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Abstract 

Canine mast cell tumor (MCT) is the second most cutaneous tumor found in dogs. The incidence 

is varied from 7-21 % and average age of dogs is approximately 8 years. There are no breed or even 

gender predilections. In general, the dogs with MCT are required a rapid assessment for grading, 

diagnosis and prognosis. Recently, the gold standard protocol used for MCT grading, diagnosis and 

prognosis has been based on Patnaik grading system (1984). To date, fine-needle aspiration is enable for 

pathologist and clinician in routinely screening for MCT diagnosis. Therefore, the objectives of this 

study are to establish the standard protocols of the immunocytochemical KIT (CD 117) staining patterns 

and expression of c-kit using fine needle aspiration mast cell tumors (FNA-MCT cells) from 30 MCT 

dogs at the Oncology Clinic, Small Animal Hospital, Faculty of Veterinary Science, Chulalongkorn 

University. The dogs were 9.6 years of age (>5-18 years). There were male at 60% (18/30) and female 

at 40% (12/30). The breeds were mixed breed at 53.34% (16/30) and pure breed at 46.66% (14/30). By 

comparing the histopathology grading and immunohistochemical KIT (CD 117) staining patterns of MCT 

(IHC-MCT), the results revealed that IHC-MCT were mostly in pattern II at 46.66 % (14/30), pattern III 

at 33.33% (10/30) and pattern I at 20% (6/30) respectively. There was significantly positive correlated 

(Spearman Correlation: r = 0.641, P<O.05). In case of immunocytochemical KIT (CD 117) staining 

patterns of MCT (ICC-MCT) in comparison to histopathology grading demonstrated that ICC-MCT were 



v 

also mostly in pattern II at 40 % (12/30), pattern III at 36.60% (11/30) and pattern I at 23.33% (7/30) 

respectively. There was significantly positive correlated (Spearman Correlation: r = 0.615, P< O.05). It 

is suggested that both KIT staining patterns of ICC-MCT and IHC-MCT could be used as the practical 

tool for MCT grading in comparison to standard histopathology method. The establishment using FNA­

MCT cells for c-kit expression by PCR was successfully performed which were demonstrated as 93.33 % 

(28/30). There were nonnal c-kit at 71.42% (20/28), which were 9 samples in grade I, 6 samples in grade 

II and 5 samples in grade III respectively. While, the mutation in Exon 11 of c-kit was at 28.57 % 

(8/28), which were 5 samples in grade II and 3 samples in grade III. The mutation of c-kit in MCT grade I 

could not be detected. Regards to the clinical signs, hematological and blood chemistry analysis, there 

was no significant correlated to the grade and mutation of Exon 11 of c-kit. In conclusion, it is 

speculated that the methods used in this study based on FNA-MCT cells could be used as a bed-side tool 

for MCT grading, diagnosis, prognosis, and therapeutic planning. 

r 

Keywords: Canine mast cell tumor, c-kit expression, Fine needle aspiration sample, KIT, ( CD117) 

immunocytochemistry, PCR 
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f11'j!!ti~!f1'j~'VI1~ 1l~y.jtJ1ni'Vl tJ1J'W lJfl 11lJ ~1!1J'W ~~tJ~1~~1tJ~1~!iftJ!gtJ~!~U 1l1f1fltJ'W!iftJ~ tJf1 ~~ 
Q 

'j/ 'j/ 

D1~ 'j 1tJtJ 111 !f1~B'W ~ 'j 1mW ~ v-l~,j'l~!~tJ~ 191 tJ ~1ff~ fl~ ~1 tJ~1~ ~'W! i1 tJ ff1 'Yi l'Uf11 'j ~ 'j 1 11 'VI1~ ~ ~y.j tJ1n 
<JJ , 'JI , , 

1'VltJ1U'W !~'WGijU 1'W f11'jYi~tJ~tJ1fftJn~11 'Wf11'j !~~tJlJ!i1tJ!~tJ!.wtJf)1'j1tJll<QtJ U~~lh~!iJ'W N~ 

~1!~'W ~tJ~ tJ1fftJy.jtJ1nff~ 1u'W'Vl6~GJf1'W lOJf11'j~1tJ 1~lJ f11'j 1~'j'iJu1JDf11'j ~~ ff'VI1~fllJlJ'U 1'W i'ff1~ 
u ~ ~ 

'j/ 

!fllJGijtJ~ KIT 'YijtJ CD117 lJ11~i1lJn1J11l'Vl1~1l~'WtJ1n1'V1tJ11'Wf)1'jitJll<QtJ~lU'Wf1!f1'j~!i1tJ~tJf1
Q 

'j/ di 'j/ 

GJfU ~i1~1tJ GJf~'j'iJUU1Jf11'j~~ffGijtJ~ KIT y.jUl1fl11lJU~f11911~n'W tJ~l~i~!1l'W 1'W!i1tJ~tJf1UI91~~!f1'j~
~ 

'j/ , 

!!~~111lJ1GJf1tJ1'Wf)1'j~1!!'Wf)!f1'j~ 1~ tJ~l-:J 1 'j~~llJ11lf11'j~~f1ci11cJ~fl-:J~tJ-:J1~~1tJ~1~!i1tJ!~tJGijtJ-:J 
'j/ , 

!i1tJ~ tJf1 1 'W f11'j 1U1l<QtJ~1U'W fl!f1'j ~ ~-:Jfl 1'j~WJ'W1f)1'j1tJll<QtJ,j'1-:J~1ff~ 1Yi'ff~~1f1U~~'j 1~!~1 !GJf'W 

f11'j ~'j 11l'Vl1-:J !GJf~~1'Vl tJl111lJ 11h~ tJf1~1~ tJ 1~11lf11'j'VI1~ fllJlJ'W 1'W 1 GJf 1 ~!flijGijtJ~ KIT 1l1f)~1tJ~1~ 
Q ~ 

!GJf~~lJ~!~ -:J~!1l1~~~!Ll~ tJD!YitJDnu 11lfllJlJ'W 1 'W i'ff1~!fl lJ 'W tJf11l1f1iff11'j U'ff~~tJ tJf1GijtJ~tJtJ~ 1flV'W 
~ ~ 

di (V <:1 (V .d I 'J} I (V J'G} 'J} cl I (V riG} ~ 
c-ldt GJf-:J1'WiJllllU'WlJ'Yi~f1~1'W'VlfltJ'WGij1-:J!~'WGJf~GJf ~'Yi!'Yi'W11 f11'jf)~ltJy.j'W1i!'W Exon 11 GijtJ~ c-ldt 'W'W 

Q ... Q 

'j/ 'j/ 

lJff1'W i1lJ1'W'W tJ1nn1!U~Gij tJ-:J!i1 tJ-:J tJf1GJftJ ~ i1 ~1tJ ~~fl 1'j~WJ'W1flf11J 1f11'j1tJll <QtJ,j'l~~1ff~ fl~tJ~l-:J 

'j1~ !~1!!~~U~'W ~11l1f1~1tJ~1-:J'VI1-:J!GJf~~1'V1tJ1 !GJf'W ~Llt!UUf)l'j ~~ ff'Vl1~ fllJ1J'W 1'W 1 GJf 1~ !flij1l1fl 

rI cl.d ~ (V l' <:1 rI cl ~ 
!GJf~ ~ lJ ~! 'j -:J 'Vl!1) 1~ ~~ U~ ~ ftf1lJ 1f11Jf11'j U 'ff~-:J tJtJ f1Gij tJ~ tJ tJ-:J ! fl tJ'W c-ldt 111 f)!GJf~ ~lJ ~! 'j -:J 'j 1lJ'VI-:J f11 'j 

~ 

f1[;lltJ~'W iGij tJ~ tJtJ-:J 1flV'W ~~f) ci11 1 ~ tJiti PCR !~tJ111''Vl'j 1Uy.jt)~f1'j 'j lJ'VI1~~1fl1y.jGijtJ~!GJf~~lJ~!~~ 

1'W f11'j !~U ~tJlJ ~1111 'iJfff11'j i'f)1:l1!!~~ f11'j~!!~ ff~ 111 1tJtJ ~1-:J! 'Yi lJ 1~ 'fflJl91tJ 1Ll 
~ ~ ~ 
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i Q i Q G] cl cI d'G] QI I 

~ tHJff ~~ !fllJ ~ 'W lJ~!J ~lJlff~!C}f~H'I ! 'W ~'W 'tI!f)J~WI1~'1 

2. !~tlfff)1l1f)lJUff~~tltlf)'tItl~eH)~ 1f1v'W c-kit U~~f)lJf)~1t1~'W('tItl~ff1'W Exonll 'tItl~ 
QQI I G] QI I d' cl d'd' 
tI'W~~f)~11 !'W~1tltll~!C}f~~lJ~!J ~lJlff~!C}f~~~lf)f)lJ!~1~~~ (FNA-MCT cells) 

~~ ~1f)f)lJfff)1l1f11W;h~~ '~i'1J ffllJ1JtlUl t ll!!1J'U f)lJ ~~ iY'tI tl~ KIT ~1f)~1tlEh~ 
d' d' cl d'd' G] QI ~ d!~!V QI 

!C}f~~!C}f~~lJ~!J ~lJlff~!C}f~~~lf)f)lJ!\ll~~~ (FNA -MCT cells) !'W ~f)llW~!'U'W!flJtl~lJtl'tll~~1 

ir~1 (Bed-side tool) ''Wf)lJllJ~tlf)~'~1'Wf)lJ~1!!'Wf)!f)J~ ~tllf)Jw1JfI U{'l~11~U~'Wf)lJi'f)1l1
q 
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I I 

o ~ ~v .::t.::t ~ 

fll~tn~1~H'U1fl1UJfl~WJ~fn~1~tJ'rUfltJ1,.tH 

~ I 

~ G G.::t~ v G) v
2.1 !'Ut)-:)t)fltlltlVl!CUtltlflN1'l1'U-:)&'Uq'U1J (Canine Cutaneous Mast Cell Tumor; MCT) 

'JJ • 'JJ 

~rJ'W~i1tl~tlflllitYllJl'jt1~tJt¢l'th~lJ1W 7-21 % CUtl~~i1tl~tlfl~brrw~ (Zemke et al., 2002) 

'W tlfllllfltJ~ ~1W ~1'11t!~t ~1l1f1~~lJtiftl~ tlfllJltY~~C}f{1 ~~tl1V1~fllV! 'U CU tl~il~fllV t¢i'~fl¢i'1V t¢i'ttn 
o lIJ 'j)." 'j) ~ 'j) .,,"'" cI." cI I 'j),J cI cI ." cI cl 

{11!ft ~lJ :llllJ tlJ'W~'W lllfltllJ~fll'jWft~Tlhv~nm'Wtl~tlfllJlft~tC}f{1{1111fl1'j~~VltJl{1ft~1t{1fl
q 

'JJ • 'JJ 

f1W~ff~1U~'VlVf1'lft~{ ~WleIJ ~lJ';h'tlt!CUtll~lJlflfl';h 8 1l~'U t tJ lJfl11lJtiYV~~~! 'Wfll'j tfi~Hi1tl~tlfl 
'JJ 'JJ • 'JJ 'JJ 

6))'tJ~l'W 1~w tl1~'W tl~tllJ!~f1'CUtl~'tlt!cu ~'W{CUtl~'tlt!cuYi~tJti1tl~tlfl6))'tJ~U t¢i'DtlV t¢i'un 'tl'l1cu~'W{ 
lIJ'j) ." cII ." 

