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INTRODUCTION

Canine mammary tumors (CMT) commonly arise in female dogs which are not spayed
or in older female canines that have underwent spaying, typically occurring around 8 to 10
years of age (Salas et al., 2015, Benavente et al., 2016). At ages 6, 8, and 10 years, the
chances of mammary tumours rose from 1% to 6% and 13%, respectively (Egenvall et al.,
2005). Any breed of female dog that is spayed prior first ovulation, the likelihood of developing
a tumor is 0.5%; however, if the spaying occurs after or subsequently following next ovarian
cycle, the possibility of CMTs elevates significantly from 8% to 26% (Beauvais et al., 2012).
Nearly 50% CMTs are malignant and spread to nearby lymph nodes and lungs, and eventually
may affect bones (Gilbertson et al., 1983). The main widely accepted treatment for these
tumors is mastectomy, along with ovariohysterectomy in intact dogs. Chemotherapy using
drugs like doxorubicin and docetaxel is not significantly effective in significantly extending
overall survival time (Simon et al., 2006). Although CMT development is known to depend
on estrogen and progesterone, tamoxifen, an estrogen receptor alpha (ERa) antagonist, has
not been demonstrated to be effective against CMT (Sleeckx et al., 2011). The cytological
criteria used in human pathology was found effective in diagnosing CMTs because they share

similar cytological characteristics with human breast cancer (HBC) (Shafiee et al., 2016).

Breast cancer (BC) is the leading cause of mortality and commonly diagnosed cancer
type in women (Sleeckx et al., 2011). The tumour development in canines is spontaneous,
and they exhibit common features replicating BC in women, including histological classification,
molecular marker, and biological behaviour. So CMTs are important models for researching

HBC due to numerous similarities across various aspects, including histopathological features,
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genetic alterations, and response to specific treatments. This similarity makes them a valuable
resource for enhancing our understanding about HBC (Matos et al., 2012). Hence, CMTs
serve as natural replica for HBC (Abdelmegeed et al., 2018). Given the difficulties in acquiring
sufficient amount of HBC samples and ethical considerations regarding human research, there
is critical demand for in vivo and in vitro models of HBC (Raffo Romero et al., 2023).
Moreover, there is minimal information available on markers that forecast antitumor responses
for HBC treatment (Sawyers., 2004). Hence, CMT cell lines offer a significant opportunity for

assessing antitumor responses (de Faria Lainetti et al., 2020).

Extensive research in cancer biology have unveiled a distinctive mode of cellular
interaction through extracellular vesicles recognized as exosomes (Sinha ez al., 2021). Liquid
biopsies, an advanced diagnostic technique involving investigation of circulating exosomes,
offer numerous advantages over conventional tissue biopsies. These benefits include significantly
reduced invasiveness, simplified sample collection, and quick, cost-effective processing (Tai
etal., 2018). Exosomes are bilayered endosomal nanovesicles, initially identified in 1983 as
50 nm transferrin-conjugated vesicles secreted by reticulocytes (Harding ez al., 1983). While
the exosome formation mechanism is understood to involve invagination into endosomes to
develop into multivesicular bodies (MVBs), their initial perception as mere “garbage bags”
facilitating the disposal of unnecessary proteins has evolved. Exosomes are now recognized,
at least in part, as vesicles that are selectively secreted to aid/ help intercellular communication
(Vlassov et al., 2012). All exosomes are endosomal in origin and are comprised of fusion
proteins (such as Annexins, GTPases, and flotillins) and membrane transport proteins,
tetraspanins (including CD81, CD63, CD9, and CD82), heat shock proteins (Hsp) (like Hsp70
and Hsp90), proteins implicated in multivesicular body biogenesis (such as Alix and TSG101),
phospholipases and lipid related proteins (Conde et al., 2008). After their release, exosomes
float within extracellular matrix (ECM), and their surface proteins aid in identifying target cells
for internalization (Heusermann et al., 2016). These macromolecules are involved in various
pathological and physiological processes, including inflammation, angiogenesis, cell death,
neurodegenerative diseases, immune response, and cancer (Diomaiuto ez al., 2021). Exosomes

facilitate chemoresistance by bolstering drug-resistant properties within cancer cell populations




Introduction....

(Colombo et al., 2014). As exosomes contains tumor-suppressor and oncogenic microRNAs
(miRNAs), they hold immense diagnostic value because of their distinctive expression patterns
in cancerous versus normal cells. This trait is particularly advantageous as it enables cancer
diagnosis in early stages, underscoring importance of these miRNAs play in both medical
applications and research (Salehi ef al., 2018). Progress in exosome isolation and
characterization techniques provides valuable tools for comprehending exosomes role in cancer
and other diseases. These advancements hold potential implications for diagnostics and
therapeutics, leads to improved understanding and to treat various medical conditions. The
cargoes carried by tumor-derived exosomes are important in cancer development. So new
therapeutic approaches have been proposed to tackle this issue. These strategies encompass
inhibiting exosome production, impeding their secretion, disrupting exosome-mediated cell-
cell communication pathways, and eliminating specific active exosomal cargoes (Taiet al.,
2018). GW48609 is an example of a compound utilized as a non-competitive membrane neutral
sphingomyelinase (nSMase) enzyme inhibitor. This enzyme is accountable for producing the
lipid ceramide by breaking down the membrane lipid sphingomyelin, there by inhibiting the

exosomes secretion (Shamseddine ez al., 2015).

Since there are only few studies available regarding the exosomal inhibitors in both in
vitro and in vivo along with role of exosomes in tumour development. In this study we are
also going to explore the exosomal inhibitor GW4869 drug (nSMase inhibitor) as a potential
anti-cancer therapeutic in both in vitro and in vivo mouse model. Therefore, this study is

planned with the following objectives.

1. Histopathological diagnosis and to study the role of exosomes in the growth of

canine mammary tumour.

2. To study the effect of exosomal inhibitor on cancer cell growth in vitro and in

vivo in the mouse model study.
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2.1 CMT: incidence, risk factors and etiology

Skin cancers are very common neoplasia in dogs, with mammary gland tumors (MGT)
coming in second. With prevalence around 52%, they rank highest among bitches, particularly
among sexually intact ones (Brodey. et al., 1983). Various researchers periodically reported
that around fifty percent of CMT were malignant in origin (Gilbertson et al., 1983). Several
external factors like mechanical, chemical, nutritional, parasitic, radiological, and viral origins
can cause CMT. But some endogenous factors like genetic, immunological and hormonal also
come into play in developing CMT (Todorova, 2006). Dogs with CMT ranged in age from 2
to 16 years, with age group having highest incidence recorded in 10 to 12 years, followed by
8 to 10 years and 6 to 8 years (Gupta et al., 2012). Nadhiya ez a/ in 2020 recorded, highest
incidence of CMT being 9 to 13 years, followed by above 2 to 6 years and 6 to 9 years
(Nadhiya et al., 2020). Out of 5 pairs of mammary glands, the inguinal mammary gland
commonly involved in tumour formation fallowed by the caudal abdominal and cranial abdominal
mammary glands (Devarathnam et al., 2021). In 2015 Hemanth and his co-workers recorded
that tumor involvement was observed more in inguinal pairs, followed by the caudal and cranial
abdominal pairs and cranial and caudal thoracic pairs. This may be because amount of glandular
and adipose tissues varies amongst glands and is more prevalent in the inguinal and abdominal
glands than in the thoracic ones (Hemanth ez al., 2015). Purebred dogs have significantly
higher tendency to develop mammary tumors than mongrels (Zatloukal ez al., 2005). Other
than mice, where some inbred strains of an oncornavirus are the source of breast tumors, the

aetiology of mammary cancers in rest other animals is unknown. Although the specific mechanism
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is not known, hormones are known to have significant influence in hyperplasia and neoplasia
of breast tissue. Though progesterone and estrogen are needed for healthy progression of
mammary glands, they are also connected to growth of tumors. Along with controlling
transcription of many nuclear protooncogenes, estrogens serve as promotors of initiated cells.
Both benign and malignant CMT, express Estrogen Receptors (ERs). Apart from early malignant
transformation, the ER in CMT may be an appealing therapeutic target (Fesseha, 2020).
Greater than 50% CMT cases express PR and ERa receptors. Apart from their capacity to
anticipate the reaction to hormone treatment, the PR and ER state contributes tumour

differentiation and facilitates the patient prognosis (Port Louis ez al., 2012).
2.2 Histologic Classification, Grading and Staging of CMTs

Although research on CMTs has yielded a significant amount of information on their
biology, histological evaluation is still the cornerstone used to classify and grade CMTs (Canadas
et al., 2018). It makes it possible to examine tumor’s histopathological features, including
marked differentiation, pleomorphism, mitotic index, quantity of necrosis, and the invasion of
tumor cells into nearby lymphatic and blood arteries, along with the tumor’s margins after

excised (Cassali et al., 2011).

2.2a Histologic Classification includes

Malignant tumors Benign tumors
Noninfiltrating/in situ carcinoma Adenoma

Complex carcinoma Simple adenoma

Simple carcinoma Complex adenoma
Tubulo-papillary carcinoma Basaloid adenoma

Anaplastic carcinoma Fibro-adenoma

Solid carcinoma Low-cellularity fibroadenoma
Special type carcinomas High-cellularity fibroadenoma
Squamous cell carcinoma Benign mixed tumor

Spindle cell carcinoma Duct papilloma

Mucinous carcinoma
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Lipid-rich carcinoma

Sarcoma

Osteosarcoma

Fibrosarcoma

Other sarcomas

Carcinosarcoma

Carcinoma or sarcoma of benign tumor.

(Misdorp., 1999)

2.2b Tumor grading

Based on assessment of 3 histopathological features-

()
@)
©)

Nuclear pleomorphism,
Amount of tubular formation as a measure of glandular differentiation and

Mitotic activity

Elston and Ellis scoring system used for tumour grading in which each parameter is

assigned with score from 1-3 and classified into three categories (Tavasoly et al., 2013).

22¢

CMT staging using TNM categorization

T- Primary tumor
T1: Maximum diameter <3 cm
T2: Maximum diameter: 3-5 cm

T3: Maximum diameter of >5 cm

N- Involvement of regional lymph nodes
NO- Absent
N1- Present

M- Distant metastasis
MO- Distant metastasis absent

M1- Distant metastasis present. (Owenand WHO 1980)
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2.3 Correlation of CMT and HBC

In wealthy and developing nations, BC ranks second among women's cancer-related
causes of mortality (Antuofermo ez al., 2007). Table 1 lists the molecular and clinical resembles
between HBC and CMTs, including spontaneous tumors, hormonal aetiology, onset age,
early-life obesity, and a comparable course of disease. Dogs as models for HBC is further
supported by recent discoveries of strong parallels between the human and canine genomes,
oncogenic factors of metastatic mammary tumors, human proteomes and gene expression
profiles (Gupta et al., 2012). Similar to HBC, CMT also express HER2, progesterone, and
estrogen receptors (Raffo-Romero et al., 2023). Therefore, dogs are being considered as
natural animal model of HBC in human medicine in order to find molecular prognostic variables
related to metastasis, test new medications, and determine preventive measures before

conducting human clinical trials (Rezia et al., 2009, Rivera and von Euler, 2011).

Table 1. Common features between CMT and HBC

Similarity features Humans Dogs

Onset age Median age, 62 years Median age, 10 years

Estrogen dependency Long term exposure to estrogen Compared to spayed dogs, non-
increases spayed dogs are four times more

likely to develop tumors.
Lymph nodes invasion Both species identical Both species identical
Most common Invasive ductal carcinoma Carcinomas

histopathological type

Molecular markers: BRCA Many genes play crucial part in the These genes play same role in
gene mutations, epidermal carcinogenesis of breast cancers. carcinogenesis of mammary
growth factor receptor (EGFR), cancers in dogs.

Ki-67, human EGR (HER2)/
neu, p53, p63, matrix

metalloproteinases
Mammographic abnormalities Macrocalcifications and Macrocalcifications and
microclacifications of mammary microclacifications of mammary
neoplasm in both species is similar. neoplasm in both species is
similar.

(Abdelmegeed et al., 2018)
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2.4 Molecular markers expression in canine mammary tumours

2.41 Estrogen Receptor (ER)

The intracellular nuclear receptor family is represented by ER and PR. Both normal
and malignant mammary tissues naturally express and detect these receptors, which can function
as transcription factors that bind DNA. (Rutteman et al., 1990). ER-alpha (ER-a) and ER-
beta (ER-p) are the two ER subtypes that control the biological effects of estrogens. The
nuclear receptor superfamily includes the ER-a. or ER-1 and ER-f or ER-2 receptors. The
many mammalian species exhibit high conservation of these receptor proteins. (Parker, 1995;
Tremblay et al., 1997). Mammary carcinogenesis is caused by estrogen and its metabolites
through both receptor-mediated and non-receptor-mediated pathways. (Yue et al., 2013).
Through their epigenetic transcriptional modulation, estrogens change the expression of genes,
which can lead to a decrease in apoptosis and an increase in cellular proliferation (Yager,
2015). 75% of HBC cases are ER-a positive, according to reports (Allred et al., 2004). A
better prognosis is frequently linked to breast tumors that are ER positive, while tumors that
are ERa-negative have more aggressive behavior and the capacity to spread. (Dunnwald et
al., 2007; Louie and Sevigny, 2017). Nearly all normal mammary tissues in dogs produce ER,
and it has been noted that ER expression is rather high in benign tumors and canine mammary
dysplasias but drastically lowers in canine mammary carcinomas. (Rutteman et al., 1988;
Nieto et al., 2000). ER has shown as the most successful therapeutic target for breast cancer
over the last three decades (Ariazi et al., 2006). Non-steroidal chemical substances known as
selective estrogen receptor modulators (SERMs) interact with the ER and have varying degrees
of estrogen agonistic or antagonistic effects depending on the target tissues (Patel and Bihani,

2018).
2.42 Progesterone Receptor (PR)

Progesterone is essential for glandular epithelial growth and mammary alveologenesis
during the development of mammary glands. In conjunction with prolactin, it promotes the
ductal proliferation and differentiation of specialized structures known as mammary alveoli,

which are involved in the production and secretion of milk and colostrum during lactation.
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(Macias and Hinck, 2012). Two PR-isoforms, PR-A and PR-B, are primarily responsible for
controlling the biological effects of progesterones. In normal tissues, two isoforms are often
co-expressed; however, in different histologic types, physiological states, and disorders, their
ratio of expression varies significantly. (Mylonas ez al., 2007). While PR-B alternates between
the cytoplasm and the nucleus, PR-A is primarily found in the nucleus of'the cell (Guiochon-
Mantel et al., 1994). Excessive local growth hormone (GH) biosynthesis in the mammary
gland is one of the potential pathways causing progesterone-induced breast cancer. This
promotes mammary gland stem cell growth, which aids in the onset of carcinogenesis. (Mol ez
al., 1996; Van et al., 1999). According to reports, hyperplastic, benign, and malignant mammary
gland tumors in dogs show a gradual decline in PR expression. (Millanta et al., 2005).
Aglepristone, a competitive inhibitor of PR, is a medication used to terminate pregnancies in
dogs. Research on aglepristone’s impact on canine mammary tumors revealed that it significantly
inhibited the growth of PR-positive CMTs. Nonetheless, a clinical correlation and more patient

investigations are required (Guil-Luna et al., 2011).
2.43 Human epidermal growth factor receptor-2 (HER-2)

Cluster of differentiation 340 (CD340), erbB-2 (erythroblastic oncogene-B), and
HER2/neu (neuro/glioblastoma derived oncogene) are other names for the human epidermal
growth factor receptor-2 (HER-2). HER-2, also known as the c-erbB-2 gene, is a proto-
oncogene that encodes the integral membrane receptor glycoprotein with a molecular weight
of 185 kDa. The canine HER-2 proto-oncogene is located on chromosome 1q11.1. (Murua
et al., 2001). A network of signaling pathways that control normal cell growth, cellular
differentiation, adhesion, and motility in many physiologically normal cell lineages will be started
by the heterodimerization ofthe HER-2 receptor. (Gassmann et al., 1995; Lee et al., 1995).
It has been documented that the physiological control of HER-2 signaling pathways is impaired
during breast carcinogenesis (Slamon, 1990). During breast carcinogenesis, the HER-2 gene,
a crucial gene for cell survival, is amplified and the HER-2 protein is overexpressed. This
causes an excess of HER-2 dimers to form even in the absence of ligands, which ultimately
leads to malignant transformation. (Pierce et al., 1991). According to Ahern et al. (1996),

who examined the expression of the c-erbB-2 or HER-2 oncogene in CMTs and tumor-
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derived cell lines, benign CMTs have much lower levels of HER-2 mRNA expression than
malignant CMTs. HER-2 overexpression in CMTs ranges from 17.6% to 74%. (Ahern et al.,
1996; Rungsipipat et al., 1999; De et al., 2003; Kumar et al., 2009; Sassi et al., 2010;
Ranganath ez al., 2011). Therapeutic approaches against breast cancer have been significantly
impacted by trastuzumab, a monoclonal humanized anti-HER-2 antibody that targets the
extracellular region of HER-2 (Tan and Swain, 2003). Through antibody-dependent cell-
mediated cytotoxicity, trastuzumab causes neoplastic mammary gland epithelial cells to undergo

apoptosis. (Agus et al., 2005).
2.44 Epidermal growth factor receptor (EGFR)

EGFR is thought to be a promoter of cancer cell migration and invasion in cases of
malignant neoplasms. (Masuda ez al., 2012). It has been demonstrated that EGFR expression
is significantly correlated with enhanced angiogenesis, metastasis, and a poor clinical outcome.
(Carvalho et al., 2013). Large tumor masses, enhanced mitotic figures, necrosis, angiogenesis,
and poor clinical outcomes are frequently linked to elevated EGFR expression. (Carvalho et
al., 2013; Guimaraes et al., 2014). Other powerful angiogenic factors, such as vascular
endothelial growth factor (VEGF), can also be controlled by the EGFR. In dogs, EGFR
expression has been found to significantly correlate with age. (Gama et al., 2009). Gefitinib is
a tyrosine kinase inhibitor that targets EGFR and can block the intracellular tyrosine kinase
domain’s ATP binding site. (Wang and Greene, 2008).

