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Kratak sadrzaj: Mastocitomi su najucestaliji tumori koze pasa. Vode poreklo iz
kostne srzi, a zbog vrlo promenljivog bioloskog ponasanja je predloZzeno nekoliko
kriterijuma za njihovu klasifikaciju, ukljucuju¢i histoloSku gradaciju i markere
proliferacije celija. Mitotski indeks, prisustvo viSejedarnih ¢elija, ¢elija sa bizarnim
jedrom i kariomegalija su najvazniji parametri za klasifikaciju mastocitoma pasa na
mastocitome visokog i niskog stepena maligniteta. Za potvrdu stepena maligniteta
mastocitoma bitno je utvrditi i ekspresiju transmembranskog receptora kinaza tipa
(KIT) koji igra znacajnu ulogu u rastu i diferencijaciji mastocita, a koga kodira c-KIT
protoonkogen. Kod mastocitoma visokog stepena maligniteta, osim membranske
ekspresije KIT receptora, moze se uociti i aberantna citoplazmatska ekspresija.
Ispitana su ukupno 52 mastocitoma pasa i 12 uzoraka nepromenjene koZe pasa.
Uzorci koze fiksirani u formalinu i ukalupljeni u parafinu su obojeni hematoksilin-
eozinom. Ekspresija KIT receptora je ispitana primenom imunohistohemijske
metode bojenja. Klasifikacija mastocitoma na mastocitome visokog i niskog stepena
maligniteta je izvrSena prema kriterijumima Kiupel-ove dvostepene klasifikacije,
uzimajuci u obzir i ekspresiju KIT receptora. Od ukupno 52 mastocitoma pasa 16
je bilo niskog stepena maligniteta, dok je 36 klasifikovano kao mastocitomi visokog
stepena maligniteta, od kojih 19 mastocitoma pokazuje citoplazmatsku ekspresiju
KIT receptora. Kod svih 16 mastocitoma niskog stepena maligniteta ispoljena je
samo membranska ekspresija KIT proteina. Cinjenica da je kod ve¢ine mastocitoma
visokog stepena maligniteta ispoljena ekspresija KIT receptora u citoplazmi potvrduje
vezu izmedu aberantne ekspresije KIT receptora i povecane celijske proliferacije.
Prisustvo mitotskih figura, viSejedarnih celija, bizarnih jedara i kariomegalije, kao i
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tip ekspresije KIT receptora predstavljaju klju¢ne prognosticke parametre kod pasa

sa mastocitomima.

Kljuc¢ne reci: psi, mastocitom, klasifikacija, KIT receptor

UVvVOD
Mastocitomi su najces¢i ali se kao povremen nalaz mogu uociti
okruglocelijski tumori kod pasa, koji eritematozni i hiperpigmentisani noduli
ujedno  predstavljaju  najucestalije (Welle i sar., 2008). Lezije na distalnim
tumore koze kod ove Zivotinjske delovima ekstremiteta, usnama i u
vrste (Welle i sar., 2008). Prema podrucju prepona mogu biti u vidu slabo

poreklu, mastocitomi pripadaju grupi
mezenhimskih tumora koze i mekih tkiva
(Hendrick i sar., 1998). Sastavljeni su od
razlic¢ito diferentovanih mastocita koji se
uocavaju kao okrugle celije sa razli¢itom
koli¢inom granula u citoplazmi,
poredane u redove ili grupe (Strefezzi
i sar., 2009; Jovanovi¢ i sar., 2012).
Mastocitomi se kod pasa najcesce srecu
na trupu (50-60%), ekstremitetima (25 -
40%), glavi i vratu (10%). Na skrotumu,
medici, ledima i repu tumor se rede
srece (Welle i sar., 2008). Makroskopski
izgled mastocitoma varira od stepena
diferentovanosti. Dobro diferentovani
mastocitomi se najce$ce pojavljuju kao
nodularne, nekapsulirane mase gumaste
konzistencije, iznad kojih su polja koze
bez dlake. Veli¢ina varira od 1 do 4
cm u precniku a klini¢ki podsec¢aju na
lipom. Slabije diferentovani mastocitomi
imaju tendenciju brzeg rasta, manje su
ograniceni i Cesto praceni inflamacijom
i edemom okolnog tkiva (Jubb i sar.,
2007). Na njihovoj povr$ini mogu nastati
ulceracije, dok se u blizini mogu razviti
manji c¢vorici, tzv. satelitski noduli.
Vecina mastocitoma nije pigmentisana,

definisanih otoka ili nalik dermatitisu
uzrokovanom lizanjem (acral lick
dermatitis, eng.) (Gross i sar., 2005;
Welle i sar., 2008). Maligni mastocitomi
mogu metastazirati putem limfe ili krvi
i u vecini slucajeva, prvi znak metastaze
je uvecanje regionalnog limfnog ¢vora.
Metastaze mastocitoma na plu¢ima
su retke, dok se uglavnom javljaju na
slezini, jetri i bubrezima, a mogu se ¢esto
dijagnostikovati i na kozi (Morris i sar.,
2001).

Etiologija mastocitoma nije u
potpunosti poznata, ali se smatra
da je, kao i kod vec¢ine tumora,
multifaktorijalna. Predispozicija
pojedinih rasa govori u prilog znacaja
genetske kompmonente u nastanku
mastocitoma (Welle i sar., 2008). Noviji
radovi isticu ulogu povrsinskog receptora
tirozin kinaze (KIT protein, CD117) u
etiologiji mastocitoma (Vucicevic i sar.,
2016; Halsey i sar., 2017).

