mammary cancer risk not shown for
bitches neutered after 2'/, years of age. Pseudopregnancy, parity, and fecundity
indicated no significant effects on mammary cancer risk. Survival data indicated
that mortality was higher in the first year. Neutering after cancer diagnosis did not
affect either survival or cause of death.

Moulton et al., (1970) studied 1,366 cases of canine mammary tumors.
The age for occurrence of mammary tumors varied between populations from the
9™ to 11™ years. At age of about 6 years there was increased risk of developing
mammary tumors in dogs. Incidence of canine mammary tumor in relation to
breeds didn't show any significance. Benign and malignant mammary tumors
occur with increasing frequency from the most cephalad to the most caudal
mammary glands. The abdominal and inguinal gland presented almost 60% of
the mammary tumors.

Alenza et al., (1998) correlated habitual diet and canine mammary tumor

incidence. They found that intake of homemade meals (compared to that of



commercial foods) was significantly related to a higher incidence of tumors and
dysplasia. High intake of red meat and low intake of chicken were significant risk
factors associated with mammary tumors. Obesity at 1 year of age was

significantly related to a higher prevalence of mammary tumors and dysplasia.

Polton (2009) inferred that even though in neutered bitches incidence of
CMT is considered to be less, the chances of malignancy is more than 50%. CMT
is generally observed as solitary mammary mass or frequently, as multiple
lesions. It is mostly observed that dogs having multiple masses are been
presented for veterinary intervention after a long delay only after the mammary
tumor has become so big that it drags on floor and ulcerated along with its
enormous size. Mammary tumors primarily undergo metastasis to the regional
lymph nodes or to the lungs. Prognosis for patients with metastatic disease is

usually poor.

Reddy et al.,(2009) breed-wise occurrence of mammary neoplasm’s
revealed highest number of tumors in German shepherd (35.0%) followed by
Spitz (24.22%), non-descript (19.53%), Pomeranian (10.94%), Labrador (6.25%),
Boxer (3.91%), Doberman (4.69%), Cocker Spaniel (3.13%), Bhutia (1.56%) and
Great Dane (0.78%). The age group at which mammary tumors occurred most
frequently was 8-10 years , followed by 6-8 years , 10-12 years , < 6 years and
>12 years .

Sleeckx et al., (2011) in their review stated canine mammary tumor to be
most common tumor in intact female dogs. Overall 40% of tumors in bitches are
CMT. Almost fifty percent of CMTs are malignant. Caudal abdominal and inguinal
mammary glands are most affected. Incidence of CMT is decreasing in some

countries due to common practice of ovariohysterectomy at an early age.

Pena et al.,, (2013) reported 21.53% of dogs had recurrences and/or
metastases and 20.00% of the dogs died due to mammary cancer. They also
compared the cancer associated deaths after two year of follow up reported by
other studies which ranged from 23.33 to 44.44%.

Komazawa et al., (2016) analyzed 3,985 canine tumors and found out
mammary tumors to be third most common tumors which accounted for 18%.
Higher incidence was noted in smaller dog breeds as compared to medium and

large dog breeds.



Vascellari et al., (2016) reported increasing incidence of canine mammary
tumor with more frequency of malignant tumor than benign tumor. CMT have
second highest incidence among all tumors. Pure breed dogs were more likely to
be affected with malignant neoplasm than mix breed dogs. Bitches between ages
of 8 tol3 years showed highest frequency of CMT. Lower frequency was
recorded among younger bitches below 6 years of age. Mean age for diagnosis
was higher for malignant CMT (9.74 years) than for benign neoplasm (8.95
years). Intact bitches were more susceptible to CMT. This study recorded 74%
CMT in unspayed dogs.

Gabil et al., (2017) mentioned overall prevalence of CMT was 19.53%.
The average age of positively diagnosed animals was 9 + 0.3 years old. A high
rate was documented in Caniche (43.75%) as compared to Cross-breed
(16.17%) and German shepherd (14.78%) bitches. Occurrence of tumor was
more in the abdominal and thoracic glands (40.47% for each) than in inguinal
ones (19.04%). Involvement of right mammary gland was more than the left ones
(61.90% and 38.09% respectively).

2.2 Hemato-biochemical parameters

Losco (1986) upon examination of a mammary tumor affected dog found
out white blood cell count was 15,700/ul with 11% eosinophils. Infiltration of
eosinophils was evident in tumor sections. He suggested that peripheral
eosinophilia is associated with disseminated disease and a resultant poor

prognaosis.

Fayolled et al., (1987) found out that routine hematology and serum
biochemistry were not useful in differentiating benign from malignant tumors.

Post-surgical blood profiling was not useful in predicting tumor progression.

In case of benign tumors TLC was significantly increased. In benign and
malignant tumor absolute neutrophil and lymphocyte count were increased
respectively. Significant decrease was observed in serum calcium and serum
inorganic phosphorus values in benign and malignant tumors (Chavan 2012).

Lallo et al., (2016) investigated 246 bitches with mammary tumor for
determining haematological observations. Prevalence of general hematologic

abnormalities in dogs with breast cancer was 29%. Hematological abnormalities



were lower in bitches with benign tumors, whereas malignant mammary tumors
showed high prevalence of hematologic abnormality. The main hematological
abnormalities were thrombocytosis, hyperproteinemia and leucopenia with a
predominance of neutropenia. Overall they observed high prevalence of
thrombocytosis, leukopenia and hyperproteinemia (hypergammaglobulinemia) in

bitches bearing mammary tumors.

Duda et al., (2017) studied haematological, biochemical and hemostatic
abnormalities in bitches affected with mammary tumors. Anemia, neutrophilic
leukocytosis, monocytosis, eosinophilia, thrombocytosis, hypoalbuminemia,
hypocalcemia, hypoglycemia, and Ilow blood urea were evident.
Hypoalbuminemia, hypocalcemia, low serum urea levels, and hypoglycemia were
detected. Higher fibrinogen levels were observed which increased with tumor
staging.

2.3 Histopathology & Grading

Misdorp and Hart (1976) studied CMT with histologic types sarcomas,
simple carcinomas and complex carcinomas. A higher grade occurred more often
in simple carcinoma than in complex carcinoma. Sarcomas, associated with a
worse prognosis showing high grade of anaplasia than carcinomas. Complex
carcinomas exhibited a lower grade of differentiation and anaplasia than simple
carcinomas. Tumors with a higher nuclear grade of anaplasia or mitosis tended to
infiltrate more than tumors with a lower grade. A higher histologic grade of

malignancy was associated with a worse prognosis.

Pena et al., (2003) histologically classified 20 canine inflammatory
mammary carcinoma as simple carcinoma (n=15), adenocarcinoma (n=2), and
lipid rich carcinoma (n=3). On immunohisochemical study the Ki-67 index was
elevated, P53 was overexpressed, all cases were ER negative while 71.4% were
PR positive. They suggested Canine primary inflammatory carcinoma to be
aggressive form with distinct histopathological and immunohistochemical
characteristics.

Karayannopoulou et al., (2005) used Elston and Ellis grading method in
dogs with mammary carcinoma to examine its relation to prognosis. According to
the Elston and Ellis (1991) method, the grade for each case was derived from an

assessment of tubule formation, nuclear pleomorphism, and mitotic counts. CMT



were histopathological characterized as simple carcinoma (64.7%), followed by
carcinoma in benign tumor (21.2%), complex carcinoma (9.4%) and special type
(spindle cell) carcinoma (4.7%).0f the 85 cases examined, 31.8% had well-
differentiated (grade 1), 32.9% had moderately differentiated (grade 1l) and 35.3%
had poorly differentiated (grade IIl) carcinomas. survival was worse in dogs with

grade Il carcinomas than in those with grade Il or grade | tumors.