2.5 Exosomes

Exosome research is interesting and quickly developing field in oncology. These are
nanoparticles that are expelled from cells and have been detected in human, cat, and dog
bodily fluids. Apart from their function as biomarkers, exosomes are connected to development
of'several illnesses, such as cancer (Howard et al., 2020). Extracellular vesicles (EV) are
secreted by all cells, both prokaryotes and eukaryotes, as natural aspect of their physiology
and in acquired disorders (Kalluri et al., 2020). 2 classes of EV's are ectosomes and exosomes
(Intraluminal vesicles (ILVs) before releasing into extracellular environment) (Cocucci, et al.,

2015). Ectosomes, which range from 50 nmto 1 pm in diameter, are vesicles produced by the
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straight outward budding of plasma membrane. This process produces large vesicles,
microparticles and microvesicles. On contrary exosomes, are endosomal in origin and range
from around 40 to 160 nm in diameter (average: about 100 nm) (Kalluri, et al., 2020).
Exosomes are nanosized vesicles secreted by nearly all cell types, including fibroblasts, neuronal
cells, epithelial cells, immunological cells, endothelial cells, and cancer cells (Tai et al., 2018).
Trams et al at first published description about exosomes in 1980s (Suchorska ez al., 2016).
Multifunctional vesicles, that have role in reticulocyte maturation, were demonstrated by
Johnstone and his co-workers in 1986 (Johnstone et al., 1986). Exosomes are extracted
from various body fluids, cell culture medium, amniotic fluid, nasal lavage fluid, ascites, breast
milk, plasma, serum, urine, and saliva (Suchorska et al., 2016). Initially, it was believed that
cells released exosomes as waste products. But the advancement of molecular tools has
provided fresh perspectives on their role as essential component in tissue microenvironment

control and cell-cell communication (Vlassov et al., 2012).
2.5.1 Exosomes biogenesis and contents

Generation of exosomes entails double fold invagination of plasma membrane and
synthesis of intracellular MVBs containing ILVs (Kalluri, et al., 2020). Exosome biogenesis
mechanisms are closely regulated via multiple different pathways, as ESCRT-independent and
ESCRT-dependent pathways (endosomal sorting complexes required for transport) (Kowal
etal.,2014). First, there are two possible pathways by which endocytosis is mediated: clathrin-
dependent or clathrin-independent. This process is often activated at the lipid raft, which
contains a range of cell-specific receptors and signalling proteins (such as growth factor receptors,
oncoproteins), common membrane proteins like MHC I and 11, tetraspanins (eg, CD63, CD9,
CDS81), cadherins and integrins (Tai et al., 2018). As a result, an early sorting endosome
(ESE) is formed and, in certain situations, it may combine with an already-existing ESE. The
golgi complex and endoplasmic reticulum may also have role in development and composition
ofthe ESE. ESEs have the capacity to develop into multivesicular endosomes, or MVBs, after
maturing to late sorting endosomes (LSEs). MVBs are created by double fold invagination of
plasma membrane, or inward invagination of endosomal limiting membrane (Kalluri et al.,

2020). In fact, a numerous nuclear (such as transcriptional factors, longnoncoding RNAs
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[IncRNAs], DNAs, etc.) and cytoplasmic (such as Hsp, ubiquitin-related proteins, mRNAs,
cytoskeleton proteins, miRNAs etc.) molecules can be specifically loaded into MVB in a
manner that is specific to a given cancer type or stage. Moreover, exosomes released into
extracellular space when MVB merge with plasma membrane (Tai et al., 2018) or the MVB
combines with either autophagosomes or with lysosomes and gets degraded (Kalluri et al.,
2020). In contrast, lipids like sphingolipid ceramide (Trajkovic et al., 2008) or sphingosine 1-
phosphate in ESCRT independent route (Kajimoto et al., 2013) control the budding or
exosomes release. Exosomes are covered in lipid bilayer membrane, act as barrier to safeguard
sensitive biological substances. In fact, the structure of exosomal membrane encloses and
shields miRNAs or proteins from being broken down by RNases or proteinase, respectively
(Taietal., 2018).

2.5.2 Tumour derived exosomes (TDE) and their functions

By transporting bioactive chemicals between cancer and other cells in nearby and
distant microenvironments, exosomes contribute to cancer development and dissemination.
Due to this intercellular communication, recipient cells undergo modifications in several cellular
and biological activities. This exosome-mediated cell-to-cell communication has reportedly
shown to affect multiple cancer hallmarks, such as immune response modulation, stromal cell
reprogramming, extracellular matrix architecture remodelling, or even making cancer cells drug
resistance. By selectively loading particular oncogenic molecules to exosomes made them to
be potential therapeutic target and diagnostic biomarker (Tai et al., 2018). Numerous studies
demonstrated that the biological activity of exosomal substances genuinely alters the
recipient cells’ biological processes and cell signalling events (Tomasetti et al., 2017). Exosome-
mediated cell-to-cell communication has been demonstrated locally and distantly within tumor
microenvironment, indicating that it is not just confined to cancer cells (Maia et al., 2018).
This process is necessary for the building up premetastatic niches and the remodelling of tumor
microenvironments during cancer development. Tumor microenvironments and premetastatic
niches require biologically active substances from exosomes produced from cancer cells or
stromal cells to offer the necessary signals for reprogramming different cells and architectures

(Taiet al., 2018). The dynamic and multi-step process of cancer progression involves multiple
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well-studied signalling processes that work together to orchestrate cancer malignancy. Through
generating autocrine/paracrine oncogenesis, reprogramming stromal cells, modifying the immune
system, and stimulating angiogenesis, TDEs influences cancer progression (Maia et al.,2018).

The transfer of oncogenic substances within oncosomes from the primary tumor to recipient

cells causes morphological alteration and increases their anchorage-independent proliferation
(Nedawi et al., 2008). TDE triggers reprogramming of stromal cells that plays a pivotal role in
the advancement of cancer. TDE transports miRNA, including miR-9, which causes fibroblasts
to differentiate into cancer associated fibroblast (CAF) with increased cell motility (Baroni et
al.,2016). Angiogenesis induced by tumors removes waste products and provides oxygen
and necessary nutrients. By upregulating angiogenesis-related genes, surface tetraspanins on
TDE, including Tspan§ stimulates resting endothelium cells, endothelial cell sprouting, and
endothelial cell progenitor development (Nazarenko et al., 2010). TDE transports enzymes
that remodels extracellular matrix, including MMP2 or MMP9, causing extracellular matrix
disintegration and facilitates cancer invasion and metastasis (Ge et al., 2012). According to

Taylor and his co-workers microvesicles from patients suffering with advanced endometrial
and ovarian cancer were found to contain FasL and matrix metalloproteinases, which are
involved in immune cells destruction and invasion of cancer cells, respectively but these
microvesicles were not found in sera of patients with benign diseases or healthy controls (Taylor
et al., 2002). The remodelled microenvironment further amplifies the recruitment of
macrophages derived from bone marrow, that helps to develop a premetastatic niche in the
liver and creates favourable conditions for metastasis (Costa-Silva ez al., 2015). Furthermore,

the metastatic organotropism results from the function of integrin expression profiles of TDE as
“ZIP codes” which direct exosomes to particular tissues/organs. Exosome integrin avp5 was
strongly linked to liver metastasis, while exosomal integrins a634 and a6p1 were significantly

correlated with lung metastasis (Hoshino et al., 2015).
2.5.3 Exosomes as biomarkers for cancer detection

The exosomal payloads is very similar to the intracellular state oforiginal secreted cell.
Finding tumor markers in liquid biopsies has several benefits over tissue biopsies, including

being less invasive, simple to collect, quick, and affordable. Lipid based exosomes offers a
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moreresilient and effective delivery system for sensitive biological molecules found in bloodstrem
fluids like plasma, serum, saliva and urine (Tai et al., 2018). Under standard storage conditions,
the biological components in exosomes isolated from blood plasma are highly stable (lasting
more than 90 days). Furthermore, it is frequently discovered that patient with disease have
significantly higher amounts of exosomes in their bodily fluids (Kalra ez al., 2013). Because
tumor-suppressor and oncogenic miRNAs express differently in normal cells than cancer cells,
exosomes play a valuable tool for early diagnosis due to their differential expression.
Glioblastomas, pancreatic, colorectal, liver, colon, breast, oesophageal, and ovarian cancers
have linked to elevated circulating exosomal miR-21, whereas prostate and bladder cancers
are associated with elevated urine-derived exosomal miR-21 (Salehi ez al., 2018). The exosomal
oncogenic microRNAs miR-155, miR-1246, and miR-17-92 cluster are associated to several
forms of cancer (Liet al., 2018). The two examples of tumor-suppressor miRNAs associated
to hematologic, pancreatic, liver, and breast cancers are miR-34a and miR-146a (Salehi et
al., 2018). Exosomal miRNA’s prognostic and diagnostic ability improved by combining various
microRNAs, and exosomal miR signatures are consistently being discovered in relation to
cancer diagnosis and its prognosis (Halvaei et al., 2018). Currently under consideration is the
prospect of integrating protein, lipid, RNA, and miRNA exosomal cargos in cancer detection
and its prognostic evaluation. To improve the sensitivity and specificity of an exosome-based
diagnostic, a multicomponent combinatorial method that combines markers reflecting several
features of disease-produced exosomes (e.g., protein content, metabolites, and RNA) may

be used (Kalluri, et al., 2020).
2.4 CMT cell lines and primary culture

Plenty of similarities between CMTs and HBC, such as age of onset, incidence, risk
factors, histological and molecular characteristics, biological behaviour, pattern of metastasis,
and medication responses, make CMTs an advantageous model for studying breast cancer
(Matos et al., 2012). Researchers need both in-vivo and in-vitro HBC models because
HBC samples are scarce and because doing such research on individuals raises ethical concerns
(Abdelmegeed et al., 2018). Consequently, canine tumoroids derived from dog patients

experiencing spontaneous CMT may offer more ethical and representative translational model
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to evaluate safety and effectiveness ofdrugs in pre-human research. Moreover, canine tumoroids
serve as aninventive drug discovery screening tool, minimizing the need of experimental animals
in in vivo investigations (Raffo Romero et al., 2023). Several CMT cell lines have been
developed in recent years, including CIPp, CTBp, CNMp and CHMp (Uyama et al., 2006),
CMT-W1 and CMT-W2 (Krol et al., 2010), DE-E and DE-F (Chang et al., 2010). The
initial canine inflammatory mammary cancer (CIMC) cell line to be established was IPC-366.
After being injected into SCID/ Balb mice, IPC-366 generated tumors that replicated the
typical neoplastic invasion of superficial dermal vessles. This suggests that IPC-366 may also
find application as in-vivo model for CIMC. IPC-366 is described as basal epithelial cell line
exhibiting mesenchymal traits, such as positive immune-expression to general epithelial cell
marker pancytokeratins (AE1/AE3), basal epithelial cell marker cytokeratin 14, and general
mesenchymal marker vimentin (Caceres ez al., 2015). Aunique CMT cell line generated from
primary CMT, known as B-CMT, was successfully grown for at least 50 passages over a
one-year period. B-CMT single cell can multiply to create acommunity of cells that will serve
as the basis for additional studies. A preliminary characterization of B-CMT was conducted,
and sensitivity of five chemotherapeutic medicines to cells was investigated. It's interesting to
note that research has shown that B-CMT has high levels of expression of the hypoxia-inducing
factor HIF1 a, which plays major role in cell's resistance to doxorubicin. B-CMT cell cycle
arrest was significantly impacted by imatinib and rapamycin (Li et al., 2021). While there
were variances in tumorigenicity, the in-vitro cultured cells showed similarities in morphology
and phenotype. Two out of four cell lines that shown vasculogenic mimicry (VM) capacity in
vitro also demonstrated in vivo tumorigenicity associated with aggressiveness and malignancy
(de Faria Lainetti et al., 2020). In another investigation, anovel CMT cell line called FR37-
CMT was created. It had a fusiform or stellate shape, expressed vimentin and CD44, and
demonstrated loss of E-cadherin, which is considered as crucial step in the epithelial to
mesenchymal transition (EMT). The phosphorylated ERK1/2 identified, the downregulation
of DICER1 and miR-200c, and the upregulation of ZEB1 are likewise consistent with the
mesenchymal features ofthe FR37-CMT cell line. These findings back up as usage of FR37-
CMT as novel CMT model, which could aid in development of new CMT-targeting therapeutics
and understand the molecular pathways driving EMT (Raposo ez al., 2017).
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2.5.4 Exosomes in tumour cell lines

According to one study, tumor exosomes from human patients with pancreatic and
lung cancers might trigger myotube apoptosis via TLR7 and miR-21 signalling, simulating the
cancer cachexia phenotype in an in-vitro system (Fish et al., 2018). Canine exosomes detected
in plasma, serum and in urine were immunopositive for the tetraspanin, a transmembrane protein
CD9, which is known to control cancer growth, and were sporadically “cup-shaped” and
unevenly rounded (Ichii et al., 2017). The B42 clone 16 BC cell lines produced more exosomes
(measured using nanoparticle tracking analyzer (NTA) and expression of the proposed exosome
markers, Alix and TSG101) [(53.2 +/- 1.6) 108 exosomes per 106 cells] in contrast to the
normal mammary epithelial cells [(4.5 +/- 2.3) 108 exosomes per 106 cells] in human mammary
epithelial cell line (HMEC) B42 (Riches et al., 2014). Exosome production by neoplastic
cells is demonstrated by double increase in exosome numbers from serum (9.9 1011 particles/
mL) and plasma (13.3 1011 particles/mL) of human prostate cancer (PC) patients compared
to healthy control (4.15 1011 particles/mL) (with sizes ranging from 85—150 nm confirmed
using NTA) (Kharmate et al., 2016). The first and, to date, only study describing in vitro
shedding of exosome-derived miRNA by canine mammary cells was reported in 2018 by Fish
et al. They employed particular cell-free conditioned media that contained exosome-like vesicles
from five CMT cell lines that had histopathology-confirmed mammary tumor and three normal
canine mammary epithelial cell lines (CMEC) from dogs without any abnormalities in mammary
glands to produce several exomiRs (exosomal miRNA) that are markedly downregulated and
upregulated and could be potential markers of mammary tumor. With 338 distinct exomiRs
found in this detailed analysis, 145 exomiRs with differential expression (118 upregulated and
27 downregulated) between tumor and normal samples showed a difference of more than 1.5
times (Petrouskova et al., 2022). In another investigation, investigators discovered that some
markers, like CD81, Alix, CD63, Perforin 1, HSP70, TSG101 and Granzyme B, are expressed
by canine NK cell-derived exosomes (NK-exosomes), which are isolated from activated
cytotoxic NK cell supernatants and investigated the anticancer effects of NK-exosomes using
REM134 CMT cell line on mouse mammary tumor model. They noticed changes in control,

tumor, and NK-exosome treated tumor groups with regard to tumor initiation, their size, tumour
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progression, and recurrence associated markers. They observed that tumor size in group of
tumors treated with NK exosomes was smaller compared to tumor group in REM134 driven
mouse tumorigenic model and when NK exosomes were applied to tumor group, there was
notable drop observed in expression of CD133, an important cancer stem cell marker that
promotes carcinogenesis (Lee et al 2021). In another investigation, utilising four cell lines from
canines with lymphoid tumours as model for lymphoid tumours in humans, exosomes were
produced, and their protein profiles and miRNAs were thoroughly analyzed. The findings
demonstrated that there were similarities between four cell lines proteins and major miRNAs
obtained from exosomes. Nonetheless, each cell line’s exosome had a different miRNA profile,
which matched the parent cells’ expression patterns. Exosomes produced by vincristine-resistant
and- sensitive cell lines differed in terms of protein levels and miRNAs, specifically in relation

to CD82 protein, miR-8908a-3p, miR-151, and miR-486 (Asada et al., 2019).
2.5.5 Exosome isolation from mammary tumour cell lines

Exosome isolation is a topic of current study. Numerous methods have investigated,
developed, and suggested, including polymer precipitation, immunoaffinity chromatography,
size exclusion chromatography (SEC), ultrafiltration (UF), ultracentrifugation (UC), and methods
based on microfluids. Every technique has benefits and drawbacks, and the purity and quality
of'exosomes produced can vary depending on how the product is pre-processed. Western
blotting, dynamic light scattering (DLS) combined with zeta potential determination, electron
(SEM and TEM) microscopy, atomic force microscopy (AFM), nanoparticle tracking analysis
(NTA), fluorescence activated cell sorting (FACS), and enzyme-linked immunosorbent assays
(ELISA) can all be used to assess the quality of the extracted exosomes (Diomaiuto et al.,
2021). EVs froma CMT cell line were isolated in one investigation using two distinct methods:
UC and SEC. Compared to SEC, UC permitted isolation of more particles, whereas SEC
EV seemed to have little stronger impact on invasion, migration, and proliferation (Moccia et
al., 2023). Chen and his co-workers in 2023 recorded that both healthy and CMT dog
plasma included a significant number of exosomes were successfully detected using NTA,
TEM, and distinguishing markers. The volume and quantity of plasma exosomes in CMT dogs
shown to be significantly higher than healthy dogs, possibly due to fact that they carried more
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cargo to improve cell-to-cell communication. Subsequently, they employed the RNA-Seq
technique to explore exosomal RNA expression profile and observed a noteworthy distinction
in the RNA delivered by plasma exosomes between dogs with tumors and those without. The
plasma-derived exosomes from CMT found to contain 2307 genes with variable expression,
632 genes found up-regulated and 1675 genes were down-regulated. Of the mRNAs that
were differentially expressed, 4440 mRNAs were down-regulated and 1107 were up-regulated.
Regarding IncRNAs, there was down-regulation of 117 IncRNAs and an up-regulation of 79
IncRNAs. How these differently expressed genes, IncRNAs, and mRNAs contribute to
development of CMT needs to be further investigated (Chen ez al., 2023).