~ftlJ 'jtl~{1~lJl !~Ufl'tl'WCU~'W~ Boxer, Bull dog, Pug, Labrador retriever U{1~ Golden retriever 
'JJ 'JJ 'JJ 

~llJ~WltJ (Loplamlert et al., 2010) ~f)'hlW~'Vll~fllV'WtlflCUtl~~i1tl~tlfl6))'tJ~i1'11'W'tI~lJ~fl1:JW~~~'W 
fj) • • r;J • 


'j) .:!:I d C\ d." d 'j) ~"'.:!:I ""'." <V "",.:!:I 


fltl'W CUtl~t'W tl~tlflt~V1~ ft6))'lJ~lJ{1fl1:lW~'Vlfl{11tlfl"~fltJ ~'W tl~tlflCU tl~ ~1'11 'W ~CU tl~ 'tl'W CU6))''W ~ tl'W ~ 

tll'tl ll~~DU~{1'11 {1lJ~fi~~'WD'W ~1'11t!~D~~1W~!rJ'W!iftl~tlfl t¢l' ~~!~'W ~fl1:JW~~trJ'U -eJ'W ~'jlVffl'l1 flJ 
q 

'JJ 'JJ 

'tl'l1culhm~'jl~Uft~~!Mn1'W ';hti1tl~tlflt!'WlJfl11lJ~'WU 'j ~ ~~ tl(h~ t 'jn~llJ!'W'tlt!CUlJl~~'W{ ~GJf'U 
." cI ,J "'" .:~." "'" .% 'j) 'j) C\

~'W~ Golden retriever ftllJl'jt1~lJ~'W tl~tlfl6))''W~'W!1J'W{1fl1:JW~~fl~CU'WlJl'l1{11V~ fltl'W 1~ U{1~lJfl11lJ 

'JJ 'JJ 'JJ • 

1~m~~1~!i1tl~ tlfl6))'tJ~U tT'W t1'ltfi~D~~1W 'j tlV~ tl'j~'I111~ ~1'11t!~tlDt~tltUtlfl '11 ~ tlD~~1WCUl'l1U1J 
'JJ • 

CUtl~~t!CU ~lJ11!i1tl~tlfl 'tI~lJ~ f1~fl'j 'jlJ'Vll~~hfll~lIi ~'WU 'j ~~~U{1~t1J'W -eJ'W~ 'jlv~tl;i~cutl~'tl'l1CU~~ 

lJlfl ffl'l1 fDfll'j!!~ ifl'j~ II lVCU tl~ 'tI~ tl1~tlV~D 1 ~vtJfl~tl1T~fll'jtUl 'Wfll'J tt~ ifl'J~lllVtl~~ 
q cu 

• 'JJ 'JJ 

lh~lJ1W 3% CUtl~ftt!culli~1J'Wti1tl~tlfl6))'tJ~U (Dobson and Sease, 2007) 
q 

• 'JJ 'JJ 
.:!:I .:!:I "'" C\C\ "'" C\ 

t'W tl~ lllflt'W tl~tlfl6))''W ~'W lJfl11lJ'I1{11fl'l1{11VCU tl~~f1~fl'j 'jlJ 'Vll~6))'1fll~ (biological behavior) 
.: ." 'j) ,J C\ t I ." ~ 'j) ,J dllJ Id .,2 

'W tlfl'tllfl'U 'j~~Dfl11lJ~'WU 'J ~ CUtl~fltl'W t'W tl~tlfllJ~~U~ 'j ~~ lJtlJ'W fltl'W t'W tl~ tlfl'Vl !lJlJfl11lJ ~'WU 'j ~C}f~ 

trltl~1\9l~!{11~tltlfl t tJ 'tI~ 111~Dfll'j fl~DlJl~ tlflCUVltl! '11 11 t¢l't tJ 1l'W i1~ 'j ~~D!~'W ntl'W lJ~ ~1 ~~{] fl{11lJ 

U{1~U~ifl'J~ 'tIlti '1tJf1~tl1(n~t'U~ l¢i'tl~1~'j1~ !11 ~fl~~f1~U'Vl'Jfl!'W!iftl~gtl1~v'jtlD!rJ'WD~nw 
'JJ • 

'j) 

fl11~ fll'J nm>111lJ'j'W U'J ~CUtl~! i1tl~ tlfllJlft~~C}f{1~! 'W ftt!CUlJfl11lJ 'J'UU'J ~lJlflfl11ff~16))'iJ~ ~'W 
q q q 

(Zemke et al., 2002) ftllJl'jt1cW'tIl'JW1'j~~lJfl11lJ~'WU'j~CUtl~ mast cell tumor t¢i'lllf)'Vll~~"~tll~ 

i'VlVl1~vUD~'J~~lJfl11lJ'J'WU'j~tltlfl!rJ'W 3 tfl'J~ (Grade) ;)tl 1~v tfl'J~ I tl~l'W'J~~1Jtl1'J'WU'J~ 
q cu q 

(benign) tfl'J~ II tl~!'W'J~~DJ1~~ -ff1'W tfl'J~ III tl~!'W'j~~D~'WU'J~ (malignancy) (Patnaik et 
'JJ 'JJ 

al.,1984) 'W tlfl'tl lflU fll'Jffl1:J ltt{1~ fll'j~Vlfl'jtUl 'Jflf1~tJltl~cW11l'jWli1~ ~ltt 'I1U ~CUtl~ti1tl~tlfl 

'j~tI~n{111'W!'tI~tlJ!~D 1~ tllfll'j'Vll~fliltJfl concurrent treatment !!{1~ proliferate activity 1~tI!'W 

http:fll~tn~1~H'U1fl1UJfl~WJ~fn~1~tJ'rUfltJ1,.tH
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5lI 

• 


ff'Jl'! 6JJ tl~ Proliferative activity ~tl~ tllffm'VI fl '11 fl tll1 ~tllJ ffcW !ffEl 'V11~ fllJ lqIU 1U~h"1 ~Hfl ij !GJ5'W Ki67 

U~~ Argyrophilic nucleolar organizing regions [AgNOR] !iI'W~'W tl111i'!C]f~~1'V1t1l !iI'W~'11t1lJ1'W 
5lI 

tl11 1'11~~miTtl~ tltllJlt;Y~!C]f~~'VI1~fl~'11tl !~tl(h~ijlh~ ff'VInfll'WU~~1 1~!~1 (fJ'~~1til ! ff~~t;Y~
'II 

U~~ flW~ 'W.ff. 2549) 

!~ijtl11~WJ'W l!'VIfl'11fl!Uf1l1~11~l'11~~tllJ~!~ ~lJlt;Y~!CJf~~ ! 11'ijfl1llJUllu~1t;Y~~U!~tl!~ 
'II 

5lI 5lI 

lh~tltllJn1Jtl11~ 11~1'11~~miTtl~tltlGJf'11~ii~1t11~'V11~ ~~'Wtlln1'V1t1l Yll!11'tll1~11~l'11~~tllJ~!~ ~ 
q 

GJf'11 ~d'!~tltl~tl~!m~ t;YlJ1J1W~'W lJltl !~Untl11 ~11~1'11 ~~miftl~tltl1~ tI'~tl11Ve1lJff1 11 1~'W ~!~ 'W 
'II 'II 

