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RESUMO

MASTOCITOMAS CANINOS DIAGNOSTICADOS NA REGI%O CENTRAL DO
RIO GRANDE DO SUL: GRADUACAO HISTOLOGICA, PADRAO DE EXPRESSAO
DA PROTEINA KIT E INVESTIGACAO DE MUTACOES

AUTORA: Betina Fabis Lautert
ORIENTADORA: Mariana Martins Flores

O mastocitoma é um neoplasma maligno originario de mastdcitos que pode se originar de
diferentes tecidos. Seu comportamento bioldgico, principalmente quando se origina na pele, é
altamente varidvel, o que tem estimulado diversos estudos acerca de fatores prognosticos. Além
dos sistemas de graduacao histoldgica propostos por Kiupel (2011), o indice Ki67, o padrdo de
imunomarcacao para KIT e o status para mutagdes nos éxons 8 e 11 do gene c-kit sdo algumas
das ferramentas prognoésticas mais recentemente estabelecidas. A prevaléncia de mutacdes nos
éxons 8 e 11 do c-kit, quando somadas, foram observadas em até 45% dos casos em
mastocitomas cutaneos caninos. Este estudo teve como objetivo principal caracterizar os
aspectos anatomopatoldgicos e moleculares de mastocitomas cutdneos em biopsias e
mastocitomas em necropsias de cdes provenientes da rotina diagnostica do Laboratério de
Patologia Veterinaria (LPV) da Universidade Federal de Santa Maria (UFSM). Com estas
informacdes, dois artigos cientificos foram elaborados. O primeiro artigo caracterizou 16 caes
com mastocitomas metastaticos submetidos a necropsia no intervalo 2012-2022. Os
mastocitomas foram avaliados histologicamente e submetidos a coloracdo de Azul de Toluidina
(AT), imuno-histoquimica (IHQ) para KIT e Reacdo em Cadeia da Polimerase (PCR) para 0s
éxons 8 e 11. As localizacGes primarias observadas foram pele e/ou tecido subcutaneo (13),
intestino (2), e tecido periocular (1). Cinco cdes haviam sido submetidos a ressec¢do do
neoplasma antes da disseminacdo sistémica e seis foram submetidos a quimioterapia. As
metastases foram mais comuns nos linfonodos locais (16), figado (16) e bago (15).
Histologicamente, os mastocitomas variaram de bem diferenciados, com grénulos abundantes,
a pouco diferenciados, com escassos granulos. O padréo de KIT de todos os casos foi aberrante,
sendo 9 classificados como padréo Il e 7 em padréo I11. O sitio primario e metastatico foram
idénticos. Os éxons 8 e 11 foram amplificados em sete neoplasmas de quatro cédes, sem
nenhuma mutacdo detectada. Espera-se que esse estudo venha a auxiliar oncologistas
veterinarios no diagndstico, progndstico e terapia de mastocitomas com comportamento
bioldgico mais agressivo. O segundo artigo teve como objetivo principal investigar a presenca
de mutacGes nos éxons 8 e 11 do c-kit em 45 mastocitomas cuténeos caninos (MCCs)
diagnosticados no sul do Brasil. Todos os MCCs foram avaliados histologicamente com os
métodos de Patnaik e Kiupel, submetidos a IHQ para KIT e a PCR em busca de mutac¢6es nos
éxons 8 e 11. Vinte e cinco tumores foram classificados em baixo grau, e vinte em alto grau.
Quanto aos padrodes de expressao do KIT, padrdo | (12), 1 (29) e 111 (2), além de dois tumores
que nédo apresentaram células imunomarcadas. Treze casos foram positivos para mutacfes do
éxon 11, sendo a maioria de amostras congeladas. A amplificacdo da regido de DNA para 0
éxon 8 ocorreu em apenas treze casos e todos foram negativos para mutacao. Este estudo foi
importante na caracterizagdo dos aspectos imuno-histoquimicos e moleculares dos
mastocitomas cutaneos diagnosticados na regido sul do Brasil.

Palavras-chave: Mutacao. Imuno-histoquimica. PCR. Progndstico.



ABSTRACT

CANINE MAST CELL TUMORS DIAGNOSED IN THE CENTRAL REGION OF
RI1O GRANDE DO SUL: HISTOLOGICAL GRADING, KIT PROTEIN EXPRESSION
PATTERN AND INVESTIGATION OF MUTATIONS

AUTORA: Betina Fabis Lautert
ORIENTADORA: Mariana Martins Flores

Mast cell tumor (MCT) is a malignant neoplasm originating from mast cells that can arise in
different tissues. Its biological behavior is highly variable, especially when it originates in the
skin, which has stimulated several studies about prognostic factors. In addition to the
histological grading system proposed by Kiupel (2011), the Ki67 index, the immunostaining
pattern for KIT and c-kit mutation status for exons 8 and 11 are some of the most recently
mentioned prognostic tools. The prevalence of mutations in c-kit exons 8 and 11, when added
together, were observed in up to 45% of cases in canine cutaneous mast cell tumors. The main
objective of this study was to characterize the anatomopathological and molecular aspects of
mast cell tumors in biopsies and mast cell tumors in necropsies of dogs from the diagnostic
routine of the Laboratory of Veterinary Pathology (LPV) of the Federal University of Santa
Maria (UFSM). With this information, two scientific articles were prepared. The first article
characterized 16 dogs with metastatic MCTs submitted to necropsy between 2012-2022. Mast
cell tumors were evaluated histologically and submitted to Toluidine Blue (TB) staining,
immunohistochemistry (IHC) for KIT and Polymerase Chain Reaction (PCR) for exons 8 and
11. The primary locations observed were skin and/or subcutaneous tissue (13), intestine (2),
and periocular tissue (1). Five dogs resected the neoplasm before systemic dissemination and
six had undergone chemotherapy. Metastases were most common in local lymph nodes (16),
liver (16) and spleen (15). Histologically, mast cell tumors ranged from well differentiated, with
abundant granules, to poorly differentiated, with scarce granules. The KIT pattern of all cases
was aberrant, in 9 cases were pattern 11 and 7 cases were pattern I11. The primary and metastatic
site pattern was identical. Exons 8 and 11 were amplified in seven neoplasms from four dogs,
with no mutation detected. It is hoped that this study will help veterinary oncologists in the
diagnosis, prognosis and therapy of MCTs with a more aggressive biological behavior. The
second article aimed to investigate the presence of mutations in exons 8 and 11 of c-kit in 45
canines cutaneous MCTs diagnosed in southern Brazil. All MCTs were evaluated histologically
with the methods of Patnaik and Kiupel, submitted to IHC for KIT and PCR in search of
mutations in exons 8 and 11. Twenty-five tumors were classified as low grade, and 20 as high
grade. As for the KIT expression patterns, pattern I (12), 11 (29) and 111 (2), in addition to two
tumors that did not show immunolabelled cells. Thirteen cases were positive for exon 11
mutations, the majority being from frozen samples. Amplification of the DNA region for exon
8 occurred in only thirteen cases and all were mutation negative. This study was important in
characterizing the immunohistochemical and molecular aspects of cutaneous mast cell tumors
diagnosed in southern Brazil.

Keywords: Mutation. Immunohistochemistry. PCR. Prognostic
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1 INTRODUCAO

O mastocitoma cuténeo é o cancer de pele mais frequente em cées na rotina de biopsias
do LPV-UFSM (SOUZA et al., 2006). Devido a seu comportamento bioldgico altamente
variavel (KIUPEL et al., 2011), métodos complementares a histopatologia tém sido utilizados
na determinacdo do progndstico (BROCKS et al., 2020). A descoberta de que mastocitomas
cuténeos caninos (MCCs) com mutacdes internas em sequéncia no éxon 11 do gene c-kit sdo
mais agressivos, e que ao mesmo tempo, respondem melhor ao tratamento com inibidores da
tirosinaquinase (LONDON, 1999) motivou varios estudos quanto a este tema nos Gltimos anos
e revolucionou a forma como os MCCs sdo tratados pelo clinico e cirurgido veterinarios
(DOWNING et al., 2002; GIANTIN et al., 2012; HAHN, 2008; MARCONATO et al., 2014;
TAKEUCHI et al., 2013; THAMM et al., 2020; VOZDOVA et al., 2019; VOZDOVA et al.,
2020). Além disso, o estabelecimento da imuno-histoquimica para KIT como um marcador
prognostico independente para MCCs também foi um marco, levando essa técnica a ser
oferecida na rotina diagndstica em muitos laboratérios ao redor do mundo como ferramenta
auxiliar na investigacdo prognostica. Apesar disso, a busca por novos marcadores prognésticos
para MCCs segue ativa, e a cada ano, novos estudos surgem indicando possiveis ferramentas
adicionais na investigacdo do seu comportamento bioldgico.

Com base nisso, 0s objetivos principais desta dissertacdo foram: (1) através de um
estudo retrospectivo e prospectivo, graduar de acordo com o tecido de origem 0s mastocitomas
caninos, definir o grau de granulacdo citoplasmatica, bem como determinar o padrdo de
imunomarcacao para KIT e estabelecer a prevaléncia de mutacfes nos éxon 8 e 11 do gene c-
kit em cdes submetidos a necropsia; (2) através de um estudo retrospectivo e prospectivo,
caracterizar o padrdo de imunomarcacdo para KIT e investigar a presenca de mutagdes nos
éxons 8 e 11 do gene c-kit em espécimes de bidpsia.