Dijagnoza mastocitoma postavlja se
na osnovu citoloskih bojenja preparata
dobijenih pravljenjem razmaza
dobijenog biopsijom tumora iglom ili
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pravljenja otisak preparata tkiva tumora.
Od metoda bojenja, najcesSce se koriste
Romanowsky tip bojenja (npr. Diff-Quik,
Giemsa, Wright's) ili New Methylene
Blue (London i sar., 2003; Strefezzi i
sar., 2009). Dok se na osnovu citoloskih
bojenja moze utvrditi da li je u pitanju
mastocitom, za Kklasifikaciju tumora
je neophodan histopatoloski pregled
biopsiranog tkiva (Bostock, 1973;
Patnaik i sar., 1984; Kiupel i sar., 2011).
Diferencijalnodijagnostic¢ki, mastocitomi
(narocito slabo diferentovani) se mogu
zameniti sa drugim okruglo-celijskim
tumorima (limfomom, plazmocitomom,
histiocitomom i transmisivnim
venericnim tumorom) (Welle i sar.,
2008; Oliveira i sar., 2012). U svrhu
potvrdivanja dijagnoze mastocitoma i
razlikovanja od drugih okruglocelijskih
tumora koristi se toluidin plavo (toluidin
blue - TB, eng.) bojenje za vizuelizaciju
citoplazmatskih granula (London i sar.,
2003; Strefezzi i sar., 2009).

Klasifikacija mastocitoma je veoma
bitna sa prognostickog aspekta i izbora
terapije. Primarna klasifikaciona
determinanta je histoloSka grada
mastocitoma. U novije vreme, koristi
se dvostepeni sistem klasifikacije na
mastocitome visokog i niskog stepena
maligniteta. Na osnovu ove podele,
mastocitomi visokog stepena maligniteta
moraju imati ispunjen najmanje jedan
od slede¢ih kriterijuma: najmanje
7 mitotskih figura na 10 hpf (High-
power Fields — hpf, eng.), najmanje 3
multinuklearne ¢elijena 10 hpf, najmanje
3 bizarna jedra na 10 hpf ili prisustvo

kariomegalije kod najmanje 10%
neoplasti¢nih ¢elija (Kiupel i sar., 2011).
Predlozeni dvostepeni sistem gradiranja
trebao bi da se koristi pri svakom
rutinskom histoloSkom ispitivanju i
dijagnostikovanju = mastocitoma. Za
mastocitome visokog stepena maligniteta
treba primeniti dodatna ispitivanja,
kao Sto su odredivanje ekspresije KIT
receptora i skrining na c-KIT mutacije,
kako bi se odredila adekvatna terapija
(Kiupel i sar., 2011, Sabattini i sar.,
2014).

KIT protein je receptor za faktor
rasta mati¢ne celije i normalno se nalazi
na povrSini hematopoetskih celija i
mastocita, igraju¢iznacajnuuloguurastu
i diferencijaciji ovih celija. KIT receptor
je transmembranski receptor kinaza tip
IIT koga kodira c-KIT protoonkogen.
Ekspresija KIT receptora dokazana
je  imunohistohemijskim  bojenjem,
kako na povrs$ini normalnih, tako i na
povrsini neoplasticno transformisanih
mastocita pasa. Povecana ekspresija
zabelezena je kod slabo diferentovanih
i nediferentovanih mastocitoma (Welle
i sar., 2008; El-Agamy, 2012). Izuzev
membranske ekspresije, opisana je
ekspresija KIT proteina fokalno i difuzno
u citoplazmi. Tip I ekspresije KIT
receptora se karakteriSe prebojavanjem
membrane mastocita usled lokalizacije
KIT proteina u membrani celija, dok je
prebojavanje citoplazme prisutno umaloj
meriili potpunoizostaje. Tip II ekspresije
se karakteriSe difuznim prebojavanjem
citoplazme. Tip III ekspresije je takode
vezan za prisustvo KIT proteina u
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citoplazmi naoplasticnih mastocita i
karakteriSe se intenzivnim fokalnim
prebojavanjem citoplazme neoplasti¢nih
mastocita. Poremecaji u ekspresiji mogu
doprineti neoplasti¢noj transformaciji
(Misdorp, 2004; Takeuchi i sar., 2010).
Povecano prisustvo KIT receptora u
citoplazmi (fokalno ili difuzno) je u
korelaciji sa kra¢im prezivljavanjem
pasa sa mastocitomom, kao i sa kra¢im

intervalom do remisije bolesti u odnosu
na mastocitome kod kojih je povecana
ekspresija membranskih KIT receptora
(Webster i sar., 2004).

Cilj naSeg ispitivanja je da odredimo
vezu izmedu lokalizacije KIT receptora
na malignim mastocitima i histoloskog
stepena posmatranog mastocitoma kod
pasa.

MATERIJAL I METODE

Zivotinje

Ispitivanjima su obuhvaceni isecci
koze 52 psa kod kojih je Kklinickim
pregledom postavljena sumnja na
mastocitom.  IseCci  nepromenjene
koze 12 odraslih pasa, uzorkovani na
obdukciji, sluzili su kao kontrola. Psi
razli¢ite rase i pola, uzrasta od 3 do 11
godina, poticali su sa teritorije Republike
Srbije. Histopatoloska dijagnoza kod
ovih pasa postavljena je na Katedri
za patoloSku morfologiju, Fakulteta
veterinarske medicine, Univerziteta u
Beogradu.

Histopatologija

Neposredno nakon biopsije tumora
koze pasa, uzorci su fiksirani u 10%
neutralnom puferizovanom formalinu
ne duze od 48 sati, posle cega su
procesovani u automatskom tkivnom
procesoru LEICA TP1020. Parafinski
blokovi su se¢eni pomoc¢u mikrotoma
LEICA RM 2235 na tkivne isecke debljine
3-5 pm. Dobijeni preparati su bojeni
hematoksilin-eozin (HE) metodom. Na
preparatima bojenim  hematoksilin-

eozinom postavljena je preliminarna
patohistoloska dijagnoza mastocitoma,
a za njenu potvrdu, preparati su dalje
bojeni TB metodom.