Sontas et al., (2009) classified 328 CMT of which 78.30% malignant
Tumors ( Simple carcinoma 28.30% , Complex carcinoma 15.09%, Malignant
mixed tumor 15.06% , Carcinosarcoma 13.85% , Osteosarcoma 5.66 % ,
Noninfiltrating (in situ) carcinoma 2.36% Other sarcomas 1.89% Fibrosarcoma
1.42% , Spindle cell carcinoma 0.47 % Squamous cell carcinoma 0.47%.),
12.27% Benign Tumors (Benign mixed tumor 4.72% , Adenoma 3.30% ,
Fibroadenoma 2.83% , Duct papilloma 1.42%). Unclassified tumors and
hyperplasia/dysplasia accounted for 1.41% and 8.02% respectively and finally
concluded that histopathological diagnosis of CMTs is crucial in prediction of

tumor behaviour after surgical excision.

Reddy et al., (2009) classified various CMTs based on WHO
recommendations. The benign tumors were identified as fibroadenoma (41.66%),
ductal papilloma (16.66%), benign mixed mammary tumor (29.16%),
myoepithelioma (4.16%) and simple adenoma (8.33%). In malignant mammary
tumors, epithelial tumors included papillary adenocarcinoma (25.96%), malignant
mixed mammary tumor (25.96%), solid carcinomas (17.31%), infiltrative
adenocarcinoma (11.54%), malignant myoepithelioma (7.69%), squamous cell
carcinoma (2.88%), mucinous carcinoma (1.92%), intraductal carcinoma in situ
(0.96%), whereas the connective tissue tumors were fibrosarcoma (2.88%),
myxosarcoma (0.96%), carcinosarcoma (0.96%) and osteochondrosarcoma
(0.96%).

Polton (2009) gave a simplified system incorporating elements of
histological grade and clinical stage. In stage 1, lesions are non-infiltrative and
resemble the tissue of origin and tubular structures are evident. In stage 2, there
is loss of tubular lumen and/or invasion of the surrounding stroma but no
evidence of vascular or lymphatic invasion. Stage 3, is determined by presence
of lymphatic or vascular invasion. In stage 4, there is evidence of metastasis.

Inflammatory carcinoma was dealt as separate entity as it didn't fit in grading



system. Histological evaluation of an incisional or excisional biopsy remains the

gold standard recommendation for mammary tumor diagnosis.

Sleeckx et al., (2011) in their review compared the classification methods
for CMT proposed in the various literatures. World Health Organization (WHO)
International Histological Classification of Mammary Tumors of the Dog of 1974
with the modification of 1999 and additionally discussed new histological
subtypes that had been described since the publication of the WHO classification
of 1999.

Kurilji et al., (2011) investigated 146 CMT samples. Which revealed 110
(75.3%) malignant tumors (35 complex carcinomas, 28 tubulopapillary
carcinomas, 17 solid carcinomas, 10 anaplastic carcinomas, 4 squamous cell
carcinomas, 2 spindle cell carcinomas, 4 sarcomas, 2 carcinosarcomas,
8 carcinomas in benign tumors) and 36 (24.7%) benign tumors (14 complex
adenomas, 8 simple adenomas, 9 benign mixed tumors, 1 fiboroadenoma and 4
mammary hyperplasias).

Cerovsek et al., (2013) made histopathological diagnosis of CMT that
included 4 carcinomas in situ, 29 simple type carcinomas (17 tubulopapillary
carcinomas, 10 solid carcinomas and 2 anaplastic carcinomas), 19 complex type
carcinomas and 1 case of malignant mixed tumor, mucinus carcinoma,
squamous cell carcinoma and malignant myoepithelioma. From the 50
carcinomas 22 (44 %) were grade |, 13 (26 %) were grade Il and 15 (30 %) were
grade Ill. Histological grade, histological type (simple/complex) and clinical stage

were associated significantly with survival.

Tavasoly et al., (2013) classified 37 CMT as carcinomas (86.5%) and
sarcomas (13.5%). The carcinomas were classified as simple carcinoma 56.8%,
complex carcinoma 13.5%, carcinoma arising from benign tumor 10.8% and
special type of carcinoma 5.4%. Out of 32 carcinomas studied, 37.5% were grade
I, 46.9% grade Il and 15.6% grade lIl.

Kishor et al., (2016) analyzed 40 spontaneous tumors of canine mammary
glands of which 39 cases (97.5 per cent) were carcinomas and one case (2.5 per
cent) was sarcoma. Tumors were classified as complex carcinoma (40.0%),
simple carcinoma (22.5%), solid carcinoma (22.5%), mixed carcinoma (7.5%),

anaplastic carcinoma (5.0%) and fibrosarcoma (2.5%). Tumor staging was done



on basis of neoplastic cells confined to mammary ducts and ductules without
stromal invasion (tumor Stage 0), neoplastic cells found invading surrounding
connective tissue stroma and capsule (Stage 1), neoplastic cells found invading
lymphatic or blood vessels (Stage Il), neoplastic cells found metastasized to
regional lymph nodes or to distant organs(Stage Ill). Out of which 21 cases
(52.5%) were in stage I, 17 cases (42.5%) in stage Il and two cases (5.0%) in

stage lll. Higher stage grade indicated guarded prognosis.
2.4 Cancer stem cells and metastasis associated markers

The history of research on cancer stem cells (CSCs) goes back to the 19"
century and Virchow's embryonal-rest hypothesis. A series of analyses had led
Virchow to speculate that cancer may arise from undifferentiated cells of
connective tissue. He proposed that cancer is caused by the activation of
dormant cells present in mature tissue that were remainders of embryonic cells.
Similarities existing between these cells and cancer cells were the fundamental
reason for proposing the modern SC theory of tumorogenesis (Blacking et al.,
2007; Gil et al., 2008).

Paget et al., (1889), more than 100 years ago, compared metastatic
cancer cells to “seeds” that, once released from the plant (primary tumor), can
spread widely but only when they fall on “congenial soil” (the metastatic

microenvironment) they survive and proliferate.

Kang et al., (2004) opined that cellular plasticity in stem cells may
facilitate epithelial-mesenchymal transition, which has been postulated as a key
event during the early phase of cancer metastasis.

Vega et al. (2004), Snail offers protection from both stress-induced cell
death and that provoked by pro-apoptotic signals. This resistance to cell death is
essential in the adult for malignant cells to disseminate and form metastasis.

Brabletz et al., (2005) firstly established the hypothesis of migrating
CSCs, which possess both an element of stemness and mobility. It is postulated
that these cells undergo epithelial-mesenchymal transition at the invasive front of
the primary cancer and migrate to colonize new tissues, where its acquired
stemness to facilitate production of the cancer heterogeneity commonly observed
in metastatic colonies.
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Gimeno et al.,, (2005) Snail induced epithelial-mesenchymal transition
converts epithelial cells into mesenchymal cells with migratory properties that
contribute to the formation of many tissues during embryonic development and to
the acquisition of invasive properties in epithelial tumors. Loss of E-cadherin from
tumors is associated with a poor prognosis. Snail genes being E-cadherin

repressors are regarded as early markers of tumor malignancy.

Come et al., (2006) suggested the involvement of Slug in maintenance of
tubular structures in ductal carcinomas. They found that Slug and Snail were
significantly over expressed in invasive ductal carcinoma (IDC) that metastasized

to lymph nodes.

Eccles et al., (2007) concluded that the metastasis, frequently a final and
fatal step in the progression of solid malignancies, encompasses several
fundamental biological processes: cancer initiation, epithelial-mesenchymal
transition (epithelial-mesenchymal transition), breach of the basement membrane
barrier, neighbour invasion, intravasation, mesenchymal—epithelial transition
(MET), extravasation, colonization and outgrowth of micrometastases and
secondary cancer.

Yang et al.,, (2008) suggested that epithelial-mesenchymal transition
represents a crucial step towards invasiveness and metastasis, and is strongly

associated with poor clinical outcome in many tumor types.

Mani et al., (2008) have also shown that epithelial-mesenchymal transition
can induce differentiated cancer cells into a CSC-like state. These observations
established a first functional link between cancer stemness and epithelial-
mesenchymal transition and suggested that CSCs may underlie local and distant
metastases by acquiring mesenchymal features which would greatly facilitate

systemic dissemination from the primary mass.