A metodologia, resultados, discussdo e conclusdes que fazem parte desta dissertacéo
serdo apresentados na forma de dois artigos cientificos (disponiveis no Capitulo 3) a serem
submetidos para publicacdo nas revistas The Veterinary Journal e Ciéncia Rural,

respectivamente.



2 REVISAO BIBLIOGRAFICA

A pele é o maior 6rgédo do corpo e serve como limite anatdmico entre o corpo e 0 meio
ambiente. E constituida pela epiderme, derme, anexos cutaneos, tecido subcutaneo, nervos,
vasos sanguineos e linfaticos (CONCEICAO; LOURES, 2016; MAULDIN; KENNEDY,
2016). Os mastdcitos sdo uma populacdo heterogénea de células redondas com origem na
medula O&ssea. Residem em tecidos vascularizados (SNYDER, 2017), todavia, séo
particularmente mais abundantes na derme, tratos digestorio e respiratério (DALECK;
ROCHA; FERREIRA, 2016; JUNQUEIRA; CARNEIRO, 2012). Sua morfologia €
caracteristica: um pequeno nucleo central e citoplasma preenchido por finos granulos, sendo
facilmente observados em condi¢cBes ndo patoldgicas nas coloragdes de rotina, como a
Hematoxilina e Eosina (EROSCHENKO, 2008; SNYDER, 2017).

A localizagdo estratégica dos mastocitos combinada com os mediadores inflamatorios,
citocinas e fatores quimiotaticos contidos em seus granulos, permite uma rapida interacdo com
células dendriticas e endoteliais (ACKERMAN, 2017; WELLE et al., 2008). Por isso, estdo
diretamente envolvidos nas respostas inflamatoérias aguda, cronica, reparacao tecidual, reacdes
de hipersensibilidade e processos proliferativos (SNYDER, 2017).

Mastocitoma é um neoplasma maligno com origem em mastdcitos (DALECK;
ROCHA; FERREIRA, 2016; LONDON; THAMM, 2013). Em cées, a literatura aponta o
mastocitoma como a neoplasia cutanea maligna mais frequentemente observada (FIGHERA et
al., 2008; LONDON; THAMM, 2013; SOUZA et. al, 2006). Os membros toracicos, pélvicos,
regido cervical, térax, dorso, escroto e boca sdo os locais mais acometidos (WELLE et al.,
2008). A média de idade dos cées é de 8,5 anos e ndo ha predisposicdo sexual. Na literatura
brasileira ha uma maior propensdo em cdes sem raca definida (DALECK; ROCHA;
FERREIRA, 2016). Quanto trata-se de caes com raga, Boxer, Boston Terrier, Bulldog, Labrador
Retriever, Golden Retriever, Beagle, Teckel e Shar-Pei estdo entre os mais frequentemente
descritos (DALECK; ROCHA; FERREIRA, 2016; LONDON; THAMM, 2013).

2.1 DIAGNOSTICO

2.1.1 Tecnicas histoquimicas

O exame citologico € utilizado como uma ferramenta diagnoéstica de triagem pois é um

método rapido, de baixo custo e invasividade (SOUZA et al., 2006). A avaliacdo das
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caracteristicas morfoldgicas das células neoplésicas e classificagdo em alto (figuras mitéticas,
células binucleadas ou multinucleadas, pleomorfismo nuclear ou > 50 % anisocariose) e baixo
grau, quando as amostras ndo se enquadram em algum destes critérios, se mostrou um preditor
atil para o planejamento de tratamento e progndstico. Apesar disto, diferencas no tipo de corante
utilizado, que podem ou ndo facilitar a visualizagdo dos granulos citoplasmaticos, e a
impossibilidade de estabelecer a origem em dérmica ou em tecido subcuténeo (KIUPEL;
CAMUS, 2019), atributos extremamente importantes para o prognostico, demonstram a
necessidade da utilizacdo de outros métodos de diagnostico mais acurados (CAMUS et al.,
2016).

Desta forma, a utilizacdo de sistemas visando uma padronizacdo na graduagéo
histoldgica do mastocitoma cutaneo canino (MCC) por meio da coloracdo de Hematoxilina e
Eosina é a ferramenta mais empregada atualmente na rotina diagnostica no Brasil. O primeiro
sistema de graduacdo foi proposto em 1973 por Bostock, seguido pelo de Patnaik e
colaboradores em 1984. Ambos apresentam trés categorias de classificacdo, critérios de
morfologia semelhantes, mas em ordem inversa de classificacdo (BOSTOCK, 1973,
PATNAIK, 1984). A subjetividade de alguns parametros na graduacao associada a diferencas
nos critérios avaliativos entre patologistas ainda era algo frequente (NORTHRUP et al., 2005).
Em 2011, Kiupel e colaboradores propuseram um novo sistema com menos critérios
histoldgicos a serem avaliados e apenas dois graus de classificagdo, o que diminuiu
consideravelmente este problema (KIUPEL et al., 2011).

Apesar disto, em casos de mastocitomas pouco diferenciados, ha dificuldade na
visualizacdo dos granulos citoplasmaticos em coloracGes de rotina (hematoxilina e eosina). A
técnica histoquimica de azul de toluidina facilita sua visualizacdo devido a suas caracteristicas
metacromaticas, isto €, a capacidade de alterar a coloracdo sem alterar a estrutura quimica da
célula (CULLING, 1985), que pode ser graduada em leve, moderada ou acentuada (RECH et
al., 2004).

Em virtude da alta variabilidade no comportamento bioldgico do mastocitoma
(GOLDSCHMIDT; HENDRICK, 2002; GROSS et al., 2005, KIUPEL, 2017), ferramentas
auxiliares sdo utilizadas com objetivo de melhor definir o comportamento deste neoplasma. O
principal critério utilizado na histopatologia e que visa estimar a proliferagdo tumoral € a
contagem mitotica (BOSTOCK, 1973; KIUPEL et al., 2011; PATNAIK, 1984), entretanto,
apenas este critério pode levar a super ou subestimacdo da fracdo de crescimento total
(SLEDGE; WEBSTER; KIUPEL, 2016). Uma segunda técnica histoquimica bastante

empregada e que auxilia na interpretacdo da proliferacdo celular € o AgNOR (regibes



11

organizadoras nucleolares argirofilicas), que sdo subestruturas nucleolares envolvidas na
transcricdo do RNA ribossomal (DERENZINI, 2000). O que se evidencia sdo células
neoplasicas progredindo em seu ciclo celular (DERENZINI, 2000) por meio de pontos pretos
ou marrom-escuros intranucleares (RECH et al., 2004) devido a afinidade das proteinas pela
Prata (WEBSTER et al., 2007). A contagem ¢é feita de maneira manual em 100 mastécitos
neoplésicos e dividida por esta mesma quantidade. Um estudo classificou medias iguais ou
menores que 1,5, como grau I, grau Il quando 1,85 e grau Il quando 3,25 (RECH et al., 2004).
Quanto maior o numero de NORs observadas no nucleo das células neoplasicas, maior é a
atividade proliferativa do tumor, o que esta associado a um pior prognéstico (BOSTOCK et al.,
1989, DERENZINI, 2000).

2.1.2 Imuno-histoquimica

A técnica imuno-histoquimica para detec¢do de Ki67, uma proteina nuclear ndo histona,
altamente sensivel a protease disposta por uma cadeia polipeptidica (GERDES et al., 1991), é
utilizada com a mesma finalidade que a de AQNOR. A contagem dos nucleos positivos também
é realizada de maneira manual e a imunomarcacdo intranuclear é interpretada como positiva
(WEBSTER et al., 2007). Entretanto, o tempo de fixacdo da amostra em formol pode apresentar
resultados ndo confiaveis (SANTOS et al., 2019) devido as alteracdes na integridade do epitopo,
0 que pode levar a resultados imuno-histoquimicos falso-negativos ou fracamente positivos
(RAMOS-VARA; MILLER, 2014).

N&o h& um valor bem determinado para classificar os resultados em graus, apesar disto,
sabe-se que cdes com Ki67 elevado tem pior prognostico (LELYVELD et al., 2015;
MAGLENNON et al.,, 2008). Para um valor de proliferacdo tumoral mais fidedigno,
recomenda-se a combinagdo dos resultados dos marcadores de proliferacdo celular,
multiplicando-se o escore AgGNOR pelo indice Ki67, resultando no escore Ag67 (BROCKS et
al., 2020).