Histopatoloske osobine tumora, kao
$to su prisustvo mitoza, multijedarnih
celija, bizarnih jedara i kariomegalije
analizirani su na preparatima bojenim
hematoksilin-eozinom. Broj navedenih
parametara odredivan je na deset vidnih
polja svakog tumora, pri uveli¢anju
400 puta primenom metode opisane
od strane Romansik i sar. (2007). Na
osnovu navedenih parametara, tumori su
razvrstani u dva stepena diferentovanosti
— tumore visokog stepena maligniteta i
na tumore niskog stepena maligniteta.

Imunohistohemijsko bojenje

U formalinu fiksirani i u parafinu
ukalupljeni tkivni uzorci sefeni su na
5 mm tanke isecke koji su zatim bojeni

primenom  viSestepene  indirektne
imunohistohemijske (IHC) tehnika.
Isecci su inkubirani sa primarnim

antitelom CD117 (polyclonal rabbit
anti-human antibody (DAKO, A4502))
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razblazenim fosfatnim puferom
(PBS) u odnosu 1:400. Imunorekcija
je vizualizovana upotrebom
DAB + (3,3’-diaminobenzidinom
tetrahidrohlorid, DAKO, K3468). Za
kontrastiranje koriS¢en je Majerov

hematoksilin. Kori$¢ene su odgovarajuce
pozitivne i negativne kontrole.

Morfometrijska analiza

Za morfometrijska ispitivanja
koris¢en je morfometrijski softver
Olympus Cell B, uz upotrebu kamere
Olympus Color View III. Lokalizacija
KIT proteina je odredena na nacin
opisan u istrazivanju Webster i sar.
(2007), s obzirom na to da se razlikuju
membranski KIT proteini i dve vrste
citoplazmatskih KIT proteina - fokalno
i difuzno rasporedeni u citoplazmi. Koji
od KIT proteina preovladuje, odredivano
je na osnovu prisustva kod najmanje 10%
neoplasti¢nih ¢elija tumora. Celije na
ivici tumora nisu uzimane u razmatranje.

Statisticka analiza

U statistickoj analizi dobijenih
rezultata, kaoosnovnestatistickemetode,
koriS¢eni su deskriptivni parametri, kao
Sto su aritmeticka sredina i standardna
devijacija. =~ Prilikom  testiranja i
utvrdivanja statisti¢ki znacajnih razlika
koriScen je x* test. Pomocu ovih testova
utvrdivano je postojanje statisticki
signifikantne razlike izmedu ispitivanih
parametara na nivou znacajnosti od 5%
i1%.

Rezultati

Histoloskom analizom isecaka
mastocitoma bojenih  hematoksilin-
eozinom kod 53,85% mastocitoma

uoceno je viSe od Sest mitotskih figura
na 10 hpf (slika 1a), dok se 46,15%
mastocitoma odlikovalo slabijom
mitotskom aktivnoscu.

Prisustvo viSe od dve multinuklearne
¢elije na 10 hpfbilo je uoceno kod 59,61%
mastocitoma (slika 1b). Kod 17,31%
mastocitoma su bile su prisutne po dve
multinuklearne ¢elije, dok je kod 19,23%
mastocitoma bila uocena po jedna
multinuklearna celija na istom broju
vidnih polja. Multinuklearne ¢elije nisu
bile uocene kod 3,85 % mastocitoma.

Vise od dve celije sa bizarnim
jedrom na 10 hpf bile su prisutne kod
55,77% mastocitoma (slika 1c). Dve
celije sa bizarnim jedrom na istom
broju vidnih polja bile su uocene kod
7,69% mastocitoma, dok je po jedna
¢elija sa bizarnim jedrom bila prisutna
kod 26,92% mastocitoma. Kod 9,61%
mastocitoma nisu bile uocene celije sa
bizarnim jedrima.

Viseod 10% anaplasticnihmastocitasa
jedrima promera oko 8-10 mikrometara
bilo je uoceno kod 19,23% mastocitoma,
dok je 42,30% mastocitoma sadrzalo
manje od 10% ¢elija sa povecanim jedrom
(slika 1d). Kod 38,46% mastocitoma nije
bila prisutna kariomegalija

Na osnovu kriterijuma Kiupelove
klasifikacije mastocitoma i ustanovljenih
parametara (mitotski indeks,
multijedarne celije, bizarna jedra i
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kariomegalija) kod dijagnostikovanih
mastocitoma, uocilo se da je 36 (69,23%)
mastocitoma odgovaralo mastocitomima
viSeg stepena maligniteta, dok je 16
(30,77%) mastocitoma bilo nizeg stepena
maligniteta.

Imunohistohemijskim bojenjem po-
tvrdeno je prisustvo KIT receptora u
iseccima tkiva koZe pasa sa mastocito-
mom. Mikroskopskim pregledom prepa-
rata uocavaju se tri tipa imunohistohe-
mijskog bojenja mastocita pozitivnih na
KIT protein. Ve¢ina mastocitoma u ovom
ispitivanju imala je tip 1 ekspresije KIT
receptora, odnosno membransku ek-

spresiju (63,46%) (Slika 1e). Ovoj grupi
su pripadali svi mastocitomi niskog ste-
pena maligniteta i 17 od 36 matocitoma
visokog stepena maligniteta. Tip 1I ek-
spresije bio je prisutan kod 21,15% ma-
stocitoma (Slika 1f) od kojih su svi bili
visokog stepena maligniteta. Nijedan od
pregledanih mastocitoma nije imao samo
tip I1T ekspresije, ali su se uocavali kom-
binovani tipovi ekspresije, i to: 11,54%
mastocitoma je ispoljavalo membranski
i fokalni citoplazmatski tip ekspresije,
dok je 3,85% mastocitoma imalo mem-
branski i difuzni citoplazmatski tip ek-
spresije KIT proteina.