2.5.6 Therapeutic uses of exosomes

Using exosomes to deliver miRNA or small interfering RNA (siRNA) payloads,
preclinical research has concentrated on treating rodents with pancreatic, glioma, and mammary
cancers, along with exploring brain targeting (Kalluriet al., 2020). Additionally, ligand enrichment
on modified exosomes could be utilized to direct exosomes toward particular cell types or to
stimulate or inhibit signaling processes in recipient cells. For instance, RGD (arginine, glycine,
and aspartic acid) av integrin-specific-modified peptide, a modified tumor-homing peptide
sequence that functions as an integrin recognition sequence, on doxorubicin-loaded exosomes
generated from immature dendritic cells demonstrated a therapeutic response in mice
bearing mammary tumors (Tian ez al., 2014). miRNA let-7a was delivered to the cancer cells,
and exosomes modified with GE11 synthetic peptide were used to target EGFR+ breast cancer
cells, thereby inhibiting their in-vivo growth (Ohno et al., 2013). Pancreatic cancer has been
treated using clinical-grade MSC-derived exosomes carrying a KrasG12D siRNA payload
(iExosomes) in number of animal models. These investigations showed that when iExosomes
are used as single drug, mice’s overall survival increases significantly and they can contact
specific targets without showing any signs of toxicity (Mendt et al., 2018). Exosomes with
CDA47 on them have been demonstrated to produce “don’t eat me” signal that prevents
phagocytosis and restricts their removal from circulation. Furthermore, the entrance of
exogenously supplied iExosomes was improved by macropinocytosis linked to cancer cells

(Kamerkar et al., 2017). Phase I clinical trial to treat patients with pancreatic cancer linked to
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KrasG12D mutations has been initiated and considered for further development of iExosome-
based therapy. The modified exosomes called “dexosomes” that generated from IFN-y-matured
dendritic cells loaded with peptides known as MART 1 (melanoma antigen recognized by T
cells 1). Patients with stage I1IB/IV non-small-cell lung cancer showed enhanced cytolytic
activity linked to natural killer cells when treated with dexosomes, despite the method not

producing a significant cancer-specific T cell response (Besse et al., 2015).
2.5.7 Inhibition of exosomes

Exosomes helps to remove undesirable or harmful substances from cells. They can
also remove some medications that have been injected into cells and it is observed that the
quantity of drug that these exosomes remove allows the cell to become resistant for treatment.
Therefore, it is possible that exosomes provide an extra pathway for certain cancers to actively
remove different chemotherapeutic drugs. Thus, emerging targets for treatment may be

mechanisms controlling exosome secretion from tumors (Vlassov et al., 2012).
2.5.7a Exosome inhibitors blocking RAB27A

The RAB27A gene encodes the protein known as RAB27A. This protein is the member
of RAB family, a small GTPase superfamily. This membrane-bound protein might be involved
in signal transduction mediated by small GTPases and protein transport. According to reports
RAB proteins may be crucial for the synthesis or exosomes release. RAB protein (RAB27A
and RAB27B) knockdown reduced exosomes release without significantly altering the normal
secretory pathway’s ability to secrete soluble proteins (Zhang et al., 2020). Powerful farnesyl
transferase inhibitor tipifarnib has ability to impede cell growth and trigger apoptosis in cells
(Haluska et al., 2002). Tipifarnib’s underlying mechanism involves nSMase2, RAB27A, and
Alix expression inhibition (Colombo et al., 2014). Analyses were made on inhibitory effects of
climbazole and neticonazole, which both dramatically reduced secretion of exosomes by
downregulating levels of Rab27a and Alix. Neticonazole further reduced nSMase? levels (Datta
etal., 2018).
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2.5.7b Exosome inhibitors blocking sphingomyelinase

The hydrolase enzyme sphingomyelinase (SMase) which are responsible for converting
sphingomyelin (SM) into phosphocholine and ceramide. Researchers recently found that
ceramide may control the generation of exosomes, and that ceramide levels may be lowered
by inhibiting nSMase. Consequently, nSMase is promising therapeutic target to prevent
exosomes release (Trajkovic et al., 2008). GW4869, first nSMase inhibitor to be utilized to
prevent formation of exosomes. This substance has effectively been utilized to prevent MCF-
7 cells, lung epithelial cells, and RAW264.7 macrophages from secreting exosomes (Luberto
etal.,2002). Following five days of intraperitoneal injections of 100 pg GW4869 in mice, a
noticeable decrease in level of exosomal marker (Alix) and EVs, along with reduction in the
overall protein content found within the EV's extracted from serum ofthe experimental animals
(Dinkins et al., 2014). According to reports, DPTIP is most powerful nSMase?2 inhibitor yet
been discovered. Its inhibitory action is specific to nSMase2 and does not affect members of
two related enzyme families, such as alkaline phosphatase or acid sphingomyelinase (Zhang et
al., 2020).

2.5.7¢ Other inhibitors of exosomes

Parolini and colleagues (2009) reported that exosome trafficking is dependent on pH
of'tumor cells’ microenvironment. Melanoma cells generated more exosomes when the pH
was low, however this low pH state had no effect on the cells’ ability to survive. Moreover,
cells cultivated in acidic environment showed increase in exosome uptake (Parolini et al.,
2009). Proton transporter V-ATPases are essential for maintaining internal pH of neoplastic
cells alkaline and the external pH acidic. Consequently, inhibiting V-ATPases may be a novel
tactic to stop exosome release. Proton pump inhibitors (PPIs), are used for treatment of
peptic illnesses due to anti-acidic effects, and are demonstrated to have potential use in cancer
therapy. Additionally, their ability to inhibit V-ATPases, PPIs can also be utilized to restrict the
exosomes release (Taylor et al., 2015). Carbonic anhydrase IX (CAIX), an additional proton
exchanger that is overexpressed in many cancer types, is also crucial for regulating tumour pH

(Spugnini et al., 2015). Exosome release also inhibited by ketotifen (antihistamine), which is
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calcium channel blocking drug that is operated like a store and utilized to stabilize mast cells.
The exosomes generated by BT549, MCF7, and HeLa cells declined by 30%, 45%, and
70% respectively, after 10 mM of ketotifen (Khan et al., 2018). Sulphonamide antibiotic
sulphisoxazole (SFX) targets endothelin receptor A, which can prevent exosomes release (Im
etal.,2019). Furthermore, SFX decreased the expression of RAB7, CD63, and RAB27a
(Chiaverini et al., 2008).

2.6 GW4869 as exosomal inhibitor

GW4869 is a cell-permeable symmetrical dihydroimidazolamide compound that can
be used as an effective, specific, and noncompetitive inhibitor of membrane-neutral
sphingomyelinase (nSMase2), which prevents ceramide-modulated inward budding of
multivesicular bodies (MVBs) and subsequent release of exosomes from MVBs (Lietal.,
2013) GW4869 has been reported to reduce exosome release and is often used as an exosome
inhibitor to suppress the increase in exosome secretion in response to gefitinib and
chemoresistance in colorectal, pancreatic, and ovarian cancer cells (Catalano and O’Driscoll,
Eguchiet al., 2020) GW4869 may be a helpful strategy to overcome the antagonistic effects
via inhibition of exosome and miRNA secretion when EGFR-TKIs and chemotherapeutic
agents are co-administered (Eguchi et al., 2020). In 2010, GW4869 was first utilized by
Kosaka and co-workers to successfully inhibit the release of mature exosomes from
multivesicular bodies (MVBs) in HEK293 cells. In 2017 Kavanagh and his co-researchers,
demonstrated that chemotherapy can induce the generation ofhighly chemoresistant therapeutic-
induced senescent (TIS) cells. In their study, TIS was induced in Cal51 TNBC cells using
paclitaxel (PTX), and they observed that TIS cells released significantly more extracellular
vesicles (EVs) compared to control cells. These EVs contained chemotherapy drugs and key
proteins involved in cell proliferation, ATP depletion, apoptosis, and the senescence-associated
secretory phenotype (SASP). TIS cells also displayed increased expression of multidrug
resistance protein 1 (MDR1)/P-glycoprotein. Similarly, they explored the effect ofthe exosome
biogenesis inhibitor GW4869 (5 uM) by treating the Cal51 TNBC cells with PTX for 7 days
to induce TIS. GW4869-treated TIS cells displayed a significant reduction in cell numbers on

days 9, 11, and 14 compared with TIS cells treated with control vehicle alone. Additionally,
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GW4869 treatment resulted in a reduction in the number of SA-B-gal-positive cells and lowered
the proliferation rate of TIS cells. In a comprehensive study investigating the impact of GW4869
on survival of Paclitaxel (PTX)-resistant prostate cancer (PCa) cells, both in controlled
laboratory conditions and live mouse models, a regimen of 2.5 mg/kg GW4869 administered
intraperitoneally six days a week for a duration of21 days was utilized. Notably weight of
tumor tissue exhibited significant reduction around 65% following the GW4869 treatment
regimen in comparison to control group, highlighting the potent inhibitory effects of this
experimental compound on growth and progression of PTX-resistant PCa cells both in-vitro
and in-vivo (Kumar et al., 2022). One more recent study has reported GW4869 reduced the
expression of eHSP90a, which was accompanied by upregulation of E-cadherin and
downregulation of vimentin. In addition, GW4869 was found to enhance the antitumor effects
in combination with gefitinib in-vivo and demonstrated that GW4869 can inhibit Epithelial-
Mesenchymal Transition (EMT) and extracellular HSP90a. in gefitinib sensitive non-small-cell
lung cancer (NSCLC) cells. Thus, providing a new strategies for delaying the development of
acquired resistance to gefitinib, and a novel application of the exosome inhibitor GW4869 in

NSCLC (Wan et al., 2023).
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MATERIALS AND METHODS

The present study was carried out at Canine Disease Lab of Division of Pathology,
ICAR-Indian Veterinary Research Institute (ICAR-IVRI), Izatnagar, Bareilly, Uttar Pradesh
(UP).

3.1 Materials
3.1.1 Samples

Tissue samples from the suspected canine mammary tumour (CMT) cases were
collected from Referral Veterinary Polyclinic (RVP) and Postmortem Facility, Division of
Pathology, ICAR-IVRI, Izatnagar, Bareilly. Details of the collected samples are given in Table
2. Apparently normal mammary gland tissues were also collected during postmortem

examination of female dogs to be used as control.

Table 2: Details of samples collected

S. Place of sample Tissues collected Tissues collected  Total
No. collection from suspected from normal

CMT cases mammary gland
1 Referral Veterinary Polyclinic 15 - 15

(RVP), ICAR-IVRI, Izatnagar

2 Postmortem Facility, Division of 1 1 2
Pathology, ICAR-IVRI, Izatnagar
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3.1.2 Chemicals, buffers and reagents

Chemicals, buffers and reagents required to perform the various techniques were
purchased from different reputed firms i.e. Thermo Scientific (USA), Bio-Rad Laboratories
(USA), Qiagen (USA), SRL (India), Merck (India/Germany), Novagen (EMD Biosciences),
Difco (BD Company, France), Vector, Himedia (India), etc. For cell culture study, Minimum
Essential Medium (MEM) with Earle’s salts, L-glutamine, sodium pyruvate and sodium
bicarbonate, heat inactivated US origin Sure Fetal Bovine Serum, 1X Trypsin-EDTA solution
contain 0.25% trypsin and 0.02% EDTA in Hank’s Balanced Salt Solution with Phenol
red,antibiotic antimycotic solution 100X were procured from Himedia, HyClone and Gibco,
Fetal Bovine Serum, exosome-depleted (Cat.No.A2720803, Gibco™, USA), MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) (Cat.No.M-6494 and Invitogen),
Trypan Blue Stain (15250-061, Gibco, USA). CMT-U27 cell lines were procured from the
Division of Animal Biochemistry, ICAR-IVRI.

The appendix and other pertinent areas provide information on the numerous reagents,
solutions, media, and buffers employed in the current investigation. The appendix enlists the
buffers, reagents, and media utilized in the current investigation along with information on their
chemical composition and specifications. These were either made using double distilled water
that was RNase or DNase free or autoclaved distilled water. The information regarding the
chemicals, reagents and buffers also provided in the methods used to perform different

techniques.
3.1.3 Antibodies

Primary and secondary antibodies were used for the immunohistochemistry and their

details are given in Table 3.
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Table 3: Details of primary and secondary antibodies used for IHC

S.  Particular Catalogue Dilution Manufacturer
No. number
1. Rabbit anti estrogen receptor

alpha (ER-alpha) polyclonal

antibody 500-1644 1:100 AbboMax

2. Rabbit anti-progesterone receptor ~ bs-0111R 1:100 Bioss
Mouse monoclonal Anti-c-erbB-2 E 2777 1:50 Sigma
(HER-2, Neu)

4. Secondary goat anti-rabbit IgG 31460 1:150 Invitrogen
(H+L), HRP

5. Secondary goat anti-mouse IgG 31340 1:150 Invitrogen
(H+L), HRP

3.1.4 Kits

During the study, the different kits were used for various purposes i.e. RNeasy Mini
Kit (Cat. No. 74104; Qiagen), Total Exosome Isolation Reagent (from cell culture media)
(Cat. No. 4478359, Invitrogen™), complementary DNA (cDNA) synthesis High-Capacity
cDNA Reverse Transcription Kit (Cat. No.4368814; Thermo Fisher Scientific), Evagreen
qPCR Mastermix — ROX (Cat. No. 786-861; GBiociences, St Louis, USA), Mir-X miRNA
First-Strand Synthesis Kit (Cat. No.638313; TaKaRa) was used for converting miRNAs,
and other RN A molecules, into cDNA to enable specific RNAs to be quantified by real-time
PCR using Mir-X™ miRNA qRT-PCR TB Green® Kit (Cat. No. 638314; TaKaRa)

3.1.5 Oligonucleotide primers for real- time PCR

The details of gene specific primers used for evaluation of expression of different

receptors in the CMT are mentioned in Table 4.
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Table 4: Details of oligonucleotide primer sequences used in the study

Gene name Primer Sequence (5°-3’) Productsize References

ESR F: AGCTCCTCCTCATCCTCTCC 100 Abbate et al.,2023
R: AGGTCGTAGAGAGGCACCAC

PR F: ACCTCCAGTTCTTTGCTGACGAGTC 173 Kabir. etal., 2017
R: GATCTCCATCCTAGTCCAAACACCA

EGFR F: ATCCGTCCTCTCCAACTATGGCTCA 153 Kabir. etal., 2017
R: TTGTCAACGATGTCCCGCCA

HPRT F: TGCTCGAGATGATGAAGG 191 Abbate et al.,2023
R: TCCCCTTGACTGGTCATT

miR-19a TCAGTTTTGCATAGATTTGCACA - Fish etal., 2018

miR-18a TATCTGCACTAGATGCACCTTA - Fish etal., 2018

3.1.6 Equipment

The equipments available in the Division of Pathology, the Central Instrumentation
Facility, Division of Animal Biochemistry and other laboratories of the Institute were used,
whenever needed. The equipments/instruments used in the present study include Freezer (-
20°C) (Vestfrost solution, India), Veriti Thermal Cycler (cat.no.4375305; Thermo Fisher
Scientific Baltics UAB), Horizontal Agarose Gel Electrophoresis Apparatus with power supply
(Invitrogen ), Inverted Microscope (Nikon, Japan), pH Meter (edge pH, Hanna, India),
CO2 Incubator (Leec, UK), Ice Maker Machine (Blue Star, India), Gel Documentation System
(Azure Biosystems, USA), Water Bath (iGeneLabServe, India), Vortex (BioSan Vortex V-1
plus, India), Autoclave (iGeneLabServe, India), Vertical Laminar Air Flow Cabinet
(iGeneLabServe), Magnetic Stirrer (Tarsons, India), Refrigerator (Samsung, India), Biosafety
Cabinet (ThermoScientific, U.S.A), Deep Freezer (-80°C) (Thermoscientific, USA), Centrifuge
(Hermle Z326K, Germany), Electronic Balance (G&G brand scales, Asia), Hot Air Oven

(Bluestar, India), and Micropipettes (Eppendorf, Germany and Thermo Scientific, USA).
3.1.7 Glasswares and plasticwares

Glasswares including beakers, bottles, flasks, measuring cylinders, test tubes etc.,

utilized in the laboratory were either from Borosil (India) or Schott Duran (Germany). Certified




Materials and Methods....

DNAase and RNAase free (where ever necessary) plasticwares including centrifuge tubes,
microfuge tubes, petriplates, pipettes, qPCR tubes, tissue culture flask etc., were from Corning

(USA), Genaxy (India), Tarson (India), Thermo Fisher Scientific (USA).

3.2 Methods

3.2.1 Sample collection

The dogs with mammary growth presented at RVP, ICAR-IVRI, Izatnagar, Bareilly
were examined and details of animals such as breed, age, sex, tumour location, number of
mammary glands involved, consistency, etc. were recorded. Tissue samples were collected
from the dogs undergone surgical removal of tumour mass. After the surgery, representative
tissue samples were collected immediately without delay from the excised tumour tissue from
multiple sites (minimum from 4 sites) with sterile bp blade in 10% NBF for histopathological
and immunohistochemical analysis. Tissue samples were also collected in sterile vials containing
RNAlater for storage at -20°C for molecular studies. Small pieces of the tissues from4 CMT
cases were also collected aseptically for primary culture in 50ml centrifuge tube containing
MEM media + antibiotic antimycotic solution. Normal mammary gland tissues were collected
from tumour free female dogs during necropsy at Postmortem Facility, Division of Pathology,

ICAR-IVRI for histopathology, IHC and molecular work.
3.2.2 Histopathological evaluation

CMT tissue samples collected in 10% NBF were allowed to fix for 2-3 days and then
processed for slide preparation by following the standard protocol. Samples were submitted
to Central Histopathology Laboratory, Division of Pathology for preparation of paraffin
embedded tissue blocks. Briefly, CMT tissue samples were cut into small pieces with 2-4 mm
thickness and were put in a cassette. The cassettes with tissue pieces were washed under
running tap water for overnight. Then tissues were kept in ascending grades of ethanol for
dehydration, cleared in xylene and embedded in paraffin. The tissues were cut into 4 um thick
sections in a microtome and stained with Haematoxyline and Eosin (H&E) (Luna, 1968). The
stained tissue sections were examined under the brightfield microscope (Olympus, CX41) for

histopathological classification and grading of CMTs.
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3.2.2.1 Histopathological classification and grading

The histological classification of CMTs was done based on the modified classification
of Goldschmidt et al., (2011). The different CMT cases were then graded based upon nuclear
pleomorphism, amount of tubular formation (as a measure of glandular differentiation) and
mitotic index. Each parameter was assigned with score from 1-3 and classified into three

categories (Tavasoly et al., 2013).