A propensdo a proliferacdo celular descontrolada € a principal caracteristica do cancer
e tem sido amplamente utilizada para prognosticar doencas neoplasicas humanas e veterinarias
(WEBSTER et al., 2007). O receptor transmembrana tipo Ill, KIT, é responsavel pela
diferenciacdo, migracdo, proliferacdo e sobrevivéncia dos mastdcitos (DAHLIN, 2021;
LENNARTSSON; RONNSTRAND, 2012) e em uma variedade de células, incluindo
melandcitos e precursores eritroides (GALLI; ZSEBO; GEISSLER, 1994; KIUPEL et al.,

2004). Trés padrdes de imunomarcacdo podem ser observados em mastocitomas: padrdo | —
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marcacdo associada & membrana, padrdo Il — marcacao citoplasmatica focal ou pontilhada, e
padrdo 11l — marcacdo citoplasmaética difusa (KIUPEL et al., 2004). Apesar disto, um fator que
pode ser limitante € a oscilacdo na intensidade da imunomarcacdo. Ha algumas hipoteses
sugerindo diferenca fenotipica entre mastdcitos de diferentes localizagdes (THOMPSON et al.,
2011), grau histoldgico do neoplasma (REGUERA, 2000) e tempo prolongado de fixacdo no
formol (RAMOS-VARA et al., 2014). Os padroes de expressdo do KIT por mastdcitos
neoplasicos (KIUPEL et al., 2004), bem como a contagem de Ki67 (SCASE et al., 2006;
VASCELLARI et al., 2012; WEBSTER et al., 2007) mostraram indicadores prognésticos

correlacionados, como tempo de sobrevivéncia e recorréncia neoplasica.

2.1.3 Reacdo em cadeia de polimerase

Estruturalmente, o KIT consiste em varios dominios, que séo codificados por 21 éxons
do proto-oncogene c-kit. A porcdo extracelular (codificada pelos éxons 1-9) consiste em 5
dominios semelhantes a imunoglobulinas, o dominio transmembrana é codificado pelo éxon
10, justamembrana pelo éxon 11 e porcéo intracelular pelos éxons 12-20 (LENNARTSSON,;
RONNSTRAND, 2012; STANKOV et al., 2014). Em circunstancias normais, a ativagdo do c-
kit é fortemente regulada e sua ativacdo inadequada esta associada ao desenvolvimento de uma
série de doencas malignas em medicina humana (STANKOV et al., 2014). Na medicina
veterinaria, estudos estabelecem correlacGes indiretas entre a presenca de mutagdes e o grau
histolégico (GIANTIN et al., 2012; MARCONATO et al., 2014; TAKEUCHI et al., 2013;
TAMLINetal., 2017; THOMPSON et al., 2016; VOZDOVA et al., 2019; ZEMKE et al., 2002),
outros marcadores prognésticos (GIANTIN et al.,, 2012; WEBSTER et al., 2007) ou
diretamente com o desfecho clinico do paciente (DOWNING et al., 2002; GIANTIN et al.,
2012; HAHN, 2008; MARCONATO et al., 2014; TAKEUCHI et al., 2013; THAMM et al.,
2020; VOZDOVA et al., 2019; VOZDOVA et al., 2020).

A mutacdo mais observada até o presente momento sdo duplicacdes internas em
sequéncia (Internal Tandem Duplications - ITDs) no éxon 11 (GIANTIN et al., 2012; HAHN
etal., 2008; LETARD etal., 2008; VOZDOVA et al., 2019; VOZDOVA et al., 2020), enquanto
as mutacOes no dominio da quinase séo raras (LETARD et al., 2008; VOZDOVA et al., 2020;
WEBSTER; KIUPEL; YUZBASIYAN-GURKAN, 2006). Apenas um estudo identificou as
mutacdes do éxon 5 como as mais comuns, e ITDs dos éxons 8 e 9 foram relatados com
prevaléncia de 2% a 7% (GIANTIN et al., 2012; HAHN, 2008; LETARD et al., 2008;
MARCONATO et al., 2014; TAKEUCHI et al., 2013; VOZDOVA et al., 2020). Aléem disso,
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as mutacGes de outros éxons, incluindo 2, 6, 7, 10, 15 (TAKEUCHI et al., 2013), 12
(DOWNING et al., 2002), 14 (NAKANO et al., 2017) e 17 (HAHN et al., 2008; LETARD et
al., 2008) foram relatadas com baixa frequéncia.

A prevaléncia de mutagdes no éxon 8 e 11 do c-kit, quando somadas, foram observadas
em até 45% dos casos em MCCs (BROCKS et al., 2020; DOWNING et al., 2002; LETARD et
al., 2008; LONDON, 1999; TAKEUCHI et al., 2013, TAMLIN et al., 2017, VOZDOVA et al.,
2019 ZEMKE, et al., 2002). As ITDs na regido do éxon 11 foram associadas a fosforilacdo do
KIT apesar da falta de ligacdo ao receptor, 0 que sugere que as mutacdes no c-kit levam a
proliferagdo celular independentemente do fator de crescimento das linhagens celulares
(DOWNING et al., 2002; LONDON, 1999; MA et al., 1999). Os pardmetros prognésticos em
MCCs com mutacdes no éxon 11 foram comumente associados a uma alta atividade
proliferativa e mau prognéstico (DOWNING et al., 2002; ZEMKE, et al., 2002). Apesar disto,
sabe-se que mesmo com caracteristicas de malignidade mais acentuadas, estes neoplasmas
respondem melhor ao tratamento com inibidores da tirosinaquinase (LONDON, 1999). O que
gera uma esperanca quanto ao tratamento quimioterapico nestes casos.

Artigos recentes tém pesquisado e demonstrado a importancia da ITD na regido do éxon
8. Em mastocitomas cutaneos caninos, os indices proliferativos demonstraram-se mais baixos
quando comparados a casos positivos no éxon 11, sugerindo que a presenca dessas mutaces
esteja associada a um melhor progndstico. Estes neoplasmas teriam comportamento biol4gico,
entdo, semelhante ao observado em MCCs sem mutagdes nos éxons 8 ou 11 do c-kit (BROCKS
et al., 2020). Este mesmo dado foi demonstrado em mastocitomas subcutaneos (CHEN et al.,
2022).

2.2 TRATAMENTO

O tratamento para 0 mastocitoma pode ser realizado utilizando uma técnica isolada, ou
mesmo a associacdo de abordagens terapéuticas (excisdo cirurgica, quimioterapia
antineoplasica, eletroquimioterapia, farmacos inibidores dos receptores tirosinaquinase) e
radioterapia. A escolha da abordagem terapéutica depende, em grande parte, dos fatores
prognosticos e o estadiamento clinico (DALECK; ROCHA; FERREIRA, 2016). Por isto
recomenda-se uma combinacgdo de testes prognosticos, incluindo o status mutacional do c-kit
(KIUPEL; CAMUS, 2019; SLEDGE; WEBSTER; KIUPEL, 2016).

Na medicina humana, é bem estabelecido o tratamento quimioterapico com inibidores

datirosinaquinase (HAN et al., 2011) e drogas citotoxicas convencionais que induzem autofagia
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(YANG et al., 2011), entretanto, este mesmo processo protege as células tumorais contra a
radiacdo (PAGLIN et al., 2001). Estudos recentes demonstram que a combinacéo de inibidores
da tirosinaquinase com quimioterapicos convencionais abriu uma nova via de tratamento para
pacientes que ndo respondem aos medicamentos existentes (TAMLIN et al., 2020). As taxas de
terapias combinadas com inibidores da tirosinaquinase chegam a 90% de eficacia (OLSEN et
al., 2018). O tratamento exclusivo com estes farmacos também tem sido indicado para MCCs
em que ndo ha possibilidade de excisdo cirargica ou metastases estejam presentes (BURTON
etal., 2015; HORTA et al., 2018a).
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3.1 METASTATIC MAST CELL TUMORS IN DOGS SUBMITTED TO NECROPSY:

PATHOLOGY, KIT EXPRESSION PATTERN AND MUTATION INVESTIGATION
IN 16 CASES (2012-2022)

Artigo a ser submetido a revista The Veterinary Journal.
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Abstract

Mast cell tumors (MCT) are among the most frequent malignant neoplasms in dogs.
Due to their unpredictable biological behavior, several prognostic tools, such as
immunohistochemistry (IHC) and mutation status, have been developed over the years.
Necropsy studies on dogs with metastatic MCTs are scarce, and rarely characterize the KIT
expression pattern and mutation status of these tumors. This study aimed to characterize the
clinical, anatomopathological aspects, KIT expression pattern and c-kit mutation status in 16
dogs with metastatic MCT submitted to necropsy in a Brazilian Veterinary Pathology service
(2012-2022). MCTs were histologically evaluated and submitted to Toluine blue special stain,
IHC using an anti-KIT antibody and Polymerase Chain Reaction for exons 8 and 11. Sixteen
dogs with primary MCTs in the skin and/or subcutaneous tissue (13) intestine (2), and
periocular tissues (1) were included. Five dogs had been submited to neoplasm ressection
before systemic dissemination and six had been submitted to chemotherapy. Metastasis were
most common in the local lymph nodes (16), liver (16) and spleen (15). Histologically, MCTs
ranged from well-differentiated neoplasms with abundant granules to poorly differentiated
and scarcely granulated ones. All MCTs had an aberrant KIT expression pattern characterized
by cytoplasmic labelling, which was similar between primary and metastatic sites. Exons 8
and 11were amplificated in seven neoplasms from four dogs, with no mutations detected. This
study characterized KIT expression pattern and investigated exon 11 and 8 mutations in fatal
metastatic cases of MCT. Our results may help further characterizing the use of these
prognostic factors in metastatic MCTs of dogs, assisting veterinary oncologists with the

diagnosis, prognostication and therapy of these aggressive neoplasms.