Cocola et al.,, (2009) isolated the first canine mammary CSC. They
defined a canine cell suspension culture system that allows for the identification
and propagation of dog cells with stem cell properties. Using their canine model
system, they determined that spheres generated from normal and tumor samples
could be serially regenerated for 3—5 passages in culture. They showed that cells
from these spheres could also generate a mammary gland-like architecture with

branching morphology in vitro in collagen and Matrigel gels. Cells from two tumor
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samples that had sustained regeneration capacity up to passage 5 were used for
further analysis. These cells were shown to have the capacity to generate tumors
in NOD/SCID mice. The properties of sphere sustainability, tumor formation and
multi-lineage differentiation potential suggest collectively that their protocol allows

for the propagation and enrichment for canine tumor stem cells.

Lin et al., (2009) showed that in invasive CSCs, an epithelial marker E-
cadherin was down-regulated, mesenchymal markers were up-regulated, and
Transgelin which regulates epithelial-mesenchymal transition associated genes
were over-expressed , which indicated some link exit between epithelial-

mesenchymal transition and CSCs in tumor invasion and metastasis.

Zeisberg et al., (2009) documented that Snail family members of zinc
finger proteins (Snaill, Snail2, and Snail3), the functionally equivalent Snaill and
Snail2 (which was formerly known as Slug) mediate epithelial-mesenchymal
transition (EMT), which involves a loss of epithelial markers like E-cadherin and
an increase in mesenchymal markers.

Yao et al.,, (2011) recognized epithelial-mesenchymal transition and
mesenchymal-epithelial transition as critical events for metastasis of carcinomas.
The former are responsible for degrading the surrounding matrix to lead the way
of invasion and intravasation and the latter is important for cancer cells then enter

the blood stream and reestablish colonies in the secondary sites.

Simbes et al., (2011) the embryonic stem cell genes Nanog, Oct4,
and Sox2 are expressed in normal breast stem cells and at higher levels in
breast tumor cells and their expression decreases upon differentiation.

Pang et al., (2011) characterized tumorsphere using the embryonic stem
cell markers, Nanog and Oct4. Canine tumorspheres expressed higher levels of
the Oct4d and Nanog compared to parental cells, which suggests that
tumorsphere have a primitive phenotype and are representative of a CSC
population. They found that tumorspheres derived from a canine
mammarycarcinoma cell line are more resistant to the chemotherapeutic drug

doxorubicin and ionizing radiation, compared to parental cells.

Kim et al., (2011) Injecting of Oct-4"%" sorted cells in mice mammary gland
showed increased tumorogenic potential as compared to Oct-4" cell population.
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Cancer stem cells expressing Oct-4"" displayed tumorsphere forming ability in
vitro and showed increased expression of stem cell markers Sca-1, CD133,
CD34 and ALDH1.

Michishita et al., (2011) found higher level of expression of CD44 and
CD133 in spheres derived from canine mammary adenocarcinoma cell line,
CHMp by flow cytometry and RT-PCR, which strongly supports the stem cell-like
properties of the spheres in canine mammary tumors. Sox2, Oct4, Nanog and
C-myc, which are associated with the maintenance of stem cells, were expressed
in adherent cells as well as in sphere cells. They also reviewed the work done by
others which claims spheres to be enriched with stem cells in normal breast
tissues and in cancer in humans and dogs, and the sphere assay may be a

valuable way to identify cells with the characteristics of cancer stem cells.

Ling et al., (2012) suggested that there is higher Oct3/4A expression in
the adenocarcinoma cells. Lower Oct3/4A expression in the ductal carcinoma
cells since T-47D cells are derived from a ductal carcinoma. MCF7 and T-47D
cells expressed significantly higher levels of Sox-2 and Nanog compared with
MDA-MB-231 cells. Thus confirming expression of pluripotency associated

markers in breast cancer cell lines.

Sampieri et al., (2012) observed that cancer stem cells (CSCs) represent
a subpopulation of tumor cells endowed with, just like normal Stem cells (SCs),
self-renewal and multi-lineage differentiation capacity. Finely tuned homeostatic
equilibrium is present in normal stem cell whereas its lost in CSCs. Whereas in
the normal SC niche rates of self renewal, symmetric vs. asymmetric cell division,
cell proliferation, migration, differentiation and apoptosis are coordinated so that
for each newly produced cell another one undergoes programmed cell death, in
the CSC niche subtle defects in any of the above cell functions alter the
homeostatic equilibrium and result into unbalanced cell growth and the formation

of the tumor mass.

Martin & Jiang et al., (2014) demonstrated that, overall there was a
reduction in expression of CD24, CD29, CD44 and CD133 with increasing
Nottingham Prognostic Indicator (NPI), an increase in all markers with increasing
grade and an increase in expression of CD29, CD34, CD44 and CD133 with

increasing TNM status. Moreover, the majority of cancer stem markers were
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reduced with metastatic disease and poor prognosis overall. There was a
significant association between loss of expression and metastatic disease in
patients with breast cancer and suggests that the current stem cell theory may

not entirely hold true for all cancer types.

Wang et al., (2014) indicated that Oct-4 and Nanog co-expression was
associated with lymph node metastasis and the molecular type of breast cancer,
as well as poor prognosis in breast cancer patients. Oct-4 and Nanog co-
expression may be a valuable biomarker to predict the outcome of breast cancer
patients.

Chung et al., (2014) associated STAT 3 expression of breast tumors with
tumorogenesis and drug resistant. When STAT3 gene was knocked down, the
expression of the stem cell markers Oct4, Sox2 and CD44 were downregulated
and tumorsphere formation was abolished. It suggests that STAT3 plays a clear

role in inducing these expressions of stem cell markers.

Dominik et al., (2016) demonstrated that CSC might serve as biomarker
for early tumor detection, prognostication, and prediction of therapy response
whereas different CSC targeted therapies are emerging as potentially curative

anti-cancer treatment.

As per Tume et al., (2016), CD133 is recognized as an important
biomarker to identify and isolate the specific cell subpopulation named “cancer
stem cells” in many types of neoplasms including breast cancer. CD133+ cells
have stemness properties such as drug-resistance, self-renewal, differentiation
ability; high proliferation and they are able also to form tumors in xenografts.
These cells with CD133+ are more resistant to radiation and standard
chemotherapy than CD133 (-) cells.

Vazquez-Santillan et al., (2016) derived Breast cancer stem cells from
MCF7 and MDA-MB-231 cell line which expressed higher level of Oct4, Nanog,
Aldhla3, Aldhla3 ,Aldh8al And Oct4, Nanog, Aldhla3, Aldhla3 and Aldh8al

respectively.

Agliano et al., (2017) in their review has stated that, amongst those

cancer cells that escape the primary tumor, invade surrounding tissues, and enter
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the bloodstream only a small fraction is able to initiate a secondary tumor; many

disseminated cells remain viable but fail to form a clinical lesion.

Peitzsch et al., (2017) has narrated landmark work done by Leroy Stevens
and John Dick. Leroy Stevens was first to introduce the term “pluripotent” in
relation to cancerous teratoma cells in 1953.The cancer stem cell concept of
tumor development, which has been experimentally proven by John Dick and
coworkers more than 20 years ago, suggests that cancer cells differ in their tumor
initiating properties and population of tumor cells called cancer stem cells (CSC)
resides on top of the tumor cell hierarchy and maintains tumor heterogeneity and

tumorigenicity.
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MATERIALS AND METHOD

Thirty cases of mammary gland tumors in females of all possible breed
types, age groups of canines in and around Nagpur and Pune region for the
period of six months were studied. After obtaining the consent from owner the
canine mammary tumor samples were collected after mastectomy or biopsy.
Parts of the samples were subjected to histopathology and isolation of cancer
stem cells. Further Real Time PCR was performed for characterization of cancer
stem cells and to determine expression of metastatic marker. Blood and serum
were subjected to haematological and biochemical analysis respectively.