Slika 1. KozZa, pas: a) Prisustvo mitotskih figura kod mastocitoma visokog stepena
maligniteta, HE; b) Prisustvo multijedarnih ¢elija kod mastocitoma visokog stepena
maligniteta, HE; c¢) Prisustvo ¢elija sa bizarnim jedrom kod mastocitoma visokog
stepena maligniteta, HE; d) Prisustvo kariomegalije kod mastocitoma visokog
stepena maligniteta, HE; e) Ekspresija KIT receprora, tip I (membranski) ekspresije,
CD117,LSAB2; f) Ekspresija KIT receprora, tip II (difuzni citoplazmatski) ekspresije,

CD117, LSABZ;
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DISKUSIJA

Mastocitomipredstavljajunajucestalije
tumore koZe pasa, narocito kada se radi
0 pojedinim rasama kao $to su bokser,
zlatni retriver, labrador retriver i drugi
(Welle i sar., 2008). Na osnovu rezultata
dobijenih u naSem istrazivanju najveca
ucestalost mastocitoma uocena je kod
pasa rase zlatni retriver (37,5%), a
zatim kod pasa rase bokser (20.7%).
Slicno ovim rezultatima, vec¢ina autora
navodi da su mastocitome najcesce
dijagnostikovali kod pasa rase bokser
(London i sar., 2003; Webster i sar.,
2006a; Gil da Costa i sar., 2007; Welle i
sar., 2008, Vucicevic i sar., 2018). Drugi
smatraju da iako bokseri imaju povecan
rizik od nastanka mastocitoma, kod njih
se uglavnom javljaju mastocitomi niskog
stepena maligniteta koji imaju povoljniju
prognozu (Thamm i sar., 2007).

Histoloska grada se ¢ini najdoslednijim
prediktivnim parametrom i u bliskoj je
vezi sa dvostepenim sistemom klasifikacije
mastocitoma koji je predlozio Kiupel
(Kiupel i sar., 2011) prema kome se
mastocitomi dele na na mastocitome
visokog i niskog stepena maligniteta.
Prema kriterijumima dvostepene
klasifikacije, mastocitomi pregledani u
okviru naseg istrazivanja klasifikovani su
u mastocitome visokog i mastocitome
niskog stepena maligniteta. Od ukupno
52 mastocitoma pasa, trideset Sest
pripada mastocitomima visokog stepena
maligniteta, dok Sesnaest mastocitoma
ima morfoloske karakteristike koje
ukazuju nanizak stepen maligniteta. Vise

od Sest mitotskih figura na 10 hpf uoceno
je kod 77,78% mastocitoma visokog
stepena maligniteta, te se prisustvo
mitotskih figura smatra statisticki
znacajnim parametrom za klasifikaciju
mastocitoma u ovom ispitivanju. Dok
pojedini autori smatraju da i mastocitomi
nizeg stepena maligniteta, mogu da
metastaziraju, te da odredivanje samo
mitotskog indeksa nije pouzdan nacin
predvidanja ponaSanja tumora (Séguin
i sar., 2006; Webster i sar., 2007), drugi
autori smatraju da je mitotska aktivnost
klju¢na osobina za prognozu ponasanja
mastocitoma (Romansik i sar., 2007;
Kiupel i sar., 2011). Pojedini autori sma-
traju da se smrtnost povecava ve¢ u sluca-
jevima kada je mitotski indeks ve¢i od 5/10
hpf (O’Connell i Thomson, 2011).

Prisustvo viSe od dve multinuklear-
ne Celije na 10 hpf uoceno je kod 86,11%
mastocitoma visokog stepena malignite-
ta, Sto ukazuje da je ovo statisticki znaca-
jan pokazatelj klasifikacije mastocitoma.
Neka ispitivanja ukazuju da postoji znacaj-
na povezanost izmedu broja multinuklear-
nih ¢elija u mastocitomu i vremena preziv-
ljavanja pasa, tako da se vreme prezivlja-
vanja pasa smanjivalo sa povecanjem broja
multinuklearnih ¢elija (Thompson, 2012).

U naSem ispitivanju uo¢eno je prisustvo
vise od dve ¢elije sa bizarnim jedrom na 10
hpf kod 86,11% mastocitoma viseg stepena
maligniteta, dok kod mastocitoma niskog
stepena maligniteta nije zabelezeno prisu-
stvo multinuklearnih ¢elija.
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Takode, je uo¢eno da 27,78% mastocito-
ma visokog stepena maligniteta sadrzi vise
od 10% anaplasti¢nih mastocita sa jedrima
promera oko 8-10 mikrona, §to ukazuje na
to da se kariomegalija ne moze razmatrati
kao znacajan prediktivni faktor u ovoj stu-
diji.

Postoji znacajna korelacija izmedu
mastocitoma visokog stepena malignite-
ta i brzeg javljanja metastaza, kao i kra-
¢ceg vremena prezivljavanja pacijenata
(Kiupel i sar., 2011; Stern, 2012). Stoga,
za mastocitome visokog stepena maligni-
teta treba primeniti dodatna ispitivanja,
kao $to su odredivanje ekspresije KIT
receptora i skrining na c-KIT mutacije,
kako bi se odredila adekvatna terapija.