3.2.3.2 Special staining

von Kossa silver nitrate staining

The tissue sections on coated slides were deparaffinised in xylene and rehydrated in
descending grades ofalcohol to distilled water. The tissue sections were covered with 5%
silver nitrate (AgNO,) solution and incubated under ultra violet lamp for 60 minutes. Dipped
the slides in 5% sodium thiosulfate for 3 minutes and washed in distilled water. After
counterstaining with nuclear fast red, the slides were rinsed in distilled water, dehydrated in

ascending grades ofalcohol, cleared with xylene and mounted with DPX.

3.2.3 Immunohistochemistry for evaluation of expression of cancer biomarkersin
CMT tissues

Immunohistochemistry (IHC) technique was used for evaluation of expression of tumour
biomarkers (ER, PR, HER-2) in spontaneous CMTs. Specific primary antibodies (Table 3)
were used with suitable secondary antibodies for the IHC to demonstrate the antigens in the

formalin fixed paraffin embedded CMT tissue samples.
3.2.3.1 Poly L-lysine coating of slides

As THC involves prolonged exposure oftissue sections to various solutions and heat-
induced antigen/ epitope retrieval, adequate adhesion was ensured using Poly L-lysine to
prevent tissue dehiscense and falling off during the process of immunostaining. For coating,
slides were washed thoroughly in distilled water, dried and then immersed in 0.01% Poly L-
lysine (Sigma-Aldrich, USA) for 30 min. Finally, the slides were air dried and stored in slide

racks with dust proofcovering for future use.
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3.2.3.2 Immunostaining protocol

1.

The duplicate tissue sections of 4 pm thickness were taken on the coated slides from
selected tissue blocks (based on the screening of H&E-stained sections) by using
microtome. Then slides with tissue sections were kept in oven at 60°C for 1 h. Then
sections were deparaffinised and rehydrated using xylene and descending grades of

alcohol, followed by rinsing in tap water and then taken to PBS (pH 7.4).

Tissue sections were processed for antigen retrieval by using microwave heating. The
sections were placed in microwave resistant coplin jars and immersed in 10 mM
sodium citrate buffer (pH 6) and heated for 10 min (2 cycles 5 min each) for ER-a, PR
and c-erbB2.

Then sections were left to cool at room temperature (RT) for 20 min and then slides

were washed 3 times (5 minute each) in PBS (pH 7.4).

Then tissue sections were incubated in freshly prepared 3% hydrogen peroxide (H,O,)

in methanol for 45 minutes in coplin jar.
Then slides were washed in PBS (pH 7.4) for 3 times, 5 minutes each.

Then sections were covered with 5% normal goat serum and incubated at RT for 1

hour in humidifier chamber.

Then tissue sections were covered with appropriate dilution of primary antibodies
(50-100 pL) and the negative controls were covered with 50-100 uL of PBS, and
incubated overnight in a dark humidified chamber at 4°C. The dilution of 1:100 for ER
and PR primary antibody was optimized for optimum immunostaining and 1:50 for
HER-2 antibody was used (given in Table 3). After this, tissue sections were washed

in PBS for 3 times (5 minutes each).

Then 50-100 pL of appropriate secondary antibody (1:150 dilution) was put on the

tissue section and incubated for 1 hours at RT.

After washing with PBS (3 times, 5 minutes each), the tissue sections were incubated

with chromogenic substrate ImmPACT™ DAB (Cat No. SK-4105, Vector
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Laboratories, USA) for 10 to 30 seconds, depending on brown colour development

and rinsed with distilled water for 5 minutes.

10. Then tissue sections were counter-stained with Mayer’s hematoxylin for 3 minutes,
rinsed in tap water and mounted with D.P.X. mountant (cat no. 23140, Molychem,

Mumbai).

11. After drying, the immunostained sections were examined under brightfield microscope

(Olympus, BX41) for specific immunostaining and images were captured.
3.2.3.3 Immunoscoring

The immunostained sections were scored on the basis of the staining intensity and
cellular positivity percentage (%). Scoring on percent positivity for different biomarkers was
done as: 0 =no immunostaining, 1 = immunostaining in <1% of cells, 2 = immunostaining in 1
to 10%, 3= immunostaining in 10 to 33%, 4 = immunostaining in 33 to 66%, and 5=
immunostaining in 66 to 100%). For immunostaining intensity, the scoring done as absent =0,
weak= 1, moderate = 2 and strong = 3. The sum of both the scoring was taken as final score
and it range from 0 to 8. According to recent guidelines proposed by the American Society of
Clinical Oncology/College of American Pathologists (ASCO/CAP), IHC for HER2 should be
scored as 0, 1+,2+, and 3+ based on the intensity and pattern of membrane labelling (Pena et

al., 2014)

3.2.4 [Evaluation of expression ER, PR, HPRT by qPCR in CMTs

3.2.4.1 RNA extraction from tumour tissue samples

The CMT tissue samples stored in RNAlater at -20°C were taken out from the Deep
Freezer and total RNA were isolated using commercial RNA isolation reagent (TRIzol™

Reagent, Cat. No. 15596018, Invitrogen, USA) as per manufacturer’s instructions. Briefly,

1. Prior to the RNA extraction, the CMT tissue samples preserved in deep freezer was

thawed to ambient temperature.

2. Around 25-30 mg of tissue samples were taken out, cut into smaller pieces, and

transferred to 2 ml eppendrofftubes containing 500 pul of TRIzol™ reagent and tissues
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10.

11.

12.

were homogenized using refrigerated tissue homogenizer (iGene Labserve, New Delhi).
After homogenization, the clear sample suspension was transferred to a 1.5 ml of

centrifuge tube and incubated at RT for 10-15 minutes.

Chilled chloroform (100 pl) was added to this homogenate, mixed and vortexed for

10-15 seconds and incubated at RT for 5 minutes.
Then tubes were centrifuged at 12,000 rpmat 4°C for 15 minutes for phase separation.

The upper aqueous phase containing RNA was transferred to a new 1.5 ml centrifuge

tube.

Chilled ethanol (500 pl) was added to precipitate the RNA and kept for overnight

mcubation at -20°C.

Next day RNA isolation was carried out using RNeasy Mini Kit (Cat. No. 74104;
Qiagen) by transferring up to 700 pl of the sample to RNeasy spin column placed in a
2 ml collection tube and centrifuge for 15 s at €”’8000 x g (¢”’10,000 rpm). Discard the
flow-through.

Add 700 pl Buffer RW1 to the RNeasy spin column and centrifuge for 15 seconds at
>8000 x g (>10,000 rpm) to wash spin column membrane. Discard the flow-through.

Add 500 pl Buffer RPE to the RNeasy spin column and centrifuge for 15 seconds at
>8000 x g (>10,000 rpm) to wash the spin column membrane. Discard the flow-
through.

Add 500 pl Buffer RPE to the RNeasy spin column and centrifuge for 2 min at >8000
x g(>10,000 rpm).

Place the RNeasy spin column ina new 1.5 mlcollection tube. Add 30—50 ul RNAse-
free water directly to the spin column membrane. Close the lid gently, and centrifuge

for 1 min at €”8000 x g (10,000 rpm) to elute the RNA.

The extracted RNA from each tumour tissue samples were quantified by NanoDrop
ND-1000 spectrophotometer (Thermos fisher scientific) to know the concentration

and purity of RNA present in our sample.
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3.2.4.2 Synthesis of complementary DNA (cDNA)

Equal amount of total RNA was taken for synthesis of cDNA synthesis by adjusting
the concentration by dilution. The cDNA was synthesised from total RNA using commercial
cDNA synthesis kit (High-Capacity cDNA Reverse Transcription Kit, Cat. No.4368814;
Applied Biosystems). The reaction mixture was prepared by mixing random primers (2.0 pl),
RT buffer (2.0 pl), 25mM dNTP mix (0.8pl), reverse transcriptase (1.0ul) and nuclease free
water (4.2 pl) in a sterile nuclease free/ DEPC treated PCR tube (0.2 ml). After gentle mixing
and brief centrifugation, 10 ul of RNA was added in the respective tubes, mixed gently and
followed by incubation in a thermocycler (Veriti, Thermo Scientific, USA) as per manufacturer’s

instruction viz. 25°C for 10 min followed by 37°C for 120 min and 85°C for 5 min.
3.2.4.3 gPCR for gene expression analysis

The annealing temperatures for different primers were optimized by setting different
annealing temperatures between 50 to 60°C in gradient thermal cycler (Applied Biosystems
Veriti Thermal Cycler). The PCR products were checked by 1.5% agarose gel electrophoresis
for specific amplicons. The desired yield of amplification products was obtained at an annealing
temperature of 65°C for ER, and 59°C for PR as well as EGFR. The reaction mixture of
qPCR was prepared (Table 5), and centrifuged briefly to settle the contents at the bottom of
PCR tubes. In gPCR assay each tumour samples were tested in duplicates and a non-template
control (NTC) was also used. The PCR tubes were kept in real time thermal cycler (QIAquant
96 Splex, Cat. No: 9003010) and PCR reaction was run as per the standardized thermal
profile and cycling conditions (Table 6).

Table 5: Composition of qPCR mixture

Reagents Volume for one reaction
2X SYBR® Green qPCR Mix SuL

Forward Primer (10uM) 0.2uL

Reverse Primer (10puM) 0.2uL
Nuclease-free H20 3.6 uL
Template DNA 1uL

Total volume 10puL
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Table 6: Thermal profile and cycling conditions for gPCR

Steps Temperature and time Number of cycles
Initial denaturation 95°C for 2 minutes 1
Denaturation 95°C for 10 sec
Annealing ER- 65°C 40
PR-59°C for 30 seconds

EGFR-59°C
Extension 72°C for 10 sec
Melt curve analysis 60°C to 95°C with 1°C 1

increment for every 15 seconds

3.2.5 Primary culture preparation for CMT tissue

The tissue samples collected in the MEM media after surgical excision of the CMT
were directly brought to the lab on the ice and processed further for the cell culture. The

protocol followed was as below:

1. The CMT tissue collected in 50ml centrifuge tube containing MEM media + antibiotic

antimycotic solution were transferred to a petridish and rinsed with PBS for 2 times.

2. Then tumour tissues were fragmented by carefully chopping it with sterile scissor in a
petridish and put in the trypsinization flask containing magnetic stirring bar. About
15 ml pre-warmed (37°C) trypsin solution (0.25%) was added to the flask and kept

on a magnetic stirrer.

3. Put on the stir plate at slow speed and at a temperature of 37°C for 10 minutes.

4. The supernatant was collected and filtered through musclin cloth into 15ml centrifuge
tube.

5. Then the tube was centrifuged for 10 min at 1200 rpm and supernatant was discarded

without disturbing the pellet.

6. Then the cells pellet was dissolved in 5Sml of 10% MEM media and cells were counted

before culturing into 25cc flask.
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7. The cells were seeded in the 25¢c flask and incubated at 37°C in 5% CO, for 48
hours. The media of the plates were changed after 48 hours. The cells were incubated

until there was 80-90% confluency.

8. Then cell culture was processed for subculturing. The media from the 25cc tissue
culture flask of primary cultured cells was decanted and 1.0 ml of 0.25% trypsin
solution (Cat.No0.2062476, Gibco) was added in the flask.

9. The flask was incubated at 37°C for 3 min. to detach the cells.

10.  The cells were checked for the rounding and then trypsin was decanted and the flask

was tapped for detaching of cells.

11. 2 ml of MEM media was added and cells were pipetted gently. The cells were

distributed equally (1 ml each) to two new 25 cc flasks containing 5 ml of media each.
12. Incubated the flasks at 37°C, 5% CO, until confluent monolayer was observed.
3.2.6 Isolation of exosomes from the cell culture media

The primary cultured CMT cells were seeded into 25cc flask at 13x10°cells/mlin 10%
MEM media prepared using exosome depleted FBS (Cat. No. A2720803, Gibco™) and
incubated the flasks at 37°C, 5% CO, until 70-80% confluent. The exosomes isolation was
carried out using total exosome isolation reagent (Cat. no. 4478359, Invitrogen™), according
to manufacturer’s protocol. Briefly, the cell culture supernatant with exosomes depleted media
was harvested and subjected for centrifugation at 2000 g for 30 min to remove precipitates.
Then 3 to 4 ml supernatant was collected in fresh tube and incubated at 4°C overnight along
with 1.5 to 2 ml of total exosome isolation reagent. Next day, the solution was centrifuged at
10,000 g for 1 hour at 4°C. and resuspended in 200 pL sterile cold PBS and stored at 4°C for

NTA purpose and in deep freezer for miRNA analysis.
3.2.7 Evaluation of miRNA expression from exosomes by qPCR

3.2.7.1 Total RNA extraction protocol was similar to RNA extraction from CMT

tissue as described previously using RNeasy Mini Kit (Qiagen), but in the initial sample here
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are using 150 pL to 200 pL of exosomes samples resuspended in PBS and at final step only 15
pL total RNA was eluted.

3.2.7.2 cDNA synthesis

Mir-X miRNA First-Strand Synthesis Kit (Takara) was used to prepare the cDNA
from the extracted RNA by polyadenylation and reverse transcription according to kit protocol.
Briefly, the reagents mentioned in the table were taken into the RNase free 0.2ml tube, and
incubated for 1hour at 37°C. Then the reaction was terminated by incubating the tubes at 85°C for

5 min to inactivate the enzymes. The cDNA prepared was stored in the -20°C for further use.

Table 7: cDNA synthesis reaction mixture

Reagents Volume (nL)
mRQ Buffer 5

RNA sample 3.75
mRQ enzyme 1.25
Total volume 10

3.2.7.3 gPCR for miRNA expression

The reaction mixture and thermal profile was made according to TB Green Advantage
qPCR Premix (Cat.No.639676; Takara Bio, USA) user manual with slight modifications
(Table 8, 9 and 10). Delta-delta Ct method was used to determine the level of each miRNA
relative to the level of U6 snRNA used as control. Initially gPCR amplification of U6 for
each cDNA sample was performed in duplicates with no template controls (NTC) and PCR
tubes were kept in real time thermal cycler (QIAquant 96 Splex, Cat. No: 9003010). The
forward and reverse primer for U6 were provided along with Mir-X miRNA First-Strand
Synthesis Kit.
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Table 8: Composition of qPCR mixture for U6

Reagents Volume for one reaction
Nuclease-free H20 34uL

TB Green Advantage Premix (2X) SuL

ROX Dye (50X) 0.2uL

U6 Forward Primer (10uM) 0.2uL

U6 Reverse Primer (10uM) 0.2uL

cDNA 1ul

Total volume 10puL

Similarly, the reaction mixtures for miRNA 18a and miRNA 19a expression were
prepared. The mRQ3’ Primer (10 pM) was supplied along with Mir-X miRNA First-Strand
Synthesis Kit and the reaction was set in duplicates. The PCR tubes were kept in real time
thermal cycler (QIAquant 96 Splex, Cat. No: 9003010) and PCR reaction was run as per the

standardized thermal profile and cycling conditions (Table 10).

Table 9: Constitution of qRT-PCR mixture for miRNA 18a and miRNA 19a

Reagents Volume for one reaction
Nuclease-free H20 34ulL

TB Green Advantage Premix (2X) SuL

ROX Dye(50X) 0.2uL
miRNA-specific primer (10uM) 0.2uL

mRQ3’ Primer (10 pM) 0.2uL

cDNA 1ul

Total volume 10uL
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Table 10: Thermal profile and cycling conditions for qPCR

Steps Cyclic conditions Number of cycles
Initial denaturation 95°C for 20 seconds 1
Denaturation 95°C for 10 sec 40
Annealing miR- 18a- 52°C
miR- 19a- 54°C

Extension 72°C for 10 sec
Melt curve analysis 60°C to 95°C with 1°C

increment for every 15 seconds 1

3.2.8 In-vitro effect of GW4869

The canine mammary gland tumour cell ine CMT-U27 was obtained from Division of
Animal Biochemistry, ICAR-IVRI for the in-vitro study. The cells were cultured in 10%
MEM media and all cells were grown in 5% CO, humidified air at 37°C.