Keywords: dog; mast cell tumor; metastasis foci, immunohistochemistry
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Introduction

Mast cell tumors (MCT) are malignant neoplasms originating from mast cells (Kiupel
2017). In dogs, MCTs are most frequent in the skin, where they correspond to 16 to 21% of
all cutaneous neoplasms (London et al., 2013, Kiupel, 2017). Other primary locations such as
gastrointestinal tract and other visceral organs are infrequent (Patnaik et al., 1982; Kiupel,
2017). MCTs have a variable biologic behaviour, and some of these neoplasms may behave
aggressively, recurring and metastasizing to local lymph nodes and distant organs (Kiupel,

2017).

Due to the highly variable biological behaviour of MCTs in dogs, complementary
methods to histopathology have been used to determine the prognosis and help choosing the
more adequate systemic therapy when necessary (Kiupel et al., 2011; Brocks et al., 2020).
These methods are mainly aimed at cutaneous MCTs (cMCTs), although some studies have
applied these tools to tumors from other locations as well (Kobayashi et al. 2012, Larsen et al.
2022). They include investigating the Ki-67 index, the KIT expression pattern and the
mutation status of the c-kit gene (Kiupel et al. 2004, Webster et al. 2007, Brocks et al. 2020).
These ancillary techniques have been largely explored over the last decades, which has

improved the diagnosis and treatment of MCT patients.

Necropsy studies of dogs dying due to MCT-related disease are scarce (Kiupel, 2017).
Most of these references are antique and have not applied more modern prognostic techniques
such as KIT immunohistochemistry (IHC) and Polymerase chain reaction (PCR) for mutation
investigation. In addition, most of them do not characterize the pathologic aspects of
metastatic lesions in different organs (Hottendorf et al.; 1968, O'Keefe et al., 1987). Studying

these aspects of MCTs in necropsies may help improving the antemortem diagnosis, mainly
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through imaging techniques and biopsies (London et al., 2013). Additionally, investigating
the immunohistochemical KIT pattern and mutation status in metastatic lesions may be useful
for oncologists and pathologists handling aggressive cases of MCT with metastatic lesions.
Based on this scenario, the aim of this study was to characterize the clinical,
anatomopathological aspects, KIT immunostaining pattern and investigate the presence of c-

kit mutations in 16 dogs with metastatic MCT submitted to necropsy.

Materials and methods

A retrospective study of the necropsy database from a Brazilian pathology service was
conducted (2012-2022), and dogs with a cause of death or euthanasia attributed to metastatic
MCT were studied. Only cases with available paraffin-embedded tissues were included. Data
concerning age, breed, clinical history and necropsy findings were retrieved from the

necropsy reports.

New histological slides from all cases were obtained from the paraffin blocks, and cases
were histologically evaluated. Cutaneous MCTs were graduated according to a three-tier
(Patnaik et al. 1984) and a two-tier (Kiupel et al. 2011) grading systems. Tumors from other
anatomical locations, including subcutaneous MCTs, were not graded. Cytoplasmic
granulation on HE was evaluated in all tumors and classified as scarce, moderate or abundant
at a higher magnification (400 X). All tissues affected by primary or metastatic MCTs were
submitted to Toluidine Blue (TB) special stain. For TB staining, 3um-thick histologic sections
were deparafinized, hydrated, and stained in a TB solution (0.1%) for 3 minutes. The slides
were then washed in tap water and dehidrated. The amount of stained granules was classified

as scarce, moderate and abundant at a higher magnification (1000 X).
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One section of the primary MCT and at least one section of a metastatic site
(preferentially the regional lymph node) were submitted to IHC using a rabbit polyclonal anti-
KIT antibody (CD117, Dako, A4502)". Antigen retrieval was performed by microwaving (10
min at full power) in TRIS-EDTA pH 9. Sections were incubated with the primary antibody
diluted in phosphate-buffered saline with Tween 20 (PBST) (1:150) for 1h at 37 °C. A
polymer-HRP system (Easy Link One, EasyPath)!" was used, followed by substrate
development with 3,3'diaminobenzidine (DAB; EasyPath)I'. One cutaneous mast cell tumor
from a dog was used as positive control. For negative controls, the same test sections were
used, and the primary antibody was replaced with PBST. The MCTs were classified according
to KIUPEL et al. (2004) into three patterns of KIT immunostaining according to location of
antigen expression: pattern I, characterized by membrane staining; pattern |1, characterized by
focal or stippled cytoplasmic staining; or pattern 11, characterized by diffuse cytoplasmic

immunostaining. Additionally, the percentage of immunolabeled cells was estimated.

All primary neoplasms and two metastatic sites were submitted to polymerase chain
reaction (PCR) for exons 8 and 11. Extraction was performed using a commercially available
kit (Qiagen QlAamp DNA FFPE Tissue Kit®, Quiagen, 56404)"!. Four 5um sections of each
paraffin-embedded tissues were cut and placed in 2ml tubes. Paraffin was removed by
treatment with xylene and ethanol. From frozen samples at least 0.5 cm? of tissue from each
case were subjected to the extraction protocol. The following extraction phases were
performed according to the manufacturer's protocol. After extraction, samples were stored in a
-20°C refrigerator. A negative extraction control (NEC) was included in the extraction
procedure. The PCR protocol for exon 11 and intron 11 was performed using the following
primers: PE1/PE2 (PE1: CCCATGTATGAAGTACAGTGGAAG; PE2:

GTTCCCTAATCATTGTTACACG) (JONES et al., 2004). Primers used to exon 8 and intron
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8: PE1/PE2 (PE1l: GTCCTCTTCAAACTCAAGAAGG; PE2:
CCAAAATAATCCTCTCACCTCTGC) (VOZDOVA et al., 2019). PCR reaction was
performed using the Taq DNA Polymerase, Recombinant (5U/pL) (Thermo Fisher
ScientificTM®). Both reaction were optimized for annealing temperature (52 to 62°C, with a
2°C interval) and MgCl. concentration (1.5, 2, and 2.5mM). The PCR reaction was performed
by using PE1/PE2 for initial denaturation at 94°C for 3 minutes, followed by 35 cycles of
94°C for 45 seconds, 58°C for 30 seconds, 72°C for 30 seconds and then a 72°C for 10
minutes step. A non-diluted sample and a 1:10 sample were tested. The PCR product was
analyzed by using agarose gel electrophoresis (agarose gel in Tris-acetate-EDTA buffer, 4%).
The PCR product was analyzed by using agarose gel electrophoresis (agarose gel in Tris-
acetate-EDTA buffer, 4%). Positive cases for exon 11 ITDs were cut from the electrophoresis
gel and purified with a commercial kit (PureLink™ Quick Gel Extraction and PCR
Purification Combo Kit) following the manufacturer's instructions and sent to ACTGene
Andlises Ltda. " for Sanger sequencing. ACTGene performs sequence analysis using the

Applied Biosystems® (ABI) 3130 Genetic Analyzer (ABI standard protocols).

Results

From 1497 dogs being necropsied in this period, 16 died or were euthanised due to
metastatic mast cell tumor. The primary MCTs were solitary (n=15) or multifocal (n=1). The
primary locations of the different MCTs included were skin (n=6), subcutaneous tissue (n=6),
skin and subcutaneous tissue simultaneously (n=1), intestine (n=2) and periocular tissues
(n=1). The affected dogs developed metastasis to the lymph nodes (n=16), liver (n=16),
spleen (n=15), kidney (n=1), heart (n=1) and mediastinum (n=1) (Table 1). The major
primary cutaneous tumors, when present during necropsy, were graduated as grade 11l and

high grade (n=3) or grade Il and high grade (n=2). One dog (n° 13) had numerous cMCTs and
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scMCTs disseminated throughout the body; and in this case cMCTs had variable grading,
ranging from grade Il/low grade to grade I11/high grade (Table 2). The MCT in the periocular
tissues invaded the ocular nerve, frontal bone and brain. Seven dogs were submitted to
surgical resection of the primary tumor before systemic dissemination, two (n° 5 and n° 12)
with complete resection and, thus did not have this tumor available for reassessment making

naccessible. Six dogs were submitted to chemotherapy (Table 3).

Macroscopically, the primary cMCTs and scMCTs ranged from small nodules (0,5 cm in
diameter) to large masses (27 x 20 x 5 cm) with occasional ulcers (n=4) (Figure 1A). These
tumours invaded the subjacent adipose tissue and muscles. One dog had more than twenty
nodules disseminated in different body regions (Figure 1B). One of the intestinal masses
affected duodenum and was relatively small (1,5 cm diameter) and diffusely hemorrhagic,
which did not rise a suspicion of mast cell tumor during necropsy (Figure 1C). It had not been
visualized during an abdominal ultrasound, being only detected during necropsy. The other
intestinal mass affected the ileum and was a large (12 x 6.5 x 3.5 cm) whitish mass with
hemorrhagic areas and was adhered to multiple enlarged mesenteric lymph nodes affected by
metastasis (Figures 1D, 1E). The intestinal mucosa was ulcerated at the site of both intestinal
MCTs (Figure 1F). The periocular MCT was characterized by a poorly demarked mass
affecting the retrobulbar area, invading soft tissues and bone and reaching the olfactory bulb.
The ocular globe was not invaded. Metastasis to the lymph nodes were mainly characterized
by organomegaly (n=15) (Figures 2A and 2B) but also occasionally caused grossly visible
nodules (n=6). Splenic metastases were observed in fourteen dogs, in which splenomegaly
(n=8) (Figure 2C) and/or splenic nodules (n=4) (Figure 2D) were observed. Hepatic

metastasis caused hepatomegaly in only 6 cases, sometimes with additional white nodules



166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

23

(n=8) (Figure 2E, 2F). Renal, cardiac, and mediastinal metastases were characterized by

multiple white nodules.