5lI 

~~~~~6JJtl~ c-kit fitl11h~U KlT (CDII7) i~tltl11'~UtlU~1Je1~ffl'I1flJ KIT !~1~1Jn1J~11111~'W 
'JI 0 'JI <=! <:> ;t.J <:><=! C>I , <=! , 

U~1'V1ltl11t1tllJt;YUe1'W~1Jtl~CJf~Tfi~~tl~11!1t1tlll CD117 Immunohistochemistry (CDII7-IHC) 

~ltltl11fff1Ell'W1J';h1~~~tlcill!11'~~~tJ!!1JlJtl11~~ff KlT (KlT staining pattern) ~U~fl~l~n'W 3 
5lI 

!! lJ lJ 1~ tI!!~~~!!1J1J ij fllllJ t;Ye1~ fllttl ~n 1J tl11!!tJ~!tl1~ 6JJtl~!iT tl~ tltllJ 1'ff~!CJf{1~'VI1~ ~{1'W tlln1'V1 til 
q 

<:> <=! 9 <:> it 'JI 0' 0' ~ 
~~'W1Jtl11 ~~t;Y6JJe1~ KlT !UlJ 1!1WWtll1lJ !CJf~ ~6JJtl~!CJf~{1!'W tl~tltl 

q 

.J 'JI C>I ~ <:><=! c1 9 ~ 
(Perimembrane pattern) CJf~ ~~t;Ye1~fl~ tl~tl1J!'W e1~ tltl!tl1 ~ I ~tJu1J1Jtl11~~'ffU1JU'VI II 'W1J!U!'W e1 

~e1mtl1~~ II tTtJ ~~ij1tJUlJ1Jtl11~~ff6JJtl~ KlT !rJu tlcilJntl'W !tllt'111!fl~tlt;Y6JJe1~!CJf~~!iftl~tltl
'II q 

(Paranuclear pattern) U~~tl11~~ff~tJUlJlJ~ III ~~'W1Jtl11~~ff6JJtl~ KlT 'U~tlElW~tl1~~ltl~1!CJf 
.:9 o'~ .J 'JI C>I ~ 

1~'W~1t;YCJflJ6JJtl~!C]f~{1!Utl~e1tl (Diffuse pattern) CJf~t;Ytl~fl~e1~tl1J!Ue1~tltl!tl1~ III (Gil da Costa et 
5lI 5lI 

al., 2007, Kiupel et al., 2004) ~~cU'Wtl111i' KlT l1je1 CDI17-IHC 'illJnlJtl111'11~~mUe1~tltl 
5lI 

lJ It;Y~!CJf~~'VI1~ ~{1'W tlln1'V1 tllcU U t;YllJ11tlYll!11'tl11 1'11 ~~fJ! iTtl~ tltl !~tlcJl~i'~!~u 
q 

, .J '9 .J o'~ <=!C>I 

1~111l~!tl1~ (Transitional phase) CJf~'W1J1Je1t1 !U!tl1~ II u~~ III CJf~!CJf~~!Ue1~tltltll~~~lJ~tl1:JW~ 
• 5lI 

6JJtl~!CJf~~Vitl~!t-Htl1~ II u~ij'Wt)~tl11lJU1J1J!tl1~ III tlcJl~! 1n~1]Jtl11Yll CD 117-IHC cUUcJ~~tl~ 

tllfftl~1e1cJl~~!n1JlJl ~ltl!iftl!~tl ~~ij~tl~ ln~!GJ5U!~ tl1nU nlJ~!n~~'W! 'W tl11!n1J~1e1cJl~ ffll1 1lJ 

• • 5lI 

11 tl~ nuu~~ f tlEll Yi ijtJ1~ ff'VI n fll'W lJ ltliJ~~'W 
5lI 5lI

0' 'JI ~ '0 ~ <:><:> 

~lUl1U ~H{1~6JJ'W l~6JJtl~tltlU!'W tl~tltl tll 1U'W1tl 1~~ltl ~ lUU tl!tl1~6JJ e1~!'W e1~e1fl'VI1~ ~{1'Wtll1i1 'VI til 
5lI 5lI 

u{1~~GJfii tl11 ~e1tl6JJ tllt16JJ tl~!iT e1~e1tl!11 ,hiiYll!11'tl11'W tlltl1 wi1fl!~'W! tJ tlcJl~ijtJ1~ff'VInfll'WlJ ltl 
• jI 

<:> .:9 

tI~6JJ'W (Simose et al., 1994) 

2.2 !nfli!flf)1~!1l1~YJYl!C)ftl~ (Fine Needle Aspiration Technique) 
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'JI 'JI 

fl1'J~ 'J 1~ llJ~<Qmi1tl~ tlflG)flJ~iJ1'W'Vl1~flillJflff~lU'VfVl6lJVlJ 1~1~ fl1'J! ~l~~~!C)ftl ~ (Fine­
qJ 

. ~ & 9 ~ 0 QI 9 ~ "" "" QI ~ ~ , .d cl
Needle Aspiration 11 'J tl FNA) C)f~'ff11.11'J tl ! G)f'ff111 'J 1J ! 11fl1'J~ 'Jl~ 1'W ~'Q m1J tl~~'W fltl'W 'VI ~~!fl1J 

'JI • 

\9l1tld1~!i1tl~tlfl!yttlci~1 11~'Jl~'Vl1~~tlVW1!il'VlV1~tlL tJ (el~'Q~V1 Lfftl~!;!~ Utl~ flW~ 'W.ff. 2549) 
'JI 'JI 'JI. • 

~~Ul-! fl1'J'l'11M~tlfl1'J1'W fl1 'J!~ l~~~!C)ftl~~lflfltll-!! i1tl~ tlflt!'W ~~!iJ'W l~Yi 'ff~~ lfl!!tl~ 'Jl~!~ l~~Yi 
qJ 

, ~ 'II) cl cI ~ .dll) ~ 
fltl111.I1Utll t)I:J1~ !'Jfl~11HC)ftltlLl-!tl~tlfl'Vl !~~lflfl1'J!~1~~~ (Fine Needle Aspirated tumor cell) 

'JI 'JI 'JI 'JI 

t!l-!V~iJ~tl~ltl~ 1'W fl1'J' l1'~tllJtl!!tlff~1!!'W'Vl61l-!fl1'J !!tl~!fl'J~'J llJl1~fl1'J'WV1fl'Jw1 'Jfl 11~i1 
qJ 

!~tl~ ~lfl!C)ftl~!iftl~ tlfliJfl1'J !tJ~v'WutJtl~~tl~!C)ftltl111i'~!~'W 11rtJ!C)ftl~!iftl~tlfliJ ~flllW~1fl~!~V~ 
'JI • 'JI 'JI 

tl1J!C)ftl~!11tl~tlflG)feW~fl'W~ !~'W !C)ftl~!i1tl~tlfl~tJ11~fltllJ''W'it!~ ( Canine Round Cell Tumor) ti1tl 

QI ~ QI cI"".d, 'QI.dIl)~ ~ 
~tlfl~tl~tllVl~'ff1J'W'W1IG)f'W~'Vltl1V'Vltl~!;!'il-!~tl'W!~ (Transmissible Venereal Tumor, TVT) 11'Jtl 

~ clel "" cI ~ ~ 0 ~ "" "" QI!'Wtl~tlfl~tl~!C)ftltl~'ff'Vl1tl1C)f'Vl (Histiocyte) !1Jl-!~l-! (Prihirunkij et aI., 2007) 'Vl1'11fl1'Jl'W~'QVtl1~ 
'JI 

!n~fll1lJ~~'Wtl1~~l-!1~ 

~oCt~ ~ \II ~ oCt
2.3 1fi0~\lU ~u !C1f &VHrl~ (Immunocytochemistry) 

~ ""eI 9 "" "" QI cI"" & '1 ~ I "" ~ 0 "" cI
!1J'W l1i fl1'J ! 'W fl1'J ~ 'J 1~1l-! ~ 'Q V'Vl1 ~ !C)ftl tll'Vl V1 C)f ~ !~VlJ fl ~u tllfl1'J ~1Ul-! flG)fl-! ~ 'Vl1~!C)ftl tl 

1'VlV1 tl1ffV~lfl{)flEJW~SUtl~!C)ftl~ eWl!fl~V'ff LC)f 1~'Wtl1'ffc]flJ ~lflfl1'J'l'11 Fine Needle Aspiration 

.d cI QI' ~ ~ II)~ QI "" II)
(FNA) 'Vl'ff1lJ1'Jtl!~1~~~!C)ftltl~lfltllVl~~1~~ !!tl~f)tll-!!'Wtl~tlfl!~ (tl~'Q'JV1 !f'I'tl~~~ Utl~ flW~ 

'W.ff. 2549) 1~VleW~<QV~lfl'JtlV 1'Jfl~1~ ~ !~tlfl1'Jl1~U~'Wfl1'Jffl'l:n'l1'!11lJ1~'fflJ~'i~ 'l-!fl'JW~ 

~flEJ W~su tl~!C)ftl~iJ~flEJ W~~!~l-! i'~ (typical appearance) 1Jty111'l-! fl1'JleW ~<QV~~iJutlV u~, l-! 

fl'JW ~~flEJW~SUtl~!C)ftl tl111!~l-! i'~ (Atypical) fll'J~'J l~~lVl~ Immunocytochemistry ~~~lV' l-! 
'JI 'JI 

fl1 'J leW ~ <QV'l'1 1L~tl fl~tl~ !!11l-! ~llJ 1fl~l-! !! tll-! ~1J tl~'~' l-! fll 'J ~ 'J 1 ~ llJ ~<QV~ ~ ~lV~1!!l-! fl G)feW~ SU tl~ 
qJ 

~ ~ , 0 cI .d cI ~ cl : ~ eI ""'1 
!C)ftltl!~ !G)fl-!~lUl-!fl !C)ftltlWtl1.J (epithelium), !C)ftltl'ff'J1~!lJ~'W1!11tltl~ (lymphoid cell), ~'ff'Vl!tl 

II) cI cI ~.d.d QI ~.d cI 

!G)f~ (histiocytes) , 'Wtl1'ff1.11!C)ftltl (plasma cell), !l-!tlWtl!flVl'W'W (connective tissue), !l-!tlWtl!C)ftltl 

11'J~'ff1'Vl (nervous tissue) c!] tlC!] !~l-! 1~fl1'J~'ff~~lfl' l-! 'Vl1~11fil1~ 1 ~Vfl1'J !~~VlJ'ffL tl~Utl~~~~ 

'fff)l'WU~1'ff11.11'Jtl!~1J f flEJ 1 L ~~ tlW 11 f)lJ 4 tl~ff1!C)ftl!C)fV'ffl-! 1l-!!til-! fftJ~lM 1~V~ flW 'fflJiJ~'Vl1~ 5lJ 
q qJ q 

1I)'.d , ~ II)~QleI cl, 0 

~l-! (immunoreactivity) !lJ!'fftllJ'fftl1V tl1l-!~tl~lflfl1'JVtllJ !~'Vl'W'Vl 'ff~~lfl 'Jl~!'J1Utl~UlJ'WV1 

eI QI .del.d, eI QI & , QI cI ~.d0 0

1'lh~l-!'J1J~1!'Wl~'VllJG)ftll1111'J~l-!'J1J~1!'W1~ c-kit ( c-kit receptor) C)f~~~tl~1J'W~l-!~!C)ftltl 11l-!1'Vl 

1~Vrrl111su tl~~l-! ~~fl~11~tlfll1JfJlJ fl1'J! ~~ty!~1J1~ fl1 'J !~lJ ~1l-! 1l-! Utl~fl1'J !tJ~Vl-!UtJtl~ ~tJ11~ 
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~ 

6ijf)\I!C}ffl~ H~1 'U n~tU!11f)\lf)nlJ1~~iTn'VnJfll1lJ~~tJn~ !GJf'U n1~nfl1£J~'W If (mutation) 6ijf)\lV'W c-kit 
. q .~ 

Yl11Mnfl 1nn1~ !~jty!~1J i~6ijf)\I!C}fflfl':JJ~llJ1~t1fll1JfJlJ 1~ ~\lijn1~!~lJ~1'W 1'WlJ1n~'W!~f)£J~ ~'W 
~ 

~ cI~ , .:d e! ~ ,
!fi~!il'U ~n1:J W~6ij f)\I!11f)\I f)n n1~nfl1 £J'W'W ~~\lnfl1l'Vl'W1JlJ'Vl fl1£Jfln1:J W~ !G)f'W point mutation, 

internal tandem duplication Ufl~ deletion (London et al., 1999; Zemke et al., 2001; Downing et 

al., 2002; Reguera et al., 2002) 

n1~!~jUJ!~1J i~!!fI~n1~!tJ ~ £J'WUtJfI\I~tJ~l\l6ij f)\I!C}ffl~'VJ nG)fiJ~ #lf)\lf)1~£Jn1~Yl1\ll'W ~~ Vi 11\1 
" QJ q 

Growth factor Ufl~ Growth factor receptor (GFR) i~W'W1J11 GFR ril'W1ViqJ~~!il'W Receptor 

