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This research has been objectively set up to study the usage of MCT cells collected by fine-needle
aspiration (FNA) method for investigating mutant exon-11 in proto-oncogene c-kit from 30 MCT dogs. All studied
MCT dogs were performed tissue biospsy for MCT histopathologic diagnosis and grading using Patniak
histopathologic grading system. All biopsied tissues were also studied the staining patterns of KIT (CD117) by
CD117-immunohistochemitry. The result was used as the standard criteria for CD117-immunocytochemistry
interpretation. For fine-needle aspirated MCT cells (FNA-MCT cells) in cell suspensions, they were used further for
study in detection of mutant exon-11in c-kit. From flow cytometric quantitative analysis in fifteen FNA-MCT cell
suspensions, the result suggested that there were approximately 6,345 FNA-MCT cells in 1 Al of cell suspensions
(6.345 x 10° cells/ ml). FNA-MCT cells were used for 2 purposes; the first for CD117-immunocytochemistry study
and the last for DNA extraction used in PCR study. The result from CD117-immunocytochemistry indicated that
the staining patterns of KIT mimic to the staining patterns observed in CD117-immunohistochemistry consisting of
perimembrane, paranuclear and cytoplasmic diffuse. Moreover, the consequence also indicated that each
specimen also possessed the same staining pattern both in CD117-immunocytochemistry and CD117-
immunohistochemistry except in one specimen having the different result. This suggested that FNA-MCT cells
should be representative of neoplastic cells in biopsied tissues. For PCR analysis, one FNA-MCT specimen
classified as MCT-grade Il by histopathology gave the positive outcome by detecting the mutant exon-11 in c-kit
with PCR. In the comparative study of PCR analysis for mutant exon-11 in c-kit from FNA-MCT cells collected
directly from the tumor mass with FNA-MCT cells sorted through flow cytometric cell sorter in one case, the results
were not different from each other indicating that FNA-MCT cells directly obtained from the tumor mass should be
the representative of MCT-cell populations in the biopsied tissue. In addition, they could be preliminarily applied
for clinical detection of mutant exon-11 in c-kit by PCR. However, a mass study for further investigating the
consistency of this method should be executed before this method will be clinically applied for MCT diagnosis

and therapeutic planning.
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CHAPTER |
INTRODUCTION

Canine cutaneous mast cell tumor (MCT) is the second most canine cutaneous
tumors. The incidence of the tumor has been reportedly accounted for 7-21%. So far, the exact
tumorigenesis of MCT is poorly understood and it is proposed to be multifactorial. Moreover,
biological behaviors of MCT tumor cells are very varied even in the same histopathological grade.
Basically, MCT patients often suffer not only from a tumor invasion to deeper tissues but also from
paraneoplastic syndromes due to an excessive release of various biological chemomediators stored
in intracytoplasmic granules. Although, paraneoplastic syndromes can be manageable; however in
some cases, paraneoplastic syndromes cause a fatal effect to MCT patients; for examples, a
gastrointestinal perforation leading to peritonitis or an acute heart failure caused by generalized
vasodilatation owing to an excessive histamine release (London and Seguin, 2003; Thamm and Vail,
2007). Therefore, MCT patients are generally required a swift diagnostic and prognostic protocol to

prevent the death.

Eventhough, The gold standard protocol for diagnosis and prognosis for MCT is
recently based on Patnaik histopathologic grading system (Thamm and Vail, 2007; Welle et al.,
2008). However, the method is invasive and time-consuming and the method also traumatizes in
which very harmful to moribund MCT dogs. Although recently, there have been many endeavors to
establish alternative diagnostic and prognostic protocols; such as AgNORs-, PCNA-, and Ki-67-
immunohistochemistry to diagnose and prognosticate MCT (Zemke et al., 2002; Kiupel et al., 2004;
Dobson and Scase 2007; Newman et al., 2007). However, these protocols still lack of the specific
cut-off values on MCT grading and prognosticating (Kiupel et al., 2004) as well as they are required
well-trained pathologists to perform, because interpretations are varied among veterinary
pathologists. Therefore, the most favorite diagnostic and prognostic protocol is still being Patnaik
histopathologic grading system. Fine-needle aspiration (FNA) to date is one alternative diagnostic
tool for MCT. Although, Fine-needle aspiration can provide a rapid screening diagnosis for MCT
clinically; however, FNA still has disadvantages; for examples, it obtains a low number of MCT cells

with a little information on grading and prognosticating for MCT. On the other hand, FNA still has a



benefit for MCT diagnosis, because it is the low cost, painless, convenient and less harmful protocol
than other diagnostic and prognostic methods motioned above. So, it is currently suitable for use in
the screening diagnosis for MCT. CD117-immunohistochemistry (CD117-IHC) has been reportedly
shown the efficacy on MCT diagnosis especially MCT in a transitional stage. However, the protocol is
also required biopsy which is invasive and painful as well as the method is needed suitable
anesthetic protocols leading to MCT patients, particularly vulnerable MCT patients might be at risks
on the protocol. In order to enhance the ability of FNA for diagnosis MCT, probably CD117-
antibodies used in CD117-immunohistochemistry might be applied for CD117-immunocytochemistry
for being used in diagnosing MCT from FNA-MCT cells. One preliminary study has exhibited that the
staining patterns of KIT in CD117-immunocytochemistry performed on FNA-MCT cells were identical

to those seen in CD117-immunohistochemistry (Theerawatanasirikul et al., 2009).

According to the exact MCT pathogenesis has been less-well established and is
proposed to be multi-factorial. However, the results in previous studies suggesting that the proto-
oncogene c-kit has contributed in MCT tumorigenesis as found in case of human mastocytosis
(Letard et al., 2008). This proto-oncogene encodes for KIT proteins which are the member of class
lll-receptor protein tyrosine kinase (class II-RTK) presenting on plasma membranes of mast cells
(Roskoski, 2005). Recently, there have been many evidences showing the activating mutation of
exon-11in c-kit causes constitutively autophosphorylation of KIT in MCT, leading to an uncontrollable
proliferation for MCT tumor cells (London et al., 1999; Ma et al., 1999; Zemke et al., 2001; Zemke et
al., 2002; Jones et al., 2004; Kiupel et al., 2004; Turin et al., 2006; Webster et al., 2006; Letard et al.,
2008). Therefore, mutated exon-11 in c-kit might be a one critical factor in MCT tumorigenesis.
Furthermore, the mutation of exon-11 in c-kit also affects the efficacy of a novel receptor tyrosine
kinase inhibitor such as Toceranib (PalladiaTM, SU11654) which this agent prevents a
phosphorylation on the tyrosine residues at the ATP-binding sites of KIT leading to an inhibiting of
downward cascades in KlT-intracellular signaling. In order to study mutation of exon-11 in c-kit, the
standard PCR has been employed in almost studies. However, the MCT specimens are still come
from biopsy of which invasive, pain, harmful and time-consuming. Owing to therapeutic protocols are

dependently based on MCT histopathologic grade and prognosis. Therefore, accurate grading and



prognosticating protocols are still essential for MCT therapy. It means the safety of MCT patients.

Based upon previous information, the questions in this study were;

1. Could we use FNA-MCT cells to study exon-11 mutation in c-kit with standard PCR?
2. Could we use Flow cytometry to perform Flow cytometric quantitative analysis for FNA-

MCT cells in a cell suspension before proceeding PCR?

Accordingly, the hypotheses of this study were set up on the basis of FNA can
effectively used for obtaining MCT cells from a MCT mass and these FNA-MCT cells could be
applied for study exon-11 mutation in c-kit using PCR. In addition, Flow cytometry can facilitate the
study in enumeration FNA-MCT cells in a cell suspension. Hence, the objectives of this study were to
demonstrate that the standard PCR-based protocol could be used for study exon-11 mutation in c-kit
from FNA-MCT cells and to set up a well-established protocol used in Flow cytometric quantitative
analysis for FNA-MCT cells in a cell suspension. Moreover, the expected outcome from PCR analysis

might be associated to CD117-immunohistochemistry and CD117-immunocytochemistry.



CHAPTER Il

LITERATURE REVIEW

2.1 Histology and cytology of normal mast cells

Mast cells are phylogenitically old cells. They had been firstly observed by Von
Recklinghausen in 1863 and were named by Paul Ehrlish as Mastzellen (Well-Fed cells) in 1878.
They were described as the cell containing phagocytosed material or nutrients inside their
cytoplasmic granules (Hill and Martin, 1998; Moldering, 2010). Mast cells are tissue-based
inflammatory cells found in all mammals (Prussin and Metcalfe, 2006; Moldering, 2010), which they
have been previously identified as the tissue basophils leading to a misconception about mast cell

origin even in modern textbooks to date (Hill and Martin, 1998).

Basically, mast cells are scanty in the parenchymatous tissues (Prussin and
Metcalfe, 2003) but highly seen at tissue interfaces to external milieus (Hill and Martin, 1998; Prussin
and Metcalfe, 2006). In general, they reside in the loose connective tissues of skin, respiratory tract,
heart, brain, liver, testes, nerve ending and gastrointestinal tract (Hill and Martin, 1998; Eurell and
Van Stickle, 2006; Mora et al., 2006). In canine, mast cells are densely distributed in the stomach and
duodenum (Mora et al., 2006). In lung, they are in the bronchial connective tissues adjacent to the
epithelium and in alveolar spaces (Prussin and Metcalfe, 2006). Of the canine skins, they usually
reside near the hair follicles especially at the dermo-epidermal junctions closed to the hair follicle
bases (Mora et al., 2006), sebaceous glands and sweat glands of skins (Prussin and Metcalfe,
2006). In addition, they are abundantly found around the venules and the deeper dermis, as well as
in the adipose tissue of subcutis. The distribution of mast cells in uterus and lymph nodes in canine

species are scarce (Mora et al., 2006).

Mast cells in canine and feline species are recently classified into three
distinguished subpopulations; mucosal mast cells (MMC or MC,) found mainly in the alimentary and
respiratory tracts, connective tissue mast cells (CTMC or MC,,,) in the skins (Maria and Zorn 2003;

Eurell and Van Stickle, 2006; Mora et al., 2006) and the third mast cell type (MC,,) which seen mainly



in the subepithelial and periadnexal areas of skins preserved by a special fixation such as Carnoy’s
fixative, respectively (Eurell and Van Stickle, 2006; Mora et al., 2006). The classification is therefore
based upon the immunohistochemistry property of neutral proteases contained in mast cells (Mora et
al., 2006; Prussin and Metcalfe, 2006). By this method, the difference between each group is
therefore depending on their granular contents and their residential sites. In mucosal mast cells, their
granules contain only tryptase but in connective tissue mast cells contain not only tryptase but also
chymase, carboxypeptidase-A and cathepsin-D. Meanwhile, the third mast cell type, their granules
contain chymase and carboxypeptidase-A (Lee et al., 1985; Mora et al., 2006). However, almost
mast cells commonly found in dogs and cats are connective tissue and mucosal mast cells (Lee et

al., 1985; Mora et al., 2006).

Morphologically, mast cells are round to oval in shape with approximately 8-30 LLm
in diameter. The size is variably observed depending on their tissue sources (Maria and Zorn, 2003;
Moldering, 2010). For instance, the dimension of mast cellsis 16.2 £ 0.11 lm, 15.2 £ 0.3 llm, 14.3 +
0.5 Um, 14.1 £ 0.5Um, 13.1 + 0.6 Um and 12.0 £ 0.6 lm in the external anal sphincter, lamina
propria, anal glands, internal anal sphincter, sebaceous glands of anus and sudoriferous glands,
respectively (Stefanov et al., 2007). At the meantime, the diameter of skin mast cells is ranged from

12-14 Um (Mora et al., 2006).

Electronmicroscopically, mast cells are round to elongate cells which compressed
to conform to the surrounding tissues. The nuclei are oval but in some stage are irregularly indent.
The nuclei are centrally or eccentrically located in cells. Their cytoplasm usually contains
approximately 0.47 lm cytoplasmic granules (Mora et al., 2006). Mast cell granules could be
morphologically separated as; crystalline, lamellar, and fine granules under an electron microscopy.
The organelles mostly seen are free ribosomes, cisternae of rough endoplasmic reticulum (rER),
polysomes and numerous mitochondria (Samuelson, 2007; Moldering, 2010). In addition, mast cells
generally possess F-actin filaments underlying their cytoplasmic membranes. This cytoskeletal

protein is crucial for mast cell degranulation (Hill and Martin, 1998).

Histologically, mast cells are round to oval in shape. The nuclei are centrally

situated and spherical to oval in shape (Maria and Zorn, 2003). The cytoplasm generally contains



membrane-bounded basophilic-refractile granules (Leeson et al., 1985; Samuelson, 2007). However,
in some histological preparation, mast cells do not contain these granules owing to the preparatory
processes abolishing them from the cells but these granules could be readily found in surrounding
tissues which close to those mast cells (Li, 2001). According to previous studies, canine mast cells
are morphologically and functionally resemblance to human mast cells suggesting that mast cells are

conserved across both species (Mora et al., 2006).

Basically, the cytoplasmic granules of mast cells contain diverse preformed-water
soluble chemomediators inside. Almost cytoplasmic granules contain sulfated-glycosaminoglycan
such as heparin (proteoglycan heparin) and chondroitin sulfate-E causing matachromasia (Hill and
Martin, 1998; Mora et al., 2006; Moldering, 2010). Metachromasia is characterized by heparinic
granules are stained in purple-red or pinkish-purplish (metachromatic granules) by basic
aniline/thiazine dyes, such as toluidine blue, methylene blue, new methylene blue and azure-A
(Leeson et al., 1985; Eurell and Van, 2006; Maria and Zorn, 2003; Stickle, 2006; Meyer et al., 2010;
Moldering, 2010). The relative amount of each sulfated proteoglycan might influence in the staining-
related properties belonging to CTMC and MMC, as well (Mora et al., 2006). Nevertheless, these

cytoplasmic granules also stain with periodic acid fast stain (PAS) (Leeson et al., 1985).

The other preformed chemomediators recently reported in mast cells are
carboxypeptidase-A (Prussin and Metcalfe, 2006; Moldering, 2010), neutral serine proteases such as
tryptase (110-130 kDa) and chymase (Prussin and Metcalfe, 2006), eosinophilic chemotactic factor
of anaphylaxis (ECF-A), B-hexosaminidase (Mora et al., 2006), histamine (Samuelson, 2007) and
serotonin in some mammalian species (Leeson et al., 1985). Although, the function of tryptase in vivo
has not exactly identified, but in vitro it functionally cleaves C3 and C3a, recruits inflammatory cells in
to an injured site, and activates fibroblasts. Interestingly, 83% of the amino acid sequence of canine
chymase is homology to human chymase (Mora et al., 2006). In addition, mast cells could be
positively stained by CCR3-, CCR5-, CXCR,- and CXCR-immunohistochemistry suggesting that they
express these chemokine receptors on their cell membranes (Prussin and Metcalfe, 2003). These
chemokine receptors are responsible for eotaxin, macrophage inflammatory protein-100 (MIP-1QL),

IL-8 and stromal cell-derived factor-1 (Austen and Boyce, 2001).