3.1 Materials
3.1.1 Chemicals and reagents

Chemicals and biological reagents used in this study were of molecular
biology grade from Hi-Media (India), Gibco (USA) and Sigma-Aldrich (USA).

3.1.2 Glass wares

The glasswares used in this study were obtained from Borosil (India). The
glasswares were sterilized in hot air oven at 160°C for one hour prior to use.

3.1.3 Plastic ware

The sterile plastic wares used in this study were obtained from Corning
(USA), Axygen (USA) and Eppendorf (Germany).

3.2 Collection of materials

Mammary tumors were collected from canines presented to different
clinics in and around Nagpur and Pune region after mastectomy. Samples were
preserved in 10% formal saline solution for histopathological studies. Samples
were collected in sterile Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 5% Foetal Bovine Serum (FBS), and antibiotics (penicillin
100U/ml, streptomycin 100ug/ml) for isolation of cancer stem cells. Part of the
sample was also collected in TRIzol for further RNA studies.

Blood sample was collected on the day of mastectomy or biopsy in 2ml
EDTA vials for haematology and without EDTA for estimation of serum

biochemical parameters.
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3.3 Haemato-biochemical Parameters

3.3.1 Hematological Parameters

Determination of Hemoglobin (Hb), Packed cell volume (PCV), Total
erythrocyte count (TEC) and Total leukocyte count (TLC) were done by using

Mindray auto-haemoanalyzer.

3.3.2 Serum biochemistry

The blood samples of ailing bitches were collected and serum was
separated and stored at -20°C. They were subjected to biochemical analysis. The
following estimations were carried out using clinical chemistry semi-auto analyzer
machine with Coral clinical system kits (Goa, India).

1) Serum alkaline phosphatase (ALP)

2) Serum Calcium (Ca)

3) Serum Phosphorus (P)

4) Serum Magnesium (Mg)

3.4 Histopathological examination

The tumor tissues fixed in 10% neutral buffered formalin were embedded
in paraffin wax (58-60'C M.P.) after dehydration in ascending grade of alcohol.
Sections were cut at 4-5 m thickness and stained with standard haematoxylin and
eosin (H & E) method (Luna, 1968). In present study histopathological
classification of tumors was done as per WHO classification system followed

earlier by Hampe and Misdorp (1974).
3.4.1 Grading system

Grading of tumor was decided as per the Elston modification of the Bloom
Richardson grading system and Nottingham method. Following parameters were
observed for analysis of histological grading 1) tubule formation, 2) nuclear
variation, and 3) mitotic activity (Elston and Ellis, 1991).

a) Tubule formation

Score 1: More than 75% of the area composed of definite tubules.
Score 2: Area between 10 to 75% occupied by tubule formation.
Score 3: Tubules occupy 10% or less of the tumor.
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b) Nuclear pleomorphism

Score 1: Tumor nuclei are small, with little increase or variation in size compared
to normal nuclei, have regular outlines and uniformity of nuclear chromatin.

Score 2: Nuclei are larger than normal, have more open vesicular nuclei with
visible, usually single, nucleoli and there is moderate variation in size and shape.
Score 3: Marked variation in size and shape, very large and bizarre nuclei, nuclei

are vesicular with prominent enlarged and often multiple nucleoli.
¢) Mitotic counts

Mitotic activity was assessed by counting mitotic figures in 10 high power
fields (40X).
Score 1: Upto 7 mitosis per 10 high fields.
Score 2: 8-16 mitosis per 10 high fields.
Score 3: More than 17 mitosis per 10 high fields.

Elston Grade evaluation

After employing above score criteria, the tumor scoring points in the range
of 3 to 9 was considered as tumor and graded as per the following scores.
Grade | : Score between 3 to 5.
Grade Il : Score between 6 to 7.
Grade 11l : Score between 8 to 9.

3.5 Isolation of cancer stem cells

Cancer stem cells isolation from mammary tumor sample was carried out
by mammosphere assay as per Lombardo et al. (2015) with few modifications as
mentioned below.

a) Primary culture of Canine mammary tumor

Tumor tissue obtained were washed in 70% ethanol and then thoroughly
washed with PBS containing penicillin 100U/ml and streptomycin 100ug/ml.
Tissue were minced into small pieces and enzymatically digested in 5ml DMEM
containing collagenase (Gibco) and incubated at 37°C on rotary shaker for 30
minutes to 120 minutes (depending upon the hardness of tissue). Supernatant
was collected in 15ml polypropylene tube containing complete media and

centrifuged at 2000 rpm for 5-8 minutes. Supernatant was discarded and cell
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pellet was resuspended in DMEM containing 10% FBS (complete media). Cells
were seeded in 100 mm tissue Petri dish. Incubated at 37°C and 5% CO till the
cells were grown in monolayer. Cells were fed with complete media every 72 hrs.
Before being used for mammosphere assay cells were amplified upto 5

passages.
b) Mammosphere Culture

Adherent cultured cell were detached with trypsin and collected in 15ml
polypropylene tube containing DMEM/F12 and centrifuged at 1700 rpm for 5
minutes. Supernatant was discarded and cells were resuspended in DMEM/F12
supplemented with 100 U/ml penicillin, 100 U/ml streptomycin. Single cell
suspension was obtained by 40 um cell strainer. Low density of cells (1.5 x 10*
cells/ml) were resuspended in serum free conditional medium which contained
DMEM/F12 supplemented with 20 ng/ml recombinant human epidermal growth
factor (EGF; Sigma), 10 ng/ml recombinant human basic fibroblast growth factor
(bFGF;Sigma) and 1x B27 supplement (Gibco). Then seeded in 6 well agar
overlayed Plate. Incubation was done at 37°C and 5% CO, for 8 to 10 days. After
every 72 hrs cultures were fed with above growth factor containing media.
Precaution was taken to keep these plates undisturbed during initial growth
phase. After 7-8 days representative views were photographed.

3.6 MTT assay

For the MTT assay previously described method was implemented with
few modifications (Barhanpurkar-Naik et al., 2017). Cells were cultured in 96-well
plates (3 x 10° cells/well) in four replicates. After 3hrs, 24hrs, 48hrs and 72hrs
respective medium was replaced with 100 pl of MTT (0.5 mg/ml). Black crystals
formed was dissolved with DMSO and absorbance measured at 570 nm.

3.7 Population doubling (PD) time

To determine PD time cells were cultured (1 x10* cells/well) in 24 well
plate in growth medium. Cells were seeded in duplicate. After 3 days cells were
harvested with TPVG and counted by trypan blue exclusion. The PD time was

calculated as per method adopted by Roth (2006) mentioned as follows:
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duration x log 2
PD time =

log (final concentration) — log (initial concentration)

3.8 Wound healing assay

For the wound healing assay previously described method was
implemented (Barhanpurkar-Naik et al.,2017). Briefly, 10* cells/well were plated
in 24-well plates in triplicates and allowed to form a monolayer. The wounds were
created by scratching monolayers with a 10 ul pipette tip. The cell layer was
washed thoroughly with caution and incubated further for 18 hours. Images were
captured at 0 and 18 hours using the phase-contrast microscope. Wound area
was calculated using the “MRI Wound healing tool” in Image J software (open
source, NIH, USA). Percent wound closure was calculated as described

previously using the following formula:

Wound area (To) — Wound area (Tqg)
% Wound closure = ---  x100
Wound area (To)

3.9 Total RNA isolation:

RNA was isolated from tissue, adherent cells and mammospheres using
TRIzol reagent (Invitrogen) as per manufactures protocol with few modifications.

a) Homegenization:

The homogenization of the tissue was done by mortar and pestle in a
liquid nitrogen bath. Homegenized tissue (100mg) was transferred to 1ml of
TRIzol. Cancer cells (10°) were stored in 1ml of TRIzol in -80°C and used for
RNA isolation after thawing.

b) Phase separation:

For phase separation 0.2ml of chloroform per 1ml of TRIzol was used.
Samples were vortexed vigorously for 15 s and incubated at room temperature
for 5 min. Then centrifuged at 12000 g for 15 min at 4°C. Upon centrifugation two
phases were formed. RNA is usually present in upper aqueous phase. Upper

agqueous phase was cautiously transferred to fresh tube.
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¢) RNA precipitation:

RNA from upper aqueous phase was precipitated by mixing with 0.5ml
isopropyl alcohol. Then incubated for 30 min on ice and centrifuged at 12000 g

for 15 min at 4°C. RNA precipitate was seen as pellet on bottom of tube.
d) Washing of RNA:

Supernatant was discarded completely. RNA pellet was washed with 1ml
of 75% ethanol by centrifuging at 7500 g for 5 min at 4°C. Leftover ethanol was
decanted.

e) Redissolving RNA:

RNA pellet was air dried for 15-20 min. It was dissolved in 15ul of DPEC
treated water. Further incubated for 5min at 65°C on thermostat and then on ice
for 5 min.

f) Quantification of RNA:

Concentration and purity of isolated RNA was determined by
spectrophotometric absorbance at 260 and 280 nm on NanoDrop 1000

spectrophotometer (Thermo scientific).