Tyrosine Kinase (RTK) !rlf) growth factor ~1Jn1J GFR Yl11M!fi~n1~ri\lfftyty1W!~11tJ1'W!C}ffl~ . ~. 
"JI 9 "JI cle! "'" "'" '1 "'" 0 .!:I ~ Ie! ~ I ~ I ' '1 .,g , ~ "JI e! 

n~~~'W !Vi!C}fflfllJn1~!~~ty!~1J!~ !'WlJ~l'Wl'W Vi~f) !lJfI£J'WUlJfI\I~lJ~l\l !~£J6ij'Wf)~n1JVi'W1'VJ6ijf)\I 

cI "'" ~ 
!C}ffl fI G)f'W ~ 'W 'W ~ 

c-kit proto-oncogene !rlf)t1f)~~M~!~'W 11h~'W ~~ !~itJ~~'WV'W~!i1'W~lf1Jm'W1~~ij~f)11 
.!:I &. e!: ~ 

KIT receptor (c-kit receptor Vi~f) CD117) C}f\llJ'W1'Vl'WnlJlf1ilJ!flfJfI 145 kDa 'W1J c-kit proto­
~ 

oncogene flf\lu~n1 'W oncogenic compound 6ijf)\I 1lf~ replication-deficient Hardy-Zuckerman 4­

.:d '9 &. ?t.:d ~ e!' liJ ~ "'" e1 .:d 0 9 "JI "'" 
feline 'Vlf)~ !'W~~£J~ acute transforming C}f\l!1J'W'VJ'VJ~11Jn'W~11 n~~G)f'W~'W~~!Vi'W£Jl'W1 !'Vl!n~ 

multicentric fibrosarcoma 1'W!!lJTU1'W KIT receptor ~~!il'W type III transmembrane tyrosine 

kinase receptor i~£J KIT ~~~1Jn1J ligand ~!1£Jn11 stem cell factor (SCF) n1~Yl1\ll'W6ijf)\I . ., ~ 

receptor !11f)!~f)l1~llJ1~t1'W1J KIT receptor 1~!!ri breast epithelium, germ cells, melanocytes, 

immature myeloid cells !!fI~ mast cell (Arber et al., 1998) 

1fl~\I~~l\l6ijf)\I KIT receptor ~~fl~l£Jn1J tyrosine kinase receptor (RTK) ~11tJ~f) 

tJ~~nf)1J!tJ~l£J 3 ril'W (f11'W~ 1) i~£Jril'W!nn!~'W extracellular domain ~~tJ~~nf)1J!tJ~l£J 
o e! , .!:I 9 "JI~ ~ 

immunoglobulin-like ~l'Wl'W 5 fold !!fI~lJ~l'W6ijf)\I Ligand binding site !'Wf) !G)f~1Jn1J stem cell 

growth factor ('Vl~f) steel factor ) ril'Wi)~lJ1~f) transmembrane (f)~f11£J1'W cell membrane) 1'W 
~ . 

riTl-..!'w~~!il'W~lfl'Wnfl1\l~~Vi11\l intracellular domain n1J extracellular domain ril'W6ijf)\I 

intracellular domain ~~tJ~~nf)1J1tJ~1£J 2 domain ~f)£J ~f) juxtamembrane domain UfI~ 
&. 9 ' e!' &.

intracellular kinase domain C}f\l !'W~1'W intracellular kinase domain ~~lJ tyrosine kinase f)~ C}f\l 

"JI 0 "JI.:dliJ "JI ~ e!.:d.::! ~ ~, ~ 
'W ~ f)lJ~~'Vlll1 'W 1'Vl !~'Vl'W'Vl'VllJn1~ ~1Jn'W ~~'Vll1\l stem cell factor n1J KIT receptor 
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Ligand (SCF)- [ 

binnding site 


Outside cell 

c-Kit 
receptor 

==::::== Cellmembrane 
Juxtamembrane=_ 

Kinas e domain with _ Inside cell 
ATP-binding site 


Tyrosine kinase _ 

catalytic domain 


.d "i 91 	 .d 
.f)l'Vffll ~f1'j~{fn~GUfl~ KIT receptor ( YllJl Zemke et aI., 2001) 

"'" QJ 	 cI 0 G] 91 0 "'" 

'Y'ilfl c-kit proto-oncogene !fl~fll'jfl{llEJl"n'!l1 'Vll ~'Y'ifll'j'Vll~ll..!GUfl~ KIT receptor Ij)~afl~ 

fll'j!tJ~EJl..!utJ{l~ 1~EJ~m~il~GUfl~Vl..! c-kit lj)~ftill!iYEJ'Y'iUl~f111Jf1lJfll'j!Ij)~tlH~1J 1~ U{l~ff~~{l1rr 
qj U Q u 

!n~fll'j dimerization ~{lfl~n{llU~Ij)~llilJfll'j~1Jfll..!'j~'Y'i11~ stem cell growth factor fl'U KIT 
'JI ,'JI , 	 'JI 

• 	 receptor ~~ tTl..!!CJf{l ~Ij) ~lJ f11'j U~~~l!~ lJ ~1l..! ll..! ~ l..!!~fl EJ~ Ij) l..! !n~!1:1 l..! ~flEJ W~nfll..!!{1fl~ flfl 'Y'i lfl111 

tll'jit1Ij)UEJ~lEJiiifllJlqJl..! 1l..!~ft1~!f1lJ 1j)~'W'Unl'j~~iYGUfl~ KIT receptor 'Y'i~fl CD 117 1 l..!!CJf{l~!'YilJ 
'JI 	 'JI , 

lJlfl~l..!~~cWlfJW~flEJW~~~flr;il1lJl1~!~l..!~GJfi1'WEJlfl'jW (prognostic marker) !{1fl~flfll1lJ~'Utll!t1~ 

lJllj) lfl!CJf{l~~lJ fl1{~~'l..! £GUfl~Vl..! c-kit ~~f111JfJlJfll'j! Ij) ~tlJ !~1J 1~U{l~ fll'j! tJ ~ EJ'U UtJ {l~i1J~l~GUfl~ 
cI ;f QJ cI.d "'" ,J .<::i 	 I 

!CJf{l{l l..!flfllj)lfll..!fll'jfl{llEJ'Wl..!l1'Vl!fl~GUl..!lJ'Y'i{llEJitJU'U'U !GJfl..! point mutation, deletion 'Y'i~fl 
I 	 ,fj} j) 

duplication 	 1~EJfll'j !1J~EJl..!U1J{l~~l~~ l1!n~~l..! ffll..! 1 'Y'itY!n~~l..!1l..! ffll..! GUfl~ juxtamembrane 

domain 
CJ} , 	 'JI • 

G] .!:I .!:I ~ I "'" QJ 	 II) 91G] .!:I .!:I .!:I 
!'W!l..!flWfl1Jfl~GUfl~~l..!GUU{l~UlJllj)~'W'U KIT protein ~~ !'W!l..!fl!EJfl f1fl mast cell, Purkinje 

cells GUfl~ cerebellum, ICCs ~fl~1l..!Yll~!~l..!fll'Y'il'j, acinar epithelium GUfl~ mammary gland 

(~tTGU), oocytes (UlJl) U{l~!~fl1JlJ~~fl (~tTGUU{l~!!lJl) (Morini et aI., 2004). 1l..!'Vll~ff~l!!'WYl~ 
'JI 	 'JI , 

c-kit tJflcW llJl1~1 l..! fll'jit1lj)um{1fl~flflGJft1~~1~~ 1~mU'Wl~!{1fl~flflGJf1J~lJlff~!CJf{l~ !11fl~lj)lfl 
19l.<::i QJ 0 ,,J "",;f di~91 91 

immunostammg f1 fl'U GUl~ lj)~lJf111lJf1~~ T~~U{l~ 1j)1!'Wl~~fl! l..! fl~ flflGJfl..! ~l..! lJlfl CJf~!lJflEJfllJ ~ lEJ 

""'.<::i "'" .<::i .<::i QJ "'" .<::i cl 	 ;fQJ 91
lnfllJlJl..! 1l..! ~ft1~!f1lJ 'W'U{lflEJW~fll'j~~ ff!t1l..!U1J'Ufl'j~ 1j)1EJ (diffuse)l..! flfllj) lfll..! EJ~ftllJl'jfl1GJf~'j llj)

q, 

'JI , 
.!:I "'" .!:I II) 91 I ""'.<::i 91 I 

!l..!fl~flflGJfl..!~fll..!!~ U~fll'j~~ftflllj)lj)~lj)l~{l~'Ul~ !GJfl..! Gastrointestinal spindle cell tumor (GIST) 

(Bettini et aI., 2003), Canine mammary gland tumor (Kubo et aI., 1998) U{l~ Canine ovarian 

papillary carcinoma ffll..! Benign U{l~ Malignant mammary tumors, Melanomas, Seminomas, 
di ""'.<::i I 	 ;f

Interstitial cell tumor granulose cell tumor CJf~Ij)~~~ftflfll..!lJlfl l..!flfllj)lfll..!fll'j!!ff~~flflflGUfl~ KIT 

1111rrffl:lI1'jfl!Wfl'j~'Y'i11~ Canine hemangiosarcoma flflfllj)lfl Benign proliferative endothelial 
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'JI • 

lesion (Fosmire et al., 2004) ciJ'W!i1fl~flflYi'liiJfJw{ylJtJ~hl1~5lJ~'W~fl KIT '~Ufl Non-Hodgkin 

lymphoma (~t!6ij!n'l~UlJ1), Pheochromocytoma (~t!6ij), Adrenal cortical carcinoma (~t!6ij), 

Thyroid gland carcinomas (~t!6ijW;1~UlJ1), Endometrial carcinoma (UlJ1), Leiomyomas (~t!6ij), 

Leiomyosarcomas (~t!6ijU"~UlJJ) U"~ Transmissible venereal tumor, TVT (~t!6ij) (Morini et al., 

2004). 

""0 "" ~ cI cI Q.I c! -d 'j) Q.I Q.I cI 
VW1'fifl1!'W ~6ijfl~lJ~! 'j ~ lJ1{Y~H9f"" lJ fllJfI J1lJl.fltlJ6ijfl~fl1Jfl1'jfl"ltJ'Vi'W 1! 6ijfl~ c-kit proto­

oncogene Yhhrfl1'jt)fl~'jM{y KIT receptor !n~flJ1lJ~~11fl~ l1fl'VilJ';hci1'W6ijfl~ Juxtamembrane 

domain !n~ point mutation '~llfltJ~~~ (London et al., 1996; Zemke et aI., 2002; Riva et aI, 
• 'JI 

Q.I 	 c! "" & c!1I] 'j) Q.I "" , <:!i 
2005) "fl1:jW~ point mutation 'VUfl~6ij'WlJ !~11"ltJ"flIJW~fl1'Vl!GJ5'W deletion l1'jfl duplication 

(Zemke et al., 2002; London et al., 1996) U"~fl1'j!1J~tl'Wu11"~GJ5U~6ijfl~!1J{Y6ijfl~tj'W c-KlT f11tJ!'W 

domain ~~flci11 (Riva et al., 2005) U~fl~l~ lh~~llJ point mutation {y1lJ1'jt)!n~ i~'VJflci1'W6ijfl~~'W 
•• 'JI 

<:!i 0 & "" "'" Q.I "" & GJ
c-kit (Zemke et al., 2002; ) U"~!lJfl'Vl1fl1'jfffl1:j1!'VilJ!~lJ'Vi1JJ1 point mutation lJfl!fl~6ij'W!'W Exon 