Canine mast cells can also immediately synthesize de-novo chemomediators after
receiving stimuli, such as antigens and calcium-ionophore A23187. These chemomediators usually
named as newly-synthesized chemomediators of mast cells (Mora et al., 2006). There are two kinds
of de-novo newly-synthesized chemomediators have been identified, so far. The first are lipid-
mediated compounds such as leukotriene-B, (LTB,), leukotriene-C, (LTC,), leukotriene-D, (LTD,) and
leukotriene-E, (LTE,), also called slow-reacting substances of anaphylaxis or SRS-A, synthesized via
lipoxygenase pathway (Maria and Zorn, 2003; Mora et al., 2006; Moldering, 2010) and prostaglandin-
D, (PGD,) via cyclooxygenase (COX, PGH synthase) pathway (Mora et al., 2006; Moldering, 2010).
The last de-novo chemomediator is a group of various cytokines produced from mast cells under
various pathophysiological responses such as platelet activating factor (PAF), macrophage
inflammatory protein-10L and B (MIP-10L or CCL3; and I\/IIP-1[3), monocyte chemoattractant protein-
1 (MCP-1) (Moldering, 2010), interferon-QL, B and Y (IFN-QL, B and ), tumor necrotic factor-
QL (TNF-QU), leptin, interleukine- (IL-) 1, 3, 4, 5, 6, 8, 9, 10, 12, 13, 14, 16, 18 and 25. These
chemomediators are important for physiological and pathophysiological processes responding for
tissue homeostasis, injury and inflammation (Moldering, 2010). For example, IL-4 promotes T,2
differentiation meanwhile IL-5 enhances eosinophil development and its survival. Mast cells also
produce IL-1 which has an anti-inflammatory effect. TNF-QL is the one of major cytokines produced
from mast cells. This cytokine is found as preformed and newly-synthesized cytokines in mast cells
(Prussin and Metcalfe, 2006). TNF-OL upregulates the initial cytokine cascades responsible for the
expression of intercellular adhesion molecule-1 (ICAM-1) by canine endothelial cells and cardiac
myocytes. IL-6 is upregulated by TNF-OU derived from cardiac mast cells for recruiting leukocytes to
infiltrate into myocardium in response for infections (Mora et al., 2006). Various mast cell-derived
growth factors are produced in mast cells, as well. For instance, stem cell factor (SCF), granulocyte
monocyte-colony stimulating factor (GM-CSF), vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), nerve growth factor (NGF), platelet derived growth factor (PDGF) and nitric
oxide (NO). These mast cell-derived growth factors exert as paracrine, autocrine or even endocrine

effects of mast cells (Mora et al., 2006; Prussin and Metcalfe, 2006).

In general, mast cells express a batch of membrane receptors. These receptors

play on various physiological and pathologic activities. The major receptors recently identified are



FcERI and KIT (CD117). These two receptor expressions are depending upon the physiological or
pathological stage of mast cells. Besides, mast cells also possess various cytokine and chemokine
receptors, such as FcYRI (CD64), FcYRIlb (CD32), C3aR, C5aR (CD88), IL-3R, IL-4R, IL-5R, IL-9R,
IL-10R, including the receptors for adenosine, GM-CSF, IFN-Y, CCR3, CCR5, CXC,, and NGF (Mora
et al., 2006; Prussin and Metcalfe, 2006). Mast cell longevity is varied from a week to several months.
It is longer than basophils. In some tissue preparations, mast cells also exhibit pseudopodia

indicating they have motility but very slow (Lee et al., 1985).

2.2 Heterogeneity of mast cells

The heterogeneity occurs owing to the difference in their morphological,
histological, biochemical and functional characteristics in mast cells from different anatomical
locations suggesting that mast cells might variably respond to diverse stimuli (Hill and Martin, 1998;
Mora et al., 2006). Histological heterogeneity of mast cells indicates that mast cells could be merely
classified into two subpopulations, connective tissue mast cells (CTMCs) and mucosal mast cells
(MMCs), depending on immunohistochemical properties of their granular contents (Hill and Martin,
1998). MMC usually stains blue with alcian blue meanwhile CTMC stains red with safranin, for
example. Therefore, these two dyes are useful to separate MMC from CTMC (Hill and Martin, 1998).
MMC in the gastrointestinal tracts predominantly produce more PGD, than LTC, which contrast to
those found in lung, suggesting the functional heterogeneity of mast cells occurs (Prussin and
Metcalfe, 2006). In addition, C2 mast cell line also synthesizes both PGD, and PGE, depending on

stimuli (Mora et al., 2006).

2.3 Mast cell progenitor

Mast cells are derived from CD34" a multipotent hematopoietic precursor cell which
is not a common myeloid progenitor in bone marrow (Hill and Martin, 1998). This cell linage
commonly differentiates to give rise basophils and mast cells. These progenitor cells are influenced
by various cytokines in a bone marrow microenvironment leading to the initialization of CD34"

progenitor cell differentiation to produce mast cell offspring.



In vivo, mast cells do not circulate throughout the body as mature cells but in term
of unidentifiable immature mast cell precursors (promastocytes). These cells then invade into and
reside in their specific locations in tissues, such as the connective tissues and mucosal layer of
gastrointestinal tracts to do differentiation and proliferation at the sites (Hill and Martin, 1998). In
recent consensus, immature mast cell progenitors that circulate in blood expressing surface protein
markers of KIT"/ CD34"/ Thy-1/ FCERI® on their membranes. These marker expressions are quite
different from mature mast cells (KIThi/ CD347/ FcSRIm). They are agranular or contain a less number
of cytoplasmic granules which found abundantly in mature mast cells in their cytoplasm (Hill and
Martin, 1998; Austen and Boyce, 2001; Mora et al., 2006). Moreover, mast cell progenitors express
membrane aminopeptidase (CD13) but not CD14 on their membranes. The absence of CD14
expression is beneficial for distinguishing mast cell progenitors from monocytes (Austen and Boyce,
2001). It is noteworthy that mature mast cells might express monocyte/macrophage markers on their
membranes, as well (Austen and Boyce, 2001). In human studies, four-weeks mast cell progenitors
consistently express a monophasic profile of KIT®/ CD13'/ CD34 '/ Thy-1°/ Fc€RI®/ IL-3ROL"/ Integrin-
BS' on their membranes (Austen and Boyce, 2001). By 7-9 weeks, mast cell progenitors alter their
surface protein expression with KIT®/ CD13'/ CD34 '/ Thy-1°/ Fc€RI®/ IL-3ROL/ Integrin-B3 " including
the absence of CD14 and CD16 (Austen and Boyce, 2001). This phenomenon suggests that the
heterogeneity of mast cells early taken place since in promastocytes. Besides, mast cell progenitors
are immunohistochemically stained for tryptase, chymase and chloroacetate. Toluindine blue staining
is also positive in mast cell progenitors in this stage and increased in the older progenitors (Auten

and Boyce, 2001).
2.4 Regulation of mast cell differentiation, maturation, homing and activation

Mast cell differentiation is triggered in a bone marrow under the influence of various
cytokines. After differentiaton in bone marrow, they leave the bone marrow in immature form and
circulate via blood stream, until they reach the residential sites throughout the body. After that, they
mature in almost vascularized tissues at the homed sites. Proliferation and maturation are influenced

depending upon SCF locally secreted from fibroblasts and endothelial cells into the extracellular

milieus (Prussin and Metcalfe, 2006). IL-4 upregulates an FCERI expression in mast cells, meanwhile
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IL-5 in association with SCF can augment mast cell proliferation in their residential sites. IFN-Y has
been reported to downregulate mast cell proliferation and maturation (Prussin and Metcalfe, 2006).
Both of mast cell progenitor and mature mast cell possess large chemokine and adhesion molecules,
which play the critical role in mast cell homing. Common adhesion molecules critically expressing for
mast cell migration and homing are integrins, intercellular adhesion molecules 1 and 3 (ICAM-1 and
ICAM-3), leukocyte function-associated antigen 1 and 3 (LFA 1 and LFA 3), CD44, transforming
growth factor—B (TGF—B) and singlec-8 (Moldering, 2010). Recently, approximately 61 species of

integrin have been defined in human mast cells which presumably resemblance in canine species.

In mouse studies, the results have substantially indicated that the mast cell homing
in small intestines facilitated by a binding between OL4B7—integrin to mucosal address in cell
adhesion molecule-1 (MAdCAM-1) or to vascular cell adhesion molecule-1 (VCAM-1). Meanwhile, for
mast cell homing to the lung, the process recruits OL4B?- and (X4B1-integrins binding to VCAM-1

suggesting that mast cell homing is an organ-specific process (Moldering, 2010).

In general, an activation of mast cells in physiological and pathological responses
is triggered through FcERI on their cell membranes. However, other chemomediators and cytokines,
such as C3a, Cha, IgG can also activate mast cells through each responsible receptor (C3aRl,
C5aRl and FcYRI, respectively). Mast cells are also activated with toll-like receptor (TLR) especially
TLR3 which promotes type 1-interferon production in mast cells (Prussin and Metcalfe, 2006). The
activation of mast cells through IgE launches; when IgE bind to OLBY2 subunits of FCERI on mast cell
membranes. The activation of mast cells is influenced by three major factors; a signaling pathway,

an intensity of signals and cytokines, particularly SCF.
2.5 Physiological and pathological functions of mast cells

Mast cells are thought to be the first responding cells to almost tissue injuries
assaulting to the body. They usually accompany to the initial step of inflammatory process called
early phase reaction (EPR) (Mora et al., 2006). The predominant role of mast cells in diseases has
been described widely in many mast cell-dependent allergic disorders, such as allergic bronchitis

and atopic dermatitis (AD), for instance.



11

Mast cells physiologically respond to the signals from both innate and acquired
immunity. In innate immunity, mast cells can phagocytose bacteria (Prussin and Metcalfe, 2006).
Mast cells also have the potential as the first immune cells responding to pathogens within several
seconds via various pathogen recognition systems (Abraham and St. John, 2010). For example, mast
cells contain toll-like Receptor- 2 (TLR-2) on their cell membranes which upregulate IL-4, IL-5, IL-6,
IL-13 and TNF productions, while a TLR-4 promotes productions of IL-1B, IL-6, IL-13, and also TNF.
Moreover, mast cells have an ability to replenish their granules with granular alterations after their
degranulations leading to appropriate change in their morphologies and functions. This suggests
that they contribute in reinfection controls. Recently, mast cells are also proposed to be beneficial or
detrimental for tumor growths. For example, they can promote human mammary gland tumor
development by disturbing communication between normal stroma and epithelium as well as they
promote tumor angiogenesis or even release growth factors, such as nerve growth factor (NGF) or
stem cell factor (SCF), leading to an excessive tumor growth (Conti et al., 2007). Mast cells are
presently thought to contribute in pathological cardiovascular disorders, such as ventricular
remodeling leading to severely excessive ventricular hypertrophy via extrarenal renin production by
cardiac mast cells juxtaposed to the nerve endings in ventricles (Silver et al., 2004; Mackins et al.,
2006; Kaesnikoff and Galli, 2008). In addition, mast cells also reportedly contribute in wound healing,
angiogenesis, fibrosis and chronic inflammatory processes (Hill and Martin, 1998). Hence, it is
necessarily needed for further study for fully understanding of the functional diversity of these

enigmatic cells.
2.6 Mast cell identifications

According to mast cells contain in many of physiological cytoplasmic granules
accompanying to various conditions especially in innate and acquired immune responses.
Histologically, mast cells are not easily diagnosed with a conventional hematoxylin and eosin (H&E)
stain. From time to time, they might be resemblance to other cell populations, such as fibroblasts,
histiocytes and monocytoid-B cells. In this case the other staining systems such as wright-giemsa
and toluidine blue are very useful to distinguish mast cells from the others. Wright-giemsa stain can
demonstrate distinct basophilic cytoplasmic granules in mast cells meanwhile toluidine blue stain

confirms metachromatic property of cytoplasmic granules. However, the metachromatic granules
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could be diminished with the conventionally histological tissue process particularly when acidic
solution is used. The immunocytochemistry of chloroacetate esterase and aminocaproate esterase
are also reportedly helpful to classify mast cells from other mimic cells, because mast cells in general
are rich of these two enzymes. However, chloroacetate esterase is also found in neutrophillic
myelocytes, meanwhile aminocaproate esterse albeit is more specific for identifying mast cells but it

is also required a special tissue processing protocol (Li et al., 2001).

Since tryptase- and CD117-immunohistochemistry have been introduced to
pathologists, these two methods are beneficial for an identification of normal and neoplastic mast
cells (Li et al., 2001; Morini et al., 2004; Kiupel et al., 2004). However, abnormal basophils in some
circumstances could be positively reactivated by tryptase-immnunohistochemistry. Even basophils
are negative with CD117-immunohistochemistry; however, CD34-positive myeloid precursor cells are
weak positive to CD117-immunohistochemistry as well. Moreover, a small subset of small
lymphocytes presumably NK cells are also significantly positive to CD117-immunohistochemistry (Li,
2001). The summary of cytochemical and immunohistochemical protocols employed to classify mast

cells is present in Table 2.1.

Table 2.1 Commom cytochemical and immunohistochemical characteristics in mast cells (modified

from Li, 2001).

Mast cells Basophils Promyelocytes Megakaryocytes Granular
Lymphocytes
Peroxidase - - ++ ++ - _
Toluidine blue + 4+ + ++ + - - -
Chloroacetate esterase ++ + + - + + + - -
Aminocaproate esterase ++ + - - - -
Tartrate-resistant acid phosphatase + - - - -
Tryptase A+ +/- - - _
CD41 - - - + 4+ + -
CD56 - - - - +/-

CD117 + 4+ + - - - +/-
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2.7 Flow Cytometry applications for mast cell studies

The usage of flow cytometry (FCM) in a classification of mast cells has been
previously described in several literatures in human counterparts. For example, FCM was applied in
a cell sorting to separate circulating mast cell progenitors from the human bone marrow. The FCM-
cell sorting in that study was performed based upon the differently phenotypic properties of these
rare progenitor cells on their membranes to other hematopoietic precursor cells. Because these
progenitor cells express KIT"/ CD34"/ Thy-1'°/ FCERI® with a few fine cytoplasmic granules. The Anti-
human antibobies for those surface molecules were employed to distinguish mast cell progenitors
from other marrow hemopoietic cells. The group of mast cell progenitors was gated and then
collected by flow cytometry cell sorting in this study. In addition, FCM could also facilitate for study
mast cell progenitor granularity using the side angle light scattering pattern (SSC) parameter, in this
study. The result substantially exhibited that four-week-old mast cell progenitors had a low SSC in the
meantime this property was increased in older progenitors. It indicated that older progenitors contain

more cytoplasmic granules than in younger mast cell progenitors (Austen and Boyce, 2001).