3.10 Real Time PCR

Total RNA (2ug) from each sample was be subjected to cDNA synthesis
using QuantiTect® Reverse Transcription Kit as per manufacturer’s instruction.
The relative expression of the reported stem-cell markers (Oct4, Sox2, Nanog,
and Stat3) and metastasis associated markers (Snail) were determined using the
primers depicted in Tablel by real-time PCR performed on a StepOnePlus
machine (Applied Biosystems). The PCR was carried out by 10 ul reaction
mixture involving the ingredients given in the Table2. Cycling conditions used for
amplification of cDNA template are mentioned in Table3. GAPDH expression was
used as an endogenous control to normalize each sample.

The relative expression of individual gene was calculated by method
adopted by Schmittgen & Livak, (2008) and Xu et al., (2017) mentioned as
follows:

ACt = Ctgene of interest - Ct internal control

Relative expression = 2 €7
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Table 1. Primer sequences used for quantification of respective gene

Base Accession
Gene Forward Primer (5'-3") Reverse Primer (5'-3") oair No.

Oct4 ATGTGGTCCGAGTGTGGTTC AGGGACTGAGGAGTAGAGCG 200 XM_538830.3
Sox2 CCAGCGCATGGACAGCTA CCGTTCATGTAGGTCTGCGA 195 XM_005639752.3
Nanog CCAGACCTGGAACAGCCAAT ACAGTTGTGGAGCGGATTGT 106 XM_022411387.1
STAT3 CCAAGCAACAGCTGAACAACA CTGGGTCGGCTTCAGGATGT 177 XM_025439586.1
Snall CAGCTATGTCAGCGTCCTGT TGGGAGACACATTGGTTGGG 142 XM_005635167.3
Gapdh CCATCTTCCAGGAGCGAGAT TTCTCCATGGTGGTGAAGAC 97 XM_003435649.4
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Table 2. Ingredients for real time PCR

Ingredients Volume (ul)
Ppwer SYBR™ Green PCR Master Mix (Applied 5
Biosystems)
Forward primer 0.5
Reverse primer 0.5
Nuclease free water 35
cDNA template 0.5
Table 3. Cycling condition for real time PCR
Stages PCR condition Temperature (°C) Time

Stage | Pre incubation 95°C 10 min

Two step amplification cy?:(ljes
Stage Il Incubation 95°C 15 sec

Annealing 60°C 1 min
Stage Il Holding 37 ©
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RESULTS & DISCUSSION

The aim of current study was to authenticate presence of Cancer stem
cells (CSC) associated markers in Canine mammary tissue (CMT) and to further
investigate whether expression of these markers correlate to expression of Snail
(SNAI1) which is associated with metastasis, as well as their association with
tumor grade. Overall all, 30 CMT samples were collected. The evaluation of 8
samples was done for cancer stem cells characterization and to determine
expression of metastasis associated markers. All samples were subjected for
histopathological studies for tumor diagnosis and grading. Results are
summarized as follows:

4.1 Effect on haemato-biochemical parameters

4.2 Gross changes, histopathological diagnosis and grading of tumors
4.3 Migration, proliferation kinetics and population doubling time

4.4 Characterization of cancer stem cells in CMT

4.5 Cancer stem cells versus metastasis associated markers

4.6 Cancer stem cells versus tumor grade

4.1 Effect of haemato-biochemical parameters
A) Haematological parameters

The observation of mean + S.E. values of Haemoglobin (Hb), Packed cell
volume (PCV), Total erythrocyte count (TEC) and Total leukocyte count (TLC)
are presented in Table 4. In our study all the haematological parameters were
well within the normal reference ranges. Earlier study had recorded increased
TLC in bitches affected with benign mammary tumors (Chavan et al., 2012). On
par values of TLC in present study might be due to the fact that all tumors were
malignant. Recently Mohapatra et al., (2016) also proclaimed that haematological

parameters didn’'t show any deviation from normal reference ranges.

Table 4. Haematological values of dog with canine mammary tumor

Parameters Haematological Values
Haemoglobin (g/dl) 1258 +1.43
PCV (%) 4457 + 4.35
TEC (x 10™/L) 5.89+0.61
TLC (x 10%/L) 14.06 + 1.92
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B) Biochemical parameters

The observation of mean + S.E. values of serum ALP, Mg, Ca, P are
presented in Table 5. In our study all the serum parameters were well within the
normal reference ranges. Previous study have recorded decrease in serum P and
Ca in benign and malignant canine mammary tumor (Chavan et al., 2012). As per
Fayolled et al., (1987) routine hematology and serum biochemistry were not
useful in differentiating benign from malignant tumors and post-surgical blood
profiling was not useful in predicting tumor progression. So with our findings we
infer that the haematological and biochemical values are not good indicators for
the CMT development in bitches.

Table 5. Serum biochemical value of dog with canine mammary tumor

Parameters Serum Values
Alkaline Phosphatase(IU/L) 129.15 + 33.35
Serum Magnesium (mg/dL) 2.74+0.99
Serum Calcium (mg/dL) 10.30+0.21
Serum Phosphorus (mg/dL) 4.31+0.15

4.2 Gross changes, histopathological diagnosis and grading

4.2.1 Gross observation

Variation in size of different tumors was observed in range of 2.5 cm x 1.5
cm X1 cmto 28 cm X 15 cm X 16 cm. Poorly defined border, ulceration, multiple
nodules were observed (Plate 1-3). Tumors shape observed were ovoid,
pedunculated and bizarre structured affecting one or more glands. Consistency
ranged from very hard to firm. Upon cutting the tumors the consistency was gritty.
Cut surface revealed grey tan colour with fluid filled cystic pockets. Fluid was
slimy amber coloured. Necrosis, inflammation and severe vascularisation were
evident (Plate 4.). Observations were in accordance with Moulton (1999) and
Dhaygude (2006).

4.2.2 Histological classification:
Tumor growths were classified histologically as per WHO

recommendation and data is presented in Table 6.
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Plate 1. Canine mammary tumor showed firm growth in inguinal
region.

Plate 2. Canine mammary tumor showing ulceration.



Plate 4. Mammary tumor cut surface showing severe
necrosis and vascularisation.