11 U"~ 12 (London et al., 1996) 1~tl{y1lJ1'jt)Utlfl internal tendam duplication (lTD) !'W 

& c! 	 II] 'j) , c! 
Juxtamembrane 	 domain 6ijfl~ KIT receptor 9f~lJflJ1lJtJ1J 3-79 bp. !~~lfl{YJ'W6ijfl~tl'W c-kit 

• 	 (London et al., 1996) fl1'jYh~1'W6ijfl~ Exon 11 u,,~ 12!'W mast cell 11fl~ ~~Yl111U1~flJ1JfJlJili!M' 

!n~fl1'j dimerization 6ijfl~ c-kit receptor ~~Yl1!M' receptor fl~!'W{yf11J~'V/~~Yl1~1'W (inactive) 
;tQ.l , ~ cI cI-d, 	 c!, 	 Q.I

'Wflfl~lfl'Wtl~'Vi1J11 lJ~!'j~lJ1{y~!9f""'Vlfl~!'W !fl'j~ II !!"~ III lJfllJfl1'j over-expression 6ijfl~ KIT 

receptor (Zemke et aI., 2002) 

! 'W ci1'W6ijfl~ c-kit J'W fl1'jfl"ltl~t.!'fi~~!tl'WiJ~1YtJ~ft1fltu~ijci1'Wi1lJ1'W'VitJ1nil1!u~6ijfl~
q 	 u 

~ cI clQ.I 	 -dll]'j)' 'j) 'j) -d <:!i 'j) ''LI c! GJ cI 
lJ~!'j~lJ1{Y~!9f""~~'Vl !~fl"11lJ1!W1 'V/'W1'Vl6ijfl~ c-kit flflflJ1JfJlJfl1'j{Y'j1~ !lJ'j~'W KIT !'WlJ1{Y~ 

!9f"~ ~~ KIT 	!tl'Wl1h~'WGJ5U~~~1'W~t!~!9f"~ (Transmembrane protein) ~!~'W Tyrosine kinase 

"" c! & c!1 'j) Q.I 1 ft I 'j)' 1 'j) -d ,
receptor (RTK) GJ5'W~'Vl 3 9f~lJ !fI'j~{Y'j1~'j~~1J !lJ!"fJ"lJ'j~flfl1J~1tl{YJ'W6ijfl~ !fI'j~{Y'j1~'Vlfl~ 

• 	 'JI 

f1 1tl'W fl fl!CU" ~ (Extracellular domain) Yi iJ r;lfl1:j W~ fI ~1tl n 1J5lJ~1'W fl" fl 11 \l~ 'W 6ij fl~Ufl 'W ~1J fl ~ 

~1'W1'W 5 ff1'W !!"~ff1'W lf1'j~{y~1~f11tJ!'W!9f"~ (Intracellular domain) ~11'j~flfl1J~Jtl1J~nw~ 
c! , 	 "" II] cI <:!i 

!'jtJfl11 Juxtamembrane domain U"~1J'jnW6ijfl~!fl'W !9flJ Kinase (kinase 'V/'jfl phosphotransferase 
'JI • 	 • 

domain) fl1'jYl1~1'W 6ijfl~ KIT ~'W!ijfl1J~nW1 fI'j ~{Yf1~f11tl'W flfl1Y1Jn1J llJ!"fl"6ijfl~ l1h~'Wm 'Vi1~Yi 
q 

!1tJfll1 Stem cell factor (SCF 'V/~fl Mast cell growth factor) ff~~"!M'!n~fl1'jci1tl'Vlfl~11~vJfl~!vJ~ 

'UV~ llJ!{'lfJ"6ijfl~ Tyrosine ~fl~1J'W KIT 1~tJfl1fftJfl1'jYl1~1'W6ijfl~ Kinase domain d~u~n~tJ1 
'JI 

ci~~"!M'!n~fl1'jci ,HYtutu1Wf11tl!'WlJ1{Y~!CU,,~~'W!il'W ih~1J fftutu1W ~~flci1Jci~~"!M'lJ1{y~!CU"~
tI v 	 t.J u 

!n~fl1'j~WJ'W1U,,~ijfl1'j!11~tJ'WuU"~'J1lJ~~iJfl1'j!~lJ~1'WJ'W~'W (Webster et al., 2007) ~~ 
6ij1J 1'Wfl1 'j ff ~ fftU tu1 W ~~ flci 11~ ~ t) fl V~ i~ ~lflfl1 'jYl1~ 1'W 6ij fl~ ff1'W ~!~ 'W Juxtamembrane domain ~~ 

u u 	 <u 

• 	 'JI 

Yl111 U1Yi!tl'W~1f111JfJlJ fl1 'j ff ~ fftyty1WV1J V~ (Negative regulator) 
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1J1!1W~fl\l Juxtamembrane domain ~fl\l KlT 1h1~U~1l~tJflfl1lJfJlJ 1~tJfl~lJ~fl\l~U~fl~ 
GJ &..:9 GJ ~ QI' QI d' .:!, GJ~"'> 
!U Exon 11 ~fl\l c-kit Clf\llllflfll'Jf1'flfJl !hllJll~1JU~lJ11fll'Jfl~ltJ~hI~~fl\l c-kit 'Vl'ff\l~H'l nHfl~ 

~ d' <t QI~ "'> Qld' "'>
lJ~~'J\llJ1'ff~!Clf~~ iU~hI~hlhlll~~fl~1l1flfl1'Jfl~ltJ~u~1u Exon 11 (Zemke et ai., 2001) 1h1lJ'J!1W 

• j.I fJ} , 

fi\lfl~111~mfl~fll'Jfl~ltJl~'tJ1f1 'U ~fl'hlW~iJfll'J~~'Vl'Jflihfi1J~1J'ffYicih~ flU \9l\l~~~ 45-70 bp YilJ1!1W 
• iI 

LJ~ltJ 3' ~fl\l Exon 11 ff \l N~ 111'~fl~fll'J'ff~1\lihfilJ~ fl\lfl'J~fliJ1U Yicih~ flUU'Vl 'Jflfl~1U 1fl'J \l'ff~1\l 
~ 

~fl\l Juxtamembrane domain ~fl\l KlT (Internal tanderm duplication 'Y'I'Jfl lTD) (London, 1999; 

Zemke et aI., 2002) N~~fl\lfll'Jfl~ltJliu{ff\lN~111' KlT 'ff1lJ1'Jtll11\llU '~1~tJ':JJ~fl\liJfll'J~lJfllJ 
iI • 

1lJ!~fl~~fl\l1LJ'J~'U ~1~~1~ 'J1lJv1\l Juxtamembrane domain Yi!fl~1l1flfl1'Jfl~ltJliu111:JJ'ffllJl'Jtl 
q q 

iI •• 

tJ1J tJ\l~lJ1U fl1'Jff \l r;Ytyty1Wfl1tJ1'U !Clf~ ~1~ N~Yi '~l11111'!fl~fll'J !YilJ~1U1U ~fl\llJ1'ff~!Clf~~flEh\l 
~ QI ~ ~ ~ d' d'GJ':! 


'J1~! 'J1 U~~~WJhl1!lJhI!U fl\l flflU~~lJ~~ 'J \llJ1'ff~!Clf~~ !hi 'Vl'ff~ 

q 

iI • 

rl1'Y'1i'lJfl1'Jfffl'hl1fl1'Jfl~ltJlihl{~fl\l Exon 11 ihl c-kit uui~Yil1tJlJ1~1u1Jll~1Tu '~Ufl 
& ~ "'>.:1 d d'QI 

fll'Jfl'fl'hl1~1tJ 111 Polymerase chain reaction (peR) !~fl~'J111fll'Jfl~ltJ~U~~fl\l Genomic DNA 

"'>.:1 d & QI .:! 
U~~111 Reverse transcriptase polymerase chain reaction (RT-peR) !~flfl'fl'hll'J~~lJ~fl\l mRNA'Vl 

.:! lIJ "'> QI d' & "'>.:1 ~ GJ ~ lIJ ,d C! lIJ ~ 0 QI

nJ~tJ'UutJ~\l !tJ 1l1flfll'J !fl~ fll'J fl~ltJ~'U 11 Clf\l111'Vl\l 'fffl\l !'Y'Ifl11lJ ~ 1UIl~U l!GJffltl fl ! ~'ffl'Y'1 'JlJfl1'J 
q 

1Pl'J11lfll'JflIlltJliun1u Exon 11 ~fl\l c-kit (Turin et ai., 2006) 1Un1'J~'J111'fffl1Jfll'Jfl~ltJliun1u 
q q• 
~ ~,"'> .:!.:1 QI d' 

Exon 11 ~fl\l c-kit ~1tJ peR UU~1J11NIl~NIl~fl\l peR (peR product) 'VllJfl1'JnIl1tJ~U~1l~U'ff~\l 

GJ~~ ~ .:1~ .:!~I lIJ~l~ , ~ .:1~ 
~'Y'I~'Y'IU~lJUUtl1J~fl\l~~tlU!tl 'VllJ'J~fltlD ~lJ~1tJUtl1JtJtltJ 3 !!tlDfltl ~~tllJ~tl\l~!tlU~tl~U1~ 191 bp 

~tl\l~UtlIl~tJfl~ ff1UUtl1J~'fftl\l1l~iJ~U1~ 250 bp ~tl\ltlIl~~tl\l~U~iJfll'JflIlltJliu{ ff1UUtllJ 

.:1 ~ ':!GJ ,.:! ~ 
~tl\l~!tltHtl'Vl !'Y'Ity'Vl~~~l'W1J'U 

iI 

liu{ (Zemke et ai., 2002) rl1'Y'1i'lJ'Q1T~fll'Jw1ufll'J!fl~fl1'Jfl~ltJli'W{~fl\l Exon 11 ~tl\l c-kit U'U 

& , .:1~ I 
11lflfl1'Jfl'fl'hll~lJ11lJlJ'J~lJ1W 9-33 % (Downing et ai., 2002; Webster et ai., 2006; and Zemke et 

.:! 
ai., 2002) (fll~'Vl 2) 
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d QI "'" QI I ,J d.d.:s QI cI 
ilTrnl 2 U'ff~~~f)'tlW~'tIf)~~H'H'H'l~ PCR (PCR product) llln~1f)tJl~!hlf):U~!'j~'VI:Uf)1'jf)~ltJ'Vn...!~ 

'hl Exon 11 'tIf)~ c-kit (M) !tJ~tJ1J!cVitJ1Jtl1J~~~i1~ PCR lllf)~1f)~1~!iff)!~f)'tIf)~:U~!~~:Ul'ff~!C)f~~ 
~llJijf)l'jf)~ltJ~hli' (N) (~:Ul Webster et al. , 2007) 

!!~~ III JhllJf)ll~'fff)~~~f)~tl1Jf)l'j'VWlf)'jwl 'j~~ llJ~'hi ~U'tI~!~hI !iff)~ f)f):Ul'ff~!C)f~~!rlf)!cVitJ1J 
'j/ 'j/ 'j/ 

tl1J!i1f)~f)f)!f)'j~ I (Zemke et aI., 2002) hi f)f)lllf)i1eJ~ijciTW 'hlf)l'j~~iYhI' ll' l1'f)l'jff)'tll!i1f)~f)f) 
'j/ 'j/. 

GlfU~i11~tJf)1'j'~!~ijlh1T~ 'fflJtJ' 'I1lJ¢l'1tJ 1~tJ~1Jl1! i1 f)~ f)f):Ul'ff~!C)f~~Vlijf)l'jf)~ ltJ~hI1f,hi Exon 
q 

• 'j/ 

11 'tIf)~ c-kit 1l~ijf)1'j~f)1J'ffhlf)~~f)tJ1VleJ1JeJ~f)1'jYll~lhl'tlf)~ Kinase (Tyrosine kinse inhibitor) 

lIJ 9I.:s ,J cI cI.d lit l.:s cII QI

l~mQ~l~ Toceranib (Palladia®, Pfizer) !~~f)11!hlf)~f)f):Ul'ff~!C)f~~'V1 !:U:Uf)l'jf)~ltJ~hlll 

(London et aI., 2009) f)~l~1 'jn~l:Uf)l'jftf)1:nf)l'jU'ff~~f)f)f)'tIf)~f)f)~ 1~~hI c-kit U~~f)~ltJ~hI1f,hi 
q 

Exon 11 'tIf)~ c-kit 'hl1J1l1l1ThI¢l'1tJi~ PCR Jhlijf)1'jftf)'tll'tllf)~1f)~1~'tIf)~!tff)!~f)~!n1J:Ullllf)n'f)hI
q 


'j/ 'j/ 

~ I QI 

!hI f)~f)f)!'VI1hlhi 
'j/ 'j/ 

¢l'1m'11 ~ 
q 
~~~~ f)ci11 'j 1:U11~f)1'jftf)'tllf)1'j~ 'j 111iull~m i1f)~ f)f):Ul'ff~!C)f~~l~tJ~ 'j ~ lllf) 