With a highly sensitive and specific property of flow cytometry (FCM) in an analysis
of multiple parameters of individual cells in a cell suspension and more species-specific antibodies
with species cross-reactivity of antibodies is recently determined; FCM is to date increasingly used in
veterinary medicine, as well. In veterinary oncology, the utilization of FCM is for study of
immunophenotyping to assess the expression of cell markers and for determination of the DNA
content of cells with fluorescent dyes that bind nucleic acids (Reggeti and Bienzle, 2011). Moreover,
flow cytometry is enabled for a rapid analysis of multiple cellular parameters of discrete cells such as
cell size, cytoplasmic complexity, DNA-ploidy, RNA content, membrane-bound and intracellular
proteins (Culmsee and Nolte, 2002). For instance, in one study of mast cell leukemia, the peripheral
blood of the case was analyzed with MAPSS™ flow cytometric technique. The size and complexity
scattering patterns were plotted. The result has shown that the averaged size of mast cells in this
case was nearly equal to the monocyte while the granularity of mast cells was resemblance to
basophils (Prihirunkij et al., 2007). This result has been clearly emphasized the application of FCM for

distinguishing mast cells from other cells in the peripheral blood.
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2.8 Canine cutaneous mast cell tumors

MCT is a common cutaneous tumor in dogs thought to be arisen from the abnormal
proliferation of mast cells in the skins. Recently, the exact tumorigenesis of MCT is not well
established. MCT is usually seen in dogs aging more than 8 year-old with no gender predilection. For
breed predilection, it is arguably however Boxer, Bull dog, Pug, Labrador retriever, and Golden
retriever have been accounted for the most susceptible breeds for MCT. The gross appearance of
MCT usually resembles to other cutaneous tumors in dogs. It usually shows up as a pinkish-solitary
mass, with or without ulceration on the skins and subcutaneous tissues. From time to time, MCT is
quite hardly distinguished from other skin tumors. Moreover, Golden retrievers frequently have
multiple tumors but they are not necessarily associated with the poor prognosis. The tumor site is
also significantly, in particular of MCT on mucocutaneous junctions such as buccal cavities and
inguinal areas, these MCT are more aggressive than those found on the skins. The metastatic MCT is

rarely found in dogs with the low incidence of 3% in the MCT population (Dobson and Scase, 2007).

In general, almost clinical presentations of MCT are solitary, well circumscribed,
raised and firm nodules on skins. However, 10% to 15% of MCT dogs present multiple tumors, as
well. The most frequently preferential sites are 50% on the trunks and perineal regions, 40% on the
limbs, and 10% on the heads and necks. A tumor mass might be erythematous and ulcerated in
some circumstances. A deep invasion into the underlying subcutaneous tissues might be observed
in some patients with poorly circumscribed mass in subcutis which resemble to lipomas. Basically,
benign MCT grows very slowly but in somehow many malignant MCT grow very rapidly of which

always come along with poor prognosis in almost cases (London and Seguin, 2003).

Clinical signs of MCT in general are caused by the release of histamine, heparin
and other vasoactive amines contained in membrane-bound cytoplamic granules of MCT cells.
Interestingly, a mechanical manipulation of the tumor during physical examination can induce
degranulation leading to severe erythema and wheal formation which usually called Darrier’s sign in
MCT dogs. The other seriously paraneoplastic syndrome is gastrointestinal ulceration which is
account for 35% to 83% of MCT dogs undergone necropsy. Clinicopathologically, plasma histamine

concentrations are usually shifted in almost MCT dogs which presumably affecting to H2 receptors
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on parietal cells of stomachs. The stimulation on H2 receptors causes the excessive production of
gastric acids resulting in the development of gastric ulcers. Anyway, the increased levels of
histamine has been reported not to be related to clinical stage, histopathologic grade or even tumor

size (London and Seguin, 2003; Thamm and Vail, 2007).

2.9 The proto-oncogene c-kit and mutations

As aforementioned above, the exact tumorigenesis of MCT is not well established.
However, from previous studies showing that the proto-oncogene c-kit has been reported to
contribute in the MCT pathogenesis (London et al., 1999; Letard et al., 2008). This proto-oncogene
encodes the transmembrane type lll-receptor tyrosine kinase (Type IlI-RTK), KIT protein, in mast
cells (Letard et al., 2008). Since the proto-oncogene v-kit had been identified and described in feline
sarcoma caused by Hardy-Zuckerman 4-feline sarcoma virus in domestic cats in 1986 (Edling and
Hallberg, 2007). The proto-oncogene c-kit was also studied and sequenced. The consequence has
shown that the DNA sequence of this proto-oncogene is similar to v-kit. Moreover, c-kit is highly
conserved among mammals. For example, canine c-kit is 88% and 82% homology to human and

mouse c-kit, respectively (London et al., 1999).

In general, the exons dictating the KIT formation in c-kit consists of exon-1 to 21.
Each exon functionally involves in the generation of individual portion of KIT. Therefore, every
mutations in these exons results in a perturbation of KIT formation leading to an uncontrollable
proliferation of mast cells, finally causing MCT genesis (London et al., 1999; Letard et al., 2008). The
most frequently genetic alteration of exons has been reportedly seen in exon-11 of c-kit (Zemke et
al., 2001; Letard et al., 2008). Besides, canine exon-11 is 100% compatible to exon-11 in human and
mouse (London et al., 1999). Moreover, the mutations of exon-8, 9 and 17 have been officially

reported as well (Letard et al., 2008).

The frequent mutation of exon-11 is 45 to 70-base-paired duplication (TD”"*) at
the distal part (3’ end) of exon-11 in MCT cells. The other mutant subtypes which rarely seen are at

the proximal portion (5° end) of exon-11 are point mutations, insertions, in-frame mutations and

555-557 556-557 557 557 558-559
InsV, Del , K

deletions; such as Del InsF, KN InsP and K*'R Del (London et al.,

1999; Zemke et al., 2001; Zemke et al., 2002; Letard et al., 2008). Nevertheless, the duplicated



16

mutation in exon-11 has also been defined in C2-MCT cell line (Zemke et al., 2001). Albeit, the poly-T
insertion in intron-12 has been discovered in MCT cells; however, it has no mean in MCT
pathogenesis because it is the non-coding region (Zemke et al., 2002). Furthermore, there is no
report for exon-mutations in c-kit which controlling the formation of tyrosine kinase domain in KIT, so

far (Dobson and Scase, 2007). The common exon mutations are summarized in Table 2.2.
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Table 2.2 Usual exon mutations frequently observed in canine cutaneous mast cell tumors (modified

from Letard et al., 2008)

Mutant Exon

Mutation Category

Equivalent Residues

No of Dogs

in Human KIT (% of Total)
Exon 8 ITD*"* 418 8
Q™R 427 1
Total - 9 (4.7%)
Exon 9 s 476 5
N 505 3
Total - 8 (4.2%)
Exon 11 Del™*Insv 556-558 1
Del”"™" 556 1
K*'InsF 558 1
KN InsP 558 3
K*'R Del™"** 558 1
o7 573-581 1
ITo* ! 573-583 1
TD7 573-585 2
D 573-587 1
D" 573-591 2
[TD7** 574-585 1
oo 574-587 1
ITD"** 574-588 2
IBNET T 574-589 1
ITD*** 574-590 4
ITD"** 574-591 1
ITD**** 574-592 1
ITD" " 575-587 1
ITD"*** 575-592 1
D™ 575-593 1
ITD* % 577-584 1
ITD7*** 578-592 3
Total - 32 (16.8%)
Exon 17 Del™*® InsDT 827 1(0.5%)
All mutations - 50 (26.2%)
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The incidence of exon-11 mutation in c-kit has been reported varying from 9-33 %
in MCT biopsied specimens (Downing et al., 2002; Zemke et al., 2002; Webster et al., 2006; Letard et
al., 2008) as well as in C1 and C2 cell lines (Ma et al., 1999; Downing et al., 2002). This information

might indicate that there might be other mutated genes involving in MCT tumorigenesis.
2.10 Evaluation of exon-11 mutation in c-kit

Traditionally, most exon-11 mutations in c-kit have been studied using standard
polymerase chain reaction (PCR) method. The consequences from former studies have consistently
shown 45 to 70-bp internal tandem duplication (ITD) in the mutated exon-11. Usually, the PCR
products have been analyzed by standard gel electrophoresis which showing 3 bands of 191-bp
heterogenous normal allele, 250-bp mutated allele and the heterodimerization (heteroduplex) strip.
The heteroduplex is formed due to the complementary nucleotides of normal and mutant alleles have

annealed together (Zemke et al., 2002; Webster et al., 2006).

In the previous study, the result has implicated that MCT patients with exon-11 ITD-
mutation in c-kit associated with aberrant KIT localization in MCT-grade Il and Ill had worse
prognosis when compared with MCT-grade | patients (Zemke et al.,, 2002). Despite c-kit is
responsible for the mast cell development and survival (Zemke et al., 2001); therefore, a mutation of
any exons in c-kit may associate in MCT tumorogenesis at least in promoting of uncontrollable

proliferation of MCT cells without any specific ligand bindings.
2.11 Molecular structure of KIT and its signaling pathway

KIT is a 145 kDa glycoprotein. It is a member of type lll-receptor tyrosine kinase.
The other well-known receptors in this class are platelet derived growth factor-Ol and B (PDGF-QL
and -B), macrophage-colony stimulating factor-1 (CSF-1, M-CSF or FMS) and FIt-3 receptor (FLK2).
Normally, KIT is tremendously express in hematopoietic precursor cells in the bone marrow;
however, the expression of KIT is downregulated in almost cells except in mast cells after maturation.
Moreover, several such non-hematopoietic cells and tumors also express KIT on their membranes

(Hubbard and Till, 2000; Edling and Hallberg, 2007).
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The structure of KIT composes of three principal domains; the glycosylated
extracellular (Ectodomain), transmembrane (TM) and intracellular domains which encoded by exon-1
to 9, -10 and -11 to 21, orderly (Roskoski, 2005; Edling and Hallberg, 2007; Yuzawa et al., 2007,
Letard et al., 2008). The specific ligand for KIT is normally known as stem cell factor (SCF). The
alternative synonyms of this ligand are mast cell growth factor (MGF), KIT-ligand, p145 and Steel

Factor.

The extracellular domain consists of five immunoglobulin-like repeating units
designed as D1, D2, D3, D4 and D5. These motifs are members of the immunoglobulin super family
(IgSF). D1, D2, D3 and D4 belong to I-subset meanwhile D5 is a member of C2 and IgCAM subsets
of IgSF. Each repeating unit composes of eight B—pleated sheet polypeptides (designed as
ABCC'DEFG) arranging in an anti-parallel conformation. D1 and D3 contain single disulfide bond
meanwhile D2 and D5 form two disulfide bonds in each domain. These disulfide bonds link to
cysteine residue in the domain to hold each domain together. Interestingly, D4 does not contain a

cysteine residue in the domain based on molecular X-ray diffracted crystallography study.

The ectodomain topology is also stabilized by hydrophobic and electrostatic forces
between amino acid residues in B—sheet of one subunit to its neighboring subunits, except D4-D5
interface is maintained by hydrophobic interaction only. Nevertheless, the D1-D2 interface which
containing many amino acid residues in the strand G of D1have been found that the linker region
which connecting D1 and D2, and the BC loop of D2 are conserved in different species. The signal
sequence is in the N-terminal of ectodomain (Edling and Hallberg, 2007). The function of ectodomain
is primarily providing a binding site to SCF. To achieve this function, D1, D2 and D3 constitute a
concave pocket which interfacing exclusively to SCF (Edling and hallberg, 2007; Yuzawa et al.,

2007).

The transmembrane domain of KIT is the short hydrophobic polypeptide
penetrating into the cell membrane. This portion acts as the anchoring protein to fix KIT on cell
membranes. The intracellular or cytoplasmic domain contains two moieties; juxtamembrane as the
negative regulator (autoinhibitor) for KIT signaling (Edling and Hallberg, 2007) and the cytoplasmic

tyrosine kinase. The juxtamembrane and cytoplasmic tyrosine kinase are separated by the ATP-



20

binding sites and phosphotransferase lobes which encoded by exon-13 and 17, respectively (Letard
et al., 2008). The tyrosine kinase motif could be further divided into the distal and proximal parts of
which separated by a variable in length-insertion motif. Apart from distal kinase motif, there is the

activation loop situates in this region (Edling and Hallberg, 2007).

Physiologically, the specific ligand for KIT is stem cell factor which induces
autophosphorylation to tyrosine residues on juxtamembrane domain, tyrosine kinase domain and C-
terminal of KIT after the ligand binding (Hubbard and Till, 2000). The biological function of KIT is to
promote the development of mast cells from hematopoietic progenitors in bone marrow in
association with a number of cytokines leading to the increased rate of mast cells entering to the cell
cycle (Webster et al., 2007); as well as, it control proliferation and survival of mast cells. Therefore, it
is essential to comprehend the basis of normal KIT signaling pathway before applying this

information in an explanation of the role of mutant KIT in MCT-pathophysiology.

Basically, the activation of KIT and its signaling is attained depending on two
related processes; an augmentation of intrinsic catalytic pathway at the catalytic domain of KIT and a
creation of binding sites for downstream signaling molecules (Hubbard and Till, 2000), and what's up
after the activation? The non-covalent dimerization of KIT will lead to a structural rearrangement of
KIT providing the binding sites for additional signaling proteins which facilitating the cytoplasmic
domains to generate autophosphorylation. This suggests that a monomeric KIT exerting as an

enzyme and a substrate to each other KIT in autophosphorylation.