Table 6. Summary of histological classification of mammary tumor (n=30)

Histological types No- of Percentage
cases

Malignant Tumors
Simple tubular adenocarcinoma 7 23.33
Complex tubular adenocarcinoma 2 6.66
Simple tubulopapillary adenocarcinoma 3 10
Complex tubulopapillary adenocarcinoma 2 6.66
Squamous cell carcinoma 5 16.66
Simple solid carcinoma 1 3.33
Fibrosarcoma 3 10
Chondrosarcoma 2 6.66
Malignant mixed 5 16.66
Total 30

Out of 30 spontaneous mammary tumors studied for histopathological
classification, all cases (100%) were malignant mammary tumor. Higher
incidence of malignant tumor have been mentioned in various reports (Simeonov
& Stoikov, 2006, Tavasoly et al.,2013). It suggests that increased incidence of
malignancy might play vital role in mammary tumor related deaths. Among them
30% were diagnosed as tubular carcinoma (n=9). Papillary carcinoma and
squamous cell carcinoma each cases were recorded 16.66% (n=5). Solid
carcinoma represented only 3.33% (n=1). Fibrosarcoma was recorded as 10%
(n=3) and 2 cases of chondrosarcoma represented 6.66%. Malignant mixed
tumor showed incidence of 16.66%. Findings were partly in agreement with
previous researchers (Sontas et al.,2009, Reddy et al.,2009, Sassi et al.,2010,
Cervosek et al.,2013). Overall epithelial origin tumors were highest (66.66%) as
compared to mesenchymal tumors (33.33%). Our findings are in agreement with
various reports which suggests CMT of epithelial origin to be more common than
mesenchymal origin (Misdorp, 1999 and Sleeckx et al.,2011).

Histological findings of H & E stained sections of malignant mammary
tumor are described as follows
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1. Tubular adenocarcinoma (Simple and complex)

Tubules were observed with higher and lower grade. Tubular epithelial
cells showing uniform architecture and lower mitotic figures indicated low grade.
High grade tubules showed hyperchromasia, increased mitotic activity and
severe nuclear pleomorphism. Simple carcinoma showed resemblance to only
luminal epithelial cells. Complex carcinoma resembled luminal and myoepithelial
cell type (Plate 5). Tubules were lined by double layer of epithelial cells (Plate 6).
Proliferating and hyperchromic luminal epithelial cells were invading surrounding
fibrous stroma. Epithelial cells were separated and compiled in the glandular
lumen. Significant mitotic figures were observed. Haemosiderin laden
macrophages indicated chronic haemorrhages (Plate 7). Accumulation cystic fluid
was observed in various parts (Plate 8). Severe necrosis was observed in tubular
adenocarcinoma indicating towards increased malignancy (Plate 9).

2. Papillary carcinoma

In simple papillary carcinoma proliferation of only epithelial cells was
observed. In complex papillary carcinoma epithelial and myoepithelial cells were
present. Both columnar and cuboidal cells within the neoplastic tubules were
arranged in pedunculated papillary form (Plate 10). Papillary stroma was
abundant. Extension of papilla beyond the fibrous tissue indicated infiltrative
behaviour. Papillary epithelial cells showed hyperchromasia. Moderate nuclear
pleomorphism and mitotic figures with few necrotic areas were observed.

3. Tubulopapillary carcinoma

Along with the features of tubular adenocarcinoma it has neoplastic cells
arranged in papillary manner (Plate 11). The neoplastic features of cells on
papillary projections are similar to papillary adenocarcinoma. Numerous mitotic
figures were present.

4. Squamous cell carcinoma

Sheets of round to polyhedral cells were observed. Cells were
pleomorphic and hyperchromic . Islands of keratin pearls were present within the
sheet. Significant amount of mitotic figures were present. These keratin forming

pearls were major feature for squamous cell carcinoma (Plate 12). Cords of
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Plate 5. Complex tubulo adenocarcinoma
showing both myoepithelial cells and epithelial
cells. (H & E 10X)

e

Plate 6. Tubulo adenocarcinoma showing mitotic
figures, double layered tubular epithelium and
accumulation of epithelial cells in tubular lumen.
(H & E 10X)

Plate 7. Mammary tumor revealed presence of
haemosiderin laden macrophages (H & E 40X)



Plate 8. Cystic fluid accumulation in tubular
carcinoma (H & E 4X)

Plate 9. Tubulo adenocarcinoma showing severe
area of necrosis (H & E 4X)

Plate 10. Papillary carcinoma showing presence
of both cuboidal and columnar epithelial cells. (H
& E 10X)



Plate 11. Tubulopapillary carcinoma showing
hyperchromatic lobular and papillary epithelium
(H & E 10X)

Plate 12. Squamous cell carcinoma with stratified
squamous epithelium leading to formation of
keratinized pearl (H &E 20X)

Plate 13. Fibrosarcoma showing proliferation of
spindle shaped cells with nuclear pleomorphism
and increased microvasculation in tissue (H & E
10X)



epithelial cell were seen and flat squamous like cells surrounded the keratin

pearl.
5. Fibrosarcoma

Proliferation of spindle shaped cells with elongated nuclei were present
(Plate 13). These proliferating cells architecture had fibroblast like morphology
thus suggesting mesenchymal origin. Neoplastic fibroblasts were arranged
haphazardly. There was stromal infiltration in tissue. Severe anisocytosis was
observed. Intermittent mitotic figures were present.

6. Chondrosarcoma

Basophilic chondroid matrix is present in varied amount in which
binucleated neoplastic chondroid cells are present (Plate 14). Chondroid cells are
present in lacunae with atypical nuclei. Formation of cartilage in mammary gland
indicates metaplasia of connective tissue. Prominent nucleoli were seen. Few

mitotic figures were evident.
7. Malignant Mixed tumor

It had highly proliferating malignant epithelial and malignant mesenchymal
cell types with hyperchromasia and nuclear pleomorphism (Plate 15). The third
cell type we observed was of cartilage tissue along with malignant epithelial cells.
Its appearance was in combination of tubular carcinoma, fibrosarcoma and
chondrosarcoma. Severe intra tumoral micro vascularisation was evident.

8. Solid carcinoma

Neoplastic cells were densely packed ressembling solid sheet pattern
without definite tubular formation (Plate 16). Severe nuclear pleomorphism,
moderate cytoplasmic vacuolation and mitotic figures were evident.

4.2.3 Grading of mammary tumor

Grading of each tumor growth was executed in relation to histological
classification as shown in Table 7.
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Plate 14. Chondrosarcoma revealed presence pf
binucleated neoplastic cells in basophilic matrix
(H & E 10X)

Ay

Plate 15. Malignant mixed mammary tumor
showing neoplastic cells of epithelial and
mesenchymal origin with distorted tissue
morphology (H & E 20X)

4
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Plate 16. Solid carcinoma showing densely
packed neoplastic cells (H & E 40X)



Table 7. Summary of grading of mammary tumor (n=30)

Histological No. of b .
Grading Histological type cases ercentage
Simple tubular
_ 5 16.66
adenocarcinoma
Complex tubular
. 1 3.33
adenocarcinoma
Stage | Simple tubulopapillar
g p | papiiary 5 6.66
adenocarcinoma
Malignant mixed 3.33
Total 9 30
Simple tubular
_ 2 6.66
adenocarcinoma
Complex tubular
_ 1 3.33
adenocarcinoma
Simple tubulopapillar
P . papiary 1 3.33
adenocarcinoma
Complex tubulopapillar
Stage Il P ] papiary 2 6.66
adenocarcinoma
Squamous cell
) 5 16.66
carcinoma
Fibrosarcoma 2 6.66
Malignant mixed 1 3.33
Total 14 46.66
Simple solid carcinoma 1 3.33
Fibrosarcoma 1 3.33
Chondrosarcoma 2 6.66
Stage Il
Malignant mixed 3 10
Total 7 23.33

Regarding grades, out of 30 malignant mammary tumors 30% (n=9)

tumors were of grade I, 46.66% (n=14) were grade Il and 23.33% (n=7) were

grade lll. Previous workers have reported variable incidences of tumor grade
(Martin de las Mulas et al. 2005, Rezaie et al. 2009 and Sassi et. al. 2010).
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Prognosis is poor in tumors of higher grade (Elston and Ellis, 1991). Pin pointing
prognostic factor has always been a challenge for oncologist. Identifying tumor
type and histological grading is excellent prognostic tool (Pena et al.,2003,
Tavasoly et al.,2013). Tumor grades determined the survival of dogs. Grade llI
carcinoma had worst survival whereas grade Il and 11l cases had poor prognosis
and dogs with higher grade were at increased risk of mortality (Karayannopoulou
et al.,2005).