3.2.8.1 Preparation of GW4869 solution

The GW4869 was purchased from the commercial firm (Cat. No. HY-19363 and
MedChem Express, Monmouth Junction, USA) and GW4869 stock (10mM) was prepared
by dissolving 1mg of drug in 170uL. DMSO. Stock solution was stored at 4°C for further use

for evaluation of'its effect on the cell growth by MTT assay and exosomes secretion.
3.2.8.2 GW4869 treatment to CMT-U27 cells and exosome isolation

Total 1x10°CMT- U27cells were seeded in each of four 25cc flasks and cells were
cultures in 10% MEM media in 5% CO2 humidified air at 37°C. After 48 hours, CMT-U27
cells reached 70-80% of confluency and then media was decanted from the flasks. GW4869
compound treatment was done at 20uM, 30uM and 40 uM concentration and one flask was
kept as control without any treatment and the flasks was cultured with 10% MEM media with
exosome-free FBS (Cat. No. A2720803, Gibco™). After this exosomes isolation was carried

out using total exosome isolation reagent (Cat. No. 4478359, Invitrogen™) by following the
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manufacturer’s protocol (as described in 3.2.6). Further, CMT-U27 cells in the flask were
treated with 1ml 0f0.25% trypsin solution and the flask was incubated at 37°C for 3 mins to
detach the cells and after the cells become rounding, the flask was tapped for detaching of
cells and 1 mL of media added to neutralize the trypsin and mixed properly to forma single cell
suspension. Equal volume of cell suspension (20 puL) and Trypan blue (20 uL) were mixed in
0.5 ml tubes and charged onto Neubauer chamber. Cell counting was conducted using a
hemocytometer. Under al 0X inverted light microscope, unstained live cells were enumerated

in all four corners of the hemocytometer and expressed as % of viable cells.
3.2.8.3 Nanoparticle tracking analysis (NTA) of the exosomes

Exosomes isolated in the previous section from the CMT-U27 cells and from the
primary cell cultures of the CMT tissue were analysed for their size and concentration by using
Nanosight NS300 (Malvern Instruments, UK) equipped with a violet laser (405/ nm) facility
available at II'TR, Lucknow. Before injecting into the NanoSight, samples were diluted (1:2) to
achieve a working concentration. The particles in the laser beam undergo Brownian motion
and videos of these particle movements were recorded. Three 60-second videos were recorded
for each sample with a camera level set at 10. The temperature was maintained at 25°C
throughout the measurement process. Videos recorded for each sample were analyzed with
NTA software to determine the concentration and size of measured particles with the

corresponding standard error.
3.2.9 MTT assay

The 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
(Catalogno#M6494, Invitrogen, USA) assay was employed to assess the growth inhibitory
effects of GW4869 on CMT-U27 cells. The assay was conducted in triplicate to ensure
reproducibility and accuracy of the results. The DMSO was utilised as a vehicle control and
wells containing cells without drug or DMSO was used as cell control. In this assay total
2x104 CMT-U27 cells were seeded into pre-planned wells of 96 well plate with 10%MEM
media and incubated for 24 hours to allow the cells to adhere and reach 70-80% confluence.

After this, the cells were treated with various concentrations of GW4869 (10, 20, 30, 40, and
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50 uM) and incubated for 24 h and 48 h. After incubation 10 pL of MTT solution (5 mg/mL in
PBS) was added to pre-planned wells, and the plate was incubated in the dark at 37°C for 3
hours, allowing viable cells to metabolize MTT into purple formazan crystals. After incubation,
the MTT solution was removed, and 200 pL. of DMSO was added to each well to dissolve the
formazan crystals. The absorbance was then measured at 590 nmusing a spectrophotometer.
The absorbance values were used to calculate the percentage of cell viability relative to cell
control wells, with the formula:
Absorbance oftreated group

Cell viability (%) = x 100.
Absorbance of cell control group

3.2.12 Statistical analysis

Data were analyzed using GraphPad Prism 10 and statistical comparisons were
performed using (2way ANOVA and Student’s t-test), with a significance level set at p
< 0.05.

&S S S







RESULTS

4.1 Samples details and gross lesions

In the present study, tissue samples from 16 grossly suspected cases of spontaneous
CMTs were collected from Referral Veterinary Polyclinic (RVP), ICAR-Indian Veterinary
Research Institute, [zatnagar, Bareilly (15) and Postmortem Facility, Division of Pathology,
ICAR-IVRI, Bareilly (1). Histopathology was performed for diagnosis and classification of
the CMTs and it was observed that out of total 16 cases, 15 cases were CMTs and one case
was classified as lobular hyperplasia. The details of the CMTs histopathological classification
are given in Table 11. In present investigation, it was observed that the age ofall the animals
with CMT were 5 years and above. The highest occurrence of CMTs was noticed in an age
group of 6 - 9 years (9, 56.25%) followed by 3 - 6 years (4, 25%), and 9 - 12 years (3,
18.75%). Further, German shepherd (GSD) breed account for the highest number of CMT
cases (6), followed by mongrel (5), Rottweiler (2) and one case each of Labrador, Great
Dane, and Pomeranian (Plate- 1: Fig. A & B).

Grossly, CMTs observed to be present in the single or multiple mammary glands,
round, elongated or irregular shaped masses with varying size and variable consistency from
soft to firmto hard. Most ofthe CMT cases in present study were involved only single mammary
gland, in 4 cases multiple mammary glands were affected. The maximum incidence of tumour
was reported in inguinal pair (62.5%) of mammary glands followed by caudal abdominal pair
(37.5%), cranial abdominal pair (25%), caudal thoracic pair (6.25%) (Plate- 1: Fig. C). Some
tumours were severely ulcerated and exudation from the surface was noted. The diameter of
tumour mass was varying from 0.5 to 20 cm, and weight varying from 3 to 3000 gm. The cut
surface of tumour masses was highly diverse such as fluid filled cystic cavities, blood filled
spaces (hematoma), hard bone like masses, pus, necrotic material, etc (Plate- 1 & 2: Fig. D &
E & A-H).
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Studies on canine mammary tumours with special references to role of exosomes in tumour growth.....



Plate-1
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Pie charts present the distribution of CMT cases age-wise (A), breed-wise (B) and mammary gland-wise
(C). Area of the pie chart reflects the proportion of the total number of cases belong to respective group.

Canine mammary gland: Multiple mammary glands (L3, L5 and RS5) of a female dog showing variable

size swellings or growths (D). Cut section of the RS mammary gland (D) showing greyish- yellow tissue
mass with central cystic space and necrotic tissue (E).



Plate-2

(&) H)
Canine mammary gland: Right caudal mammary glands (RS) of a female dog with huge spherical solid
swelling or growth (A). Cut section of RS mammary gland (Fig A) showing reddish tumour mass with
central haemorrhagic area having small cystic spaces (B). Left caudal mammary glands (L5) of a female
dog with large swelling or growth extending backward (C). Mammary glands (Fig. C) after excision
showed tumour growth with soft consistency (D). Left caudal mammary glands (L5) of a female dog with
single solitary growth (E). Cut section of the L5 mammary gland (Fig E) showing cartilaginous mass (F).
Multiple mammary glands (L4 and R5) of a female dog showing variable size swellings or growths with
few areas of ulcers (L4) (G). Resected tumour mass with firm consistency and central soft necrosis (H).
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4.2 Histopathological classification and grading of spontaneous
CMTs

4.2.1 Histological classification of spontaneous CMTs

The H & E stained tissue sections of 16 CMT cases were examined under microsope
for the type of neoplastic cells involved, their cellular characteristics and distribution.
Histopathological classification of CMTs was done as per modified classification of CMTs
given by Goldschmidt ez al., (2011). In the present study, 15/16 cases were confirmed as
CMTs, while 1 case was classified under benign hyperplastic condition. Out of 15 CMT
cases, 14 were diagnosed as malignant and one as benign. Carcinoma-mixed type (6; 40.0%)
was most predominant type of CMT followed by intraductal papillary carcinoma (2; 13.3%)
and one case each of ductal carcinoma (1; 6.5%), adenosquamous carcinoma (1; 6.5%),
malignant myoepithelioma (1; 6.5%), carcinosarcoma (1; 6.5%), chondrosarcoma (1; 6.5%),

hemangosarcoma (1; 6.5%) and simple adenoma (1; 6.5%).

4.2.1.1 Malignant epithelial neoplasms
4.2.1.1.1 Carcinoma-mixed type

Cracinoma- mixed type CMT was detected in six cases. Histopathologically, the
neoplastic tissue comprised of malignant epithelial component and benign mesenchymal
elements, which consisted of osteoid and cartilagenous matrix with varying degrees of
calcification. The neoplasm consisted of three types of cell populations (epithelial, myoepithelial
and connective tissue) with supporting fibrovascular stroma. The epithelial component showed
proliferation of the glandular and tubular epithelail cells forming irregular tubules with multi-
layer lining. In few cases, the epithelial cells were invasive in nature and infiltrated into the
connective tissue and forming small tubular or glandular structures. Neoplastic epithelial cells
showed high degree of anisocytosis, anisokaryosis and frequent mitotic figures with prominent
multiple nucleoli. All cases showed elongated spindle shaped myoepithelial cells proliferation
and formation of osteoid and cartilaginous tissue without any atypia. Special stain viz. von Kossa
silver nitrate staining was done to demonstrate the calcium deposition and it showed black coloured

calcified bone matrix in the carcinoma-mixed type CMTs (Plate — 3: Fig. A - F).
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4.2.1.1.2 Intraductal papillary carcinoma

Two cases of the intraductal papillary carcinoma were diagnosed in present study. The
stained canine mammary tissue sections showed presence of multi-layered pleomorphic
neoplastic epithelial cells lining the ducts and forms variable projections (papillary growth) in
the lumen of ducts. Neoplastic epithelial cells showed high nuclear:cytoplasmic ratio,
hyperchromasia and anisokaryosis with prominent multiple nucleoli. Thin fibrovascular stroma
was present in the papillary projection comprised of blood vessels and connective tissue. At
few places the necrotic epithelial cells were also present between the sheets of proliferating

neoplastic cells (Plate —4: Fig. A & B).
4.2.1.1.3 Ductal carcinoma

Histologically ductal carcinoma was diagnosed in one case and it showed proliferation
of'the pleomorphic ductal epithelial cells aligned as cords and tubules, surrounding narrow slit
like lumina. Most of'the places, the ducts were lined by double layers of neoplastic epithelial
cells. Moderate degree of anisocytosis and anisokaryosis was observed. Mitotic figures were

frequent seen at the highly proliferating areas (Plate —4: Fig. C & D).
4.2.1.1.4 Adenosquamous carcinoma

Single case of adenosquamous carcinoma was diagnosed out of 15 CMT cases. The
tumour tissue showed presence of proliferated cuboidal to columnar neoplastic tubular epithelial
cells along with multifocal areas of neoplastic cells with squamous differentiation. The poorly
differentiated epithelial cells exhibited varying degrees of anisocytosis and anisokaryosis with
increased nuclear:cytoplasmic ratio and nuclear hyperchromasia. Nests of squamous neoplastic
cells with homogenous hyalinized keratin pearls in the centre were also seen at few areas

(Plate —4: Fig. E & F).

4.2.1.2 Malignant myoepithelial tumour
4.2.1.2.1 Malignant myoepithelioma

Out of 15 CMT cases, only one case showed histological characteristics of the malignant

myoepithelioma. The tumour tissues showed presence of elongated oval to fusiform cells with




Canine mammary gland- Carcinoma (mixed type): Proliferations of the tubular epithelial cells forming
small solid structures along within connective tissues (A). H&E x100. Proliferated chondroblasts and
osteoblast (B) with marked calcification (C). H&E x100. Neoplastic epithelial component forming
adenoid to tubular patterns (D). H&Ex 100. Osteoid tissue in the mammary gland with hyperchromatic
osteoblasts and few osteoclasts (E). H&E x 100. Calcification in the osteoid tissue of mammary gland
demonstrated by black to brown colour (F). Von Kossa Silver Nitrate stain x 100.



Canine mammary gland- Intraductal papillary carcinoma: Papillary type growth of the neoplastic
epithelial cells supported by thin fibrovascular stalk within the lumen of an ectatic duct of mammary
gland (A). H&E x100. Higher magnification of Fig. A showing lining tubular epithelial cells proliferation
on the thin fibrovascular connective tissue core (inset) (B). H&E x200.

Canine mammary gland- Ductal carcinoma: Neoplastic tissues with pleomorphic epithelial cells aligned
as cords, small ducts and scanty stromal connective tissue (C). H&Ex100. Higher magnification of Fig.
C showing proliferated tubular epithelial cells with mitotic figures and forming small ducts with minimal
lumen (inset) (D). H&E x200.

Canine mammary gland- Adenosquamous carcinoma: Proliferated neolastic epithelail cells forming
glandular structure on one side and another side it showed neoplastic squamous epithelial cells
proliferation (inset) (E). H&E x100. Higher magnification of Fig. E showing thick connective tissue in
between the both neoplastic squamous cells and glandular cells (F). H&E x200
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indistinct cell borders and significant amount of slightly eosinophilic cytoplasm with few clear
intracytoplasmic vacuoles. Nuclei were hyperchromatic, often central and round to oval in
shape with prominant nucleoli. Area with myxoid differetntiation were frequently present in the
tissue and showed moderate amount of myxoid matrix with star shaped cells. Neoplastic cells
showed anisocytosis, anisokaryosis and frequent mitotic figures. Multi-focal areas of necrosis

and occasional neovascularisation were also noticed (Plate — 5: Fig. A, B & C).

4.2.1.3 Malignant mixed mammary tumors

4.2.1.3.1 Carcinosarcoma

Carcinosarcoma (malignant mixed CMT) was found in one case. The tissue sections
of'the carcinosarcoma showed presence of neoplastic tissues composed of both malignant
epithelial components and malignant mesenchymal components. Histologically, the tissue sections
showed proliferation of the glandular and tubular epithelial tissue forming papillary, solid and
tubular pattern at different locations. The nuclei were large hyperchromatic and showed mitotic
figures frequently. The sarcomatous portion showed presence of osteomatous, chondromatous,
fibromatous and myxomatous differentiations at various locations. Fibroblasts showed presence
ofhyperchromatic nuclei with frequent mitotic figures. The osteoid matrix of osteosarcomatous
tissue showed variable degrees of calcification. Vascular invasion of neoplastic cells was also

noticed in the stromal vasculature (Plate — 5: Fig. D, E & F).

4.2.1.4 Malignant mesenchymal neoplasms

4.2.1.4.1 Chondrosarcoma

One case showed histopathological characteristics of the chondrosarcoma where-in
they showed extensive proliferation of chondrocytes that has replaced the normal epithelial
component of mammary gland with varying degree of chondrocytes with basophilic cytoplasm
(Plate —6: Fig. A, B& C).

4.2.1.4.2 Hemangiosarcoma

One case showing histopathological characteristics of the hemangiosarcoma was also

found in present study. The tumour tissue consisted of proliferated neoplastic endothelial cells
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aligned as multiple and irregular vascular structures engorged with blood corpuscles and extensive
haemorrhagic areas in the surroundings. Areas with numerous capillary like structures were
frequently seen at various locations ofthe sections. Solid areas with proliferated endothelial
cells without capillaries were also present. These cells showed varying degrees of anisocytosis
and anisokaryosis with increased nuclear:cytoplasmic ratio and nuclear hyperchromasia.
Pleomorphic nuclei with granular chromatin showed prominent nucleoli often multiple in number

(Plate —6: Fig. D, E& F).

4.2.1.5 Benign mammary tumours

4.2.1.5.1 Simple adenoma

One case of benign CMT was detected in present investigation which was diagnosed
as simple adenoma. The CMT tissue sections showed glandular epithelial cells proliferation
forming small acinar and tubular structures with moderate amount of fibrovascular stroma. The
tubules were lined by single to multiple layers of cuboidal to columnar epithelial cells with
considerable amount of eosinophilic cytoplasm. Cells showed central round nuclei with
inconspicuous nucleoli. Nuclear:cytoplasmic ratio was moderate and mitotic figures were
minimal. Mild to moderate degree of anisocytosis and anisokaryosis were observed in the

neoplastic cells (Plate — 7: Fig. A, & B).

4.2.1.6 Hyperplasia/Dysplasia
4.2.1.6.1 Lobular hyperplasia (Adenosis)

Hyperplastic changes were noticed in one case and diagnosed as lobular hyperplasia.
The focioflesion consisted of non-neoplastic proliferation of intralobular ducts causing an
increased numbers of ductules, ducts and acini per lobule. Cellular atypia of epithelium was
absent. The intralobular and interlobular connective tissue stroma was abundant and relatively

acellular (Plate—7: Fig. C & D).
4.2.2 Histopathological grade of CMTs

The different CMT cases were then graded based upon nuclear pleomorphism, amount

oftubular formation (as a measure of glandular differentiation) and mitotic count in H&E
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Canine mammary gland- Malignant myoepithelioma: Proliferated myoepithelial cell with both spindle
to satellite shape hyperchromatic nuclei (A&B). H&Ex 100. Proliferated myoepithelial cell with frequent
mitotic figures (C). H&Ex 200.