Novija istrazivanja ukazuju na posto-
janje, kako normalnih (membranskih),
tako i aberantnih citoplazmatskih (fo-
kalnih i difuznih) KIT receptora na ma-
stocitima pasa (Morini i sar., 2004; Gil da
Costa i sar., 2007). Za razliku od ranijih
istrazivanja (Reguera i sar., 2000) koja
proucavaju odnos izmedu intenziteta
imunohistohemijskog bojenja koji uka-
zuje na stepen ekspresije KIT proteina
i stepena maligniteta tumora, nasa stu-
dija istraZzuje povezanost ekspresije abe-
rantnih tipova KIT proteina i histopato-
loSkog stepena mastocitoma. U ispitiva-
nju koje smo sproveli, uocava se da kod
svih mastocitoma niskog stepena mali-
gniteta postoji isklju¢ivo membranski
tip ekspresije KIT receptora, dok se kod
mastocitoma visokog stepena malignite-
ta pored membranskog tipa ekspresije,
javljaju i aberantni tipovi ekspresije KIT
proteina. Iz nasih rezultata se uocava da

kod mastocitoma niskog stepena mali-
gniteta nema aberantne ekspresije KIT
receptora. Naime, nijedan od aberan-
tnih tipova ekspresije se ne izdvaja kao
statisticki znacajan u odnosu na ostale
aberantne tipove ekspresije KIT prote-
ina. Medutim, jasna je povezanost abe-
rantnih tipova ekspresije CD117 recep-
tora i stepena maligniteta tumora. Po-
jedini autori navode da je KIT receptor
transmembranski protein, i kao takav,
imunoreaktivnost ovog proteina je loka-
lizovana na citoplazmatskoj membrani
nepromenjenih mastocita. Rezultati is-
pitivanja potvrduju da S$to mastocitomi
pasa imaju agresivnije bioloSko ponasa-
nje, to imaju i vecu ekspresiju KIT prote-
ina u citoplazmi mastocita (Kiupel i sar.,
2004). Takode, isti autori smatraju da
mastocitomi pasa sa povecanom ekspre-
sijom KIT proteina u citoplazmi neoplas-
ticnih mastocita, imaju povecan rizik od
lokalnog recidiva i krace vreme prezivlja-
vanja. Neki autori naglasavaju da posto-
ji jaka korelacija izmedu citoplazmatske
(aberantne) imunoekspresije KIT pro-
teina i povecane Celijske proliferacije, a
samim tim i viSeg stepena maligniteta,
ali da nisu uocili znacajne razlike izme-
du fokalne i difuzne citoplazmatske ek-
spresije CD117 receptora, Sto sugeriSe
da fokalna i difuzna citoplazmatska ek-
spresija KIT proteina mozda odraZavaju
slicne celijske promene. Poznato je da se
citoplazmatska ekspresija KIT receptora
dovodi u vezu i sa nekroti¢nim i ulcero-
znim promenama. Naime, citoplazmat-
ska ekspresija KIT receptora je u vezi sa
povecanom proliferacijom mastocita, a
pojava nekroza u mastocitomu moze biti



378

BerepuHapcku xypHai Penydinuke Cprcke (Bama JIyka), Bon/Vol. XVIII, Bp/No.2, 370 — 391, 2018

Vucicevic¢ i sar.:

Histoloski i imunohistohemijski parametri bitni za klasifikaciju mastocitoma pasa

odraz povecane celijske proliferacije koju
nije u mogucnosti da isprati odgovaraju-
¢a angiogeneza. S druge strane, korelaci-
ja izmedu citoplazmatska ekspresije KIT
receptora i pojave epidermalnih ulcera-

cija moze biti posledica KIT — posredo-
vanog oslobadanja histamina i serotoni-
na, Sto uzrokuje intenzivan svrab (Gil da
Costa i sar., 2007).

ZAKLJUCAK

U novije vreme kao najbitniji predik-
tivni faktori smatraju se prisustvo muta-
cija c-kit protoonkogena i aberantna ek-
spresija KIT proteina. Medjutim, poje-
dini radovi navode da se aberantna KIT
ekspresija moze uociti i kod mastocito-
ma visokog stepena maligniteta kod ko-

jih nije detektovano prisustvo mutaci-
ja (Webster i sar., 2006, Vucicevic i sar.,
2016). Stoga, bi odredivanje ekspresije
KIT proteina trebalo da bude deo rutin-
ske dijagnostike i klasifikacije mastocito-
ma kod pasa.
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Abstract: Mast cell tumors (MCTs) are one of the most common neoplasms in
dogs. They originate from the bone marrow. Several criteria have been proposed
for their classification, including histological grading and cell proliferation markers.
The mitotic index, multiple nuclei, cells with bizarre nuclei and karyomegaly are the
most important parameters for the classification of MCTs on high and low-grade
malignancy. For the confirmation of MCT malignancy grade it is also important to
determine the expression of the transmembrane kinase (KIT) receptor that has a
significant role in the growth and differentiation of mast cell tumors. In high-grade
malignancy MCTs in addition to membrane expression of the KIT receptor, aberrant
cytoplasmic expression can be also observed. Fifty-two MCTs and 12 control
samples of skin from dogs without MCTs were examined. Routinely processed tissue
samples were stained with hematoxylin-eosin. Expression of KIT receptor was
tested immunohistochemically. The classification of MCTs on high and low-grade
malignancy was performed according to the Kiupel's 2-tier classification and the
expression of KIT receptors. Sixteen of 52 MCTs were of a low-grade malignancy,
while thirty-six were classified as a high-grade malignancy of which 19 MCTs
showed aberrant cytoplasm labelling of KIT receptor. All 16 low-grade malignancy
MCTs had only membrane expression of KIT receptor. Most high-grade malignancy
MCTs showed cytoplasmic KIT expression indicating the link between aberrant
KIT expression and increased cell proliferation. The presence of mitotic figures,
multinucleated cells, bizarre nuclei and karyomegaly, as well as KIT receptor
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expression pattern are the most important prognostic factors in dogs with mast cell

tumor.