After the ligand binding, the orphan (monomeric) KIT forms the ligand-receptor
dimer complex in the ratio of 2 SCF: 2 KIT molecules leading to an initiation of autophosphorylation of
tyrosine residues on KIT themselves followed by the downstream cascade of KIT signaling (Hubbard
and Till, 2000; Edling and Hallberg, 2007). Autophosphorylation of the activation loop in tyrosine
kinase domain causes the stimulation of tyrosine kinase activity followed by autophosphorylation of
juxtamembane domain, tyrosine kinase insert and C-terminus. The phosphotyrosine in these three
regions provide the docking sites for the downstream signaling molecules in KIT (Hubbard and Till,

2000).
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The downstream cascade of KIT signaling pathway is followed the phosphorylation
on various secondary messengers and other signaling protein kinases, such as non-receptor protein
kinases (NRTK) and transcription factors by phosphotyrosines when binding to their corresponding
docking sites (Hubbard and Till, 2000). These activated signaling molecules then accompany into
the signaling pathways of KIT. The consequence of KIT signaling involve in the control of mast cell
differentiation, development, proliferation, biochemical alteration and migration. The important
attribute of downstream signaling proteins is they must contain two crucial domains on their
molecules; phosphotyrosine-binding domain (PTB) and SH2 domain. Moreover, the cytoplasmic
domain of KIT also stabilizes transiently for KIT dimerization after autophosphorylation (Hubbard and

Till, 2000).

As in FcERI-induced mast cell activation, the mitogen-activated protein kinase
(MAPK) is activated after KIT dimerization causing MAPK-dependent signaling cascade activation.
For instance, Mek and the extracellular signal-regulated kinase, Erk are stimulated by Ras-GTPase
resulting in a relocation of Erk into the nucleus of mast cells. Relocated Erk then phosphorylates
various transcriptional factors (TF) which initiate a gene transcription essential for mast cell
development and proliferation. PI-3 is another kinase which activated by KIT dimerization. The
activation of PI-3 will recruit protein kinase-B (PKB or Akt) onto cytoplasmic membranes of mast cells,
where PKB is activated leading to anti-apoptotic effect to mast cells. Moreover, PI-3 signaling
pathway also participates in stem cell renewal and a regulation of many mast cell functions. The
ligand binding-dependent dimerization of KIT also activates small GTPase, Rac which will stimulate
c-Jun transcription factor and PKB. The activation would affect on proliferation, development and

degranulation of mast cells. Raf activation is also independently activated with PI-3 after dimerization.

KIT signaling pathway is regulated via several mechanisms. KIT degradation is the
most common pathway used for modulating the KIT signal. KIT is decayed via Cbl, an E3 ubiquitin-
protein ligase, which promotes the KIT decomposition via a proteasome or lysosome. Moreover, the
kinase activity of KIT is also downregulated by a SH2 domain-containing phosphatase-1, Shp1. This
molecule is a cytosolic phosphotyrosyl phophatase which binds to Y570 residue in KIT or other KIT-
associated tyrosine kinases resulting in subsequently dephosphorylation of those phosphorylated

tyrosine kinases. Protein kinase C (PKC) also deactivates KIT signaling pathway by phosphorylating
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on specific serine residues in KIT causing the negative feedback loop regulating the KIT activation

(Edling and Hallberg, 2007).

2.12 Juxtamembrane domain of KIT in MCT-Pathophysiology

Very recently, juxtamembrane mutations have been reportedly involved in the
development of MCT. Spontaneous tyrosine autophosphorylation of KIT ensued by juxtamembrane
mutations leads to an intrinsic inhibitory constraint of KIT signaling. Recent studies have exhibited
that juxtamembrane domain of normal KIT forms a V-shaped loop inserting into the interface between
the small and large lobes of the kinase domains. In the autoinhibited state of KIT, the hydroxyl group
of Tyr823 in juxtamembrane domain of inactive KIT forms a hydrogen bond with the catalytic Asp792
thereby preventing the binding of protein substrates to the activation site. In addition, Phe811 of the
DFG segment also prevents the binding of the adenine of ADP to the docking sites. Moreover, kinase
inhibitions by juxtamembrane domains also take place by displacing the QLC-helix of kinase domain.
This displacement prevents the activation loop extension and the movement of the small and large
lobes of kinase domains which necessary for the binding and releasing of substrates (Roskoski,
2005). Biochemically, the replacement of the amphipathic residue Trp at the position 556 of KIT with
Arg is the causative factor for the autoactivation of KIT (gain-of-function). This replacement suggests
that the hydrophobic side chain of Trp is important for the inhibition of KIT signaling. In addition, the
deletions of Trp556-Lys557 or Val558 as well as the substitution of Pro for Leu575 have similar

effects to Trp replacement.

2.13 Diagnosis of canine cutaneous mast cell tumors

Nowadays, the accurate diagnosis and prognosis workup for MCT is based on
various parameters depending on the systems acquired by veterinary pathologists and veterinary
oncologists. So far, there is no single parameter can diagnose and prognosticate MCT accurately in
one step. Basically, MCT diagnosis is performed based on various histopathological parameters
such as cellular differentiation, mitotic rate and tumor invasion. These parameters may be helpful for
predicting a tumor biological behavior, grading and prognosis, in some circumstances (Welle et al.
2008). Nowadays, there are two histopathological grading systems commonly used for MCT
diagnosis issued by Bostock and colleagues in 1973 and Patnaik et al. in 1984, respectively.

However, Patnaik histopathologic grading system seems to be the most favorite tool used by almost
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veterinary pathologists for MCT grading. The schematic grading criteria in both systems are
grounded a cellular and nuclear morphology, cellularity of neoplastic cells, cellular differentiation and
mitotic index (Bostock et al., 1973; Patnaik et al., 1984). However, each histopathological grade in
Patnaik grading system is also found on tumor invasiveness and depth (Patnaik et al., 1984)
meanwhile the nucleus and cytoplasm ratio is used in Bostock histopathologic grading system
(Bostock et al., 1973). Both grading systems score each MCT into 3 distinct grades; grade |, Il and
[ll, respectively. It is noteworthy that these two MCT grading systems distinguish MCT in the inverse
order, from each other. For example, MCT-grade | (well-differentiated) and -grade I
(undifferentiated) in Patnaik grading system are MCT-grade Il and -grade | in Bostock grading
system, respectively, meanwhile MCT-grade Il is consistently resemble in both grading systems
(Thamm and Vail, 2007). Both grading systems also provide a prognostic parameter for MCT using
the association between each MCT-grade to survival time. A well-differentiated MCT always has a
prolong survival when compared with undifferentiated MCT (Bostock et al., 1973; Patnaik et al., 1984;
Thamm and Vail, 2007). Recently, a novel MCT-histopathologic grading system has been introduced
into the veterinary pathology field. This 2-tier histopathologic grading divided MCT into 2 classes,
low-grade and high-grade MCT based on these criteria, at least 7 mitotic figures in 10 high power
field (HPF), more than 3 multinucleated neoplastic cells in 10 HPF, at least 3 bizarre nuclei or 2-fold
karyomegaly in 10 HPF. Once MCT is fitted into one of these criteria, it is classified into high-grade
MCT. This novel grading system has improved the concordance among veterinary pathologists in
MCT grading when compared to Patniak histopathologic grading systems. Moreover, the association
between histopathologic grades and survival time is also seemingly predicted more precisely than in

Patniak MCT-histopathologic grading systems as shown in Figure 2.1 (Kiupel et al., 2011).
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Figure 2.1 The comparative result of the correlation of each histopathologic grade to its
corresponding survival time in Patniak histopathologic grading system (on the left) compared with

the novel 2-tier histopathologic grading system (on the right).
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In addition, the other parameters reportedly used for MCT diagnosis, grading and
prognosis to date are clinical stage, tumor location, breed, growth rate/duration, PCNA, tumor

recurrence, ANOR count and intratumoral vessel density (Dank 2005).

Metastatic MCT even rarely taking place, however MCT dogs with metastasis are
required a lymph node and bone marrow investigation, as well as an evaluation of a buffy coat of
whole blood to figure out mastocytemia, even though not all metastatic MCT dogs have
mastocytemia (Dobson and Scase, 2007; Prihirunkij et al., 2007). Fine-needle aspiration (FNA) is also
the best useful screening tool for veterinary pathologists and veterinary clinicians to quickly initiate a
diagnostic workup. However, with the limitation of this tool is therefore it could not properly identify
bad grade Il or high-grade MCT cells in many cases, because these MCT-cells morphologically
resemble to other round cell tumor cells, especially, TVT and histiocytomas. Therefore, in this case, a
specific stain such as toluidine blue is essential to be used for distinguishing them from other round
cell tumors (Prihirunkij et al., 2007). Previously, various cellular parameters such as tumor growth rate
and cell generation time which used for determining a prognosis for MCT, have been also employed
for MCT diagnosis and prognosis. Generally, the tumor growth rate is proportionate to generation
time and growth fraction of tumor cells, meanwhile proliferation is inversely proportionate to the
generation time associated with growth fraction (Zemke et al.,, 2002). There have been many
investigators using the proper markers to identify these parameters for tumor prognosis. The
parameters have been commonly used are argyrophillic nuclear organizing region proteins
(AgNORs), proliferating cell nuclear antigen (PCNA), and Ki-67. AgNORs is useful for determination
of nuclear generation time but it does not determine the phase of the cell cycle, meanwhile PCNA
and Ki-67 have been used for indicating a number of actively proliferating tumor cells on various
phases of the cell cycle (Newman et al., 2007). However, Ki-67 is seemed to be a highly independent
prognostic marker for MCT when compared with the others (Dobson and Scase, 2007; Webster et

al., 2007).

Recently, CD117-immunohistochemistry is applied for study a localization of KIT in
both normal and MCT tissues including normal skin mast cells (Kiupel et al., 2004; Morini et al., 2004;
Gil da Costa et al., 2007). There are three staining patterns found in CD117-immunohistochemistry.

In pattern I, the CD117-immunoreactivity is prominently on the plasma membranes of MCT cells
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(perimembrane pattern). For the staining pattern Il, the CD117-immunopositivity consistently focally
aggregates in cytoplasm adjacent to the nuclei of neoplastic cells (paranuclear pattern). The staining
pattern Il is found the immunoexpressions of CD117 diffusively distribute throughout the cytoplasm
of tumor cells. This pattern is called the cytoplasmic diffuse pattern (Kiupel et al., 2004; Gil da Costa
et al., 2007). The results from previous studies has substantially shown that the role of different
staining patterns is very important, because the perimembrane pattern is usually not associated with
local or distant metastasis of MCT, or even not associated with survival time, while the others do
(Kiupel et al., 2004). In addition, CD117-immunocytochemistry has been reportedly utilized in study
of KIT localization in FNA-MCT cells, as well. From one previous study, the result has substantially
exhibited that there were three distinguished CD117-immunolabeling patterns identified which

compatible to those decribed in CD117-immunohistochemistry (Theerawatanasirikul et al., 2009).

To date, the standard PCR can potentially be used in the study of exon mutations in
c-kit in MCT cells. However, most of the MCT cells used in previous studies were obtained from
biopsy; hence, there is no evidence in a use of standard PCR to study MCT cells obtained by FNA
method has been reported, so far. RT-PCR is also a sensitive tool for study kinetic activity by
quantitative determination level of mMRNA on c-kit expression both in MCT cells and tissues. Both of
mutated exon in c-kit and increased mRNA level of c-kit have substantially related to the poor
prognosis for bad grade Il and grade Il MCT patients suggesting that these two parameters might
have a prognostic value for MCT patients as well as for a therapeutic intriguing (Turin et al., 2006;

Webster et al., 2006).

Exon mutations in c-kit recently reported are point mutation, deletion, and
duplication. Most of mutation is found in exon-11 which encoding for juxtamembrane domain of KIT
and intron-11 mutation in c-kit, both in MCT cells and mast cell lines (Zemke et al., 2001). To date,
the acceptable proto-oncogene c-kit mutation in canine MCT that naturally found is the 45 to 70-bp
insertion at 3’ end of exon-11, and poly-T insertion in intron-12 (London et al., 1999; Zemke et al.,
2002). However, there is no report for kinase domain mutation in KIT, so far (Dobson and Scase,
2007). The incidence of ITD mutation of exon-11 in c-kit has been reported to vary from 9-33 % in
MCT biopsied specimens (Downing et al., 2002; Zemke et al., 2002; Webster et al., 2006) as well as

in C1 and C2 cell lines (Ma et al., 1999; Downing et al., 2002), indicating that there might be other
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mutated genes involving in MCT tumorigenesis. Traditionally, exon-11 mutation in c-kit has been
studied using PCR. The consequences from those studies have consistently shown 45 to 70-bp ITD
in mutated c-kit with 3 bands of 191-bp heterogenous normal allele, 250-bp mutated allele, and the
heterodimerization or heteroduplex between normal and mutant alleles, if any, as the largest
fragments (Zemke et al., 2002). From a previous study has also shown that MCT patients with ITD
mutation of exon-11 in c-kit associated with aberrant KIT localization in MCT-grade Il and [lI) had

worse prognosis when compared with MCT-grade | patients (Zemke et al., 2002).

2.14 Canine cutaneous mast cell tumors therapy

The therapeutic strategy for all MCT patients is based on the histopathologic
grading. However, it is highly questionable especially in the intermediate-grade MCT, what is an
appropriate therapeutic protocol suitable for this grade? The most effective conventional therapies
for MCT dogs are a surgically removal with widely excision from the tumor margins (at least 2-3
inches in three-dimension) and chemotherapy, such as vinblastin, vincristine, cyclophosphamide,
and prednisolone. However, radiotherapy is also a useful therapy of choice especially in case of
unresectable MCT. Furthermore, chemotherapy is also used in a treatment of disseminated, non-
resectable or high-grade MCT especially when a radiation therapy is unfeasible (Welle et al., 2008).
Recently, there are many chemotherapeutic drugs and protocols have been devised and introduced
for MCT therapy. Each chemotherapeutic agent might be used as a single therapeutic agent or in a
combined chemotherapy. For example, vinblastine might be used alone or combined with several
chemotherapeutic agents such as prednisolone and cyclophosphamide to augment its therapeutic

efficacy on MCT.