cI.d d lIJ 91 QI clGJ 
!C}f~~'VI!f)1J !~lllf)f)l'j!lll~~~ (FNA-MCT cells) U~~f)1'j~'j111f)1'jf)~ltJ~'W1i !hI Exon 11 'tIf)~ c-kit 

~ q 

lllf)!G}f~~~~f)ci11!'I1cilJ'W~~t1111~!~hI i~~~1'j'l11:Ul'~'hi 'Vll~tJii1T~1¢l' , hllIll ~1ThI eJ~1lJl¢l'ijf)1'j 
'j/ 'j/ 'j/ 

~WJhI If)'j~1J1h1f)1'j'hi f)1'jftf)'tll~~f)ci11 ~~Uhl'U f)l'jftf)'tll~f~i1~~ l¢l'ijf)l'j~WJ'W 1'tl1J1h1f)1'j'VI1~ 
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"" o'd.., II] 9) .d 0 & "" "".., -I 0' 0' 9)

1'Yltllffl'ff~ ':i'YltltllJ ':i'U !~ !~tl'Vllfll':iffflfJ lfll':i ~ ':i 111 TW ,UHU tl\)tlfUJ 1'ff~ !C)${;H'l1~ tltGJr6ijDl'W fll':i 

& <::!.., 9) &.., ) <::! ..,

CD117 immunocytochemistry (CDI17-ICC) C)$\)lJ'l1{;'lflfll':ifl{;'lltlrHl\)flD CDI17-IHC !~m'VltlDflD 
, 'JI 

~(;'lVi!~111flfll':i li1l1UtllJ 1~ ':i ~lU 'Vll\) ~(;'l~ tll~l'Vltll U{;'l~fll':i U'ff~\)tltlfl6ijtl\)tltl\) 1f1VU c-kit ':i 1lJl1\) 

.., o'GJ 0' -I 0' 0'd II] 9) 

fll':i~':ill1'fftl1Jfll':ifl{;'lltl~U~!U Exon 11 6ijtl\) c-kit 111fl!C)${;'l{;'l!Utl\)tlfllJl'ff~!C)${;'l{;'l'Vl !~111flfll':i!1l1~ 
'JI 'JI , 

~~ (FNA-MCT cells) 1~mVitlD~{;'l1l1fll1i PCR 11lfl~1tl~1\)<jfun1tlVi!f1tl!~1Dfll':iffflfJllJ1U~1
'U 

~qfl~l'1~l.'lJ:q I!q 1'1 '11'l~'OI~fl'l..'1GJq IA 1~~:lIg'lI~.qfl~l'1 , 0'9) 'JITI~ bl dU ';!Tlhl Uhlcf.J !hllJd::~TlhlTI~ bl d f)ltlt~'fflJ~~~lUVi';h~1tl~1\)!C)${;'l{;'l!Utl\)tlflbJWTI J:j 

lJl'ff~!C)${;'l~'ffllJTH) tGJf!ilUU'l1r;1\)nl!i1~ tUfll':iffflfJl':i'L1UD1Jfll':i~~iY'Vll\) CDII7-ICC ffl'l11DGJf1tl 
'U 


'JI 'JI 'JI 


t U fll':i~ ':i 1111i1 U mutl\)tlflGJri1~ij!~ ':i 1lJl1\) 'ffllJl':i fit GJf!C)${;'l~~\)nr;111ffl'l11DffflIllfll'H!'ff~\)tltlfl 
'JI 'JI 

Etltl\)tltl\) 1f1vu c-kit U{;'l~fll':ifl{;'lltl~U.fitu Exon 11 Etltl\) c-kit !GJfU!~tl1nlntJUDD6ijtl\)~U!Utl111fl
q 'U 


'JI , 


ti'tlU!U tl\)tlfl 1~ tlfll~'hl1ifll'j~\)flr;11111~'ffllJl':ifi~WJU l!cWtltGJft U fll':i ~':i 1 11 li1l1 Utl ~tllfl':iw1 ':i fI 

H{;'l~ fll':i11\)H~U t U fll':i1flfJlt U~flfJtu~!iI'W!fl~tl\)ljtltll\)~Tff~l (Bed-side tool) 1Ufll':i~':i11l 
"" "" .., 0') .., "" "" II] 9) I 9) cl I II] A I
1UllIQtl ~tllfl':itu !':iflU{;'l~':iflfJl'Vll\)fl{;'lUfl !~tltll\)!'Y'IlJl~'fflJ \1fl~tl\) 'ff~~lfl !!{;'l~':i1~!':i1~tl !lJ 
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J 

<S QJ , 

3.1 fll'Hfl'UYl1~tll~ 

!n1J~1~~1~!CJftl~Utl~~'W!1i~liJlfl{ylrSU~1Jlm~'W!if~~~fllJl{y~!CJftl~~tiTI1U~ ~!~1i'1Jfll1
q 

1~'VI';h~!~~'W ~~li'llJ 2552 - -ff~'\11i'llJ 2553 ~l'Wl'W 30 ~1~~1~ 1~wl:J~ltl~~lV !'WfY cW'Wn {YUSU
q q q q 

~ I 

lhtl~1'WsU'W~~'Wfll1~11liJ1111tJSU~~i'l~iJfl11i'llJ~!~ ~ {YUSU1J1V'Vlfl~11~i'1J~'WtulWillfl!~lSU~~ i'W 
q q q tJ 

'j/ <:1 "" d. "" ~ <!:t OJ 9 OJ I '1 9 'j/<:1

Needle Aspiration (FNA) U~~V~lJ{y'W!fY'l:H'WlJ!~lJ!'W~V'WV'W ~'W1Jl~~l~Vl~ ~~V !GJf{Y Giemsa's 

U~~ Toluidine blue ~llJ1~SU~~elliJ'Q~Vl lfYtl~{y~ ('W.fY. 2549) 1T'WVifltJ1~1~ff~11Jlv l~Utl ~lV 
~ q 

OJ a' IIJ &'j/ -J 
!'WfY 'W'Wll11lJ nJm,..!fl~SU~lq!~SU~~!'W~~~fl~llJ1~1J1J TNM (Tumor Node Metastasis system) SU~~ 

World Health Organization (WHO) (Owen, 1980) (l~uri ~lU'\1'l1~ SU'Wl~ ~l1'h~ fll1fl1~liJ1VSU~~ 
~ ~ I I 

!i1~~~flltJV~~~lJt11!'\1~~~~1~!~V~) !~~tJ1~!iJ'W1~~'U~lfll1'Vll~i'l~iJfl (~111~Yl 1) ~11liJ~SUfll'W 
'1 "" "" <:1 <!:t ~I 'j/ 0 OJ IIJ 'j/ I 

'Vl1~nlVJll'W!!~~'Vll~ !tl'\1~l'VlVl Utl~!i'llJ!~~~ lJ1~fl~'U~lV fll1~11liJfll1'Vll~1'WSU~~~1J ~~Ufl 

Alanine aminotransferase (ALT) U~~Alkaline phosphatase (ALP) Utl~fll1'l'11~1'WSU~~ 1~ l~uri 
I ~ "" "" OJ a' 'j/ 0 

i'l1 Blood urea nitrogen (BUN) Utl~ Creatinine (Cr) Utl~~'W~~llJ~tlV'W'WliJSU~~{y~lU'W'Vltl~'Vllfll1 

~11liJi'flfd1 (fll'fl~'Wlfl fl) 

3 
• 
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, 


Stage Clinical Stage 

Stage I One tumour confined to the dermis, no local or 

regional lymph node involvement 

Stage II One tumour confined to dermis with local or 

regional lymph node involvement 

Stage III Large infiltrating tumours with or without 

regional lymph node involvement 

Stage IV Any tumour with distant metastases 

cl Q.I -J 91 ® I -t -JI Q.I

~fllJ~ltltll~~'Wtl~tlfli~H.l1GJf punch biopsy (KRUUSE , Denmark) ~ltltll~GJf'W!'Wtll\)~\lfl 
'JI • 

!~lJU~~ i'flEJ l~lt1'ffl'H1~~ ltl 10% Formaldehyde i ~tI~~fl~lJ~ltl~l~! i1 tl~ tlflVifffl1l1tltlfWrl'W 3 

fl~lJ 1~uri ~fl'J~ I (10 ~ltl~l~) !fl'J~ II (10 ~ltl~l~) U~~!fl'J~ III (10 ~ltl~l~) i~tI'~i1j
q 

lJ l~ 'J 11 1'W 1'W fll'J iiJ~tlU~ ~'V'l tllfl 'J wi 'J fI Y1l~ l\) ~'V'l tll1ii'Vl tllf\J tl~ Patnaik U~ ~ fI W~ (Patnaik
~ q 

Q.I """" " Q.I J' -J "" histologic grading system, 1984) ~llJ~flEJW~'V11~~~'V'ltll'fil'V1t1l~llJ!flWCVl ~~'W!'Wtl~tlfllJl'ff~!C)f~~ 

!fl'J~ I l\)~!~'W!titl~ tlfl~ !C)f~tl!'iftl~tlflijfll'J~~'W lU~~! tJ ~ tI'WutJ~~1fl~!~ tI~ nlJlJ l'ff~!C)f~tltJfl~~ 
'V'llJVilJ~nWNTl1t!~ (Well-differentiated) ril'W!fl'J~ II (Intermediately differentiated) l\)~'V'llJ';h 

" -J C\ Q.I Q.I I I "" "" Q.I "91 0 "" ""!C)f~~! 'W tl~ tlfll\) ~ lJ fll'J'V'l ~ 'W 1~ ltl tI 'J ~ 'Y'Ill~ lJ1'ff~!C)f~ ~ tJ fl~ fllJ! C)f~ ~ ~ 'W fll! 'W ~ f\J tl~ lJ1'ff~!C)f~ ~ (Mast
'U 

-J "" ~ I ,,-J ~ 91C\Q.I " 
cell progenitor) U~~!'Wtl~tlfllJl'ff~!C)f~~!n'J~ III 'W'W 'V'llJll~C)f~~!'Wtl~tlfl'W'Wll~lJ~flEJW~fI~lmC)f~~ 

-J~ -J "" ~'Wtll~iJ~ (Undifferentaited 'Y'I~tl Atypical) (Patnaik et aI., 1984) U~~~'WtlWtl!'Wtl~tlfllJl'ff~~C)f~~ 

'Wl1tJftflEJ1'Vll~fllJlJ'W i 'Wi'ffi~!flij~tl1tJ 
'U 

Q.I I " cl G) .dC\ 0 cl 
kit ~ltltll~!C)f~~ll~\lfl!fllJ ~'W Eppendorf® collecting tube 'VllJ'ffl'J~~~ltl PBS lll'Wl'W 200 J.,lL!fllJ 

i'flEJ l~ -20 tl~f1'l!C)f~!~tI'ff ll'W flllll~'Wl1tJ 'ffn~~tl! tJ 
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.. 