Histologically, the primary and metastatic MCTs ranged from well-differentiated (Figure
3A) and granulated neoplasms that were easily recognized (8 dogs) to poorly differentiated
and scarcely granulated round cell tumors (Figure 3B) that depended on TB to be confirmed
as MCTs (8 dogs). Metastatic foci varied from obvious areas that were easily recognized on
HE sections (12 dogs) to more discrete areas that demanded TB stain to be recognized (4
dogs). The degree of differentiation was similar between the primary and metastatic lesions,
and the number of stained granules on TB stain varied from scarce (n=7) (Figure 3C) to
moderate (n=5) (Figure 3D) or abundant (n=4). Several dogs had numerous neoplastic cells
filling the liver sinusoids (13), pulmonary capillaries (9), glomerular capillaries (5) and
splenic sinusoids (5) in TB stained sections. In dog n° 11, circulating mast cells had been
visualized in the blood smear, facilitating the suspicion of systemic mastocytosis. In other
tissues, circulating neoplastic mast cells were seen in multiple small blood vessels in the

pancreas, intestine, urinary bladder, brain and heart.

All primary and metastatic lesions submitted to IHC showed some degree of KIT antigen
expression. However, the amount of immunolabeled neoplastic cells varied greatly. Antigen
expression always predominated in the cytoplasm, and cases were classified in pattern 11 (9)
(focal or stippled labelling) (Figure 3E) or pattern 111 (7) (diffuse labelling) (Figure 3F). The
percentage of immunolabeled neoplastic cells in the primary tumors varied from
approximately 90% (n=3) to 50% (n=9) and 30% (n=4). The percentage of immunolabeled

cells and the pattern of immunolabelling was always similar between the primary and
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metastatic lesion in each dog. Nine of the 16 MCTs was successfully amplification of exons 8

and 11 but no case were positive for ITDs.

Discussion

MCTs should always be considered potentially malignant, since they occasionally
behave unpredictably, with local reccurence and metastases to lymph nodes and distant tissues
(Kiupel, 2017). Although several investigations concerning grading and use of ancillary
techniques on prognostication of biopsied MCTSs have been published over the last few
decades (Patnaik et al., 1984; Reguera et al., 2000; Kiupel et al., 2004; Webster et al., 2007,
Kiupel et al., 2011; Brocks et al., 2020), studies focused on necropsies of dogs dying of MCT-
related disease are uncommon (Hottendorf et al.; 1968, O'Keefe et al., 1987). In this
investigation, dogs dying or being euthanized due to metastatic MCT corresponded only to
0.52% of all necropsies in this species. MCTs with an aggressive behaviour correspond to a
subset of the hole group, which may partially explain this low prevalence. Additionally,
several patients with a previously confirmed high-grade MCT are probably not submitted to
necropsy by the owners, since their cause of death is already expected to be MCT-related.
This possibly contributes to decrease the prevalence of MCT-related disease among
necropsies. It is known that disseminated forms of the disease usually result from a primary
cutaneous tumor (O'Keefe et al., 1987; Takahashi et al, 2000), and this agrees with our results,
where six cutaneous and six subcutaneous MCTs were considered the primary lesion. The
equal number of cutaneous and subcutaneous tumors was an interesting finding. Although
older literature does not differentiate cutaneous and subcutaneous MCTs (Hottendorf et al.;
1968, O'Keefe et al., 1987), it is currently suggested that subcutaneous MCTs tend to be less
aggressive when compared to their cutaneous counterparts (Newman et al., 2007; Thompson

et al., 2011), which would make us expect a lower prevalence of subcutaneous primary
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lesions in this study. Unfortunately, based on the relatively small number of cases included in
this investigation, we cannot explain this similar prevalence between cutaneous and

subcutaneous MCTSs.

Extracutaneous MCTs are uncommon in dogs and can develop in any conjunctive
tissue containing resident mast cells, including gastrointestinal tract, oral cavity, conjunctiva,
salivary gland, nasopharynx, larynx, spinal cord, urethra, liver, spleen and lung (Kiupel,
2017). Three dogs in our study developed MCTs in infrequent locations. Dogs n°11 and 16°
had intesinal tumors affecting the duodenum and ileum, respectively, and dog n°4 had
periocular tissue involvement with consequent protrusion of the ocular globe and invasion of
the optic nerve and frontal lobe. Prognostic studies on canine extracutaneous MCTs are
scarce, making it difficult to predict their biological behaviour. However, the few studies
available show that MCTs arising from mucosal surfaces (oral cavity, mucocutaneous
junctions and gastrointestinal tract) are generally prone to metastasize, showing a more
aggressive behaviour when compared to their cutaneous counterparts (Ozaki et al., 2002;
Hillman et al., 2010; Larsen et al., 2022). KIT location and c-kit status are uncommonly
evaluated in these studies since most of them were published before the establishment of these
prognostic factors (Takahashi et al., 2000; Ozaki et al., 2002). One of the rare studies
investigating these two prognostic factors in extracutaneous MCTs status showed that more
aggressive nasal MCTs tended to have an atypical KIT location, which agrees with the IHC
patterns observed in the extra cutaneous cases from this study, while mutations at exons 8
seemed to be uncommon (Larsen et al., 2022). Dog n°16 was the only one with atypical MCT
location and successful PCR amplification, and its intestinal tumor was negative for mutations

in both exons 8 and 11.
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The histologic arrangement of metastatic neoplastic cells was variable in this study.
While in some organs, the metastatic lesions were quite large and obvious in HE sections, in
others, they were more difficult to identify, being constituted of small clusters of poorly
granulated neoplastic cells. The metachromatic characteristics of mast cell granules evidenced
by TB proved to be extremely important and decisive in the searching for neoplastic cells,
particularly in poorly differentiated cases. It is not uncommon for cutaneous or extracutaneous
MCTs to be constituted of poorly granulated mast cells, which may impair the histologic
diagnosis (Ozaki et al., 2002; Kiupel, 2017; Larsen et al., 2022). Additionally, the
cytoplasmic granules in some MCTs, particularly in gastrointestinal sites, often show weak
metachromasia, leading to a predominantly negative TB (Ozaki et al. 2002). This was
observed in both intestinal neoplasms from this study. In the cases with poor granularity
and/or weak metachromasia, slide evaluation at a higher magnification (1000 X), as
performed in this study, may aid in the diagnosis by facilitating the visualization of granules
within neoplastic cells, either in HE or in TB sections. Additionally, some IHC antibodies,
such as the combination of mast cell tryptase and KIT, may help confirming a MCT diagnosis

(Ozaki et al., 2002; Kiupel, 2017).

In several cases from this study, circulating neoplastic mast cells were seen in multiple
small blood vessels of the spleen, liver, lung, glomerulus, pancreas, intestine, urinary bladder,
brain and heart. The embolization of neoplastic cells is less commonly observed in round cell
tumors when compared to carcinomas and is generally not associated with blood vessel
occlusion and infarctions, mainly because round cell tumors do not form cell clusters within
the blood stream, facilitating cell entrapment, as observed with neoplastic epithelial cells
(Pazzi et al., 2022). Neoplastic mast cells within the blood stream are an important prognostic

factor in dogs with metastatic MCTs, being generally associated with a poor prognosis
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(Kiupel, 2017). In dog n® 11, these cells were visualized in the blood smear, aiding in the

clinical suspicion of systemic mastocytosis.

The KIT location was considered atypical in all tumors from this study. This pattern of
KIT expression, at least in cMCTs, was previously linked to a more aggressive behaviour, to
the presence of exon 11 mutations in the c-kit gene and to a better response to therapy with
tyrosine kinase inhibitors (Webster et al., 2007; Kiupel, 2017). Unfourtunately, DNA
amplification was unsuccessful in most tumors testes in this study. This was probably
atributed to DNA damage induced by formalin-fixation (Dietrich et al., 2013). All nine
tumors where it was possible to amplificate exon 11 and/or exon 8 were negative for ITDs.
This was unexpected reusult, since most of the tumors with patterns 2 and 3 of KIT

immunolabeling are postitive for exon 11 ITDs (Webster et al., 2007).

While patients baring cMCTs with c-kit mutations at exon 11 are generally treated
with tyrosine kinase inhibitors, dogs baring cMCTs without mutations have better response
rates to a combination therapy of vinblastine/prednisone (Webster et al., 2007). Unfortunately,
prognostic tools for MCT evaluation and selection of systemic treatment protocols are still
uncommonly applied in veterinary medicine in some countries. The dogs from this study were
not submitted to mutation screening before the establishment of a systemic therapy, and we
were not able to establish which criteria led clinicians to choose certain treatment protocols.
Regardless of the treatment option in these dogs, they ended up dying of MCT-related

disease.