Canine mammary gland- Carcinosarcoma: Both epithelial and myoepithelial cell proliferation along
with myxomatous change and infiltration of mononuclear cells (D). H&Ex 100. Proliferated epithelial
cells invaded in the adjacent stromal tissue and forming solid to papillary pattern (E). H&Ex 100.
Myxomatous tissue with stellate shaped cells and myxoid stroma (F). H&Ex 100



Plate-6

Canine mammary gland- Chondrosarcoma: Proliferated chondroblasts with slightly basophilic cytoplasm
with marked anisokaryosis (inset) (A). H&E x100. Higher magnification of Fig A showing neoplastic
chondroblasts (B). H&E x100. Proliferated fibroblasts forming solid compact tissue showing
hyperchromasia and marked pleomorphism in another area of the chodroblastic tissue (C). H&E x100.
Canine mammary gland- Hemangiosarcoma: Proliferated endothelial cells with spindle shaped nuclei
forming small blood filled spaces with marked connective tissue proliferation (D). H&E x100. Small
RBC:s filled capillaries lined by sparse neoplastic endothelial cells (E). H&E x200. Proliferated fibroblasts
within fatty connective tissue (F). H&E x100



Canine mammary gland- Simple adenoma: Proliferated epithelial cells forming glandular pattern with
thin connective tissue stroma (A). H&Ex100. Glandular epithelial cells with mild degree of pleomorphism
arranged in glandular structure filled with eosinophilic contents in the lumen (inset) (B). H&Ex200.
Canine mammary gland- Lobular hyperplasia: Focal areas of glands lined by single or double layered
epithelial cells with supra basal type myoepithelial cells (C). H&Ex100. Lining epithelial cells of the
glands with hyperchromatic nuclei and minimal pleomorphism (inset) (D). H&Ex 200
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stained tumour sections. Each parameter was assigned with score from 1-3 and classified into
three categories (Tavasoly et al., 2013). Out of 16 CMTs graded, 1 case (6.25%) were of
high grade, 8 cases (50.0%) of intermediate grade and 4 cases (25%) of low grade and 2

cases were malignant sarcomas and 1 case was carcinosarcoma. (Table 12)

Table 12: Histopathological grading of CMT cases

Case HP classification Amtof Nuclear Mitotic Total HP
number tubules pleomorphism count score grade
formation

L[-821 Adenosquamous Carcinoma 3 2 1 6 2
L-836 Intraductal papillary carcinoma 2 2 1 5 2
L-835 Carcinoma-mixed type 2 2 1 5 1
L-852 Intraductal carcinoma 1 2 2 5 1
L-853 Carcinoma-mixed type 2 3 1 6 2
L-862 Carcinoma-mixed type 3 3 2 8 3
L-871 Carcinoma-mixed type 2 3 1 6 2
L-926 Carcinoma-mixed type 2 2 2 6 2
L-927 Malignant myoepithelioma 2 2 3 7 2
M-105 Lobular hyperplasia- regular 1 1 1 3 1
M-142 Intraductal papillary carcinoma 1 3 2 6 2
M-264 Carcinoma-mixed type 3 2 1 2 2
M-265 Simple adenoma 1 1 1 1 1

4.3. Immunohistochemical expression of ER, PR and EGFR in
spontaneous CMTs
Immunohistochemistry (IHC) technique was used for evaluation of expression of tumour
biomarkers (ER, PR, HER-2) in spontaneous CMTs. Immunoscoring was done according to

Pena et al., 2014 and results are presented in Table 13.
4.3.1 Evaluation of ER

The immunohistochemistry for ER revealed positive strong cytoplasmic staining in the
neoplastic epithelial cells of simple adenoma with immunoscore of 7 and DAB staining was
also observed in the connective tissue stroma and secretions of mammary gland and negative

control there was no DAB staining and 2 out of 14 malignant tumours (2 intraductal papillary
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carcinoma) were positive with, one case showing moderate cytoplasmic staining in proliferated
neoplastic epithelial cells along with connective tissue stroma and secretions of mammary
gland showed DAB staining while the other case showed mild intracytoplasmic immunostaining
with immunoscore of 6 and 4 (Plate — 8: Fig. C & E) respectively and in negative control there

was no DAB staining (Plate — 8: Fig. A to F).
4.3.2 [Evaluation of PR

The immunohistochemistry for PR revealed 2 out of 10 CMTs (Carcinoma- Mixed
type) were positive with strong cytoplasmic staining in the proliferated neoplastic epithelial
cells with immunoscore of 6 and DAB staining was also observed in the inflammatory cells and

macrophages and in negative control there was no DAB staining (Plate — 9: Fig. Ato F).
4.3.2 Evaluation of HER-2

HER-2 immunostaining was observed in only one out of 14 malignant (carcinosarcoma-
malignant mixed) CMTs and showed moderate, heterogeneous complete membrane labeling
(chicken-wire pattern) in 30% of cells along with cytoplasmic staining in proliferated neoplastic
epithelial cells and was considered 2+, according to the guidelines proposed by the American
Society of Clinical Oncology (ASCO) for HER-2 labelling interpretation and in negative control
there was no DAB staining (Plate— 10: Fig. Ato F).

Table 13: Immunohistochemistry scoring from 0-8 (based on percentage of stained
cells and intensity of staining) for ER and PR

Tumour type Receptor Scoring Scoring for Total
forimmuno immunostaining Immunoscore
positivity intensity
Simple adenoma ER 4 3 7
Intraductal papillary carcinoma ER 3 2 6
Intraductal papillary carcinoma ER 3 1 4
Carcinoma- mixed type PR 3 3 6




Canine mammary gland: Strong immunostaining (dark brown) in the cytoplasm of proliferated epithelial
cells of the mammary gland for ER in simple adenoma (A). Antibody control tissue section showed no
immunostaining (B). IHCx DAB x Mayer’s hematoxylin x 100. Moderate degree of cytoplasmic
immunostaining (dark brown) in the proliferated epithelail cells of papillary growth in the mammary
gland for ER in intraductal papillary carcinoma (C) IHCx DAB x Mayer’s hematoxylin x 100. Antibody
control tissue section showed no immunostaining (D). IHCx DAB x Mayer’s hematoxylin x 200. Mild
immunostaining (dark brown) in the proliferated epithelial cells (I/C) of duct arranged as papillary
outgrowths for ER in intraductal papillary carcinoma (E). Antibody control tissue section showed no
immunostaining (F). IHCx DAB x Mayer’s hematoxylin x 100



Plate-9

Canine mammary gland: Strong immunostaining (dark brown) in the cytoplasm of ductal epithelial
cells and few mononuclear cells of the mammary gland for PR in carcinoma mixed type (A). Antibody
control tissue section showed no immunostaining (B). IHCx DAB x Mayer’s hematoxylin x 100. Strong
immunostaining (dark brown) in the cytoplasm of ductal epithelial of the mammary gland for PR in
carcinoma mixed type (C). Antibody control tissue section showed no immunostaining (D). [HCx DAB x
Mayer’s hematoxylin x 400. Strong immunostaining (dark brown) in the cytoplasm of ductal epithelial
cells and mononuclear cells of the mammary gland for PR in carcinoma mixed type (E). Antibody control
tissue section showed no immunostaining (F). IHCx DAB x Mayer’s hematoxylin x 200



Plate-10

Canine mammary gland: Moderate immunostaining (dark brown) in the membrane and cytoplasm of the
epithelial cells of the mammary gland for HER-2 in carcinosarcoma (A). Antibody control tissue section
showed no immunostaining (B). IHCx DAB x Mayer’s hematoxylin x 100. Higher magnification of Fig A
and B. (C&D) IHCx DAB x Mayer’s hematoxylin x 200 and (E&F) IHCx DAB x Mayer’s hematoxylin x
400.
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Graph showing relative expression of ESR mRNA in CMT tissues (A). Amplification (B) and melt curve

(O) of real time PCR assay for ESR.
Graph showing relative expression of PR mRNA in CMT tissues (D). Amplification (E) and melt curve

(F) of real time PCR assay for PR.
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Graph showing relative expression of EGFR mRNA in CMT tissues (A). Amplification (B) and melt
curve (C) of real time PCR assay for EGFR.
Amplification (D) and melt curve (E) of real time PCR assay for HPRT.
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4.4 Assessment of relative expression of ESR, PR & EGFR genes

in spontaneous CMTs using qPCR

In the present study, mRNA expression of ESR, PR and EGFR was evaluated to
study the expression of these markers at gene level from 2 benign tumours (simple adenoma
and lobular hyperplasia), 2 carcinoma- mixed type and each one from intraductal papillary
carcinoma, intraductal carcinoma, malignant myoepithelioma and carcinosarcoma- malignant
mixed and classified into benign and malignant group and one normal mammary gland was
used as biological control for statistical analysis. SYBR green based quantitative real time
PCR assay was carried out to study relative fold change in expression of these markers in

spontaneous CMTs.
4.4.1 ESR expression in tumour tissues

The relative fold change in ESR expression was found in 5 out of 8 cases (55.56%)
and there was a stastical difference was observed with mean relative fold change between
benign tumour and malignant tumors was 114.1 +/- 45.01 and a greater fold change 0£212.306
was observed in simple adenoma when compared with control sample (Plate — 11: Fig. A to

bC).
4.4.2 PR expression in tumour tissues

The relative fold change in PR expression was found in 4 out of 8 cases (50%) and
there was no stastical difference was observed with mean relative fold change between benign
tumour and malignant tumors was 7.485 +/- 12.50 and a greater fold change 0f42.008 was
observed in carcinoma-mixed type when compared with control sample (Plate — 11: Fig. D to

F).
4.4.2 EGFR expression in tumour tissues

The relative fold change in EGFR expression was found in4 out of 8 cases (50%) and
there was no stastical difference was observed with mean relative fold change between benign
tumour and malignant tumors was 79.21 +/- 116.1 and a greater fold change 0f391.91 and
77.71 was observed in carcinosarcoma and malignant myoepithelioma when compared with

control sample respectively (Plate — 12: Fig. Ato C).
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HPRT gene was used as endogenous control for gene expression analysis (Plate — 12:
Fig. D & E). Although there was positive fold change for ESR, PR and EGFR genes in some
cases obtaining a stastical significance was not feasible due to less sample size.

4.5 In vitro culturing of primary CMT cells and evaluation of
exosomal cargo

4.5.1 Invitro culturing of primary CMT cells

Five CMT tissue samples (4 malignant, one benign) were collected aseptically in the
MEM media for processing them further for primary culture. During in vitro primary culture,
only 2 samlpes viz. intraductal papillary carcinoma (M1) and simple adenoma (B1), were
successfully cultured, other got contaiminated and did not show any cellular attachment to the
flask surface and growth. Only 20-30% of M1 cells were attached to flask after 18h of
seeding. M1 cells showed about greater than 50% growth after 24h. M1 cells showed fast
growth and covered almost entire flask surface (95%) after 48h of incubation. The M1 cells
passaged further (P1) and it was observed that M1 cells at P1 still grow very fast and formed
monolayer within 24h. Further M1 (P1) cells were trypsanized and passage of (P2) further in
10% MEM media with exosome depleted FBS for exosomal study. M1 (P2) cells reached at
70 to 80% confluency after 60h, and then cell culture supernatant was collected and exosomes
were isolated by using commercially available kit. After collecting supernatant, the cells were
further passaged (P3) and incubated in normal 10% MEM media but the M1 cells showed
minimal attachment at the surface of flask. At 72h cells were failed to form a monolayer,

showed rounding and started to detach from the surface (Plate— 13: Fig. Ato F).

The B1 cells were also processed similarly as M1 cells, and it was observed that
<20% ofB1 cells were attached to surface of the flask after 24h of seeding (Plate — 13: Fig.
G). Further incubation showed 40 to 50% of confluency after 60h (Plate — 13: Fig. H) and
after 72h, the cells reached around 70 to 80% confluency (Plate — 13: Fig. I). A confluency of
90% was observed after 96h showing slow growth ofthe B1 cells as compared to M1 cells
(Plate—13: Fig. J). B1 cells passaged further (P1) in MEM containing 10% exosome depleted
FBS and cells reached 70 to 80% confluency after 72h (Plate — 13: Fig. K). At 72h the B1

cells showed prominent morphological changes such as increased size in 10% MEM media




Plate-1
" W

=

Primary cell culture- Intraductal carcinoma: Primary cell culture growth after 18 h of incubation (A);
elongated attached cells at the flask base (inset); cell growth after 24 h (B); cell growth after 48 h (C);
P-1 cells 80 to 90% confluency after 24 h of incubation (D); P-2 cells showing using 70 % to 80%
confluency in exo depleted FBS after 60 h (E); P-3 cells showing 50-60% confluency after 72 h (F).

Conted...



Plate-13

Primary cell culture- Simple adenoma: Primary cell culture growth after 24 h (G), 60 h (H), 72 h (I) and
96 h incubation (J); P-1 cells growth (70 % to 80% confluency) in exo depleted FBS after 72 h (K); P-
2 cells growth showing elongated cells and start detaching from surface (L)
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containing exosome depleted FBS. The cell culture supernatant was collected from the B1
(P1) flasks for exosomes isolation. B1 (P1) cells were further passaged of (P2) and incubated
in 10% MEM media but the cells failed to attach and form a monolayer (Plate — 13: Fig. G -
L).

4.5.2 Estimation of exosomes size and concentration by NTA

The exosomes isolated from the M1 and B1 primary CMT cells were analysed by
NTA to know their concentration and size. Total number of exosomes released by M1 and
B1 cells were 2.10e+08 +/- 1.23¢+07 and 1.14e+08 +/- 2.95¢+07 (mean +/- SD),
respectively. The size of the exosomes vary greatly between M1 and B1. It was observed that
the average size of particles was 82.3 nm in the M1 cells as compared to 180.7 nm in B1 cells,
respectively and data presented in Table 14. Since there was a difference 0f47.62% in the
number of particles/ml released by M1 cells and B1 cells, it suggests that the production of

exosomes in malignant tumours is higher than in benign tumours (Plate — 14: Fig. Ato C).

Table 14 Presenting the concentration and size of particles by NTA

Primary CMT cells Particles/ml Average size
(Mean +/- SD) of particles

M1 (Intraductal papillary carcinoma) 2.10e+08 +/- 1.23e+07 82.3 nm

B1 (Simple adenoma) 1.14e+08 +/-2.95e+07 180.7 nm

4.5.3 Expression of miRNAs in the exosomal cargo of CMT cells by qPCR

The exosomes isolated from the primary culture of CMTs (B1 and M 1) were subjected
for qPCR for analysis of miR-18a and miR-19a expression. It was observed that the mean
relative fold change for miR- 18a expression in B1 (simple adenoma) was 0.01858 and in M1
(intraductal papillary carcinoma) was 0.05751. Similarly, the miR- 19a expression was
0.198196 and 0.258816 fold change for B1 and M1, respectively. It was observed that the
expressions of both miR-18a and miR-19a were decreased as compared to U6 in both B1
and M 1. Comparison between B1 and M2 revealed that relative fold change of miR-18a in

M1 was 3.09 times higher than B1. Similarly, miR-19a relative fold change was 1.3 times
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higher in M1 than B1. Although the relative fold change in expression of miR -18a and miR -
19a was statistically not significant between the B1 (benign CMT) and M1 (malignant CMT),
yet it suggests that role of miR-18a and miR-19a expression in the exosomes for malignant

transformation and progression of CMTs (Plate — 14: Fig. D &E).

4.6 Effect of GW4869 (exosomal inhibitor) on CMT-U27 cells
growth and proliferation

4.6.1 Effect of GW4869 on the exosomes size and concentration secreted by CMT-
U27 cells

To assess the effect of GW4869, the CMT-U27 cells were cultured in the lab which
showed around 40 to 50% confluency in 18h and almost greater than 90% within 48h was
treated with 3 different doses (20 M, 30uM and 40uM) of GW4869 along with one control
without any treatment. The media from the flasks collected after 24h ofthe treatments and
exosomes were collected by using commercial kit. The exosomes were analysed by NTA for
their size and concentration. Exosomes/particles size less then 200nm were considered for the
statistical analysis. It was observed that the concentration of the exosomes significantly decreased
in all treatment groups as compared to control group. NTA analysis revealed the mean
concentration of exosomes in control, 20 uM, 30 uM and 40 uM GW4869 treatments groups
as 1.23e+06 (+/- 72038), 6.38e+05 (+/- 55002), 3.58e+05 (+/- 22174) and 5.50e+05 (+/
- 55129) respectively. Among different treatment groups, the treatment of 30 pM GW4869
showed lowest exosomes concentration as compared to 20 uM and 40 uM GW4869 treatment

groups (Plate — 15: Fig. A- C).

Exosome/particle size analysis revealed that exosomes/particles with size of 101.0
nm, 72.8 nm, 210 nm and 219.8nm were predominantly found in control, 20 uM, 30 uM and
40 uM GW4869 treatments groups, respectively. The concentration and mode size values of
exosomes/particles at different treatment dose along with control group after 24h are listed in
Table 15. Further, it was observed that the proportion of exosomes with size range 50-100 nm
was significantly decreased in 30 uM and 40 uM GW4869 treatment groups, while the
proportion of exosomes/particles with > 150 nm size was increased significantly with 40 pM
treatment group at 24 h. These findings indicated that treatment of GW4869 significantly

reduced the exosomal secretion from CMT-U27 cells in all treatment groups (Plate — 15: Fig.
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Table 15: Concentration and size of the exosomes secreted by CMT- U27 after

GW4869 treatment
GW4869 treatment groups Particles/ml Mode size of particles
(Mean +/- SEM) (nm)
Control 1.23e+06+/-72038 101.0
20 uM 6.38e+05+/-55002 72.8
30uM 3.58e+05+/-22174 210.0
40 uM 5.50e+05+/-55129 219.8

4.6.2 Assessment of viability of CMT-U27 cells after GW4869 treatment

4.6.2.1 Trypan blue dye exclusion test

CMT-U27 cells were assessed for their viability by trypan blue dye exclusion test
after GW4869 treatments (20 uM, 30 uM and 40 uM) along with control. Equal volume
(10uL) of cell suspension of each flask and trypan blue dye mixed and total number of viable
cells were counted. The concentration of viable cells in control group was taken as standard
(100%) for the comparison with different treatment groups. It was observed that number of
viable cells in control was higher compared to the GW4869 treatment groups. The results of

trypan blue dye exclusion test depicted in Table 16 (Plate — 16: Fig. A& B).

Table 16: Number and percentage of viable cells of CMT-U27 after GW4869 treatment

GW4869 treatment groups Number of viable Percentage of
cells/2ml viable cells
Control 1050000 100
20uM 872000 83.04762
30uM 620000 59.04762
40uM 320000 30.47619

4.6.2.2 MTT assay

MTT assay was performed to assess the viability and metabolic activity of the CMT-
U27 cells after GW4869 treatment for 24-48 h. CMT-U27 cells were cultured in the 96-well
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cell culture plate and treated with different concentration of GW4869 (10uM, 20uM, 30uM,
40uM, and 50uM). The data presenting the % cell viability at different doses of GW4869 for
24 h and 48 h are represented in the Table 17 (Plate — 16: Fig. C, D, E & F). A significant
reduction in cell viability was observed compared to control in treatment with a 40 pM and 50
uM dose at both 24 and 48 h interval. Decreased cell viability was observed in 20uM and
30uM treatment groups at 48 h but treatment groups with 40uM and 5S0uM GW4869 showed
significant decrease in cell viability. However, witha 10 pM GW4869 treatment non significant
decrease in cell viability was observed at both 24 and 48h, when compared with control group
(Plate — 17: Fig. A & B).