!'iJl~~~ (Fine Needle Aspiration) 

(FNA-MCT cells) 

• 


0' ~ "" 0 

y.j1JI.C)f~HllJ~!1 '1lJ granule 'iJl'Wl'WlJlfl 

Giemsa's stain 

8 
• 

"" "" vn.Jfll1~)oHY Metachromatic granule 

~l'Wl'WlJlfl Toluidine blue stain 
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3.2 1iifll-aftflljlltJU'U1Jfll-a~Vla,.~~ KIT (CDl17) ~1f.H't1fl'nfl6tJ\lUlU~tTl~uflij IV1t11,r 

En Vision TM_ detection system 

. . 
~ 
~ 

~ ~G]!).IG! "'" ""'''''' Q.I cI cI "'" Q.I !).I
!'WelWellJW1'JtIT1'W'Vl!G)f!'W fllfllG)fTV'lEJl1l1'VltJl flW~'ff~lU'W'VltJfYl'ff~'J 'ilWl(;l~fl'JWlJ'l111'VltJl(;ltJ U(;ll

~ q 

~ 

~lel~l~l1~'l1lJ~ 'iI~tJfltJl!~l~6ijlJ 1'1.,1 fll'J(;l~(;lltJ'Wl'Jl~'W el elfl (deparaffinization) l~m!GJfi '1.,1 Xylene 
~ ~ 

!~'W!l(;l1 5 'W1Yi 'JllJ 3 flf~ 'illflU'WtJl1tJUGJf''W Xylene ~'fflJUel(;lfltHJt)~!lI'W!l(;ll 2 'W1Yi U(;l~UGJfi'W 
" ~ ~ 91 91 • 'JI 

Uel(;lflt)~t)~'lJ~~'Vl~ 2 flf~ flf~(;l~ 2 hl1Yi 'illflU'W~lel~l~!i1el!Vell1~'l1lJ~'iI~tJflUGJfi'W Uel(;lflel~el~ 
'JI 'JI 

95%, 80% U(;l~ 70% !~tHl(;ll 2 tnYi ~llJih~lJ 'illflU'W~l~~lel~l~ 1~tJtJr;leltJtJl1'l1(;l~1'W~ltJ~1~ 

!~'W!l(;l1 5 'W1Yi U(;l~tJl1th!GJfi'W PBS !1I'W!l(;l1 5 'W1Yi ~ellJl!~1tJlJ'ffl(;l~~lel~1~~ltJfll'Jiff Tris­

EDTA U~ltJl11lel'lJ~ltJ llJ 1fI'J!ll\li ~fllllJ~t)'W 'J~~lJ 121 el~fYl!G)f(;l!G}}tJ'ff !1I'W!l(;l1 5 '1.,1 lYi !~t)!~lJ 
'JI • 91 

fll'JtJ'Jlfl{]~l6ijel~!!el'W~!'iI'WitHi1el!Vt)~lel~l~ ~l~'ffl(;l~~ltJ PBS !1I'W!l(;l1 5 'W1Yi 3 flf~ 'l1tl~'illfl 
91 'JI • 

U'W'l1~~tJ~fl~tJl6ijel~ peroxidase flltJi'W!G)f(;l~!i1el~elfl~ltJ 0.3%H202 !~'W!l(;l1 30 'W1Yi Yi 

" 91

~W'l1!JlJMel~ ('l1~eli~!lJ1l1'Wt)(;llJ~~'Vl~ 150 lJ(;l. ~'fflJnlJ 30% H2 l.5 lJ(;l.) 'l1tl~'illflU'WiMtJl0 2 
'JI • 'JI 

Q.I I ~ ~ lJLI!).I !).I ~ Q.I I G! I 

~leltJl~!'WelWel !lJ(;ll~~ltJ PBS 5 'Wl'Vl 3 fI'J~ ~ellJl!'ff 1% BSA (Bovine serum albumin, BSA) 
'JI 91 

!~lHl(;ll 45 'W1Yi U~l~l~~ltJ PBS 5 'W1Yi 3 flf~ 'l1tl~'illflU'Wiff!W'W~lJel~~lU'Jfl ~t) Rabbit 

polyclonal anti-human c-ldt antibody (DAKO™, Denmark) ~fllllJ!~lJ~'W 1:100 !1I'W!l(;l1 60 
• 91. 

'W1Yi YielW'l1fllJ 37 el~fYl!CJ$(;l!G}}tJ'ff 'l1~elYl~l~~llJ~'WYit)W'l1fllJ 4 el~fYl!G)f(;l!G}}tJ'ff ~l~~lel~l~~ltJ 
q ~ q ~ 

'JI 'JI. • 

PBS 5 'W1Yi 2 flf~ 'illflU'W!~lJfl'J~'lJl'Wfll'JvhiM!fl~iY6ijel~ 11l'J~'W KIT l~m~lJ'illfl iff Envision 

TM ?I ~ !).I !).I !).I ~ 
polymer peroxidase system (DAKO ,Denmark) !u'W!l(;ll 1 'Wl'Vl U(;ll(;ll~elelfl~ltJ PBS 5 'Wl'Vl 

'JI 

~l~~l'Wl'W 3 flf~ ~ellJliff DAB chromogenic substrate (DAB 0.075 g ,'1.,1 Tris buffer 150 lJ(;l. 
~ 

U(;l~ 30% H
2
0 

2 
50 llJ lf1'Jil~'J) !1I'W!l(;l1 3 'W1Yi 'illflU'Wl'llfll'J'l1~~ll~fl~tJlfll'J!fl~iY~ltJfll'J~l~ 

'JI • 'JI 

''WtJlfltl'W U~ll'llfll'J~ellJl1'lJ~ltJ hematoxylin !~'W!l(;ll 2 'W1Yi ~l~~lel~l~ l~tJfll'JtJr;leltJtJ~ll'l1(;l 
'JI 'JI • 

~1'W!~'W!l(;l1 5 'W1Yi l'llfll'J!elltJlt)eln'illfl~lel~l~!i1el!Vel (dehydrate) l~1tJi~ !!el(;lflel~el~ 70%, 
'JI • 

~ ~ oQ.l 0 ~ ~~!).I !).I 0 

80% U(;l~ 95% !lJ'W!l(;ll 2 'Wl'V1 ~llJ(;ll~lJ U(;l~'Vllfll'Ju~!'Wt)Wt)~ltJ Cover slip U(;ll'WllJl~'Jl'il 

!).I cI I II) 0 II) cI ~ ~ .x.:tIl)!).IG]!).IQ.I

'Vll~fl(;lel~~(;l'Vl'J'JfY'W~el !1l 'ffl'l1'JlJ'ff !(;l~flTlJfllJ(;l'lJ (negative control) flel G)f'W!'Wel'Vl !~!G)f normal 
~ ~ ~ 

"'" ~ I II) cI ~ "'" ~ !).IQ.I

rabbit IgG U'Vl'WUel'W ~'lJ el~~ lU'J fl 'ffl'W 'ff !(;l~flllJfllJ'lJ lfl (positive control) flel G)f'W!'W el 'illflflel'W 

!,fel~elflG)fiJ~lJl'ff~!G)f(;l~ ~'Jl'il ~(;lflltJi~fl~el~ 'iI(;l'Vl'J'JfYtfu 'ff~'ffl1~ l~1tJU'lJ~ihtl~6ijtJltJ X40 (HPF) 
q• 

~ ~ Q.I I cI ~.x !).I.x "'" cI 
1 ~mtJ 'J tJlJ! 'Vl tJlJfllJU~'W 'ffl(;l~fll'lJfllJlJ lfl (positive control) G)f'W! '1.,1 el'illflflel'W!'W el~ elflG)f'W ~lJ 1'ff~ 

!G)f(;l~!fl'J~ II fll'J~~iY6ijel~ KIT i 'W!G)f(;l~lJ~!~ ~!!'lJ~elelfl!lI'W 3 UlJ'lJ ~el fll'J~~iYUlJ'lJ~ I ~t) fll'J 

~~iY~~U~ffl'W lG)f l~'W(;ll'ffc)flJ (cytoplasmic membrane) !!(;l~ell'i1'W'lJfll'J~~iY~ffl'W lClf 1~'W(;l1 

http:x.:tIl)!).IG
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~c)flJ!~f1ti'flfJ f11'j~~ffU1J1J~ II ;lfJ f11'j~~ffiij~!~lJ~'WU~~~~f1£jW~!1J'W iij~Yi~fJYi ~fJlJflltt1'U!C}f
q 

l~~~l~c)flJ f11'j~~ffU1J1J~ III ;lfJ f11'j~~fff1'j~iijltt~1!C}fl~~~l~c)flJ-tJfJ~!C}f~~nifJ~fJf1lJl~!C}f~~ 

91 • 

d ~ .::t, 31 ~ G)~.::t TM 
~C)f~iUU0~0fl'fl Yl111flfll1~111~~Yl (FNA-MCT cells) &~UJ &'lflti EnVision -detection system 

....' tI .J _9.j II] tI 'J}.d ~ 
~1fJttl~-tJfJ~!C}f~~!'WtJ~fJf1iij~\1f1lJltt~~1J'W~ !~~Uf1TVHfI~V1J Silane (Silane glass slide) 

'J} .... , o'J}' & 'J} Q 0 ~ 

U~1~1fJttl~iij~\1f1'Wl!-tJT~-tJ1J1'Uf)1'j~'j~~fll~~1tt~1'j~~~ltt Acetone W'W (4 C Cold actone) !lJ'W 
~ ~ 

Q.... .... ~I"""""" GJ tI ~ 'J} ~ 
n~n 1-2 'WTVI Yi~~iijlf)'W'WYi~~lJ~f1'jttl-tJfJ~ peroxidase flltt !'W!C}f~~!'UfJ~fJf)~1tt 0.3%H 02 !lJ'U2

• ~ • CJJ 

n~l 30 'W1Vl VlfJWYifliJMfJ~ ~1fJ~1~!i1fJ!VfJ!tJ~1~¢l1tt PBS 5 'W1Vl 3 fli'~ ~fJlJlld 1% BSA 
q 'U 

~ ~ 

(Bovine serum albumin) !~'Wn~l 45 'W1Yi U~1~1~¢l1tt PBS 5 'W1Vl 3 fli'~ Yi~~iOlf1U'W1i 
"" Q .... ~ TM .d 

UfJ'W~1JfJ~~1U'jf) flfJ Rabbit polyclonal anti-human c-kit antibody (DAKO ,Denmark) 'Ylfl1llJ 
. ~ 

'J}'J} ~ QQ "" Q 'J} .... , 'J} Q .... 

!-tJlJ-tJ'W 1: 600 !1J'Wn~l 60 'Wl'Yl 'YlfJW Yi fllJ 37 fJ~f1'l!C}f~!C}ftt~ ~1~~1fJttl~~1tt PBS 5 'Wl'Vl 2 fI'j ~ 
q 'U 

~ . . 
iijlflU'W!1lJf)'j~1J1'Wf11'jYh1M!n~ff-tJfJ~ 1tJ'j~'W KIT 1~tI!1lJiijlf) 1i Envision polymer peroxidase 

TM ~ Q 'J} 'J} 'J} Q 0 'J} 0 

system ((DAKO ,Denmark) !'U'Wn~l 1 'Ul'Vl U~1~1~fJfJf1~1tt PBS 5 'Wl'Yl 'Vllf11'j~1~iijl'W1'W 3 
~ 

fli'~ ~fJlJ11i DAB chromogenic substrate (DAB 0.075 g 1'W Tris buffer 150 lJ~. U~~ 30% H20 2 
~ ~ . 

50 !lJ1 fI'jil~'j) !~'Un~l 3 'W1Vl iijlf)U'W111f)1'jYi ~~tJfin1ttlf11'j!n~ff¢l1ttf)1'j~1~1'W'l11f1~'W U~1 
~ 

111f)1'jVfJlJffl11J¢l1tt hematoxylin !~'Un~l 2 'W1Vl ~1~~1fJ~1~ 1~ttf)1'jiJ~fJtt'l11!Yi~~TiH1j'Wn~1 5 
. 