4.3 Migration, proliferation kinetics and population doubling time

From 8 cases of CMT the primary cell culture was prepapred and
propagated for 5 passages. Attempt was made to determine migration,
proliferation kinetics and population doubling time of canine mammary tumor cells
and data with mean value is presented in Table 8. and Fig. 1,2,3.

Table 8. Values of migration, proliferation kinetics and population doubling

time of canine mammary tumor cells (n=8).

Sample Migration (% Proliferation (OD at | Population Doubling
No. wound closure) 570nm) Time (hrs)

2T 44.09 0.45 14.29

3T 84.59 0.42 13.65

4T 49.75 0.22 1461

5T 64.23 0.49 14.45

6T 69.2 0.25 1411

T 89.10 1.09 12.34

8T 91.5 0.97 12.44

9T 53.75 0.66 13.49

Population doubling (PD) time negatively correlated with the proliferation
kinetics of adherent cancer cells (r = -0.9245, p=0.001).Thus lower PD time will
have increased proliferation of cancer cells and vice versa. Proliferation is the

major force for cancer progression. Increased proliferation is related to poor
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Plate 17. Wound healing assay (Ohrs and 18hrs
observation at 10x)
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prognosis (Dai et al., 2005). Oct4, Nanog, and myc is responsible for
reprogramming of differentiated cells at epigenetic level which results into long
lasting proliferation (Vicente-Duefias et al., 2013). If cancer stem cells play role in
proliferation then targeting them might increase population doubling time which
would provide better prognosis and increased survivability. Progression in cell
cycle depends upon balance between proliferative and antiproliferative signals.
Cell cycle arrest takes place in G1 phase. When arrest is ignored by the cell,
resultant increase in replication occurs which results into induced mutation and
telomere degeneration (Feitelson et al., 2015). Tumor proliferation is regulated by
several molecular pathways (B catenin signalling, Notch signalling, insulin-like
growth factor signalling, and NF-B signalling). Previous works have reported their
regulatory role in proliferation (Fietelson et al., 2015). Various tumor proliferation
rate among the mammary tumor cells in current study might owe to these
signalling pathways. Uncontrolled proliferation is due to imbalance between cell

proliferation and apoptosis (Lopez et al., 2015).

Migration of cancer cells was assessed by wound healing assay (Plate
17). Our study positively correlated migration with Snail expression in adherent
cancer cells (r = 0.5035, p = 0.0468). For any cancer cell to invade the
surrounding, it first needs to detach from tumor mass and then migrate. Cell
migration by epithelial to mesenchymal transition (EMT) is due to downregulation
of e-cadherin as a result of activation of transcription factors such as Snail and
Slug. Such cells loose epithelial polarity and acquire fibroblast like shape.
Mesenchymal phenotype leads to migration of cancer cell (Krakhmal et al.,2015).
In vitro experiments have demonstrated that fibroblasts induce cell migration
(Gaggioli et al., 2007). With wound healing assay determining long term migration
(>24hrs) was not possible in current study because it cannot distinguish cell
proliferation after longer periods (Kramer et al., 2013). Table 9 depicts the
aggressiveness of tumor with increasing tumor grade leading to increased

migration and proliferation of cancer cells.
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Table 9. Tumor grade versus migration, proliferation kinetics and population

doubling time of canine mammary tumor cells

Tumor Grade | Migration Proliferation Population Doubling
(% wound (OD at 570nm) Time (hrs)
closure)

Grade | 58.045 0.43 14.01

Grade 1l 66.715 0.37 14.28

Grade Il 89.1 1.09 12.34

In the present study migration, cell proliferation and population doubling
time varied in every canine mammary tumor (Fig.1, 2, 3). This suggests that
every mammary tumor cells behave differently in spite of their similar

classification and cell origin.

4.4 Characterization of cancer stem cells in CMT:

During the course of study samples evaluated included 8 CMT tissues, for
which 8 adherent cancer cells were prepared and from them mammospheres
were isolated from 4 cases (Plate 20-22). Time taken to attain confluency varied
among the cultures from 5-10 days. Adhernet cells established from mammary
tumor tissues revealed combination of fibroblast like and epithelial like
morphology (Plate 18) or only fibroblast like cell population (Plate 19). As per
Cancer stem cell hypothesis, tumor contains subset of cancer cells having
properties of stem cells like self renewal and pluripotency. There is hierarchical
organization with a rare population of cells that enable tumor formation and
progression. Tumorogenic mammary cancer cells manifest properties of CSC
(AlHajj and Clarke, 2004). To characterize primary adherent cells and
tumorsphere as a primitive sub-population, the expression of embryonic stem
cells markers Oct4, Sox2, and Nanog was analysed. Genes Oct4 and Sox2 were
significantly expressed at higher level in mammospheres compared to parental
adherent cells (Fig.7). So the cells that isolated from naturally occurring CMT
contain subpopulation of undifferentiated cells that can flourish in absence of
attachment and show the expression of embryonic stem cell markers.

Differentiated cells cannot survive in non adherent conditions. Observations of
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Plate 18. Cells isolated from mammary tumor
showing mix population of epithelial like (black
arrow) and fibroblast like (red arrow) cells (10x)

Plate 19. Cells isolated from mammary tumor
showing confluent growth of fibroblast like
cells (10x)



Plate 20. Mammospheres isolated from adherent
mammary tumor cells (10X)

Plate 21. Mammospheres isolated from adherent
mammary tumor cells (10X)

Plate 22. Mammospheres isolated from adherent
mammary tumor cells (20X)
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present study were in accordance with Pang et al., (2011) and Klevebring et al.,
(2014).

All the tumor tissue and adherent cancer cells expressed evident Oct4,
Sox2 and Nanog at various expression levels (Fig.4 and Fig.5). Oct4, Sox2 and
Nanog are pluripotency associated markers which play vital role in progression of
breast cancer (Ling et al.,, 2012). A previous study has demonstrated the
expression of Oct4 and Sox2 in adherent cells as well as in sphere cells in canine
mammary gland adenocarcinoma cell lines (Michishita et al., 2011). Wang et al., (
2014) linked Oct-4 and Nanog co-expression with EMT, lymph node metastasis,
tumor size, histological grade and poor prognosis. Role of Sox2 has also been
reported for increasing cell proliferation in breast cancer and drug resistance
(Kaufhold et al., 2016).

In present study tumor tissue, adherent cancer cells and mammosphere
showed relative expression of Signal transducer and activator of transcription 3
(STAT3) (Fig.4 - 6). Breast cancer cell growth and survival is regulated by STAT3
activation (Burke et al.,, 2001). STAT3 is frequently activated during
tumorogenesis and responsible for modulating cell growth, differentiation, and
apoptosis (Sherry et al., 2009). STAT3 is associated with tumorogenesis, drug
resistant and expression of Oct4 and Sox2 (Chung et al., 2014).

4.5 Cancer stem cells markers versus metastasis associated marker

Present study revealed expression of Snail in tumor tissue, adherent
cancer cells and mammosphere (Fig.4 - 6). Attempt was made to correlate the
expressions of Oct4, Sox2, Nanog and STAT3 with the Snail (Table 10). We
found that only Oct4 expression from tissue was positively and significantly
correlated with Snail expression (r = 0.9611, p = 0.0001). While other markers
didn't show any significant correlation. Previous studies have mentioned that
expression of Snail is closely related to the metastasis because of its regulatory
role in EMT and downregulation of e-cadherin, as it plays vital role in metastatic
cascade (Zeisberg et al.,2009, Wang et al.,2013,). Snail induces the expression
of Oct4 and confers cancer stem cell like features (Wang et al., 2013). Ability of
Snail to evade apoptosis, repress e-cadherin and endow cells with migratory
properties makes it good marker determining malignancy (Vega et al., 2004,
Gimeno et al., 2005, Come et al.,2006).
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Mladinich et al., (2016) reviewed a previous report which suggests
variation in expression of cancer stem cells markers and Snail. They opinioned
that Oct4 upregulates Snail and facilitates EMT. But also narrated the contrary
report that Oct4 and Sox2 were down regulating Snail thus suppressing EMT. In
present study we had significant positive Oct4 correlation with Snail thus there is
possibility that Oct4 expression in mammary tumors of present study might be
responsible for upregulation of Snail. Although in tumor tissue Sox2 was
negatively correlated with Snail (r =0.028) it didn’t reach statistical significance.
Variation among correlation as mentioned in above reports and diverse
correlation of different cancer stem cell markers with Snail (Table 10) in
mammary tumors of present study suggests the complexity among their
dependence on each other for subsequent expression and further studies are
needed to establish a concrete relation among cancer stem cells and Snail in

canine mam mary tumor.