Table 17: Presenting the % cell viability of CMT- U27 cells treated with different
doses of GW4869 at 24 h and 48 h by MTT Assay

GW4869 dose 24 h % cell viability 48 h % cell viability
Cell control 100 100

10 uM 87.15 85.88

20uM 79.50 75.40

30uM 75.92 69.82

40uM 68.44 60.10

50uM 60.60 50.61

Vehicle control 96.34 94.55

V297924
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Effect of GW4869 treatment on the survival of CMT-U27 cells: Viable cells (bright and unstained) with
intact membranes (A); Graph depicting the CMT-U27 cells viability (B) after treatment with GW4869
(20,30 and 40 pM) using trypan blue dye exclusion test. Data are presented as mean % of viable cells
in treated flask compared to cell control.

Effect of GW4869 treatment on the viability of CMT-U27 cells: Intensity of purple formazan product in
microtiter plate (C & E); Graph depicts the CMT-U27 cells viability (D & F) after treatment with
GW4869 (10, 20, 30, 40 and 50 nM) along with cell control (CC) and vehicle control (VC) using MTT
assay at 24h (C & D) and 48 h (E & F).

Data are presented as mean + SEM (n = 3 replicates per group).
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DISCUSSION

Cancer is a thriving health issue in humans and animals, and its high incidence has been
recorded throughout the world in pet animals especially in dogs. In dogs, mammary tumours
appear as the most frequently recorded neoplasms in intact female pet dogs (Salas et al.,
2015). Like humans, canine mammary tumours (CMTs) have a highly heterogeneous patho-
biology and diverse clinical outcomes. Early and accurate diagnosis is essential for the good
prognosis and better management of the CMTs. Researchers are trying to develop new
techniques along with already available techniques for diagnostic and prognostic purposes for
the CMTs and also to formulate the targeted therapeutic strategies. In that direction new
emerging areas in the cancer research is exosomal role in carcinogenesis. Exosomes are
extracellular vesicles (EVs) with a size range 0f 40—160 nanometers in diameter and secreted
by most eukaryotic cells including cancer cells (Ruivo et al., 2017; Daiet al., 2020). Exosomal
contents/cargo include proteins, DNA, mRNA, microRNA, long noncoding RNA, circular
RNA, etc., which can playa crucial role in tumour progression, growth, angiogenesis, metastasis
and chemoresistance (Taiet al., 2018; Dai et al., 2020). Exploring the exosomal cargo for the
identification of new biological markers for early diagnosis and prognosis of CMTs is a new
approach in this direction. It is reported that exosomal cargo involved in different types of
tumour progression and metastasis. Drugs or molecules having exosomes inhibition properties
may inhibit the tumour progression and metastasis and thus provides pathway for certain

developing cancer therapeutics.

The present investigation was aimed to characterize the CMTs on the basis of

histopathology, expression of different receptors (ER, PR, EGFR) and exosomal cargo.
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Histopathological classification ofthe CMTs was done as described by Goldschmidt ez al.
(2011). In present study, total 16 tissue samples of the mammary glands were collected from
the CMT suspected cases, and out of which 14 (87.5%) were classified as malignant CMTs,
one as benign CMT (6.25%) and one as lobular hyperplasia (6.25%). The higher occurrence
of malignant CMTs in comparison to benign are in agreement with the previous
reports(Mukhopadhayay and Som, 1997; Shekar et al., 2001; Martin et al., 2002; Pawaiya,
2004, Reddy, 2007; Kumar et al., 2009; Baba et al., 2016, Dias et al., 2016). Kumar et al.
(2009) reported 83.08% of CMTs as malignant tumours. Similarly, Martins et al., (2003)
observed 7.09% ofmammary tumours as benign and 92.91% as malignant. Mukhopadhayay
and Som(1997) reported 35.5% benign tumours in a retrospective study, which were relatively
higher, but less than malignant counterparts. The higher occurrence of malignant CMTs can be
a result of owner’s ignorance about the CMTs, due to which they do not provide proper
treatment at earliest. Usually pet owners brought them to the veterinary clinic when mammary
growths starts growing fast or become ulcerated, which are mostly to be malignant CMTs
(Sahabi et al., 2015).Further, highest occurrence of CMTs was noticed in an age group of 6
- 9 years (56.25%), which is in accordance with earlier observations of Moulton (1990),

Reddy (2007) and Kumaret al., (2009).

CMTs in present study showed marked variation the their gross appearance and
distribution i.e. CMTs occurred as single or multiple, round, elongated or irregular shaped
masses with varying size and different consistency from soft to firm to hard. Earlier studies
have been reported that synchronous multiple gland involvement is not rare in CMTs (Benjamin
etal., 1999, Devarathnamet al., 2021). The maximum occurrence of CMTs was observed in
inguinal pairs (62.5%) followed by caudal abdominal pairs (37.5%) and cranial abdominal
pairs (25%), which was also reported in previous studies (Ariyarathnaet al., 2018,
Devarathnamet al., 2021). The ample amount of glandular tissue and long-term secretary
activity of inguinal mammary glands in comparison with other glands is attributed to its frequent

association with mammary tumours (Moulton, 1990, Sahabi et al., 2015).

Histopathological classification of the CMTs revealed that out of 16 suspected CMT
tissues, 14 (87.5%) were classified as malignant CMTs, one as benign CMT (6.25%) and one
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as lobular hyperplasia (6.25%). The histopathological classification of CMTs was done as
described by Goldschmidt (2011) and was graded as described by Travasolyez al., (2013).

Present study revealed that among malignant CMTs, carcinoma-mixed type tumours were
most predominant and histological features were similar as described previously by Moulton
(1990), Misdorp (2002) and Kumar (2008). Papillary carcinoma (intraductal) characterised
by papillary growth of epithelium projection into the lumen of acini/ducts with connective tissue
stalk of variable lengths and thickness within proliferating epithelial cells reported in present
investigation is also in line with the features reported in earlier studies (Moulton, 1999; Misdorp
et al., 1999; Pawaiya, 2004; Reddy, 2007 and Kumar, 2008). The histological features of
other malignant epithelial neoplasm (adenosquamous carcinoma), malignant myoepithelioma,

malignant mesenchymal CMTs(chondrosarcoma, hemangiosarcoma, and carcinosarcoma) and
benign tumours were in accordance with earlier reports (Moulton, 1990; Misdorp et al.,

1999; Reddy, 2007, Kumar, 2008; Rahman, 2022).

The expression ofthe different tumour markers in the CMTs tissues have been studied
by various researchers to evaluate their potential for assessing tumour behaviour, metastasis,
diagnosis, prognosis and identifying new cancer therapeutic targets. Evaluation ofthe expression
of ER, PR and HER-2/ c-erbB2 by IHC helps in the prognosis of breast cancer (Clark and
McGuire, 1983) and CMTs (Nieto et al., 2000). It also act as a predictor of likely response
ofhormonal treatment to the patients (Clark and McGuire, 1983).In the present study, ER
positive staining was observed in simple adenoma and intraductal carcinoma cases, with a
stronger immunoscore in the benign tumor, aligning with findings from De Las Mulas et al.,
(2005). This suggests that ER expression may play a role in early-stage tumorigenesis in CMTs
and could be an important marker for identifying benign lesions, as seen in human breast
cancer (Clark and McGuire, 1983).PR expression was detected in the epithelial component
of carcinoma-mixed type tumors. This finding aligns with the work of Gracanin (2012), where
PR isoform expression showed both nuclear and weaker cytoplasmic staining. Leeuwen et
al., (2000) also reported heterogeneous staining for PR in canine mammary carcinomas,
including perinuclear staining in tumorous cells and cytoplasmic staining in spindle cells. PR is

found in the cytoplasm, where it may interact with ER, c-Src, and is phosphorylated
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by MAPK, potentially influencing tumour progression (Daniel et al., 2011). However, a detailed
group-wise comparison with good number of cases is required for proper statistical analysis,

which may provide a conclusive interpretation.

Expression of HER-2/ c-erbB2 in the CMTs correlated with the poor prognosis in the
earlier studies (Rungsipipatet al., 1999; Bange et al., 2001). HER-2/ c-erbB2 serves as first
signal generating protein and a proto-oncogene with known normal functions.Functional
abnormality of the c-erbB2 oncogene is believed to be a critical event in carcinogenesis of
glandular tissues, especially ofthe breast, where overexpression of c-erbB2 oncoprotein has
been frequently associated with the malignancy, chemo-resistance and poor prognosis ofthe
breast cancer (Yokota et al., 1986;Bange et al., 2001). Low expression of HER-2/ c-erbB2
was reported in previous studies i.e.Rungsipipat ez al., (1999) recorded 21%, Martin et al.,
(2003) recorded 17.6% and Mayilkumar (2009) recorded 13%. In the present study, only
one CMT case showed moderate immunostaining. In contrary, Kumar et al., (2009) reported
higher immunopositivity 0f42.59% for c-erbB2 oncoprotein expression in the malignant
mammary tumours and further stated that the tumours of epithelial origin weremore
predominantly showing the expression. The variation in the positivity of the different receptor
in various studies may be due to the variation in the sample size, primary antibody used in

study, scoring system followed and geographical area of sampling.

Real time PCR assay was performed to assess the mRNA expression of ESR, PR and
Epidermal Growth Factor Receptor (EGFR) in spontaneous CMTs tissue samples. The role
of these receptor markers is well established in the pathogenesis of mammary tumors, particularly
in human breast cancer, and their potential utility in CMTs. In present study a significant fold
difference in ESR expression (55.56%) was observed between benign and malignant tumors.
The mean relative fold change for ESR in simple adenoma was high suggesting its potential role
in early tumour development and progression. The variability in ESR expression have been
reported in earlier studies, which vary from 12.96% to 92.3% in malignant tumour tissues and
from 49% to 100% in benign tumors (Millantaa ez al., 2005; Mulas et al., 2005; Yang et al.,
2006; Gama et al., 2008; Morris et al., 2009; Klopfleisch et al., 2010; Pena et al., 2014).

PR mRNA expression was observed in 50% ofthe CMT tissues samples but no significant
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statistical difference was found between benign and malignant tumours. Unlike ESR, PR
expression did not significantly differentiate between natures of tumour types in our study. This
finding contrasts with some previous studies, which reported consistent expression of PR in all
benign CMTs and about two-thirds of malignant CMTs (Geraldes ef al., 2000; Guil-Luna et
al., 2014). Furthermore, some studies suggested higher PR expression in simple carcinomas
compared to complex carcinomas (Luna et al., 2014), although our findings could not replicate
these differences due to the limited sample size and lack of distinction between simple and
complex carcinomas. Interestingly, recent research by Galadima (2024) also did not find
significant differences in PR expression between benign and malignant tumours, aligning with

our observations.

Similarly, qPCR was performed to evaluate the EGFR expression in CMT tissues.
Like PR mRNA expression, EGFR expression was also detected in 50% ofthe total tested
cases (8). No significant statistical difference was found between benign and malignant tumours
in present study. It is established that EGFR activation, through binding with its ligand (EGF),
can induce carcinogenetic effects by enhancing gene transcription which promotes cellular
proliferation and distant metastasis (Henson and Gibson, 2006). In CMTs, in-vitro studies
have demonstrated that EGF increases cell proliferation, chemotaxis, vascular endothelial growth
factor (VEGF) production, and reduces apoptosis in canine carcinomas (Kennedy et al.,
2011). Our findings indicated that malignant tumours showed higher expression of EGFR than
benign tumour, which is similar to the earlier studies in the CMTs(Galadima, 2024). These
finding suggest that EGFR could be a valuable marker for identifying malignant or more
aggressive CMTs. However, the lack of statistical significance between benign and malignant
tumors in EGFR expression in our study indicated the requirement of a systamatic study with

appropriate numbers of both benign and malignant CMTs.

To characterize the exosomal cargo secreted by the CMT cells, the tissue samples
were collected from the five CMTs cases by excisional biopsy and cultured in-vitro in the lab.
In-vitro primary cell culture was established in two different types of CMTs viz. malignant
intraductal papillary carcinoma (M1) and benign simple adenoma (B1). Primary culture of M1

was passaged upto P3 and for B1 upto P2. In present investigation it was observed that the
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growth pattern and cellular morphology of the M1 and B1 revealed significant differences. The
M1 cells showed a rapid attachment to the culture surface, followed by rapid proliferation and
formation of a monolayer within 48 hours. These observations are typical of malignant tumors,
which often exhibit rapid proliferation and aggressive growth patterns and the potential for
metastasis(Cifone, 1982). In contrast, Blcells showed slower attachment (less than 20% of
cells adhering to the flask after 24 hours) and achieved 80-90% confluency at 5" day. The
slower growth of adenoma cells is consistent with the benign nature ofthese tumours. However,
similar to the M1 cells, the B1 cells failed to maintain a stable monolayer in later passages, a
phenomenon that might reflect cellular stress or altered cell behaviour after prolonged

culture(Meinhovelet al., 2018)

Exosomes are nano-sized vesicles released by cells and are known to play a significant
role in intercellular communication, immune modulation, and tumor progression. It is reported
that exosomal cargo is involved in various pathological and physiological processes, including
inflammation, angiogenesis, cell death, neurodegenerative diseases, and cancer (Diomaiutoet
al., 2021). Exosomes facilitate chemoresistance by drug-resistant properties within cancer
cell populations (Colombo et al., 2014). As exosomes contains tumor-suppressor and
oncogenic microRNAs (miRNAs), they hold immense diagnostic value because of their
distinctive expression patterns in neoplastic cells.In present investigation, exosomes were
isolated from the cell culture supernatant (M1 and B1 cells) and RNA was extracted as per the
standard protocol. The isolated exosomes were analysed by NTA for their concentration and
size and it was observed that M1 cells (ductal carcinoma cells) released a significantly higher
number of exosomes (2.10E+08+ 1.23E+07 particles/ml) compared to B1 cells (simple
adenoma cells; 1.14E+08+ 2.95E+07particles/ml). It indicated that malignant CMT cells (M1
cells) released 47.62% more exosomes/particles than benign CMT cells (B2). Furthermore, it
was observed that exosomes secreted by malignant CMT cells (M1 cells) were smaller in size
(82.3 nm) than benign CMT cells (B2) (180.7 nm).The higher concentration of exosomes
released by the malignant tumours is consistent with earlier reports and it may be due to
aggressive proliferation of malignant cells(Logozziet al., 2019;Chenet al., 2023).Exosomes

are known to carry molecules like proteins, lipids, and RNAs, which can affect distant cells
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and tissues, potentially facilitating tumor progression, metastasis, and immune evasion. The
smaller size of exosomes from ductal carcinoma may enhance their ability to circulate and
interact with distant tissues, contributing to the malignant transformation process and

metastasis(Greeninget al., 2015).

The RNA isolated from the exosomes was further analysed for the miRNA expression
by using the commercial kits. The miR-18a and miR-19a, which are well-documented as key
regulators of cancer progression, were found to be upregulated in exosomes from malignant
CMT cells (M1 cells) compared to benign CMT cells (B2) in our study. It was observed that
miR-18a expression was 3.09 times higher, and miR-19a expression was 1.3 times higher in
malignant CMT cells (M1 cells) compared to benign CMT cells (B2). Although the difference
of miR-18a and miR-19a expressions in M1 and B1 were not showed statistical significance,
yet the increased expression in exosomes of M1 cells suggests their potential involvement in
the proliferation, malignant transformation and progression of CMTs. These processes are
characteristic of aggressive tumours, and the transfer of these miRNAs via exosomes could
enhance the malignant properties of CMTs. This supports the hypothesis that exosomes serve
as important vehicles for disseminating oncogenic signals between cells, contributing to
tumourprogression and metastasis(Kahlert and Kalluri, 2013;Wang et al., 2014).Fish et al.,
(2018) studied the shedding of exosome-derived miRNAs by CMT cells in-vitro and identified
338 unique exosome-derived miRNAs, with 145 differentially expressed between tumour and
normal canine mammary cells. Among them, they reported that miR-18a, miR-19a, and miR-
181a were the most significantly upregulated, with fold changes 0f10.34, 3.84, and 7.70,
respectively. Further, they predicted that these miRNAs target the estrogen receptor (ESR1a)
in silico and suggests their potential as non-invasive biomarkers for hormone status and

phenotype in canine mammary carcinoma.

In another study, negative correlation between miR-18a, miR-18b, and the ESR1
gene has been reported in CMT tissues (Abbate et al.,2023).Their study revealed that miR-
18a and miR-18b expressions were upregulated in malignant CMTs than normal or hyperplastic
mammary glands. Further, they observed significant downregulated ESR1 mRNA expression

inmalignant tumours compared to benign and normal mammary tissue, which suggests a negative
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correlation between miRNAs and ESR1 mRNA expression. Thus they postulated that miR-
18a and miR-18b may contribute to a loss of estrogen receptor activity, potentially influencing
tumour biology and the progression of CMTs. In similar lines, present study also highlights the
importance of exosome-derived miRNAs as potential biomarkers and therapeutic targets in

the management of CMTs.

To study the role of exosomes in the cell proliferation or progression, in-vitro
experiments has been conducted on the CMT-U27 cells by using GW4869 compound as
exosomal inhibitor. The CMT-U27 cells were treated with different concentrations of GW4869
to assess the effect on the exosomes secretion and cell proliferation and viability. GW4869
(neutral sphingomyelinase inhibitor) was first utilized in 2010 by the researchers to successfully
inhibit the release of exosomes from multivesicular bodies (MVBs) of different cells (Kosaka
etal., 2010; Liet al., 2013). It is also reported that GW4869 inhibition of exosomes secretion
can sensitize the chemo-resistant cancer cells to chemotherapy (Kumar ez al., 2022).In present
study also GW48609 significantly alters both exosome production and cell viability in a dose-
dependent manner, providing important insights into the role of exosomes in CMT biology and
their potential as therapeutic targets.Present investigation revealed that GW4869 treatment
significantly reduced the concentration of exosomes in all tested doses (20 uM, 30 pM, and 40
puM)than control group. Further, exosome size analysis revealed notable alterations in particle

size distribution.