Although KIT immunolabeling is traditionally used as a prognostic tool for cMCTs, it

has been shown to be relevant in the prognosis of scMCTs as well (Kiupel, 2017). Recent
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studies have been suggesting it may also have a prognostic importance in some mucosal
MCTs (Kiupel, 2017; Larsen et al., 2022). As mentioned above, most cMCTs with atypical
KIT location are positive for mutations at exon 11 of the c-kit gene (Webster et al., 2007),
however, this association does not seem to exist in nasal MCTs. A recent study did not find
any association between atypical KIT pattern and c-kit mutations in these tumors (Larsen et

al., 2022).

Reguera (2000) described that the number of immunolabelled cells was lower in low-
grade cMCTs, in which immunolabeling was also more intense. In our study, high grade
MCTs had a weak to almost absent immunolabeling, which hampered the IHC evaluation.
However, the low number of cases did not allow any statistical analysis of these findings.
Thompson (2011) suggests that phenotypic differences of mast cells with different primary
locations may result in protein expression variabilities in profiles or responses to local signals.
This theory could possibly explain the low percentage of immunolabelled cells in several
cases included in our study. Another possibility is the influence of formalin-fixation times on
epitope integrity, which may lead to false-negative or weakly positive immunohistochemical
results for different proteins (Ramos-Vara et al., 2014). Regardless of the cause, the weak to
nearly absent KIT expression observed in several MCTs from this investigation is a reason for
concern, since it may misdirect pathologists to other diagnoses, particularly in poorly-
differentiated MCTs. In addition to these variations in IHC intensity, it is important to
remember that KIT protein is not completely specific for MCTs (Morini et al. 2004). For

these two reasons, it should not be used for diagnostic purposes.

Conclusions
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Subcutaneous MCTs were relatively common in this study. This was unexpected,
since they are generally less prevalent, and most of them have a less aggressive behavior.
Primary and metastatic MCTs have generally the same pattern of KIT expression in this
investigation. In addition, there was a significant oscillation in the number of immunolabelled
cells in the MCTs from this study, which may be a limiting factor for KIT evaluation in
routine samples. In the few samples with a succesful DNA amplification, no ITDs were
detected. Most tested tumors in this study did not allow DNA amplification for mutation
detection. PCR for exons 8 and 11 in formalin-fixed samples may represent a challenge,

mainly due to formaline-induced DNA damage.
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Table 1. Metastatic mast cell tumors leading to euthanasia or death: 16 cases. Organs

affected by the primary and metastatic lesions, clinical signs and cause of death

N Age Breed Cllnlgal Pr|n_1ary Metastasis Cl!nlcal Cause of Surgery Systemic
evolution lesion signs death therapy
1 16y Labr_ador NI SC tissue Lymph node, liver, Anaemia Perf_orated No No
Retriever spleen gastric ulcer
. Sub-
Lymph node, liver, .
2 10y Cock_er NI SC tissue spleen, lungs, mandibular Euthanasia Yes No
Spaniel . - volume
kidneys, SC tissue .
increase
Lymph node, liver, Dyspnoea,
3 8y Miniature 10 days SC tissue spleen, lungs, Inappe- Euthanasia Yes No
Pinscher skeletal muscle, tence,
mediastinum apathy
. Lymph node, liver, .
4 10y  Mixed breed 1 month Perllocular spleen, bone Convulsion, Euthanasia No No
tissue - dyspnoea
marrow, brain
5 5y Boxer 4 days Dermis Lymph node, liver, Uraemia Euthanasia No No
Lymph node, liver,
6 10y Mixed Breed 2 months Dermis spleen, urinary Ascites Euthanasia Yes Yes
bladder
Lymph node, liver, Vomiting
7 13y Dachshund 12 months Dermis kidneys, bone and Euthanasia Yes Yes
marrow anorexia
American Lymph node, liver,
8 NI StafforQshlre NI Dermis spleen, lungs, NI NI NI NI
Terrier heart
9 14y  Mixed breed 2 months SC tissue Lymph node, liver, Apathy Euthanasia Yes No
spleen, lungs
Lymph node, liver,
10 12y  Mixed breed NI Dermis sp_leen, lungs, NI Euthanasia No No
kidney, bone
marrow, intestine
Lymph node, liver, Acute
11 10y Australian 3 days Small spleen, ku_zlneys, vomiting, Gastric ulcer No No
Cattle Dog . - heart, urinary and
intestine .
bladder, pancreas diarrhoea
12 11y Chlnese_ 6 months Dermis Lymph node, liver, NI He_patlc No Yes
Shar-Pei spleen, lungs failure
Lymph node, liver,
. spleen, lungs,
American . - Apathy,
13 4y Staffordshire 36 months Derm_ls and Kidneys, bone anorexia, Euthanasia No Yes
- SC tissue marrow, heart, .
Terrier - and anaemia
testicle, adrenal
glands
Lymph node, liver, Sy_nco_pe,
. . spleen, lungs salivation, .
14 11y  Mixed breed 2 months SC tissue ; ! ' tremors, Euthanasia Yes Yes
kidneys, skeletal e
: vomiting,
muscle, brain
and melena
Spleen lnge bong  Anorexia
15 13y  Mixed breed 30 months SC tissue pleen, 1ungs, apathy, and Euthanasia Yes Yes
marrow, skeletal oL
vomiting
muscle
16 12y  Mixed breed 3 days Colon Lymph node, liver, Vomiting Gastric ulcer No No

spleen

y: years, NI not informed, SC: subcutaneous tissue.
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Table 2. Cutaneous mast cell tumours leading to euthanasia or death due to metastatic
spread: information regarding surgery, chemotherapy and death regarding surgery,
chemotherapy and death

Local
Clinical Grade Grade KIT IHC Surgical ) Metastgms recurrence
: (Two- (Three- Systemic following following
e evolution tier tier patternof  removal therapy surgery and surgery Cause of
since 1% - - primary of - death
di . grading grading . surgery systemic and
iagnosis tumor primary .
system) system) therapy systemic
tumor
therapy
5 NI NI NI NI No No Lyml?\r/‘err'c’de' No Euthanasia
Lymph node,
6  2months High Three 1l Yes Yes liver, spleen, Yes Euthanasia
urinary bladder
Lymph node,
12 . liver, spleen, .
7 months High Three ] Yes Yes kidneys, bone No Euthanasia
marrow
Lymph node,
8 NI High Two Il NI NI liver, spleen, No NI
lungs, heart
Lymph node,
liver, spleen,
10 NI High Two ] No No lungs, kidney, No Euthanasia
bone marrow,
intestine
Lymph node, .
12 6months NI NI NI No Yes liver, spleen, No Systemic
mastocytosis
lungs
Lymph node,
liver, spleen,
13 36 LOV.V Two and Il No Yes lungs, kidneys, No Euthanasia
months and high three bone marrow,

heart, testicle,
adrenal glands

NI: not informed
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Table 3. Dogs with cutaneous or subcutaneous mast cell tumours submitted to systemic
treatment (chemotherapy)

Systemic .
0
N Surgery treatment Used drug(s) Number of sections Death
Prednisolone .
6 Yes Yes Vinblastine 4 Euthanasia
Prednisolone .
7 Yes Yes Vinblastine 7 Euthanasia
Prednisolone
Vinblastine
12 No Yes Cyclophosphamide 6 Spontaneous
Toceranib
Prednisolone
Lomustine .
13 No Yes Famotidine 6 Euthanasia
Vinblastine
Prednisolone .
14 Yes Yes Vinblastine 2 Euthanasia
15 No Yes Prednisolone 6 Euthanasia

Vinblastine
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Figure Legends

Figure 1A. Primary dermic mast cell tumour (dog n°8). A large ulcerated mass is observed in

the axillary area.

Figure 1B. Multiple primary dermic and subcutaneous mast cell tumours (dog n°13). Several

alopecic nodules are distributed in different body regions.

Figure 1C. Primary duodenal mast cell tumour (dog n°14). A hemorrhagic nodule is observed

in the intestinal wall. Surrounding mesentery is hemorrhagic and edematous.

Figure 1D. Primary ileum mast cell tumour (dog n°16). A multilobulated mass arrising from

the ileum wall and invading adjacent mesenteric lymph nodes is observed.

Figure 1E. Primary ileum mast cell tumour (dog n°16). On cut surface, the intestinal mass is
transmural, whithish with hemorrhagic areas. Some circular nodules observed in this picture

are invaded lymph nodes.

Figure 1F. Primary ileum mast cell tumour (dog n°16). The intestinal mucosa in the area

affected by the tumor is multifocally ulcerated.

Figure 2A. Submandibular lymph node with mast cell tumor metastasis (dog n°7). The lymph

node is diffusely enlarged.
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Figure 2B. Submandibular lymph node with mast cell tumour metastasis (dog n°7). On cut

surface, it is diffusely white with loss of the nodal architeture.

Figure 2C. Liver and spleen metastasis in a dog with mast cell tumour (dog n°12). The liver

and spleen are diffusely and severely enlarged.

Figure 2D. Splenic metastasis in a dog with mast cell tumour (dog n°8). The spleen is
diffusely enlarged, with multifocal to coalescent white nodules, occasionally containing an

hemorrhagic center.

Figure 2E. Liver metastasis in a dog with mast cell tumour (dog n°12). The liver has an
exacerbation of the lobular pattern, and a pinkish metastatic nodule is observed in the

parenchyma.