Table 10. Summary of correlation of Snail with Cancer stem cell markers

Gene Mammary tumor tissue Mammary cancer cells
(Snail) (Snail)
r Significance r Significance
Oct4 0.9611 P <0.0001 0.07114 NS
Sox2 -0.02852 NS -0.02070 NS
Nanog -0.06403 NS 0.02774 NS
STAT3 0.1867 NS -0.1797 NS

4.6 Cancer stem cells versus tumor grade.

In present study mammospheres were successfully isolated from all types
of tumor grade. Thus cancer stem cells are expressed in mammary tumor
irrespective of tumor grade. Expression of Oct4, Sox2 and Nanog in tumor tissue
was increased in high grade (Ill) as compared to low grade tumor(l and Il) (Fig
8). Grade | was well differentiated, grade |l was moderately differentiated, grade
Il was poorly differentiated during histopathological observation. Various
researchers have reported different finding with some positively correlating CSC

expression with tumor grade and some didn't find any significant correlation.
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Elevated Sox2 is expressed in early breast carcinoma and results into increased
metastasis but Sox2 expression didn’t correlate with tumor grading (Lengerke et
al.,2011). Increased expression of Oct4 and Sox2 were affiliated to high
histologic grade and Nanog expression was associated with low histologic grade
breast cancer (Gwak et al., 2017). In the present study increased expression of
Oct4, Sox2 and Nanog are evident in high grade mammary tumors. Histologically
poorly differentiated tumors are molecularly similar to embryonic stem cells hence
such tumors cells are characteristically related to undifferentiated stem cells of
tumor, embryonic stem like signature is seen in poorly differentiated tumors (Ben-
porath et al.,2008). It might be the reason for increased expression of
pluripotency associated markers (Oct4, Sox2, Nanog) in high grade tumor tissue

in current study.

After analysis of all the above reports and finding of current study
inference can be drawn as expression of cancer stem cell markers (associated
with pluripotency) varies among different tumor grade. As per present study
“Consistent expression of CSC marker (pluripotency marker) within different
tumor grade is not the case yet and further studies are needed”. Our statement is
supported by successful isolation of mammospheres (characterized as CSC in
the present study) from high and low grade canine mammary tumors.
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SUMMARY AND CONCLUSION

In unspayed bitches mammary tumors are frequently noted. Among the
domestic species canids are most frequently affected. Prevalence of mammary
tumors in canine is 3 times more than the woman. By far metastasis is
responsible for cancer related deaths. Mammary tumors consist of subpopulation
of cells called as cancer stem cells (CSC) which possess ability of self renewal
and originates heterogeneous lineages of cancer cells. Current therapies have
targeted proliferating cells and lead to shrinkage of tumor size but have failed to
prevent recurrence. Recurrence might owe to subpopulation of cancer stem cells.
Present study was designed to characterize cancer stem cells population in
canine mammary tumor in addition to its correlation with metastasis associated

marker and histologic tumor grade.

Haematological and serum biochemical profiling of bitches affected with
mammary tumors didn't show any deviation from normal reference ranges.
Grossly, mammary tumors of various size showed nodular, pedunculated and
bizarre structure along with ulceration, necrosis and cyst filled pockets. Tumor
growths were classified histologically as per WHO recommendation. Various
tumors were diagnosed as tubular adenocarcinoma, papillary adenocarcinoma,
squamous cell adenocarcinoma, solid adenocarcinoma, fibrosarcoma,
chondrosarcoma and malignant mixed. Overall epithelial origin tumors were
highest as compared to mesenchymal tumors. Thus suggesting CMT of epithelial
origin are more common than mesenchymal origin. All the tumors studied were
malignant. Histologically tumors were graded by Elston-Ellis system. In present
study grade Il tumors were frequently observed followed by grade | and grade llI.

Aggressive cancer cells behaviour with increasing tumor grade was
observed in vitro in terms of increased migration and proliferation of cancer cells
along with decreased population doubling time in high grade tumors. Decreased
population doubling time leads to increased proliferation activity of cancer cells.
For any cancer cell to invade the surrounding, it first needs to detach from tumor
mass and then migrate. In present study Snail which is an e-cadherin repressor
was positively correlated with wound healing assay, which points towards role of
Snalil in increased migratory activity of cancer cells.
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During course of study naturally occurring canine mammary tumors were
subjected to primary cell culture. Cells isolated from 3™ to 5" passages revealed
population ranging from mixture of fibroblast like cells and epithelial like cells to
only fibroblast like cells. From them mammospheres were isolated in serum free
and non adherent condition. Mammospheres of 8-10 day old were used for
further studies. Characterization of mammary tumor tissue, adherent cells and
mammosphere for cancer stem cells was achieved in this study by determining
expression of Oct4, Sox2, Nanog and STAT3 at mRNA level.

Metastasis associated marker (Snail) was positively and significantly
correlated with the Oct4 expression in tumor tissue. Upon investigation of
expression of Oct4, Sox2 and Nanog in tumor tissue revealed increased in higher
grade (lll) as compared to low grade tumor (I and Il). In present study cancer
stem cells were isolated from all three grades of tumor. Present study reports
that, “cancer stem cells are expressed in canine mammary tumor irrespective of
tumor grade”.

From present study following conclusions are drawn:

1. Canine mammary tumor contains subpopulation of cells known as cancer
stem cells.

2. CSC expressed similar embryonic stem cells markers to human CSC as
reported in other studies. Dog can serve as model for studying mammary
CSCs.

3. Cancer stem cells can serve as biomarker for mammary tumor detection and
holds promising future in tumor prognostication.

4. Snail, a transcription factor, results into increased migration potential of
cancer cells.

5. Every mammary tumor cells behave differently in spite of their similar
classification and cell origin.

6. Expression of Oct4 in canine mammary tumor tissue is positively related to
expression of Snail. Though further studies are required to establish concrete
link between them.
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7. Cancer stem cells are expressed in canine mammary tumor irrespective of
tumor grade. Their expression is elevated in higher grade than lower grade.
However increased sample size is required to have the definite conclusion.

8. Understanding cancer stem cell behaviour is need of an hour, in order to

develop therapeutics to target CSCs.
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Abstract

Mammary tumor is most frequently reported neoplasm in bitches.

Mammary tumours consist of subpopulation of cells called as cancer stem cells

(CSC) which is responsible for tumor recurrence as current therapies have failed

to clear them. Present study was undertaken to characterize CSC in canine

mammary tumor and determine expression of metastasis associated marker.
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Present study revealed that haematological and serum biochemical
profiling of bitches affected with mammary tumours didn’'t show any deviation
from normal reference ranges. Overall epithelial origin tumours were highest as
compared to mesenchymal tumours. In vitro studies showed aggressive cancer
cells behaviour with increasing tumor grade. Positive correlation between Snalil
expression and migration of cancer cell was achieved. Oct4 in canine mammary
tumor tissue was positively related to expression of Snail. Results of present
study show that cells isolated from primary mammary tumours have ability to
form mammospheres. CSCs predominantly express pluripotency markers than
the adherent cancer cells. Our findings indicate that CSCs are present in canine
mammary tumor irrespective of tumor grade. Expression of Oct4, Sox2 and
nanog in tumor tissue were increased in high grade (lll) as compared to low
grade tumor (I and Il). Cancer stem cells can serve as biomarker for mammary

tumor detection and holds promising future in tumor prognostication.
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