Although, the exact mode of action of corticosteroids; such as prednisone and
prednisolone, in the treatment of MCT is not really known. However, there has been report showing
that at least 20% of MCT dogs respond to corticosteroid therapy. The remission time of MCT in
prednisone monotherapy is approximately 10 to 20 weeks. Intralesional corticosteroids have also
been shown some benefits for MCT therapy (London and Seguin, 2003). CCNU, a nitrosourea
alkylating agent, is also the one of good chemotherapeutic agents beneficial for MCT. Approximately
42% to 79% of MCT-grade Il and lll dogs respond to CCNU monotherapy (London and Seguin,
2003; Welle et al., 2008).
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Vinblastine has been shown the efficacy against MCT, as well. One study in MCT dogs with lymph
node involvements and distant metastasis, the MCT dogs had been administered prednisone at the
dosage of 1 mg/kg P.O. daily for 2 weeks followed by 0.5 mg/kg daily with vinblastine at 2 mg/mZ, |.V.
weekly for 4 weeks (Govier, 2003). The result has revealed that the combination protocol of
vinblastine with prednisone effectively increased the median survival time of those MCT patients.
These MCT patients had a mean survival time of 331 days. 45% of MCT patients were alive in more
than 1 year (Govier, 2003; London and Seguin, 2003). Interestingly, a close relative of vinblastine;
vincristine, apparently has a little efficacy in MCT treatment (London and Seguin, 2003). A
combination of predinisolone and vinblastin is also an effective therapeutic protocol for MCT. In one
study of 30 MCT dogs, the result has shown that the dogs undertaken the treatment with vinblastine
sulfate and oral prednisolone exhibited in a decreased histopathological malignancy parameters,
particularly AgQNORs, PCNA, and Ki-67 indices including an increase of other clinical prognosis
parameters, such as disease-free interval (DFI) and overall survival time (OS) when administered this
combined chemotherapy to the dogs after surgery (Webster et al., 2008; Rungsipipat et al., 2009).
Interestingly, high-grade MCT dogs with an aberrant KIT localization or increased Ki-67 and AQNORs
values always respond to this combined therapeutic protocol very well when compared with the dogs

treated by surgical removal only (Webster et al., 2008).

Recently, novel targeted-chemotherapeutic agents particularly tyrosine kinase
inhibitors (TKIs), such as Gleevec (Imatinib), Kinavet (Masitinib) and Palladia™ (Toceranib) have
been introduced into the field of veterinary oncology (Pryer et al., 2003; Dobson and Scase, 2007;
London, 2009; Yancey et al., 2009). In particular Toceranib, the first approved TKI is used for MCT
treatment in canine species. As known in above description that mutation of exon-11 in c-kit results in
the constitutive autophosphorylation of KIT in MCT cells. The gain-of-function of KIT caused by exon-
11 mutation leads to an aberrant intracellular signaling of KIT in MCT cells, presumably promoting an
uncontrollable proliferation of MCT cells. Hence, any small molecule which can bind to tyrosine
residues aligned in intracytoplasmic domains of KIT might promise a targeted chemotherapy to MCT
patients (Dobson and Scase, 2007). These small molecules in general block ATP binding sites of
juxtamembrane domain of KIT leading to the inhibition of phosphorylation to tyrosine residues and
further hindering a signaling cascade which essential for control the cell growth and proliferation
(London, 2009). Nevertheless, MCT dogs with mutant exon-11 in c-kit usually respond two-fold in TKI
therapy, especially when Toceranib is in use, than in dogs whose do not contain mutant exon-11

(London et al., 2009).



CHAPTER 1l

MATERIALS AND METHODS

3.1 The conceptual framework

The research was run under this conceptual framework shown in Figure 3.1.
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Figure 3.1 The conceptual framework used in this study

3.2 The tumor specimens

Dogs with all kinds of cutaneous masses were accepted into the Oncology Unit,
Small Animal Teaching Hospital, Faculty of Veterinary Science, Chulalongkorn University during 2010
to 2012. The screening diagnosis using fine-needle aspiration (FNA) with giemsa staining system
was done in each case. Non-MCT dogs were excluded from the study based upon the screening
diagnosis. Thirty MCT dogs ratified by FNA-screening test were selected in the study with the

completely individual information for anamnesis, clinical diagnosis, histopathologic diagnosis and
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therapeutic protocols including the client conscience. TNM and clinical stage parameters for MCT

diagnosis were not applied in the case selection.

3.3 Specimen collection for histopathology and CD117-immunohistochemistry

Each MCT dog was locally anesthetized with 1% Lidocaine HCI for a pain remedy.
Afterward, each MCT dog was biopsied for collecting a tissue sample. The biopsied specimen was
preserved in 10% buffered formalin solution for 5 days before performing tissue processing. The
biopsied specimens were then submitted to the Pathology Unit, Department of Veterinary Pathology,
Faculty of Veterinary Science, Chulalongkorn University for tissue processing. The final
histopathological diagnosis and grading were defined by a qualified veterinary pathologist and the
author using Patnaik histopathologic grading system for MCT (Patnaik et al., 1984). Ultimately, each
MCT dog was classified into MCT-grade |, -grade |l and -grade Il groups respectively, based upon

its corresponding histopathological grade.

3.4 Tissue processing for histopathology and CD117-immunohistochemistry

The formalin-fixed biopsy specimen was treated using the standard protocol
recommended by the Pathology Unit, Department of Pathology, Faculty of Veterinary Science,
Chulalongkorn University. The preserved specimen was cubically trimmed in the dimension of 2x2x2
cm’. Afterward, the tissue specimen was embedded in a paraffin block using the automatic tissue
processing machine. Each paraffinized specimen was sectioned by a microtome at 4 lm thickness.
The sectioned specimen was relocated onto a glass slide and immersed in xylene solution for 1
minute for deparaffinization. Thereafter, the specimen was dehydrated in graded alcohols. Finally,
the specimen was stained using hematoxylin and eosin (H&E) staining system for histopathology, or

was further used in study of CD117-immunohistochemistry without H&E staining (see 3.4).

3.5 CD117-immunohistochemistry

Each specimen was pretreated by microwaving the slide in citrate buffer solution at
pH 6.4 for 5 minutes and slowly cooled down to retrieve CD117-antigens. Further, endogenous
peroxidase activities in the specimen were eradicated by incubating the specimen with 3%

hydrogen-peroxide at room temperature for 30 minutes, and washing after the incubation with sterile
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phosphate buffer solution (PBS). Afterward, the specimen had been incubated by 1% bovine serum
albumin (BSA) to block non-specific protein backgrounds at 37°C overnight and was washed in PBS.
Thereafter, the specimen had been incubated by the polyclonal rabbit anti-human CD117 antibodies
(Dako, Denmark) at the concentration of 1:100 at 37°C for 30 minutes, and was washed with PBS
after the incubation. The antibodies were trapped by incubating the antibody-coated specimen with
Envision™ peroxidase system (Dako, Denmark) for 30 minutes at room temperature and washed
again with PBS after incubation. The specimen had been colorized by reacting with a chromogenic
agent, 0.05% 3, 3’ diaminobenzidine tetrahydrochloride in 0.01M Tris HCI at pH 7.6 combined with
0.03% H,0, (DAB), for 5 minutes and washing with PBS to terminate the reaction. Soon after, the
specimen was counterstained by Meyer’'s hematoxylin for 1 minute. Next, the specimen was washed
in running tap water for 5 minutes to clean excessive stains. The specimen was immediately
rehydrated in graded alcohols (70%, 80%, 90% and 100%, respectively). Ultimately, the non-specific
backgrounds and artifacts were eliminated by soaking the specimen in xylene for 1 minute. The

specimen was visualized using light microscopy (Webster et al. 2004 and Gil da Costa et al., 2007).

3.6 Specimen collection for CD117-immunocytochemistry, PCR, Flow Cytometric

quantitative analysis and Flow cytometric cell sorting

Concurrently to the biopsy, three sets of fine-needle aspirated MCT (FNA-MCT)
cells were individually collected from the tumor mass in each case using a sterile 21, 22, 23 and
24G1 needle and sterile disposable 3 ml syringe. The tumor was aspirated in unidirection. The first
FNA-MCT cell collection was directly smeared on a clean silane-coated glass slide for use in CD117-
immunocytochemitry study. The second was resuspended in 200 U PBS until used for PCR
meanwhile the latter was kept in 200 U RPMI-1640 (Invitrogen, USA) for employing in the Flow
cytometric quantitative analysis and flow cytometric cell sorting. Fifteen FNA-MCT cell suspensions
were used for FCM-quantitative analysis because in a half of specimens could not be harvested
FNA-MCT cells properly due to the masses were small. Ultimately, only oone specimen was used for

FCM-cell sorting because of the limited number of FNA-MCT cells in suspensions.
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3.7 CD117-immunocytochemistry

CD117-immunocytochemistry was run on the modified protocol previously used for
study Melan-A immunocytochemistry in canine melanoma (Hoinghaus et al., 2002). Fresh FNA-MCT
cells from the first collection in each case were smeared on a Silane-coated glass slide. The
neoplastic cells were fixed in 4°C cold acetone for 5 minutes to preserve their morphologies and
cellular proteins. As in CD117-immunohistochemistry, the endogenous peroxidase activities in the
tumor cells were terminated by incubating the cells with 0.5% hydrogen peroxide (H,0,) in methanol
at room temperature for 20 minutes and rinsing with Tris HCI at pH 7.5 for 10 minutes. Further, the
non-specific backgrounds were blocked by 1% BSA (Sigma Aldrich, USA) at 37°C for 5 minute,
washing the cells with PBS after incubation. Afterward, the cells was incubated with the polyclonal
rabbit anti-human CD117 antibodies diluted by PBS in 0.5% BSA at the concentration of 1: 300 at
37°C for 30 minutes, washing the tumor cells with PBS for 5 minutes after incubation. Thereafter, the
tumor cells had been incubated with Envision'" peroxidase System (Dako, Denmark) for 30 minutes
and were washed in PBS for 5 minutes. Next, the tumor cells were colored by reacting with DAB
chromogenic substrate (0.05% 3, 3’ diaminobenzidine tetrahydrochloride in 0.01M Tris HCI at pH 7.5
combined with 0.03% H202) for 15 minutes, and washing with PBS to halt the reaction. Ultimately, the
specimen had been counterstained by Meyer’s hematoxylin solution for 5 minutes and was visualized

under a light microscope.

3.8 Flow Cytometric Enumeration of FNA-MCT cells in a cell suspension

3.8.1 CD117-immunocytofluorescense

To identify the specificity of the PE-conjugated mouse monoclonal anti-human
CD117 antibodies (Clone Y.B5.B8, Becton and Dickinson, US) to KITs and the affinity of KITs to
antibodies, CD117-immunocytofluorescence was operated to define these two parameters. The
protocol was slightly modified from CD117-immunocytochemistry protocol. Stepwise, the tumor cells
were smeared on a silane-coated glass slide and fixed with 4°C cold acetone for 5 minutes to
preserve their morphologies and proteins, drying the slide after preservation. 1% bovine serum

albumin was added on the tumor cells for non-specific protein blockages for 30 minutes at room
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temperature and then washing the slide. The tumor cells were further incubated with the PE-
conjugated mouse monoclonal anti-human CD117 antibodies for 30 minutes at the concentration of
1:100 at room temperature in a dark chamber. After washing with PBS, the cells were counterstained
by 4', 6-Diamidino-2-Phenylindole (DAPI, Invitrogen, USA) for nuclear staining. The stained tumor
cells were visualized under a fluorescent microscope providing the 575 nm light source as shown in

Figure 3.2.

Figure 3.2 The feature of fluorescence microscope used for CD117-immunocytofluorescence
3.8.2 Flow cytometric enumeration of total nucleated cells in a cell suspension

The estimated total number of nucleated cells in a cell suspension was enumerated
using Flow cytometry method. The FNA-MCT cell suspension from the last collection was filtrated
using a filter-capped BD Falcon™ collecting tube (Becton and Dickinson, USA). Other larger cells
such as fibroblasts, fibrocytes, multinucleated giant cells if any, or large protein elements such as
collagen and fibrous tissues in the suspension were separated from nucleated cells in this step. Of
10 LU sifted FNA-MCT cell suspension was pipetted and transferred into a BD Falcon™ collecting
tube (Becton and Dickinson, USA). The aliquot of nucleated cell suspension was diluted and
resuspended by 40 LU sterile PBS solution. Erythrocytes were lysed by 2 ml of BD FacsTM—Iysing
solution for 10 minutes (Becton and Dickinson, USA), centrifuging at 1,400 rpm at room temperature
for 5 minutes after RBC lysing and decanting the supernatant. Thereafter, the cell dreg of nucleated
cells was resuspended by 300 LU sterile PBS. Ultimately, the data acquisition of total number of
nucleated cells was accessed using BD FACScalibur™ flowcytometer with BD CellQuest™ software
system (Becton and Dickinson, USA) as shown in Figure 3.3. The total number of nucleated cell in

suspension was presented in unit of cells/ LI



33

Figure 3.3 The feature of BD FACalibur™ flow cytometer used for Flow cytometric quantitative

analysis in this study (from Becton and Dickinson, USA).
3.8.3 Flow Cytometric Enumeration of CD117-immunopositive cells in a cell suspension

Stepwise, to determine the total number of KIT-immunopositive cells in the
suspension, Of 10 I cell suspension formerly used in step 3.6.2 had been aliquoted into a BD
Trucount™ tube (Becton and Dickinson, USA) before the cell suspension was diluted with 40 L
sterile PBS. Erythrocytes in the dilution were lysed using 2 ml of 1x BD FacsTM—Iysing solution (Becton
and Dickinson, US) for 10 minutes, spinning down the cells at 1,400 rpm for 5 minutes at room
temperature and discarding the supernatant. Afterward, the cells in sediment were pierced on their
cell membranes by incubating them with 500 LU of 1x BD FacsPerm'" solution (Becton and
Dickinson, US) for 10 minutes. Thereupon, the cells were washed by 2 ml sterile PBS for 10 minutes,
centrifuging at 2,000 rpm for 5 minutes after washing, and decanting the supernatant. Forwardly, the
cell sediment was incubated with the PE directly-conjugated mouse monoclonal anti-human CD117
antibodies (Clone Y.B5.B8, Becton and Dickinson, US) at concentration of 1:200 for 20 minutes in a
dark chamber. Afterward, the cell dreg had been again washed with 2 ml of sterile PBS for 10
minutes and was centrifuged at 2,000 rpm for 5 minutes at room temperature, discarding the
supernatant after centrifugation. The cell sediment was resuspended in 300 I of sterile PBS.
Ultimately, data acquisition was performed using FACScalibur™ Flow Cytometer with BD CellQuest™
software system (Becton and Dickinson, USA). The data was acquired as a percentage of KIT-
immunopositive cells in the suspension. The final number of KIT-immunopositive cells in a cell
suspension was finalized by converse the result from step 3.6.3. back to cells/LLl by multiplying the
data acquisited from 3.6.2 with the percentage of KIT-immunopositive cells collected from step 3.6.3.