Figure 2F. Liver metastasis in a dog with mast cell tumour (dog n°15). Multiple pinpoint

whit areas are observed in the liver capsular surface. They were confirmed as metastasis.

Figure 3A. Metastatic mast cell tumour (dog n°11). A cluster of metastatic cells showing
moderate amount of methachromatic cytoplasmic granules is observed. Some cells are within

sinusoids. Toluine Blue (TB).

Figure 3B. Poorly differentiated mast cell tumour (dog n°13). The neoplastic cells are
arranged in solid sheaths supported by a scarce collagenous stroma. These cells have a scarce

to moderate amount of eosinophilic cytoplasm with rare basophilic granules. HE.
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Figure 3C. Mast cell tumour embolization (dog n°3). Several atypical mast cells containing

metachromatic granules are observed filling the liver sinusouds. TB.

Figure 3D. Metastatic mast cell tumour (dog n°11). A cluster of metastatic cells showing
moderate amount of methachromatic cytoplasmic granules is observed. Some cells are within

sinusoids. Toluine Blue (TB).

Figure 3E. Mast cell tumour with aberrant KIT expression (dog n°3). Some neoplastic cells
have a weak and focal cytoplasmic labelling, showing an atypical KIT protein location

compatible with pattern 11. IHC.

Figure 3F. Mast cell tumour with aberrant KIT expression (dog n°5). Most neoplastic cells
have a diffuse cytoplasmic labelling, showing an atypical KIT protein location compatible

with pattern 111. Immunohistochemistry (IHC).
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Figure 1
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Figure 2
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Figure 3




3.2 INTERNAL TANDEM DUPLICATIONS OF C-KIT EXONS 8 AND 11 IN CANINE
CUTANEOUS MAST CELL TUMORS FROM BRAZIL

Artigo a ser submetido a revista Ciéncia Rural.
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Internal Tandem Duplications of c-kit exons 8 and 11 in canine cutaneous mast cell tumors
from Brazil
Duplicagdes internas em sequéncia nos éxons 8 e 11 do gene c-kit de mastocitomas cutaneos
caninos diagnosticados no Brasil
Betina Fabis Lautert!, Carolina Isabela Mucellini?, Paula Nitiana Campos Gongalves!, Helenize
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ABSTRACT
Cutaneous mast cell tumor (MCT) is a very frequent malignant skin neoplasm in dogs and has a highly
variable biological behavior. Because histopathology alone cannot predict it prognostic, the search for
ancillary methods is essential. Recent studies show that internal tandem duplications (ITDs) in c-kit
exons 8 and 11 are correlated with their biological behavior. The main objective of this note was to
investigate the presence of c-kit exons 8 and 11 mutations in 45 canine cutaneous mast cell tumors
diagnosed in Southern Brazil. All MCTs were histologically evaluated with both Patnaik and Kiupel
grading systems, submitted to immunohistochemistry (IHC) using an anti-KIT antibody and PCR for
exons 8 and 11. The histological grade varied among the five possible method combinations as well as
all KIT location patterns in the IHC. Additionally, two cases did not have any immunolabeled cells.
Thirteen cases were positive for exon 11 ITDs, most from frozen samples. Amplification of DNA
region for exon 8 occurred in only thirteen cases, none of which were ITD positive. This study was
important to identify limitations in this technique and may help on the further standardization of PCR
for exon 8 in formalin-fixed samples.

Keywords: KIT, immunohistochemistry, mutation, PCR
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RESUMO

O mastocitoma cutdneo (MC) é um neoplasma cutdneo maligno muito frequente em cées e possui
comportamento bioldgico altamente varidvel. Como a histopatologia sozinha ndo pode prever seu
progndstico, a busca por métodos auxiliares é essencial. Estudos recentes mostram que as internal
tandem duplications (ITDs) nos exons 8 e 11 do c-kit estéo correlacionados com seu comportamento
bioldgico. O objetivo principal desta nota foi investigar a presenca de mutac6es dos éxons 8 e 11 do c-
kit em 45 MCs caninos diagnosticados no sul do Brasil. Todos os MCs foram avaliados
histologicamente, graduados pelos métodos de Patnaik e Kiupel, submetidos a imuno-histoquimica
(IHQ) usando um anticorpo anti-KIT e PCR para exons 8 e 11. O grau histoldgico variou entre as cinco
combinagOes de métodos possiveis, assim como todos os padrdes de localizagdo de KIT na IHQ. Além
disso, dois casos ndo apresentaram células imunomarcadas. Treze casos foram positivos para ITDs do
exon 11, a maioria de amostras congeladas. A amplificacdo da regido de DNA para o exon 8 ocorreu
em apenas treze casos, nenhum dos quais com ITD positivo. Este estudo foi importante para identificar
as limitacOes desta técnica e pode auxiliar na futura padronizacdo da PCR para o exon 8 em amostras
fixadas em formol.

Palavras-chave: KIT, imuno-histoquimica, mutacdo, PCR

Cutaneous mast cell tumor (MCTs) is a very frequent malignant skin neoplasm in dogs
(KIUPEL et al., 2011, SLEDGE et al., 2016). It has a highly variable biological behavior, which is
not always predictable by histopathology alone (KIUPEL et al., 2011). In this sense, several
additional prognostic markers are used to access biologic behavior, and sometimes help choosing the
best therapeutic option (BROCKS et al., 2020; HAMALAINEN et al., 2021; KNIGHT et al., 2022).
The KIT expression pattern (WEBSTER et al., 2006) and the mutation status of c-kit exon 11
(LONDON et al., 1999) are considered important prognostic factors for MCTs. The predominance of
cytoplasmic KIT labelling (WEBSTER, et al., 2006) and the presence of internal tandem duplications

(ITDs) in exon 11 of c-kit (LONDON et al., 1999) are generally correlated with a more aggressive
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behavior. More recently, a new set of mutations affecting exon 8 of c-kit has been proposed as a new
prognostic marker (BROCKS et al., 2020). This first study suggests that ITDs of c-kit exon 8 are
associated with a longer survival in dogs with MCT. Studies exploring ITDs in exon 8 are still scarce,
since the prognostic importance of this set of mutations has been only recently proposed (BROCKS
et al., 2020). The main objective of this note was to investigate the presence of c-kit exons 8 and 11
mutations in 45 canine cutaneous mast cell tumors diagnosed in Southern Brazil.

A retrospective study of the biopsy database from a Brazilian pathology service was conducted
(2018-2022), and dogs diagnosed with cutaneous mast cell tumors were studied. Only cases with
availabile paraffin-embedded tissues and that had a succesful amplification DNA region of exon 11
in a previous PCR protocol were included. Sixteen cases included had frozen samples available for
PCR. The data obtained from the biopsy reports were: sex, breed, age, tumor location and previous
treatment. New histological slides from all cases were obtained from the paraffin blocks, and cases
were evaluated histologically. All cutaneous MCTs were graduated according to a three-tier
(PATNAIK et al., 1984) and a two-tier (KIUPEL et al., 2011) grading systems.

One histological section from each MCT was submitted to IHC with protocol adapted from
WEBSTER (2007) using a rabbit polyclonal anti-KIT antibody (CD117, Dako, A4502)' incubated
with the primary antibody diluted in phosphate-buffered saline with Tween 20 (1:150) for 1h at 37
°C. A polymer-HRP system was used, followed by substrate development with 3,3’diaminobenzidine
(DAB; EasyPath)'". Positive control was a cutaneous mast cell tumor from a dog. Negative control
was the same test section, but the primary antibody was replaced with phosphate-buffered saline with
Tween 20. KIT expression patterns were classified into three according to criteria previously
established by KIUPEL (2004): pattern | (membrane staining); pattern Il (focal or stippled labelling)
and pattern 111 (diffuse labelling) .

All cases were submitted to polymerase chain reaction (PCR) for exons 8 and 11. Thirty one
samples were from paraffin-embedded tissues and foutteen from frozen samples. Extraction was

performed using a commercially available kit (Qiagen QlAamp DNA FFPE Tissue Kit®, Quiagen,
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56404)"". Fifty two samples were from paraffin-embedded tissues and sixteen from frozen samples.
Four 5um sections of each paraffin-embedded tissues were cut and placed in 2ml tubes. Paraffin was
removed by treatment with xylene and absolute ethanol. From frozen samples at least 0.5 cm® of
tissue from each case were subjected to the extraction protocol. The following extraction phases were
performed according to the manufacturer's protocol. After extraction, samples were stored in a -20°C
refrigerator. A negative extraction control (NEC) was included in the extraction procedure. The PCR
protocol for exon 11 and intron 11 was performed using the following primers: PE1/PE2 (PEL:
CCCATGTATGAAGTACAGTGGAAG; PE2: GTTCCCTAATCATTGTTACACG) (JONES et al.,
2004). Primers used to exon 8 and intron 8: PE1/PE2 (PE1: GTCCTCTTCAAACTCAAGAAGG;
PE2: CCAAAATAATCCTCTCACCTCTGC) (VOZDOVA et al, 2019). PCR reaction was
performed using the Tag DNA Polymerase, Recombinant (5U/uL) (Thermo Fisher ScientificTM).
Both reaction were optimized for annealing temperature (52 to 62°C, with a 2°C interval) and MgCl.
concentration (1.5, 2, and 2.5mM). The PCR reaction for exon 11 was performed by using PE1/PE2
for initial denaturation at 94°C for 3 minutes, followed by 35 cycles of 94°C for 45 seconds, 58°C for
30 seconds, 72°C for 30 seconds and then a 72°C for 10 minutes step. The PCR reaction for exon 8
was performed by using PE1/PE2 for initial denaturation at 94°C for 5 minutes, followed by 35 cycles
of 94°C for 30 seconds, 64°C for 40 seconds, 72°C for 30 seconds and then a 72°C for 7 minutes step.
A non-diluted sample and a 1:10 sample were tested for both exons. The PCR product was analyzed
by using agarose gel electrophoresis (agarose gel in Tris-acetate-EDTA buffer, 4%). Positive cases
for exon 11 ITDs were cut from the electrophoresis gel and purified with a commercial kit
(PureLink™ Quick Gel Extraction and PCR Purification Combo Kit) following the manufacturer's
instructions and sent to ACTGene Analises Ltda. 'V for Sanger sequencing. ACTGene performs
sequence analysis using the Applied Biosystems® (ABI) 3130 Genetic Analyzer (ABI standard
protocols).
A total of 45 MCTs were included. The 45 samples came from 36 dogs, 24 females and 12