In present study, the size of exosomes observed was 101.0 nm in the control
group,however, treatment groups showed dose-dependent shift in size distribution. It was
observed that in 20 pM treatment group the mode size decreased to 72.8 nm, while at higher
treatment groups viz. 30 uM and 40 uM, the mode size increased to 210 nmand 219.8 nm,
respectively. This shift in size distribution suggests that GW4869 may influence the biogenesis
or composition of exosomes, potentially by altering lipid metabolism or membrane
dynamics(Menck et al., 2017). Previous studies also indicated that GW4869 treatment
increases the size of exosome with higher doses (Menck et al., 2017; Kumar et al., 2022).
Kumar et al., (2022) explored the effects of GW4869 on exosome release in paclitaxel-

resistant prostate cancer (PC3-R) cells and found that exosome with size range from 50-100
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nm were decreased in GW4869 treated groups, while numbers of larger exosomes (>150
nm) increased with higher doses of GW4869 groups.Though they noted a non-significant
reduction in the proportion of 50-100 nm exosomes at 20 uM, their findings suggest that

GW4869 can modulate exosome populations by altering size distribution.

In another study by Menck et al., (2017), evaluated the GW4869 effects on human
SKBR3 breast cancer cells and mouse L-cells and observed that 5 uM GW4869 treatment
for 16-24 hours, reduced the exosome concentrations and preferential increased the numbers
of'the larger vesicles (microvesicles). Moreover, their study highlighted a novel connection
between ceramide generation and exosome biogenesis, showing that inhibition of neutral
sphingomyelinase (SMPD2/3) by GW4869 led to reduced exosome secretion but an enhanced
release of microvesicles. This indicates that GW4869 not only inhibits exosome secretion but
also impacts the size and composition of exosomal subpopulations, which could alter their role

in intercellular communication and tumor progression.

Experiments to evaluate the effect of GW4869 in-vitro in CMT-U27 cells for cell
viability and proliferation were assessed by using trypan blue dye exclusion test and MTT
assay. The trypan blue assay revealed a dose-dependent decrease in viable cell numbers
following GW4869 treatment. It was observed in present study that cells treated with 20 uM,
30 uM, and 40 uM doses of GW4869 showed reduced viability to 83.05%, 59.05%, and
30.48%, respectively, compared to the control group. These findings suggest that higher doses
of GW4869 exert a more pronounced cytotoxic effect on CMT-U27 cells, leading to a significant
reduction in viable cells. MTT assay further corroborated these results, and demonstrated a
marked reduction in cell proliferation, especially at 40 pM and 50 uM doses, across all time
points (24-48 hours). Notably, the 40 uM and 50 uM doses caused a significant and statistically
notable decrease in cell viability at 48 hours, while lower doses (10 uM and 20 uM) did not
result in a significant reduction in cell proliferation at any time point. These findings indicated
that GW4869 not only inhibits exosome secretion but also has a cytotoxic effect on CMT-

U27 cells, with higher doses leading to a more substantial reduction in cell viability.
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Similar findings were reported by Irep ef al., (2024) in small cell lung cancer (SCLC)
cells. Irep et al., (2024) evaluated the effects of GW4869 and Nexinhib20 on SCLC cells
and observed that treatments of GW4869 at concentrations ranging from 0 to 50 uM to
SCLC cells showed dose-dependent decrease in cell survival, with survival rates declining as
the concentration of GW4869 increased from 1 to 50 uM compared to control cells. Their
study also reported the IC50 values of GW4869 in these SCLC cell lines and demonstrated
its ability to inhibit exosome synthesis and trafficking. They further concluded that treatment of
GW4869 and Nexinhib20 to SCLC cells caused changes in exosome size and also reduced
the expression of various exosomal markers i.e. TSG101, RAB27A, CD9, CD63 and nsMase2
at RNA and protein levels. Irep et al. (2024) demonstrated that the reduction of exosomes
mediated by GW4869 and Nexinhib20 treatments leads to decreased cell proliferation and

increased apoptosis.

Kavanagh efal., (2017) studied the role of exosomes in chemosresistance. They
demonstrated that highly chemoresistant therapeutic-induced senescent (TIS) cells can be
generated in Cal51 TNBC cells using paclitaxel (PTX), and observed that TIS cells released
significantly more extracellular vesicles compared to control cells. These extracellular vesicles
loaded with various molecules which include drugs, proteins involved in cell proliferation, ATP
depletion, apoptosis, multi-drug resistance protein 1 (MDR1)/ P-glycoprotein, etc. Similarly,
they observed that treatment of GW4869 (5 uM) to Cal51 TNBC (TIS) cells displayed a
significant reduction in cell numbers on days 9, 11, and 14 compared with vehicle control

alone.

Exosomes play key role in metastasis, immune evasion, chemoresistance, angiogenesis,
etc., and by reducing their concentration and altering their size distribution, may disrupt tumour-
promoting processes and its progression. In our study, we observed significant alterations in
exosome concentration and size distribution at doses as low as 20 uM, which indicated it may
have profound effects on tumour biology, particularly in the context of inter cellular
communication. Exosomes are known to transfer oncogenic signals between the neoplastic
and normal cells through miRNAs, nucleic acids, proteins, and lipids. By inhibiting exosome

secretion by GW4869 may also interfere with the transmission of these signals, thereby potentially




Discussion....

hindering tumour progression. Further,it was observed that GW4869 treatment causes reduction
in cell viability and proliferation, particularly at higher doses of GW4869. Hence, GW4869
treatment experiments indicated that it has the potential of cancer therapeutic. However, further

in-vivo studies are needed to fully evaluate its efficacy and safety in clinical applications.
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E SUMMARY AND CONCLUSIONS

The present study was aimed to investigate the histological, pathobiological, and
molecular characteristics of canine mammary tumors (CMT) by evaluating the expression
levels of key markers such as estrogen receptor (ER), progesterone receptor (PR), and
epidermal growth factor receptor (EGFR) at both the gene and protein level by using real-time
PCR and IHC, respectively. These markers are crucial for assessing tumour behaviour,
prognosis and identifying potential therapeutic targets. Additionally, the study was planned to
analyze the exosomes secretion in benign and malignant tumours, and also to evaluate the
expression of some selected exosomal miRNAs in CMT. Furthermore, in-vitro study was
conducted by using an exosome inhibitor viz. GW4869 on exosome release in CMT-U27 cell

lines.

A total of 16 mammary tumour tissue samples were collected from grossly suspected
spontaneous canine mammary tumors (CMTs) cases for the histopathological classification. It
was observed that 15/16 cases were CMTs and 1 diagnosed as lobular hyperplasia. Most of
the CMT cases occurred in animals aged 5 years and above, with the highest occurrence in the
6-9 years age group (9, 56.25%). Among the different breeds of dogs, German Shepherd had
the highest number of CMT cases in our study. Grossly, the tumours were observed in single
or multiple mammary glands, with variable shapes, sizes, and consistencies. The maximum
incidence of tumour was reported in inguinal pair (62.5%) of mammary glands followed by
caudal abdominal pair (37.5%), cranial abdominal pair (25%), caudal thoracic pair (6.25%).
Histopathological classification revealed that 14 cases were malignant and 1 was benign.

Carcinoma-mixed type (6; 40.0%) was found to be the most predominant type of CMT
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followed by intraductal papillary carcinoma (2; 13.3%) and one case each of ductal carcinoma
(1; 6.5%), adenosquamous carcinoma (1; 6.5%), malignant myoepithelioma (1; 6.5%),
carcinosarcoma (1; 6.5%), chondrosarcoma (1; 6.5%), hemangiosarcoma (1; 6.5%) and

simple adenoma (1; 6.5%).

Immunohistochemical analysis was conducted to evaluate the expression of ER, PR,
and HER-2 in spontaneous CMTs. ER expression was observed in simple adenoma with
strong cytoplasmic staining (immunoscore 7), and two cases of intraductal papillary carcinoma.
Among intraductal carcinoma, one showed moderate cytoplasmic and the other one showed
mild cytoplasmic staining. PR expression was found in carcinoma-mixed type tumors, showing
strong cytoplasmic staining (immunoscore 6). HER-2 expression was rare and observed in
one case of carcinosarcoma-malignant mixed tumor, and was scored 2+ based on ASCO
guidelines. These findings indicate differential expression of these biomarkers in various CMT
types, suggesting their potential role in tumor classification and prognosis, though further studies
are needed to confirm their clinical significance.

The relative expression of ESR, PR, and EGFR genes in spontancous CMTs was
evaluated by using quantitative real-time PCR assay. Tumour samples were classified into
benign and malignant groups, and a normal mammary gland was used as a biological control.
The RNA isolated from the tissue samples by using commercial kits were used for the assay.
The study found variations in gene expression across different tumour types. ESR showed
significant fold changes in 55.56% of cases, with a marked increase in simple adenoma. PR
expression was observed in 50% of cases but did not show significant statistical differences
between benign and malignant tumors. EGFR expression was also found in 50% of cases,
with a notable increase in carcinosarcoma and malignant myoepithelioma, but no significant

statistical differences were observed across tumor types.

The tissue samples (5) collected aseptically in the MEM cell culture media were
processed further for primary cell culture. Primary cell culture study was primarily aimed to
investigate the exosome production, their size and microRNA (miRNA) expression. Among

five CMT tissue samples processed for primary cell culture, four were malignant and one
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benign. Among these, only two samples viz. intraductal papillary carcinoma (M1) and simple
adenoma (B1), were successfully cultured. M1 cells exhibited rapid growth, covering 95% of
the flask surface within 48 hours, while B1 cells showed slower growth, reaching 80-90%

confluency after five days.

Exosomes isolated from M1 and B1 cells were analyzed using Nanoparticle Tracking
Analysis (NTA). M1 cells released approximately 2.10x10x exosomes per milliliter, with an
average size of 82.3 nm, whereas B1 cells released about 1.14x10x exosomes per milliliter,
with an average size of 180.7 nm. This indicates a higher exosome production in malignant
tumors compared to benign ones.Quantitative PCR analysis of exosomal cargo revealed that
miR-18a and miR-19a expressions were higher in M1 cells than in B1 cells. Specifically, miR-
18a expression was 3.09 times higher, and miR-19a expression was 1.3 times higher in M1
cells compared to B1 cells. Although these differences were not statistically significant, they
suggest a potential role of these miRNAs in the malignant transformation and progression of

CMTs.

The in-vitro study was carried to investigated the effect of GW4869, an exosomal
inhibitor, on the secretion and viability of CMT-U27 cells (canine mammary tumour cell
line). CMT-U27 cells were treated with three different concentrations of GW4869 (20 uM, 30
uM, and 40 M), and the exosome concentration and size distribution were analyzed after 24
hours. The results showed that GW4869 significantly reduced exosome secretion at all tested
doses compared to the control group. NTA analysis revealed the mean concentration of
exosomes in control, 20 uM, 30 uM and 40 uM GW4869 treatments groups as 1.23e+06 (+/
- 72038), 6.38¢+05 (+/- 55002), 3.58e+05 (+/- 22174) and 5.50e+05 (+/- 55129)
respectively. Among different treatment groups, the treatment of 30 uM GW4869 showed
lowest exosomes concentration as compared to 20 uM and 40 uM GW4869 treatment groups.
Further, 30 uM and 40 uM dose groups significantly reducing exosomes in the 50-100 nm size

range, while increasing larger particles (>150 nm) at higher doses.

The viability of CMT-U27 cells on treatment with GW4869 was assessed using the
trypan blue dye exclusion test and MTT assay. The results indicated a dose-dependent reduction

in viable cells. Trypan blue dye exclusion test showed that viability of cells treated with 20 uM,
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30 uM, and 40 uM doses was 83%, 59%, and 30%, respectively, compared to the control
group, which was considered as 100% for comparison. The MTT assay showed a significant
reduction in cell viability with the 40 uM and 50 uM doses of GW4869 after 24-48 hours,
with a strong statistically significant decrease in cell survival at 48 hours for these doses. Lower
doses (10 uM and 20 pM) did not produce a significant reduction in cell viability at any time
point, indicating a dose-dependent cytotoxic effect of GW4869 on CMT-U27 cells.

Conclusions:
o Carcinoma-mixed type was most predominant type of CMT.

o Expression of ER and PR vary among different types of CMTs, with ER being more

prominent in benign and PR in carcinoma-mixed type tumors.

o Expression of ESR, PR, and EGFR mRNA did not show histological type of differential

expression.

o Primary CMT cells from the malignant tumour (intraductal carcinoma) secrete higher

number of exosomes with comparatively lower size than benign (simple adenoma).

J Expression of miRNAs viz. miR-18a and miR-19a was higher in exosomes isolated

from cell culture supernatant from malignant tumours than benign one.

o GW4869 treatment (20 pM, 30 pM, and 40 pM) significantly decrease the exosomes
concentration secreted by CMT-U27.

o Number of exosomes with smaller size (50-100 nm) decreases with increasing GW4869

doses.

J GW4869 treatment significantly reduces the viability of CMT-U27 cells in a dose-
dependent manner particularly at higher concentrations of GW4869 (40 uM and 50

uM) caused substantial cytotoxic effects.
Future studies

o Further studies with larger sample size are needed to better understand the role of
these biomarkers in CMTs and their potential clinical implications both for [IHC and
Real time PCR.
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o Future studies should focus on further characterizing the functional roles of exosomes
in CMTs and exploring their potential as diagnostic and therapeutic targets in veterinary

oncology.

o Future studies should also focus on evaluating the long-term effects of GW4869 on
tumor progression, including its impact on metastasis and overall survival. The potential
combination of GW4869 with other therapeutic strategies, such as chemotherapy or
immunotherapy, should also be explored to determine whether it can enhance the

efficacy of existing treatments for CMTs

o Further studies are needed to evaluate the in-vivo efficacy of GW4869 and to explore

its potential as part of'a multi-modal approach to CMT treatment.
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MINI ABSTRACT

The present study was designed to investigate the histological, pathobiological, and
molecular characteristics of spontaneous canine mammary tumors (CMTs) and explores the
role of exosomes in tumor progression. A total of 16 grossly suspected CMTs were collected,
of which 15 were histologically diagnosed as CMTs and one as lobular hyperplasia. Female
dogs of 6 - 9 years of age group showed highest frequency, and highest number of CMTs
found in German Shepherd breed. Histopathological examination revealed that most of the
CMTs were malignant (14/16), with carcinoma-mixed type being the most predominant type,
followed by intraductal papillary carcinoma. Immunohistochemical analysis showed expressionof
ER in simple adenoma (1 case) and intraductal carcinoma (2 cases), PR in carcinoma-mixed
type (2 cases) and HER-2 in only one case of carcinosarcoma (1 case). Quantitative real-time
PCR assay showed significant fold changes of ESR expression in 55.56% cases, with the
highest expression found in simple adenoma. PR expression was detected in 50% of cases but
did not show significant differences between benign and malignant tumors. EGFR expression
was also observed in 50% of cases, with notable increases in carcinosarcoma and malignant
myoepithelioma. Primary cell culture was successfully established from two cases viz. intraductal
carcinoma (malignant, M1) and simple adenoma (benign, B1). Exosomes were isolated from
M1 and benign B1 CMT primary cell cultures and analyzed using nanoparticle tracking analysis
(NTA). M1 cells released significantly more exosomes than B1 cells, with exosome sizes
averaging 82.3 nm for M1 and 180.7 nm for B1 cells. Further, it was observed that miR-18a
and miR-19a expressions were higher in exomomes of M 1 cells than B1. /n-vitro experiments
were performed to analyse the effect of the exosome inhibitor viz. GW4869 on exosome
secretion and cell viability in CMT-U27 cells. It was observed that GW4869 treatment (20uM
, 30uM , 40 uM) significantly reduced exosome secretion in a dose-dependent manner, with a
marked reduction in exosome levels at 30 uM and 40 pM concentrations. Further, it was
observed that the proportion of exosomes with size range 50-100 nm was significantly decreased
in 30 uM and 40 pM GW4869 treatment groups, while the proportion of exosomes/particles
with >150 nm size was increased significantly in 40 pM treatment group. The viability of
CMT-U27 cells treated with different doses of GW4869 (10uM, 20uM, 30uM, 40uM, and
50uM) was assessed using MTT and trypan blue dye exclusion assays, which revealed a
dose-dependent reduction in cell viability, particularly at the higher GW4869 concentrations.
These results suggest that GW4869 may have a cytotoxic effect on CMT cells and provide
further insight into the role of exosomes in CMT biology. In conclusion, the experiments with
exosomes biogenesis inhibitor i.e. GW4869 indicate that GW4869 has the potential of
decreasing the exosomes secretion by cancer cells, which in turn leads to inhibition ofthe cell
proliferation. However, further in-vivo studies are needed to fully evaluate its efficacy and
safety in clinical applications.
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APPENDIX

1 X Phosphate buffer saline

Sodium chloride

Potassium chloride

di-Sodium hydrogen phosphate
Potassium di-hydrogen phosphate
Distilled water

Adjust the pH to 7.4 with NaOH

0.01M sodium citrate buffer (pH 6.0)

Solution A: 0.1 M citric acid solution
Citric acid (MW =210.4)

Distilled water

Solution B: 0.1 M sodium citrate solution
Sodium citrate (MW =294.12)
Distilled water

Preparation of 0.01M citrate buffer add
Solution ‘A’

Solution ‘B’

Distilled water

Adjust pH to 6.0 if necessary

Neutral buffered formalin (pH 6.8)

40% formaldehyde

Sodium dihydrogen phosphate (NaH, PO,)
Disodium hydrogen phosphate (Na2 HPO,)
Distilled water

70% ethanol

Absolute ethanol
Distilled water

MTT working solution

MTT powder
I1XPBS

GW4869 Stock solution (10mM)

GW4869 powder
DMSO

10% Minimum Essential Medium (MEM) (100 ml)

Minimum essential media
Fetal Bovine Serum (FBS)
Antibiotic - antimycotic solution (100X)

8 grams

0.2 grams

1.44 grams

4.8 grams

Made to 1000 ml

21.01 grams
Made to 1000 ml

29.4 grams
Made to 1000 ml

19ml
81 ml
900 ml

100 ml

4g

65¢g

Made to 1000 ml

70 parts
20 parts

Smg
I ml

I mg
170 ul
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