Therefore, the total amount of FNA-MCT cells in suspension was exhibited in unit of cells/ L.
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3.9 Flow Cytometric cell sorting

A 100 WU aliquot of cell suspension used in 3.6.2 was diluted and resuspended by
40 LU sterile PBS solution. After that, erythrocytes were eradicated by with 2 ml of BD FacsTM—Iysing
solution for 10 minutes (Becton and Dickinson, USA), centrifuging at 1,400 rpm after lysing and
discarding the supernatant. Soon after, the cell sediment was added by 500 LU BD FacsPerm'
solution (Becton and Dickinson, USA) for 10 minutes to increase membrane permeability. The cells
were then washed using 2 ml sterile PBS solution for 10 minutes, spinning the cells down at 2,000
rpom for 5 minutes and discarding the supernatant. Thereafter, the cells were incubated in the dark
chamber by the 100 W of the PE directly-conjugated mouse monoclonal anti-human CD117
antibodies (Clone Y.B5.B8, Becton and Dickinson, USA) at concentration of 1:200 for 20 minutes.
Afterward, the incubated cells had been again washed with 2 ml of sterile PBS and was centrifuged
at 2,000rpm for 5 minutes at 25°C, decanting the supernatant after centrifugation. The cell dreg was
resuspended in 2ml of sterile PBS. Ultimately, data acquisition was performed using BD-
FACScalibur™ cell sorter with BD Cell-Sorting software system (Becton and Dickinson, USA). The

sorted tumor cells were collected and kept in the collecting tube at -20°C until used for PCR.
3.10 DNA isolation from FNA- and FCM-sorted MCT cells

DNA from each specimen was extracted and purified by the commercial DNA
isolation kit with the standard procedure recommended by the manufacture (Mobio, USA). 200 LU
FNA-MCT cell suspensions in PBS were centrifuged at 10,000 x G for 1 minute, discarding
supernatant after centrifugation. Afterward, the FNA-MCT cell dreg was homogenized by 700 LU of
TD-1 solution included in the kit. The FNA-MCT cell sediment was vortex until the cells disappeared.
The homogenized tumor cells in TD-1 solution was transferred onto a silica membrane-bounded
collecting tube provided with the kit before centrifuging at 10,000 x G for 1 minute, discarding the
supernatant after centrifugation. In this step, DNA was trapped on the filter. Forwardly, DNA-bounded
on the filter was added with 400 LUl of TD-2 solution from the kit, and was centrifuged twice at 10,000
x G for 1 minute to eradicate TD-2 solution. Unwanted contaminants were removed from DNA in this
step. Ultimately, the silica-bounded DNA was eluted by 50 LUl of the eluting solution TD-3, and was

centrifuged at 10,000 x G for 1 minute to collect purified DNA in TD-3 solution in the collecting tube.
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Then, the concentration of DNA extract in solution was measured by spectrophotometry (Appendix

C). Ultimately, the DNA was kept at -20°C until used.

3.11 PCR analysis for exon-11 mutation in c-kit from FNA- and FCM-sorted MCT cells
3.11.1 dNTP preparation

In this study, the dNTP was prepared manually under the standard protocol as
recommended by the manufacturer (Fermantas, USA). The initial concentration of each dNTP
provided in the kit was 100 mM. 10 LLI of each dNTP had been pipetted and was diluted by 460 LLI

Nuclease-Free Water. The final concentration of working dNTP solution was 2mM of each dNTP.
3.11.2 Primers

Both forward and reverse primers were designed from College of Veterinary
Medicine, Michigan State University, USA. The forward and reverse primers were flanked from 5’ end
of exon-11 and 3’ end of intron-11 in c-kit, respectively (Jones et al., 2004; Zavodovskaya et al.,
2004). These primers were previously affirmed the specificity to exon-11 in c¢-kit in normal mast cells

and MCT cells. The sequence for each primer was;
Forward primer; 5'-CCA TGT ATG AAG TAC AGT GGA AG-3’
Reverse primer; 5'-GTT CCC TAA AGT CAT TGT TAC ACG-3’

Both primers were synthesized and purchased from BiodesignTM, Thailand. The initial concentration
of each primer was 100 mM. The final concentration of each working primer was 10 mM prepared by
diluting 10 LI of each stock primer with 90 LI of NFW. The DNA sequence of exon-11 in c-kit

employed for primers setup is shown in Appendix B.
3.11.3 PCR positive, negative and normal controls

The positive control used for PCR was provided from College of Veterinary
Medicine, Michigan State University, US. The genomic DNA (gDNA) in positive control was isolated
and purified from the biopsy specimen obtained from one Golden Retriever MCT dogs which

confirmed containing exon-11 mutation. The initial concentration of gDNA in positive control was
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45.3 g/ W. The gDNA of normal control was extracted from the blood collected from one cross-
bred dog in our laboratory. This dog was ratified to be free from MCT by the physical examination
conducted by the author. The blood from this dog was also investigated to rule out mastocytosis and
the result also confirmed a mastocytosis-free period in this dog. Finally, Nuclease Free Water was

used as the negative control in this study.

3.11.4 PCR protocol

A 25 LU of PCR cocktail was manually prepared in a flat-capped PCR tube
(Axygen, USA). The composition of PCR mixer consisted of the followings ingredients; 1.5 Ll of 10X

KClI buffer solution (DreamTagq'", Fermantas, USA), 1.5 Wl of 10X (NH,),SO,  buffer  solution

4
(DreamTaqu, Fermantas, USA), 3 LU of 20mM MgCl, solution (Fermantas, USA), 1 LU of 2mM dNTP
solution (Fermantas, USA), 0.5 W of Taq polymerases (DreamTaqTM, Fermentas, USA), 2 WLl of 10mM
Forward primers solution, 2 I of 10mM Reverse primers solution, 4 LU of Purified DNA template and
9.5 W of nuclease free water (NFW) (Promega, USA; Mobio, USA). Finally, the DNA template in the
PCR mixer was amplified in the thermocycler (G—StormTM, USA) with the batch of programmatic
temperatures for the thermocycler as; 95°C for 5 minutes for initial DNA denaturation; 40 cycles of
95°C 1 minute for cyclic DNA denaturation, 57-59°C for 1 minute for cyclic DNA Annealing and 72°C
for 1 minute for cyclic DNA extension; and 72°C for 5 minute for complete DNA elongation.

Ultimately, the PCR product was kept at -20°C until analyzed (Webster et al., 2006). The protocol for

annealing temperature calculation is demonstrated in Appendix D.
3.12 Amplicon analysis

The EtBr-mixed agarose gel solution was casted in a PCR mould with an 8-wells
comb (Appendix E). The gel was left to be cool down until it returned to the semi-solid state. The

agarose gel had been placed in an electrophoresis buffer tray (Bio-Rad, USA) and was soaked by
TAE solution. 5 U of working 50-bp DNA ladders (GeneRuIerTM, Fermantas, USA) was used as the
reference DNA marker in the first well. Further, 10 LUl of each PCR product was separately pipetted

and completely mixed with 8 LU of ready-mixed loading dye (Fermantas, USA). Each PCR product
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was successively loaded into a well on agarose gel. Finally, the electrophoresis was run using 100V

100 V of direct current (DC) for 40 minutes.

The amplicons were visualized by the gel documentation machine (Bio-Rad, USA).
The information was analyzed by the computerized software system, Quantity one™ version 4.6.9,
(Bio-Rad, USA) with the standard instruction recommended by the manufacturer. The analyzed
information was transformed and was kept in JPEG-imaging system using Microsoft paint (Microsoft,

USA).

3.13 Interpretative criteria
3.13.1 Histopathologic interpretation

The interpretation for histopathologic diagnosis and grading for MCT was
described using Patnaik histopathologic grading system. The tissue sections were evaluated by 3
veterinary pathologists. Two-third agreements from the pathologists were used to justify
histopathologic grade. The interpretative criterions were established based on the tumor cell
morphologies and their distributions in lesions as explained followings;

MCT-Grade |: Lesions in neoplasms are confined to the dermis and interfollicular
spaces. Well-differentiated mast cells are arranged in rows or small groups of sheet pattern,
separated by mature collagen fibers of the dermis. Tumor cells are round and monomorphic with
ample cytoplasm. The tumor cells have distinct cytoplasmic boundaries and medium-sized,
intracytoplasmic granules. Nuclei are round with condensed chromatin. Mitotic cells are absent
(Patnaik et al., 1984).

MCT-Grade Il: Neoplastic cells usually infiltrated or replaced the lower dermal and
subcutaneous tissues. Some tumors extend to the skeletal muscles or surrounding tissues. The
moderately pleomorphic cells are arranged in groups with thin to thick fibrovascular stroma.
Fibrocollagenous fibres with hyalinization are commonly seen. The neoplastic cells are round to
ovoid. Scattered spindle and giant cells are also observed. Most tumor cells have distinct cytoplasm
with fine, intracytoplasmic granules. In some circumstances, the cytoplasm is indistinct and the

granules are hyperchromatic. Nuclei are round to indent with scattered chromatin. Single nucleoli are
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almost seen in lesions. Occasionally, some tumor cells have binuclei. Mitotic figures are rare might
be ranging from 0 to 2 per high power field (Patnaik et al., 1984)

MCT-grade lll: These neoplasms are cellular and pleomorphic, and neoplastic
tissue replace subcutaneous and deeper tissues. The pleomorphic, medium-sized, round, ovoid, or
spindleshaped neoplastic cells are arranged in closely packed sheets. The cytoplasm is indistinct
with fine-intracytoplasmic granules or obscure granules. The stroma is fibrovascular or thick and
fibrocollagenous with areas of hyalinization. The indented round to vesiculated nuclei have one or
more prominent nucleoli. Binucleated cells are commonly observed. There are many giant cells and
scattered multinucleated cells. Mitotic cells are also common, ranging from 3 to 6 cells per HPF

(Patnaik et al., 1984).

3.13.2 CD117-immunohistochemistry and CD117-immunocytochemistry interpretations

The interpretative ~ criterions for ~ CD117-immunohistochemistry and -
immunocytochemistry were dependant on CD117-immunoreactivity staining patterns. There were
three staining patterns previously described in CD117-immunohistochemitry (Kiupel et al., 2004; Gil
da Costa et al.,, 2007) and CD117-immunocytochemistry (Theerawatanasirikul et al., 2009) as;
perimembrane, paranuclear and cytoplasmic-diffuse. The description of each staining pattern was
explained as following;

Staining pattern I: CD117-immunoreactivity is predominantly presented on a
cytoplasmic membrane. This pattern is usually referred as perimembrane pattern.

Staining pattern Il: the immunopositivity is strongly stippled in cytoplasm close to a
cytoplasmic surface of nuclear membrane. The synonym of this pattern is paranuclear or Golgi-like
pattern.

Staining pattern llI: the stains are vastly distributed throughout cytoplasm of tumor
cells. This pattern is commonly named as Cytoplasmic-diffuse pattern in some literatures (Morini et
al., 2004).

The interpretation was performed by 3 veterinary pathologists. The staining patterns
were inspected in five highly-cellular areas. Two-third agreements in staining patterns were accepted

and applied for determining the CD117-immunostaining patterns in respect specimens.
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3.13.3 PCR analysis for exon-11 mutation in c-kit interpretation

The amplicon was visualized by the agarose gel electrophoresis and interpreted
using these criterions;

Positive control or Mutant exon-11 containing MCT cells: the PCR product
comprises of two or three distinguished bands (Figure 3.4 and 3.5, respectively); 191-bp, 250-bp
and 280-bp. The 191-bp amplicon is the heterozygous normal allele and the 250-bp is the mutant
exon-11 allele. The last band if any is the heterodimerization of normal and mutant alleles. This
heteroduplex in general obstructs the movement of amplicon on agarose gel therefore it is usually
presented as the most upper band on agarose gel (London et al.,, 1999; Jones et al.,, 2004;
Zavodovskaya et al., 2004; Webster et al., 2006).

Normal control: the amplicon usually consists of the 191-bp homozygous normal
allele presented on the agarose gel as the single band (Webster et al., 2006).

Negative control: there is usually no band presenting in agarose gel electrophoresis

otherwise an artifact or a contaminant (Webster et al., 2006).

Figure 3.4 This figure depicts the double bands of normal allele and mutant exon-11 in c-kit allele.
The ITD-mutant exon-11 amplicons are demonstrated at the upper bands (arrows) meanwhile the

191-bp amplicons at the base-line are normal alleles (Jones et al., 2004).
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Figure 3.5 The PCR products of positive, normal and negative controls, the PCR product of this study
consisted of the triple bands which different from the result in figure 3.4. The triple bands presented
191-bp normal allele, 250-bp mutant allele of exon-11 and 280-bp heteroduplex. The normal control

exhibited the single band of 191-bp normal allele of amplicon (Webster et al., 2006).
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RESULTS

4.1 Clinically biological parameters

The age of MCT dogs in this study ranked from 7 to 15 years. There was no gender
predilection seen in this study, male 56.67% (17/30) and female 43.33% (13/30), respectively. The
most prevalent breed was cross-breed (16/30), Golden Retriever (5/30), Pug (2/30), respectively. The
predilection sites of tumors were at the trunks, axilla, neck, inguinal and tail. The overview of clinically

biological parameters was exhibited in Appendix A.

4.2 MCT histopathologic grading

Based upon, Patnaik histopathological grading system for MCT, the H&E sections
of MCT-grade | displayed a uniformity of MCT cells in the sections. The lesions of tumors were
confined in dermis layers of skins surrounded by very thin fibrovascular capsules. The tumor cells
were well-differentiated arranging in sheet-like pattern. The tumor cells were uniquely round to oval in
shape and approximately 10-15 Llm in diameter. The cytoplasmic membrane boundaries were
distinct. The cytoplasm was ample and eosinophillic. Metachromatic granules and refactile vacuoles
were seen in cytoplasm of the neoplastic cells. Nuclei of tumor cells were round to oval with

aggregated chromatin. The mitotic figures were rarely seen (Figure 4.1A).

In grade Il, the neoplastic cells highly infiltrated into the lower dermis and
underneath subcutaneous tissues. The tumor cells were moderately pleomorphic varying from round,
oval to pyramidal in shape with 10-15 Um in size. They arranged in small groups with sheet-like in
pattern supported by thick fibrovascular connective tissues. The spindle and giant tumor cells were
also observed in some cases. AlImost neoplastic cells were moderately-differentiated. The cytoplasm
of almost tumor cells were distinct containing fine metachromatic granules stained in deep blue to
purple by H&E. Nuclei were round to indent and hyperchromatic. Bi-nuclei tumor cells were found in

some sections. The mitotic index was rarely seen, less than 2 per HPF (Figure 4.1B).
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In grade lll, the tumor cells were not confined in the dermis but vastly invaded to
the surrounding tissues including underneath skeletal muscles. The boundary of neoplasms was
indistinct. The morphology of neoplastics cells was atypical. These anaplastic cells shaped in round,
oval, spindle, pyramidal or satellite with approximately 12-35 llm in size. The pleomorphism
reflected in the less well-differentiation of tumor cells. The cytoplasm was indistinct with or without
fine metachromatic cytoplasmic granules. The vacuolated cytoplasmic granules were readily seen in
the cells. Thick fibrovascular were seen intervening throughout lesions. Almost neoplastic cells
prominently contained indent vesiculated nuclei with one or more nucleoli. Binucleated cells were
commonly observed in lesions. There were many giant cells or multinucleated cells seen in some

circumstances. The mitotic cells were also common ranging from 3 to more than 5 cells per high

power field (Figure 4.1C).