males. Mixed breed dogs predominated (n= 14), followed by Boxer (n= 6), Dachshund (n= 4), Pit
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Bull (n= 3) and other breeds (n=9). The average age was 9 years. The most frequent anatomical
locations were thorax (10/14) and limbs (8/14) in females, and the scrotum (4/12) in males. Other
locations were vulva (n= 5), abdomen (n=4), head (n= 3), and back, neck and tail (n=1 each).
Histologal grades, KIT pattern expression and PCR results about the MCTs are concisely described
in Table 1.

Positivity for exon 11 duplication was considered when two bands were observed, occurring
in 10 paraffin-embedded tissue samples (10/31 [32,26 %]) and 3 frozen samples (3/14 [21,43%)]).
The average results obtained from both samples (26,5%) are similar to those observed in some studies
(DOWNING et al., 2002; WEBSTER et al., 2008; ZEMKE, et al., 2002). The PCR for exon 8 was
succeeded in 13 samples, all of them frozen tissue. However, no case was positive for mutations.

Several studies have identified the ITDs of exon 11 as the most prevalent (HAHN et al., 2008;
LETARD et al., 2008; GIANTIN et al., 2012; VOZDOVA et al., 2019; VOZDOVA et al., 2020).
These ITDs were associated with KIT phosphorylation despite the lack of receptor binding, with
consequent high proliferative activity and poor prognosis (DOWNING et al., 2002; ZEMKE, et al.,
2002). In the other hand, these MCTs respond better to treatment with tyrosine kinase inhibitors
(LONDON et al., 1999). Interestingly, in only one of the cases with mutation, the dog had a clinical
history of treatment with ITKs. After six chemotherapy sessions, the patient stopped responding. This
raises a question: why this patient stopped to respond to chemotherapy at some point?

Exon 8 ITDs are reported with a prevalence ranging from 2% to 7% (HAHN, 2008; GIANTIN
etal., 2012; LETARD et al., TAKEUCHI et al., 2013; MARCONATO et al., 2014; VOZDOVA et
al., 2020), and affected MCTs exhibiting lower proliferative indices, similar to those observed in
MCTs without mutations in c-kit exons 8 or 11 (BROCKS et al., 2020). The characterization of the
MCTs reported in this note ranged from well-differentiated, low-grade cases, to high-grade
neoplasms. This population incites an expectation of the presence of mutations in exon 8. The low
number of cases with a successful exon 8 amplification possibly contributed to the non-observance

of ITDs in this region.
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The major limitation of this study was the failure of the DNA amplification of exon 8.
Amplification failure was essentially observed in paraffin-embedded tissues, which are widely used
as source for biomarker studies (DIETRICH et al., 2013). Factors such as fixation protocol, type of
fixative solution, use of unbuffered formalin, age of the paraffin block, and endogenous or exogenous
inhibitors can affect tissue integrity and make PCR unsuccessful (AN & FLEMING, 1991; GREER
etal., 1991). The fixation time of the samples in this study is unknown, but all were fixed in buffered
formalin. Correction possibilities in some cases may be changing the concentration of polymerase
and dNTP, and PCR extension time (GREER et al., 1991). These configurations were performed and
unfortunately did not generate best results. Another possibility is that the amplicon size of exon 8 is
larger than that of exon 11 (VOZDOVA et al., 2019), which may be a limiting factor (HAMATANI
et al., 2006).

The techniques traditionally used for the routine diagnosis of MCTs were easily applied with
results clearly interpreted. On the other hand, exon 8 DNA amplification was substantially impaired
in cases from paraffin-embedded tissues, just the opposite of frozen tissue samples, what was not
observed for exon 11. This study was important to identify the main limitation of the technique; and
it may be useful for new studies and laboratories in Brazil to standardize this auxiliary prognostic

technique.
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Table 1. Mast cell tumors with successful amplification of exon 11: histologic grade, kit

pattern and tumor location

Positive for Negative for
Total
ITD exon 11 ITD exon 11
Low grade 5 20 25
High grade 8 12 20
Grade | 0 1 1
Grade Il 9 27 36
Grade 111 4 4 8
Kit pattern | 1 11 12
Kit pattern 11 8 21 29
Kit pattern 111 2 0 2
Kit negative 2 0 2
Thorax 2 9 11
Limbs 3 7 10
Vulva 1 4 5
Not informed 0 5 5
Scrotum 3 1 4
Abdomen 0 4 4
Head 2 1 3
Back 1 0 1
Neck 0 1 1
Tail 1 0 1
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4 DISCUSSAO

Por meio deste estudo foi possivel caracterizar os aspectos anatomopatoldgicos e
moleculares de mastocitomas em bidpsias e necropsia de cdes provenientes de
aproximadamente 8 anos da rotina diagnostica do Laboratorio de Patologia Veterinaria (LPV)
da Universidade Federal de Santa Maria (UFSM). Além disso, foram realizadas novas técnicas
auxiliares ainda pouco estudadas. Todos estes dados resultaram em dois artigos que constituem
esta dissertacao

O primeiro artigo caracterizou 16 cdes com mastocitoma metastatico submetidos a
necropsia no intervalo 2012-2022. Apesar de ser o neoplasma cutaneo mais frequente na rotina
diagndstica do LPV (SOUZA et al., 2006) esta populacdo representa aproximadamente 0,52%
dos cdes que sdo necropsiados no LPV. Possivelmente isto se deve a mastocitomas com
comportamento agressivo correspondem a um subconjunto do grupo. Outra hipotese € que 0s
tutores destes cdes bem como os clinicos ja saibam o diagnostico e escolham ndo submeter o
paciente ao exame necroscopico.

O padrdo de expressao de KIT idéntico no neoplasma priméario e metéstases pode
auxiliar clinicos que ndo tenham acesso ao sitio primario para entender melhor o
comportamento bioldgico do neoplasma primario, caso este ja esteja ausente. Além disso,
houve uma oscilacdo significativa no numero de células neoplésicas imunomarcadas neste
estudo, 0 que pode ser um fator limitante para a avaliacdo do KIT em amostras de rotina
oriundas de material de necropsia. Nas poucas amostras com amplificacdo de DNA bem-
sucedida, nenhuma ITD foi detectada.

O segundo artigo, em formato de nota, teve como objetivo principal investigar a
presenca de mutagdes no exon 8 do c-kit em 45 mastocitomas cutaneos caninos diagnosticados
no sul do Brasil. O critério de inclusdo de apenas os MCCs que amplificaram o DNA para a
regido do exon 11 do c-kit objetivou selecionar amostras com material genético preservado.
Apesar disso, houve uma grande dificuldade na padronizacéo da técnica para a regido do exon
8. A pequena quantidade de amostras amplificadas foi oriunda apenas de material congelado,
sendo que nenhuma delas foi positiva para a ITD. Este estudo foi importante para identificar a

principal limitacdo da técnica
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5 CONCLUSAO

Este estudo abordou os aspectos histoquimicos, imuno-histoquimicos e moleculares do
mastocitoma em cées. Observou-se uma prevaléncia semelhante de mastocitomas cutaneos e
subcutaneos no estudo de necropsias, 0 que sugere que os mastocitomas subcutaneos ndo sejam
tdo incomuns como a literatura estabelece. O fato desses tumores estarem associados a
metastatizacdo e morte/eutanasia também chama atencdo, ja geralmente se espera que eles
tenham um comportamento biol6gico menos agressivo. Na imuno-histoquimica podem ocorrer
casos que as células neoplasicas ndo demonstrem qualquer padrdo de imunomarcagdo, 0 que
pode ser uma limitacdo no uso desta técnica na rotina oncoldgica. Mutac6es no exon 11 foram
relativamente comuns neste estudo, 0 que vai ao encontro do que ja é descrito. Entretanto, uma
limitacdo observada na investigacdo molecular de mutac@es foi a dificuldade de amplificacéo
de do exon 8. Acredita-se que ela seja atribuida a fixacdo dos tecidos em formol. Isso pode
representar um desafio para laboratérios brasileiros que pretendem oferecer a técnica na rotina

diagnostica.
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