Key words: dogs, mast cell tumor, classification, KIT receptor

INTRODUCTION

Mast cell tumors are the most
common round cell tumors in dogs, and
at the same time are the most common
skin tumors in this animal species (Welle
et al., 2008). Mast cell tumors belong
to a group of mesenchymal tumors
of the skin and soft tissues (Hendrick
et al, 1998). They are composed of
differentiated mast cells, which are seen
as round cells with different amounts of
granules in the cytoplasm, sorted into
rows or groups (Strefezzi et al., 2009;
Jovanovic et al., 2012). Mast cell tumors
in dogs are most commonly found on
the trunk (50-60%), extremities (25-
40%), head and neck (10%). This tumor
is less common on scrotum, perineum,
back and tail (Welle et al., 2008).
The macroscopic appearance of mast
cell tumors varies from the degree of
differentiation. Well-differentiated mast
cell tumors are most commonly present
as nodular, nonencapsulated rubber-
like mass, above which the areas of the
skin are hairless. The size varies from 1
to 4 cm in diameter and they clinically
resembles lipoma. Poorly differentiated
mast cell tumors have a tendency for
faster growth, they are less limited and
often accompanied by inflammation and
edema of the surrounding tissue (Jubb et
al., 2007). Ulceration may occur on their
surface, while smaller nodes (satellite
nodules) may develop nearby. Most

mast cell tumors are not pigmented,
but erythematous and hyperpigmented
nodules (Welle et al., 2008) can be
observed in occasional findings. The
lesions at the distal parts of the limbs,
the lips and the groin area may be in
the form of poorly defined swellings or
resembling acral lick dermatitis (eng.)
(Gross et al., 2005; Welle et al., 2008).
Malignant mast cell tumors can spread
throug lymph or blood, and in most
cases, the first sign of metastasis is the
enlargement of the regional lymph node.
Spread to the lungs is not common,
while they will most likely spread to the
spleen, liver and kidneys. Also they can
often be diagnosed on the skin (Morris
etal., 2001).

Etiology of mast cell tumors is not
fully known, but it is considered, as
with most tumors, to be multifactorial.
The predisposition of certain breeds
shows the importance of genetic in the
appearance of MCTs (Welle et al., 2008).
Recent papers also emphasize the role
of surface receptor tyrosine kinase (KIT
protein, CD117) (Vucicevic et al., 2016;
Halsey et al., 2017). The diagnosis of
mast cell tumors is based on the staining
of cytologic smears obtained by fine
needle biopsy or by using the impression
smears technique. The most commonly
used staining methods are Romanowsky
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staining (eg Diff-Quik, Giemsa, Wright's)
or New methylene blue (London et
al., 2003; Strefezzi et al., 2009). While
mast cell tumors can be determined
on the basis of cytological staining,
a histopathological examination of
biopsy tissue is indispensable for tumor
classification (Bostock, 1973; Patnaik et
al., 1984; Kiupel et al., 2011). Mast cell
tumors (especially poorly differentiated
ones) can be mistaken for other round-
cell tumors (lymphoma, plasmacytoma,
histiocytoma and transmissible venereal
tumour) (Welle et al., 2008; Oliveira
et al., 2012). For the purpose of
confirming mast cell tumor diagnosis
and differentiation from other tumors,
toluidine blue (TB) is used for visualizing
cytoplasmic granules (London et al,
2003; Strefezzi et al., 2009).

The classification of mast cell tumors
is very important when it comes to
disease prognosis and type of therapy.
The histologicalal examination of mast
cell tumors is the primary classification
determinant. More recently, a two-
stage classification system for mast cell
tumors of high and low malignancy has
been used. Based on this division, high
malignancy mast cell tumors must meet
at least one of the following criteria:
at least 7 mitotic figures per 10 hpf
(High-power Fields — hpf), at least 3
multinucleated cells in 10 hpf, at least 3
bizarre nuclei in 10 hpf or karyomegaly
of at least 10% of neoplastic cells
(Kiupel et al., 2011). The proposed 2-tier
grading system should be used in any
routine histological examination and

diagnosis of mast cell tumors. For high
grade malignancy MCTs, additional
studies such as determination of KIT
receptor expression and c-KIT mutation
screening should be performed in order
to determine adequate therapy (Kiupel
et al., 2011, Sabattini et al., 2014).

KIT protein is growth factor receptor
of stem cell and is normally found on the
surface of hematopoietic cells and mast
cells, playing a significant role in the
growth and differentiation of these cells.
This protein is a type 111 transmembrane
receptor encoded by the proto-
oncogene c-kit. KIT receptor expression
was detected by immunohistochemical
staining both on the surface of normal
and on the surface of neoplastic
mast cells. Increased expression was
observed in poorly differentiated and
undifferentiated MCTs (Welle et al.,
2008; El-Agamy, 2012). Apart from
membrane expression, KIT expression
was detected focally and diffusely in the
cytoplasm.

The KIT-staining patterns are
identified as pattern I - membrane-
associated staining due to the
localization of KIT proteins in the cell
membrane while cytoplasmic staining is
present in small amounts or completely
absent, pattern II - diffuse cytoplasmic
staining and pattern III - also relates
to the presence of KIT proteins in
the cytoplasm of the noplastic mast
cells and is characterized by intense
focal cytoplasmic staining. Expression
disorders can contribute to neoplastic
transformation (Misdorp, 2004; Takeuchi
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et al., 2010). The increased cytoplasmic
expression of KIT receptors (focal
or diffuse) is correlated with shorter
survival of dogs with mast cell tumors
and shorter intervals for remission of the
disease compared to mast cell tumors

with increased membrane expression
(Webster et al., 2004). The aim of our
study is to determine the link between
the localization of KIT receptors and
histologic grade of MCTs observed in
dogs.