Figure 4.1 The figure illustrates the histopathologic appearance of MCT in each grade; grade | (A),

grade Il (B) and grade Ill (C), based upon Patnaik histopathologic grading system.

In this study, of thirty MCT specimens were classified into 3 groups depending on
their respective grades. 12 out of 30 MCT specimens were classified for MCT-grade |, 11 for grade |l
and 7 for grade lll, respectively. The distribution of three histopathological grades in thirty MCT

specimens is recapitulated in Table 4.1.
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Table 4.1 The total number of specimens in each histopathological grade classified on Patnaik

histopathological grading system

MCT-grade | MCT-grade |l MCT-grade |lI Total

Specimen No. 12 11 7

30 Specimens

4.3 CD117-immunohistochemistry

Three CD117-Immunohistochemisty staining patterns were identified in this study;
perimembrane (pattern 1), paranuclear (pattern Il) and cytoplasmic diffuse patterns (pattern Ill). All

three CD117-immunohistochemical staining patterns are depicted in Figure 4.2.

Figure 4.2 Three CD117-immunohistochemistry staining patterns found in this study are shown in this

picture (400X); perimembrane (A), para-nuclear (B) and Cytoplasmic diffuse (C)

4.4 CD117-immunocytochemistry

The CD117-immunolabeling patterns in FNA-MCT cells were compatible to those
previously described in CD117-immunohistochemistry. Three staining patterns of CD117-
immunocytochemistry were identified in this study. The first was perimembrane (pattern ). The
second was paranuclear (pattern 1) and the last one was cytoplasmic diffuse (pattern Ill) as found in

CD117-immunohistochemistry (Figure 4.3).
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Figure 4.3 This picture depicts three distinct CD117-immunocytochemistry staining patterns;

perimembrane (A), paranuclear (B) and cytoplasmic diffuse (C), which mimic to the staining patterns

seen in CD117-immunohistochemistry.

The  correlations  of CD117§i:antjnocytochemitry staining patterns  to
histopathological grades and CD,M7?ifm’khunohistoohemistry staining patterns is presented in Table

4.2 and Appendix A.

7

S
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Table 4.2 The relevance of CD117-immunocytochemistry staining patterns to histopathological

grades and CD117-immunohistochemistry staining patterns

30 MCT Specimens

MCT-grade | MCT-grade |l MCT-grade Il
12/30 11/30 7/30

CD117-IHC | CD117-ICC | CD117-IHC | CD117-ICC | CD117-IHC | CD117-ICC
Pattern |

n=28 n=8 n=2 n=2 n=1 n=2
Pattern |

n=3 n=3 n==6 n==6 n=4 n=4
Pattern 11l

n=1 n=1 n=3 n=3 n=2 n=1

100 % Compatible

100 % Compatible

85.72% Compatible
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4.5 Flow cytometric quantitative analysis

Before all flow cytometric subprocedures were performed, CD117-
immunocytofluorescence had been processed for evaluating the specificity and affinity between the
antibodies and KIT to ensure that the sorted cells were MCT cells. CD117-immnocytofluoresence
suggested that the antibodies were suitable to be applied in cell sorting. Almost cells were
substantially positive to the antibodies. Under the fluorescence microscope, the CD117-
immunopositive MCT cells are stained red in their cytoplasm and on their cytoplasmic membranes.
All nuclei were stained blue by DAPI as shown in Figure 4.4. There were some cells of which their

cytoplasm did not be stained, presumably were non-MCT cells in the suspension.

Figure 4.4 The result of CD117-immunocytofluorescence using PE-conjugated monoclonal anti-
human antibodies depicted cytoplasmic CD117-immunostaining of FNA-MCT cells. The nuclei of all
cells have been counterstained by DAPI. Note; there are some cells have been stained only in nuclei
by DAPI without cytoplasmic staining. This suggests that in the cell suspension consisting of two

sub-populations inside; MCT and non-MCT cells
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The enumeration of FNA-MCT cells was performed using Flow Cytometry. As
previously described, the total number of nucleated cells in the suspension was acquisitioned in the
unit of cells/LAl. The second step provided the net percentage of CD117-immunopositive cells in the
same suspension; of which were the FNA-MCT cells. The final result was then calculated back by
multiplying the total number of nucleated cells in the suspension with the net percentage of CD117-
immunopositive cells in cells/JU. In this study, 15 out of 30 chosen MCT specimens were picked out
and employed for flow cytometric quantitative analysis. The remaining specimens were not
performed flow cytometric quantitative analysis because of the limitation in specimen collections. The
average total number of nucleated cells was 17,417 cells/[Al; meanwhile the average of net
percentage of CD117-immunopositive cells was 40.69% and the average total number of FNA-MCT
cells was 6,345 cells/[LI (6,345,000 cells/ml); of which enough for PCR analysis of exon-11 mutation
in c-kit. The big picture of all fifteen FNA-MCT cell specimens in flow cytometric quantitative analysis

is summarized in Table 4.3
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Table 4.3 The Flow cytometric enumerations of FNA-MCT immunopositive cells in 15 FNA-MCT cell

suspensions. The average number of FNA-MCT cells in suspension is 6,345 cells/Ll, Note;

BDTrucount™" bead number is varied depending upon the manufacture determinations

Specimen No.

Amount
of
nucleated cells 21,025 21,008 3,773 45,680 3,727 38,442 3,771 46,351
in
suspension (cells/pl)

BDTrucount™ Bead No. 50,441 50,441 50,979 49,219 50,979 29,133 50,979 50,441

Percent
of 14.99% 87.32% 17.78% - 87.31% 22.25% 15.3% 18.71% 40.25%
CD117-Immunopositive 7
Cells

Amount
of 3,152 18,344 671 4,959 829 5,882 697 18,656
CD117-Immunopositive
cellsin suspension (cells/pl)

Specimen No.

Amount
of L - J
nucleated cells 12,164 5538 . 14,232 4413 3,812 22,332 14,985
in P
suspension (cells/pl) > 7

BDTrucount™ Bead No. 50,441 49,219 50,979 50,441 50,979 50,441 49,219

Percent
of 94.91% 40.26% 14.84% 8.84% 21.84% 82.21% 43.59%
CD117-lmmunopositive
Cells

Amount
of 11,545 2,230 2,112 390 833 18,339 6,532
CD117-Immunopositive
cellsin suspension (cells/pl)

Average amount of FNA-
MCT cells in suspension 6,345cells/pl
(cells/pl)
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4.6 PCR analysis of exon-11 mutation in c-kit from Fine-needle aspirated MCT cells

Measurements of DNA concentration from FNA-MCT cells of 30 selected MCT

specimens had been performed before the analysis of exon-11 mutation in c-kit by PCR was

processed. The average concentration of DNA was 120.45 Llg/ml. The result of DNA concentration

measurements in all specimens was recapitulated in Table 4.4.

Table 4.4 The table provides each 7»260 value of DNA from individual respect FNA-MCT cell

suspension measured by spectophotometry and its transformed concentration in LLg/ml at dilution

factor of 100.

Specimen No. 1 2 3 4 5 6 - 8 9 10 11 12 13 14 15

OD-ABS 0.110 0.110 0.148 0.111 0.120 0.098 0.104 0.091 0.155 0.231 0.218 0.251 0.385 0.288 0.313

DNA
Concentration 55 55 74 55.5 60 49 52 45.5 77.5 115.5 109 125.5 192.5 144 156.5
(ng/ml)
Specimen No. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

OD-ABS 0.176 0.209 0.187 0.314 0.311 0.422 0.194 0.610 0.383 0.405 0.396 0.143 0.257 0.34 0.147

DNA-
Concentration 88  104.5 93.5 157  155.5 211 97 305 191.5 202.5 198 71.5 128.5 170 73.5
(ng/ml)

Average
Concentration 120.45

(ng/ml)

Upon PCR analysis, the result suggested that the standard PCR could be
employed to study the exon-11 mutation in c-kit from FNA-MCT cells. The amplicons of positive
control and mutant exon-11 containing specimen composed of two separated bands; 191-bp normal
allele and 250-bp mutant allele. Meanwhile, the normal control and specimens containing non-mutant
exon-11 consistently showed the single band of 191-bp normal alleles. The negative control
exhibited no band in the every PCR analysis. There was only one specimen (3.33%) containing exon-
11 mutation in c-kit observed in this study. According to Patniak histopathologic grading system, this
specimen was classified as MCT-grade Il. The positive result of PCR in this case is illustrated in

Figure 4.5. It is noteworthy that the PCR product of this specimen had been shown 191-bp normal
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allele in our preliminary study. The total number of mutation and non-mutant exon-11-containing FNA-

MCT specimens is depicted in Table 4.5.

50-bp Positive Positive
Control Specimen

250-bp
200-bp

Figure 4.5 The figure shows the positive results of PCR using DreamTaqTM Polymerase. From the left

to right, in the first lane is 50-bp DNA marker, the middle is the positive control and the last one

represents the PCR positive result from the specimen.

Table 4.5 The summation of the total numbers of mutant- and non-mutant exon-11-contaiining FNA-

MCT specimens in this study

Number of studied specimens | Number of specimens Percentage
Mutant exon-11 30 1 (3.33 %)
Non-mutant exon-11 30 29 (96.67 %)
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In addition, the 191-bp DNA strip of each amplicon on agarose gel from the positive
control, normal control and three specimens was isolated and collected for DNA sequencing. All
DNA sequences were identical to one another. The result consistently represented 191-bp DNA
sequence of exon-11 in c-kit. This result reinforced that DNA extracts were from MCT cells including

the specificity of primers used in this study. The DNA sequences were depicted in Figure 4.6 below.

MCT.seq.gnu
WBC.seq.gnu
Samplel.seqg.gnu
Sample2.seq.gnu
Sample3.seqg.gnu

MCT.seq.gnu
WBC.seq.gnu
Samplel.seqg.gnu
Sample2.seq.gnu
Sample3.seqg.gnu

MCT.seq.gnu
WBC.seq.gnu
Samplel.seq.gnu
Sample2.seqg.gnu
Sample3.seq.gnu

MCT.seq.gnu
WBC.seq.gnu
Samplel.seq.gnu
Sample2.seq.gnu
Sample3.seq.gnu 181 TTAGGGAA 189

189

Figure 4.6 The DNA sequence analysis of normal allele of exon-11 in the positive control, negative

control and three specimens. Note; the sequences are identical to one another.

4.7 PCR analysis of exon-11 mutation in c-kit from Flow cytometric-sorted MCT cells

One specimen from 15 specimens formerly used for Flow cytometric quantitative
analysis was operated for Flow Cytometric cells sorting to separate MCT cells from other cells in the
suspension. According to the specificity of the antibodies to KITS, therefore; the CD117-
Immunopositive cells were sorted out from the suspension during the operation. In total of 400,000
FCM-sorted MCT cells were harvested from the FCM-cell sorting in this case. The cell suspension
was hundred-fold and thousand-fold diluted by PBS. DNA of the tumor cells from both dilutions was
extracted and purified using the same protocol used in 4.6 before proceeding PCR analysis for exon-
11 mutation. The outcome of PCR demonstrated at the thousand-fold dilution, the targeted DNA
could not be amplified by PCR, meanwhile at the hundred-fold dilution; the 191-bp amplicons were

amplified using PCR. DNA was also isolated from the biopsied tissue in the same case to enhance
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the stability of PCR analysis for exon-11 mutation in c-kit. The comparative results from all

procedures were consistently similar to one another as exhibited in Figure 4.7.

- Negative Positive  100x
- Control Specimen Dilution

250-bp
200-bp

Figure 4.7 The PCR results of hundred-fold dilution and thousand-fold dilution of FCM-sorted MCT
cells were shown in lane 6 and 7, respectively. In hundred-fold dilution the DNA was still amplified
but in the thousand-fold dilution, the amplicon could not be amplified suggesting that the lowest
concentration of MCT cells in the suspension should be at least 4,000 cells /LAl. The last lane was the

respresentative of 191-bp amplicon of which DNA extracted from the biopsy specimen.



CHAPTER V

DISCUSSION AND CONCLUSION

Discussion

In this study, the ages of MCT dogs were varied from 6 to 18 years with the average
of 9.1 years. The most three prevalent ages of MCT dogs was 10 (23.33%, 7/30), 12 (13.33%, 4/30)
and 7 (10%, 3/30) years, respectively. Many previous studies have demonstrated that there was no
gender predilection associating in MCT incidence or survival time (Thamm and Vail, 2007; Welle et
al., 2008). However, one European study demonstrated that female MCT dogs had a more favorable
prognosis with chemotherapy than their male counterparts of which a difference in sex hormone
profiles of both genders might be a causative factor affecting on tumor behavior (Thamm and Vail,
2007; Welle et al., 2008). The result on gender predilection in this study suggested that there was no
gender predilection seen in the study. There were male (56.67%, 17/30) and female (43.33%, 13/30)
MCT dogs participating in this study, respectively. Moreover, the most three prevalent breeds
observed in this study were cross-breed (16/30), Golden Retriever (5/30) and Pug (2/30),
respectively. In general, canine cutaneous MCT are commonly showing up on the trunks (50-60%),
extremities (25-40%), and the head and neck (10%). The scrotum, perineum, back and tail are less
commonly observed (Welle et al., 2008). The predilection sites of tumors found in this study were
also correlated to those described previously. The most affected sites were on the ventro-lateral of
the trunks especially axillary regions, the necks, the inguinal areas and the tails. In addition,

hematologic bioparameters were not employed for data interpretation but were included in this study.

Basically, MCT diagnosis and prognosis is performed based on various
histopathological parameters such as cellular differentiation, mitotic rate and tumor invasion. These
parameters may be helpful for predicting a tumor biological behavior, grading and prognosis, in
some circumstances (Welle et al. 2008). Nowadays, there are two histopathological grading

schemes used for MCT diagnosis issued by Bostock and colleagues in 1973 and Patnaik et al. in
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1984. In addition, the other parameters reportedly used for MCT diagnosis, grading and prognosis to
date are clinical stage, tumor location, breed, growth rate/duration, PCNA, tumor recurrence, AQNOR

count and intratumoral vessel density (Dank 2005).

In this study, three CD117-immunohistochemisty staining patterns were identified,;
perimembrane (pattern 1), paranuclear (pattern 1) and cytoplasmic diffuse patterns (pattern IlI).
Almost MCT specimens had CD117-immunolabeling pattern Il (43.33 %) followed by pattern | (36.67
%) and Il (20%), respectively. The staining pattern | was distributed abundantly in MCT-grade |, like
wise pattern Il in grade Il and pattern Il in grade Ill, suggesting a tendency to find a higher staining
pattern in higher MCT grade. Besides, the distribution of each staining pattern in this study was
closed to those reported in previous studies (Kiupel et al., 2004; Morini et al., 2004; Webster et al.,
2006; Gil da Costa et al., 2007). Furthermore, the aberrant cytoplasmic CD117-immunopositivity
associated with c-kit mutation might indicate a poor prognosis in MCT, such as decreased survival
time or increased risk of tumor relapse, owing to the aggressive biologic behavior always correlate
with an increased cytoplasmic staining of KIT (Kiupel et al., 2004; Morini et al., 2004; Webster et al.,
2006; Gil da Costa et al., 2007). In addition, the extra advantage of CD117-immunohistochemistry is

the usage to clarify MCT from other round cell tumors.

From CD117-ICC assay of FNA-MCT cells, the consequence has exhibited that the
CD117-ICC staining patterns were resemble to CD117-IHC staining patterns. The distribution of a
CD117-ICC staining pattern in specimens when compared with CD117-IHC, case-by-case, was
85.72 % compatible. Because in one case; there was a nuance between CD117-ICC and CD117-IHC
staining pattern. In this case, it contained staining pattern | when defined by CD117-ICC, meanwhile
staining pattern Il in CD117-IHC. This incompatibility might point out an error on the FNA direction
that could not cover all regions of the tumor mass resulting in the miss of targeted neoplastic cells. In

addition, the cell loss from preparatory process in this case might also affect to this point.

The enumeration of FNA-MCT cells in this study was performed using Flow
cytometry. Before processing all FCM-subprocedures, CD117-Immunocytofluorescence was done.
The consequence indicated the specificity of antibodies to KIT proteins and the affinity of FNA-MCT

cells to the antibodies. Although, other cell types such as melanoma and some monocytoid B-cells
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could be positively stained with the antibodies, but in this period, most FNA-cells had been
confirmed that they were MCT cells by giemsa staining before performing CD117-
immunocytofluorescence. Therefore, it was believably that all FNA-cells in this study were FNA-MCT
cells. The result from this step has suggested that Flow cytometry can facilitate in the enumeration of
FNA-MCT cells in a suspension with the average of 6,345 cells/ LUl in a cell suspension. Moreover,
the result has been emphasized that these FNA-MCT cells were the representative of whole FNA-

MCT cells in a tumor mass which were obtainable by FNA.

In mammalian (human, dog, cat, cow, goat, rat, and mouse), juxtamembrane
domain of KIT consists of 38 amino acid residues (residues 543-580) which identical in one another
(Ma et al., 1999). This intracellular domain of KIT is encoded by exon-11 in c-kit proto-oncogene.
Several studies have shown that a mutation of exon-11 in c-kit should participate in MCT
tumorigenesis (London et al., 1999; Webster et al., 2006). The incidence of exon-11 mutation in c-kit
has been reported varying from 9-30 % in MCT biopsied specimens (Downing et al., 2002; Zemke et
al., 2002; Webster et al., 2006; Letard et al., 2008; Thompson et al., 2011) as well as in C1 and C2
cell lines (Ma et al., 1999; Downing et al., 2002). Nevertheless, exon-11 mutation in ¢c-Kit might
associate with a worse prognosis for MCT dogs (Zemke et al. 2002). A large study on MCT dogs
from several investigators indicating that the most common mutation of exon-11 in c-kit is 44 to 70-bp
ITD at 3’ end of exon-11 (Zemkee et al., 2002; Webster et al., 2006; Letard et al., 2008). Protein
molecular assays in that study suggested that a tandem repeat in juxtamembrane domain of KIT
depended on a specific ITD, for examples Asp575-Arg589, Pro576-Asn590, and Pro576-Arg59.
There was on duplication resulting in the insertion of Gly residue after Phe594 followed by a direct
repeat of residues Pro576-Phe594 was observed in the study. The information from a previous study
also demonstrated that a mutation might associate to a higher grade of tumor but not between breed
and grade (Zemkee et al. 2002). According to multivariable analysis in one study, the result
demonstrated that MCT dogs containing ITD mutation of exon-11 in c-kit had significantly decreased
survival times, increased incidence of mortality and increased incidence of recurrence both at the

original and distant sites (Kiupel et al., 2004).

The characteristic in PCR analysis of exon-11 mutation in c-kit in amplicons from

biopsied specimens in many previous studies has demonstrated that the PCR products consisted of
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two or three separated bands on agarose gel electrophoresis. The bands were 191-bp of normal
allele, 250-bp of mutant allele and 280-bp of heteroduplex between normal and mutant alleles, if any.
However, the difference in number of DNA bands in PCR products is not significantly. The incidence
of exon-11 mutation in previous studies was 9-33% in all biopsied specimens whereas 30-50% of
MCT-grade Il and -grade Il possess activating ITD mutations of exon-11 in c-kit (Jones et al., 2004;

Webster et al., 2006).

The PCR result from this study has shown two separated bands in amplified positive
control and one specimen. The positive amplicons comprised of 191-bp and 250-bp DNA bands
mimic to those described in former studies. However, in our preliminary study, the result has
demonstrated that three separated DNA bands in amplicons of the positive controls and specimens
were observed. Moreover, 3 specimens in that study contained the ITD-mutations meanwhile in this
study only one MCT-grade Il specimen had the mutation. Interestingly, this one mutant specimen had

been approved that it did not contain exon-11 mutation in our preliminary study.

Based on the PCR result, it has reinforced that FNA-MCT cells could be used as a
source for identifying a mutation of exon-11 in c-kit as in biopsied specimens. However, the
incidence of positive specimen was 3.33% which lower than in biopsied specimens. Moreover, the
decreased mutant specimens in this study might point out the loss of targeted FNA-MCT cells due to

the unidirection or misdirection in FNA protocol.

In the comparative PCR analysis of exon-11 mutation in c-kit from FNA-MCT cells
obtained directly from a mass with FCM-sorted FNA-MCT cells. FCM-cell sorting was firstly
performed in one specimen. In total of 400,000 sorted FNA-MCT cells were harvested from this step
and kept in 1 ml PBS before analysis. The consequence has accentuated that Flow cytometry could
be applied for separating and collecting FNA-MCT from other mixed cells in a suspension. By the
next step, the cell suspension was hundred-fold and thousand-fold diluted by PBS and the genomic
DNA of the tumor cells from both dilutions was extracted and purified before proceeding PCR
analysis. The outcome of PCR demonstrated at the thousand-fold dilution (400 FNA-MCT cells), the
targeted amplicon could not be amplified by PCR, meanwhile at the hundred-fold dilution (4,000

FNA-MCT cells); the 191-bp PCR product was amplified. The result suggested that in a suspension,
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there should have been at least 4,000 FNA-MC cells in suspension which would be enough for OCR
analysis. The genomic DNA was also isolated from the biopsied tissue and FNA-MCT cells directly
harvested from the mass, in this case to assure the stability of PCR analysis for exon-11 mutation in

c-kit. The comparative results from all procedures were consistently similar to one another.

Conclusion

In conclusion, CD117-ICC could be applied for diagnosing MCT because of its
high compatibility of the distribution of 117-ICC staining patterns to CD117-IHC in the same
specimens. Moreover, the PCR result from this study has substantially demonstrated that Fine-needle
aspirated MCT cells can be used for study the mutation of exon-11 in proto-oncogene c-kit by PCR
method. Moreover, the results also exhibited that per one aspiration, FNA could provide an enough
amount of FNA-MCT cells approved by Flow cytometric quantitative analysis. These cells could be

employed for DNA extraction and purification before operating PCR.

Suggestions for further studies

1. Histopathologic grading should be switched from Patniak histopathologic grading
system to be 2-tier histopathologic grading system which classifying MCT into low-
and high-grade. Because this system recently provides a more accuracy in MCT
grading and prognosticating and reduces an ambiguous inter-observation in MCT
grading especially in MCT-grade Il (Kiupel et al., 2011).

2. A number of specimens should be increased to ensure that any protocol described
in this study will provide the consistent results.

3. FNA must be performed in multidirection to assure that the protocol will collect
targeted MCT cells.

4. PCR analysis must be doubly executed in a mass study to warrant that PCR
analysis for exon-11 mutation in c-kit from FNA-MCT cells is reproducibly and

consistently.
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Prolong monitoring of clinical parameters especially survival times and recurrences
must be done to find out the correlation between these parameters with the
consequence from PCR analysis for exon-11 mutation in FNA-MCT cells.

The relationship between exon-11 mutation in c-kit assayed by PCR in FNA-MCT
cells with aberrant KIT localization in FNA-MCT cells should be done as operated in

previous studies in biopsied specimens (Webster et al., 2006; Webster et al., 2007).
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Appendix A

The big picture of clinical bioparameters, histopsthologic grade, CD117-IHC, CD117-ICC and PCR

analysis parameters of each specimen

Specimen Breed Gender Age Tumor site Grade IHC ICC FCM PCR
No. (M/F) (Years) No.
1 M.P. M 14.3 Abdomen I I I N/A N
2 Golden F 10 Trunk | | | N/A N
3 Mixed F 8 Abdomen | | | No.1 N
4 Pug M 104 Trunk Il Il Il N/A N
5 Thai M 8 Scrotum Il 1l 1] N/A N
6 Mixed F 11 Lt. carpus I I Il No.2 N
7 Mixed F 7 Axilla Il 1l 1] No.3 N
8 Golden M 7.5 Lt. thorax Il I Il No.4 N
9 Mixed M 10 Tail base I I I N/A N
10 Golden F 10 Back Il I I N/A N
11 Cocker M 7 Rt.elbow 1 | | N/A N
12 Mixed F 11 Axilla 1 Il Il N/A N
13 Mixed M 9 Axilla I I 1] N/A N
14 Mixed M 10.7 Trunk I I I No.5 N
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Specimen Breed | Gender Age Tumor Grade | IHC | ICC FCM PCR
No. (M/F) | (Years) site No.
15 S.Z. F 12 Neck Il Il Il N/A N
16 Mixed F 7.1 Trunk I I I No.6 N
17 Mixed M 9.8 Neck I Il Il No.7 N
18 Labrador M 8 Back Il I I No.8 N
19 Mixed M 12 Trunk 1l Il Il N/A N
20 Mixed M 8.2 Groin 1l 1l I No.9 N
21 Mixed F 10 Axilla I Il Il N/A N
22 Mixed M 9.6 Rt. ear I Il Il No.10 N
23 Golden F 10.1 Back I I I No.11 N
24 Mixed M 10 Tail base I I I No.12 N
25 Golden M 15 3" digit i Il Il N/A N
26 Mixed F 124 Axilla I I I N/A N
27 Terrier F 10.1 Neck ] I I No.13 N
28 Pug M 9 groin Il 1l 1l No.14 N
29 Mixed F 104 Hind-limb Il Il Il No.15 N

Abdomen Sorted

30 Poodle M 12 Chin Il Il Il N/A +ve
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Appendix B

DNA sequence of normal exon-11 in c-kit used for primer design (Downing et al., 2002)

Exon 11

PE1 P1 >
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATCAATGGAAACAATTA

TGTTTACATAGACCCAACACAGCTTCCTTACGATCACAAATGGGAGTTTCCCAGAAA

<4—PE3 <4—PE2
CAGGCTGAGCTTTGgtcagtatgaaacaggggctttccatgtaacctttttgtgtacgtgtaacaatgactttagggaaccccatta
gcttectttgttetgttccaactgagacaataagtatttictgtgaagtticatcacttttgatagaticcgecataaageaccttatagagaaatgtcd
ttagctggatttgtccttaattccttaacaattecttgattgttgactttgaaattacccagatgetectttggtectaccaccacccecttactettttet
Exon 12

cetttctgcagGGAAAACTTTGGGTGCTGGTGCCTTCGGGAAAGTGGTTGAAGCCACTGCA

<4-P5
TATGGCCTGATTAAGTCGGATGCGGCCATGACTGTTGCCGTTAAGATGCTCAAAC
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Appendix C

Spectrophotometric measurement of genomic DNA concentration in a cell suspension

To ensure that DNA extracts existed in the solution, 5 I of DNA solution was diluted
in 495 LU sterile PCR water (Fermantas, USA; Mobio, USA). 300 LU of DNA dilution was transferred
into a cuvette and measured the Optical absorption in a spectrophotometer (Shimada, Japan) at the

wave length 260 A. The sterile PCR water was used as the reference in this study. The result had

shown in unit of absolute optical density (OD-ABS) which was reversely transformed into the

concentration of DNA in term of Llg/ml. the equation used for calculating the concentration of DNA is

shown below.

DNA Concentration = (A 2601) x (50ug/ml) x Dilution factor

Dilution factor = Dilution volume

Aliquot volume
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Appendix D

Calculation of the annealing temperature, average annealing temperature and working temperature of

primers

The annealing temperatures (Tm) of primers, the average annealing temperature and
the working annealing temperature were established using the below equations. For this study, the
annealing temperature of forward and reverse primers calculated from the equation was 66°C and
68°C, respectively. The average annealing temperature (ATm) was 62°C and the final working

annealing temperature (T_W) was 57°C.

T, (Primers) = 4(G+C) +2(A+T)

AT = T,, (Forward) + Tm (Reverse)

m

2

T.WEAT -5



71

Appendix E
Agarose gel preparation

Two grams of agarose gel were weighed using a laboratory-graded balance. The

agarose gel was dissolved and melted in 100ml of 1X Tris-Acetate-EDTA (TAE) solution giving rise 2%
W/V agarose gel solution. Further, the agarose gel solution was added with 10 Ul of Ethidium Bromide

(EtBr) in the ratio of 1 JLI/10ml agarose gel solution (Muangsan, 2009).
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FCM-quantitative analysis calculation
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Step I:

©-kit002 trucount.006

g

800

SSC-Height
400 600

200

©kit002 trucount 006

File: c-kit002 trucount.006
Sample ID: ¢c-kit002 trucount
Tube:

Acquisition Date: 16-Nov-10
Gated Events: 231634

X Parameter: FL3-H (Log)

Region Events % Gated % Total

R4 [23182] 4023 40.23

# of events in region
containing cell

# of events in absolute

count bead region

# of beads per test

test volume

R1 @ 087 087

Step Il

k002 scki-algFITC 001

File; c-kit002 algFITC.001
Quad Events % Gated % Total

uL 0 000 000
UR 1482 9586
LL 0 000 000

LR 13541 90.14 77.68

Percentage of CD117-immunopositive FNA-MCT cells

\ 4

Total CD117-immunopositive FNA-MCT cells
= Result in step | x Result in step Il

= cells/pl
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