MATERIALS AND METHODS

Animals

The examinations included skin
samples of 52 dogs in which MCT is
suspected by clinical examination.
Samples of unchanged skin of 12 adult
dogs, sampled at autopsy, were used as
control. Dogs of different breed and sex,
ages 3 to 11, were from the territory of
the Republic of Serbia. Histopathologic
diagnosis was made at the Department
of Pathology, Faculty of Veterinary
Medicine, University of Belgrade.

Histopathology

Immediately after the skin tumor
biopsy, the samples were fixed in 10%
neutral buffered formalin for no more
than 48 hours, after which they were
processed in the LEICA TP1020 tissue
processor. Paraffin blocks were cut
using the LEICA RM 2235 microtome
into 3-5 pm thick sections. The
obtained preparations were stained
with hematoxylin-eosin (HE) method.
Preliminary pathohistologic diagnosis
of MCTs was made on sections stained
by hematoxylin-eosin, and for its
confirmation, the slides were further
stained by toluidin-blue staining Kkit.
Histopathological features of the
tumor, such as the presence of mitosis,
multinucleated cells, cells with bizarre

nuclei and karyomegaly, were analyzed
on slaides stained with hematoxylin-
eosin. The number of these parameters
was determined on ten high power
fields of each tumor (400x), using the
method described by Romansik et al.
(2007). Based on these parameters, the
tumors are classified into two levels of
differentiation — high grade and low
grade tumors.

Immunohistochemical staining

Formalin-fixed paraffin embedded
tissue samples were cut into 5 pm
thin sections, which were then
stained using a multi-step indirect
immunohistochemical (IHC) technique.
The sections were incubated with a
primary antibody CD117 (Rabbit anti-
Human Polyclonal Antibody (DAKO,
A4502)) diluted with phosphate
buffer saline (PBS) in a ratio of f1:
400. Immunoreaction was visualized
using DAB + (3,3’-diaminobenzidine
tetra-hydrochloride, DAKO, K3468).
Mayer’'s hematoxylin was used for
counterstaining. Appropriate positive
and negative controls were used.

Morphometric analysis

For morphometric analysis, Olympus
Cell B morphometric software and
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Olympus ColorView III camera were
used. The localization of KIT proteins
was determined in the manner described
in Webster et al. research (2007), since
membrane KIT proteins and two types
of cytoplasmic KIT proteins (focally and
diffusely distributed in the cytoplasm)
differ. -. Dominant KIT protein pattern
was determined based on the presence
in at least 10% of neoplastic tumor cells.
Cells at the edges of the tumor were not
taken into consideration.

Statistical analysis

Descriptive parameters, such as
arithmetic mean and standard deviation,
were used in the statistical analysis of
the obtained results. Chi-square test was
used to test and determine statistically
significant differences. These tests
determined the existence of a statistically
significant difference between the tested
parameters at the significance level of
5% and 1%.

RESULTS

Histological analysis of tissue sections
stained with hematoxylin and eosin
revealed more than six mitotic figures
per 10 hpfin 53.85% of MCTs (Figure 1a),
while 46.15% of MCTswere characterized
by poor mitotic activity. The presence of
more than two multinucleated cells in
10 hpf was observed in 59.61% of MCTs
(Figure 1b). In 17.31% of MCTs, two
multinucleated cells were present, while
one multinucleated cell was observed in
19.23% of MCTs on the same number of
visual fields. Multinucleated cells were
not observed in 3.85% of MCTs. More
than two cells with bizarre nuclei in 10
hpf were present in 55.77% of MCTs
(Figure 1c). Two cells with bizarre nuclei
on the same number of visual fields were
observed in 7.69% MCTs, while one
cell with bizarre nuclei was present in
26.92% of MCTs. In 9.61% of MCTs, cells
with bizarre nuclei were not detected.
More than 10% of anaplastic mast cells
with nuclei of about 8-10 micrometers
in diameter were observed in 19.23% of
MCTs, while 42.30% of MCTs contained

less than 10% of the cells with increased
nucleus (Figure 1d). In 38.46% of MCTs
no karyomegaly was present.

Based on the criteria of Kiupel's
classificationandestablished parameters
(mitotic figures, multinucleated cells,
bizarre nuclei and karyomegaly,)
in diagnosed MCTs, 36 (69.23%)
of MCTs corresponded to MCTs of
higher malignancy, while 16 (30.77
%) of MCTs were of a lower degree of
malignancy. Immunohistochemical
staining confirmed the presence of
KIT receptors in skin tissue sections
of the dogs with MCTs. Microscopic
examination of the sections revealed
three types of immunohistochemical
staining patterns for KIT positive cells.
The majority of MCTs in this study had
KIT expression pattern I or membrane
expression (63.46%) (Figure 1e). This
group included all low grade malignancy
MCTs and 17 out of 36 high grade
malignancy MCTs. Expression pattern 1
was present in 21.15% mast cell tumors
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(Figure 1f), all of which were high grade.  of MCTs exhibited membrane and focal
None of the examined mast cell tumors cytoplasmic expression, while 3.85%
had only pattern III, but combined of MCTs had membrane and diffuse
patterns were observed, namely: 11.54%  cytoplasmic expression of KIT receptors.

Figure 1. Skin, dog: a) The presence of mitotic figure in high grade MCT, HE; b)
The presence of multinucleated cells in high grade MCTs, HE; c) The presence of
cells with bizarre nuclei in high grade MCTs, HE; d) The presence of karyomegaly
in high grade MCTs, HE; e) Expression of pattern I (membrane expression), CD117,
LSAB2; f) Expression of pattern II (diffuse cytoplasmic expression), CD117, LSAB2;
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DISCUSSION

Mast cell tumors are the most
common dog skin tumors, especially
when it comes to certain breeds such
as boxer, golden retriever, labrador
retriever and others (Welle et al., 2008).
Based on the results obtained in our
study, the highest incidence of mast
cell tumors was observed in golden
retrievers (37.5%), followed by boxers
(20.7%). Similar to these results, most
authors state that mast cell tumors were
most commonly diagnosed in boxers
(London and Sarah, 2003; Webster et
al.,, 2006a; Gil da Costa et al.,, 2007;
Welle et al., 2008; Vucicic et al.., 2018).
Others consider that although boxers
have an increased risk of mast cell tumor
formation, they are usually of low grade
malignancy and have a more favorable
prognosis (Thamm et al., 2007).

Histological examination appears
to be the most consistent predictive
parameter and is closely related to the
2-tire classification system proposed by
Kiupel (Kiupel et al., 2011) according
to which mast cell tumors are divided
into high grade and low grade MCTs.
According to the 2-tire system, MCTs
examined in our research have been
classified in high grade and low grade
MCTs. Out of 52 MCTs in dogs, thirty-six
were high grade tumors, while sixteen
MCTs had morphological characteristics
indicating a low degree of malignancy.
More than six mitotic figures per 10 hpf
were detected in 77.78% of high grade
MCTs, and the presence of mitotic figures
is statistically significant parameter

for classification of MCTs in this study.
While some authors consider that low
grade MCTs can metastasize, and that
determining only the mitotic index is
not a reliable way of predicting tumor
behavior (Séguin et al., 2006; Webster et
al., 2007); other authors consider mitotic
activity to be an important feature
for the prognosis of mast cell tumor
behavior (Romansik et al., 2007; Kiupel
et al., 2011). Some authors believe that
mortality increases in cases where the
mitotic index is greater than 5/10 hpf
(O’Connell and Thomson, 2011).

The presence of more than two
multinucleated cells in 10 hpf was
observed in 86.11% of high-grade MCTs,
indicating that this is a statistically
significant  indicator =~ of = MCTs
classification. Some studies indicate
that there is a significant correlation
between the number of multinucleated
cells in MCTs and survival time, so that
survival time decreases with the increase
in the number of multinucleated cells
(Thompson, 2012).

In our study, the presence of more
than two cells with bizarre nuclei in
10 hpf was observed in 86.11% of high
grade MCTs, while the presence of
multinucleated cells in low grade MCTs
was not observed.

It was also observed that 27.78%
of high grade MCTs contain more than
10% anaplastic MCTs with nuclei of 8-10
microns in diameter, indicating that
the karyomegaly can not be considered
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as a significant predictive factor in this
study. There is a significant correlation
between high grade MCTs and faster
metastases, as well as a shorter survival
time of patients (Kiupel et al., 2011;
Stern, 2012). Therefore, for high grade
mast cell tumors, additional tests such
as determining the expression of KIT
receptors and screening for mutations
of ¢-KIT should be used in order to
determine adequate therapy.

Recent studies indicate the existence
of both normal (membrane) and
aberrant cytoplasmic (focal and diffuse)
KIT receptor expression of MCTs in
dogs (Morini et al., 2004; Gil da Costa
et al., 2007). Unlike previous studies
(Reguera et al., 2000) which examined
the relationship between intensity
of  immunohistochemical  staining
indicating the degree of KIT expression
and the degree of tumor malignancy,
our study examines the interconnection
of aberrant expression of this protein
and histopathological grade of mast cell
tumor. In our study, it is observed that in
low grade MCTs there is only membrane
expression, while in high grade MCTs, in
addition to membrane expression, there
is also aberrant expression. From our
results, it is noted that low grade MCTs
have no aberrant expression of the KIT
receptor. None of aberrant expression
pattern is statistically significant in
relation to other aberrant expression
patterns.

However, the correlation between
aberrant CD117 expression and the

degree of tumor malignancy is clear.
Some authors state that KIT receptor is
a transmembrane protein, and as such,
the immunoreactivity of this protein is
localized on the cytoplasmic membrane
of unchanged mast cells. The results of
the study confirm that canine MCTs that
have more aggressive biological behavior,
they also have greater cytoplasmic KIT
expression (Kiupel et al., 2004). Also, the
same authors claim that mast cells with
increased cytoplasmic KIT expression
have an increased risk of local recurrence
and shorter survival time. Some
authors emphasize a strong correlation
between the cytoplasmic (aberrant)
immunoexpression and increased cell
proliferation, and therefore a higher
degree of malignancy, but they did not
notice significant differences between
the focal and diffuse cytoplasmic CD117
expression, suggesting that focal and
diffuse  cytoplasmic expression of
KIT receptor may reflect similar cell
changes. It is known that cytoplasmic
KIT receptor expression is associated
with both necrotic and ulcerative
changes. Cytoplasmic KIT receptor
expression is related to increased mast
cell proliferation, and the occurrence
of necrosis in mast cell tumors can be a
reflection of increased cell proliferation
which appropriate angiogenesis isn't
able to follow. On the other hand, the
correlation between the cytoplasmic
KIT receptor expression and occurrence
of epidermal ulcerations can be due to
KIT-mediated release of histamine and
serotonin, which causes intense itching
(Gil da Costa et al., 2007).
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CONCLUSION

More recently, the presence of c-kit
proto-oncogene mutation and aberrant
KIT expression are considered to be
the most prominent predictive factors.
However, some papers state that
aberrant KIT receptor expression can

be seen in high grade MCTs in which no
mutation was detected (Webster et al.,
2006, Vucicevic et al., 2016). Therefore,
determination of KITreceptor expression
should be part of routine diagnostics and

classification of mast cell tumors in dogs.
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