'W lVi U~~111f11'j il~!i1 
~ 

mVfJ¢l1tt Cover slip !!~1'l11lJl~'j1 iij'Yll~f)~fJ~ ~~'Yl'j 'jf1'U~fJ! tJ 1~tt 

!iJ~tt1J!Vltt1J~f)£jW~f11'j~~ffntl ~~~ !¢liijlf) 'jiJU1J1Jf)l'j~~ff'Yll~fllJlJ'W1 'W~~l~!flij
'U 'U 

91 ,IV' d ~ d d.::t,31 31 ~ 
Vl10tll~AC)f~~AU0~0fl1JHlVlAC)f~~'fl Yl111flfll1~111~~Yl (FNA-MCT cells) YlltlA'flflUfl PCR 

....' tI .J .d Q II] 'J} 0 .... ~ Q Q Q 0 GJ 'J}Q Q 

~ 1fJttl~-tJ fJ~!C}f~~!'W V~ fJf)~~ 'Vl!f11J niij~ \1f)'WllJl~f)~!~ fJ!fl1J~!fJ'W!fJ U~~'Vll !Yi ~ !fJ'W!fJ 

1J1~'Vli 1~tt1~~~~n~~!~'W!fJ (Ultraclean™ Tissue & Cells DNA isolation kit, Mobio®, USA) . ~ ~ 

1~tt1~11if)1'j~llJVifhYi'W~!11~tt~~il~~~u !C}f~~!i1fJ~fJf)iij~\1f11111MU~f1fJfJf11~tt1i~l'j~~~ltt 

TDI ~1'W1'W 1000 JlI 111f11'j!-tJ~1~1'j~~~lttnlHC}f~~!~'Wn~1 2 'W1Vl ~fJ:J,J1'l1Tffl'j~~~ltt~!¢l 

(lysate) 1i~~1'W silica spin filter collecting tube U~1~'W (centrifugation) ~ 10,000 x g !1J'Wn~l 

30 1'W1Vl~fJWYifljj,rfJ~U~1!'Vl'l1\~f)'jfJ~!¢lyf~ ~~ genomic DNA iij~l11JfJ~tJ'W silica spin filter 
q 'U 'U 

~fJlJl!~lJ~l'j~~~ltt TD2 ~1'W1'W 400 Jll U~1~'W~ 10,000 x g ~~WYitJjj,rfJ~!1jtH1~1 30 1'W1Vi 
~ ~ ~. ~ . . 

U~1!'Vl'l11f1'jfJ~Y1~ iijlf1U'Wi1'WYi~tJ~1i~1fJ~1~!C}f~~flf)fli'~Vl 10,000 x g Vl~WYi tJjj,rfJ~!1J'Wn~l 3 
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~ 
<=! 0 Q.I GJ 31 Q.I Q.I 31 GJ cl Q.I • 

'Wl'V1fll~~Hn'j'~~~ltl TD2 tHJfl !'Y'i'Y'ilJ~ 'Y'i~~~lfl'W'Wtlltl silica spin filter ~~ !'W'Y'i~tl~!fllN1TeJtll~ 

SU'Wl~ 2 ml fl'Wl'Y'ill 't11fll'j'lftffl'j'~~~ltl TD3 ~1'W1'W 50 J.lI (eluting buffer) U~1~'W~ 10,000 x g 

Q.I 11]31 <=!cl d Q.l1I]3J 31 <=!cl 0 <=! ~I 
flltl'Y'i ~~ ~lfl !~ffl'j' ~~ ~ltl~!tl'W!tl'V1 fffl~ !~U~1 ffl'j' ~~ ~ltl~!tl'W!tl~~ flfl'W llJ 1!\9l'j' tllJ!lJ'W 

'U 

ffl'j'~~~11J(;Yl'Y'ii'lJ't11 PCR (PCR cocktail) l~m~lJ~lflUl{1'l'j'~~~ltl~!~'W!tl~fftl~ !~~1'W1'W 2 J.lI 
~ 

~fflJtllJffl'j'~~~ltl 12.5 ~ll commercial PCR master mix ~1'W1'W 12.5 J.lI ~lflu'Wlft Forward 

primers SUtl~ Exon 11 (5'-CCA TGT ATG AAG TAC AGT GGA AG-3') (Cameron et aI., 2004) 

U~~ reverse primers SUtl~ Intron 11 (5' GTT CCC TAA AGT CAT TGT TAC ACG-3') (Cameron 

et aI., 2004) ~1'W1'Wtl~1~~~ 2 J.lI -q~Yi'lm~lJ PCR distillated water ~1'W1'W 6.5 J.lI ~~1'W 

ffl'j'~~~ltlrll'Y'ii'lJ't11 PCR ~~tJ~lJl\9l'j'-q~Yi'ltlSUtl~ PCR cocktail !'viltllJ 25 ~ll 

't11fll'j'!~lJ~1'W1'WSUtl~~!~'W!tl~~~fffl1:l1 (DNA amplification) l~tlUl PCR cocktail 
'I fj} , 

~!\9l~tllJ !~1ft~~1'W!fl!tl~ Thermocyc1er 1~tl't11fll'j'~~1 tJ'j'Ufl'j'lJU~~~~'j'tlDfll'j''t11~1'WSUtl~!fl!tl~ 
rp , , , 

~~ij !~lJ~'W l~tll~tlW'Y'ifliJ 94° C !rJ'Wn~l 4 'Wl~!'Vitl!~lJSUlJ1'Wfll'j''t11111~!~'W!tl!iYtl1n'j'lJG)fl~
q 'U 

~ I I 

~ lflU'W 't11!~lJfll'j''t111~ 'j' tlDfll'j' !VilJ ~1'W 1'W ~!~'W!tll~tlih~ 'j'tlDfll'j''t11~1'W ~ 1'W 1'W 40 1~'j'tlD 

lh~fltllJ~1tl fll'j'l~tlW'Y'ifliJ 94° C !~'L-H1~1 1 'Wl~!'~tlfll'j''t11111~!~'W!tl!iYtl'j'tJ\9l1lJ1j'j''j'lJG)fl~
q 'U 'U 

'Y'i~~~lflJ'W~~tlW'Y'ifliJ~~!'Y'i~tl 55° C !~tH1~1 1 'Wl~ril'Y'ii'lJll1~!~tHtl~'Wfffll~1j'j''j'lJG)fl~~~
q 'U 

primers ~~ffllJl'j'fl!,j'l~tltllJ~!~'W!tl!!llUlJ1J~fftl~!~ 'Y'i~~~lflJ'W!~lJ'QW'Y'ifJiJ~'W!rJ'W 72° C !~'W 
<=!~ GJ3J"'" 31 <=!cl d rI 

n~l 1 'Wl'VH~tl !'Y'i!fl~fll'j'ff'j'l~ffltl~!tl'W!tl'V1fflJ\!'j'W (Webster et aI., 2006 and 2007; Cameron et 

aI., 2004) 

~il\9lfiW avl~ l~~lflfll'j' !~lJ6JWltl~l'W 1'W~!~'W!tl~1~~lflfll'j''t11 PCR ~~tJflUllJli!fl'j'l~M 

l~tli1i Electrophoresis l~tl~~~~il\9l PCR ~~tJflllltl~~l'W 2% Agarose gel ~UGJftl~l'Wffl'j'~~~ltl 

TBE solution U~1~~~ltlfl'j'~Uffl~vh~iJfl11lJ~1~ftflE1lvHhsu'Wl~ 100 V ~~~ffl'j'~~~ltl TBE 
~ I 

!~'Wn~l 40 'Wl~'Y'i~~~lflU'W't11fll'j'~tllJiYl~tlllltl Agarose gel ~~l'WfllG)f'W~~lJ'j''j'~ Ethidium 

~I <=! 0 31 _I""''''''''''' "'" <=!3J
bromide (EtBr) ! lJ 'W n~1 20 'W TVl Yllfll 'j' ~ 1~U~ ~ 'Y'i ~~ lJ!] fl 'j' tllfll 'j' !fl~ ff~1tlffl 'j' ~ ~ ~1tl de-staining 

cl <=! 31 0 <=!cl d"",J'GJ "'" '11] 31
solution !U'Wn~l 5 'W1YlU~1Yllfll'j'\9l'j'1~fftlDUfllJSUtl~~!tl'W!tl'V1!fl~SU'W !'W~~~~\9l PCR \9ltl !1J~1tl 

i'~iYfl~\9l~l!11 tl!~\9l ~~~1~~~UllJl!tJ~tlD!~tllJtllJ~~~!~~lflfll'j''t11 PCR ~lfl~1tl~1~!iftl!~tl~ 
1~'j'ltl~1'WlJ1U~1 (Webster et aI., 2007) 
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, 

4.1 ltJU'Utifll~~Vl~"tN KIT (CD 117) 1'U~1tlth~tJ~~~~tJltT~~O)ftl~fiN1'YiU~1'UqU,.'t11~0tJ\I'U 

l'U~tTl~uflij Htl~fll~~ U~'Ufl~fl~VI't11~'lltl'VftJlfi1't1t11 

ttJU1J1Jfll'j~~ff KIT (Vl1~fllJlq!U iUli;Yi~Hflij l~Ufl ttJH1J1J~ I, II U(;l~ III ~Ll1EJ1J!i1EJ1J 

tl1Jfll'j ~lUU fl!fl'j~Y11~ ij) (;l'VwlniYl EJl! U ~rHJ~l~~ !1jUlJ~!~ ~lJlff~!CJf(;l~~lU 'JU 30 ~'Jtl~l~ !fl'j~~
Q 

I, II U(;l~ III tl~l~(;l~ 10 ~'Jtl~l~ (fll~~ 9) ttJ!!1J1Jfll'j~~ff~tl~ KIT ~~1J!UlJ~!~~lJlff~!CJf(;l~ 
~ .• 1 """ ~,::1 ,::1 ~ 'j) ~ Q 0' 0' 
!lJUt'uU1J1Jfll'j~~ffU1J1J'Vl II lJlflYl-q~ fltl 'jtlEJ(;l~ 46.66 (14/30) 'jtl~(;l~lJl!lJUlJ~!'j~]Jlff~~CJf(;l(;l 

'j) 0 Q.I 0 ~ I """ ~ Q 0' o'i 
'jtlEJ(;l~ 20 (6/30) ~llJ(;ll~1J ~(;lij)lflfll'jij)lUUfltlJU1J1Jfll'j~~ff~tl~ KIT ~tl~lJ~!'j~]Jlff~!CJf(;l(;l !~EJ 

infllJ lq! 1U~ff1~!flijfftl~fl~tl~tl1J~(;lfll'jHll~!fl'j~ij)lflfll'j ~l!!Ufl~'JEJin'Vll~ ~(;l~EJlniYlEJl ~lU 'JU 

21 ~'Jtl~l~ij)lfl 30 ~'Jtl~l~ ~~~~uftlEJ(;l~ 70 (21130) ~1JlllJ~!~~lJlff~!CJf(;l~!fl'j~ I ij)lflfll'j 

~l!!Ufl~'JEJin'Vll~ij)(;l~EJlni'VWl fffl1:Jl~'JEJinfllJlJ1U~ffi~!flij~1Jfll'j~~ff~tl~ KIT 'j'iJ!!1J1J~ II 
Q ~ ~ 

o Q.I I Q.I I Q 0' 0' 0 'j) """~ """""" ~ 
ij)lU'JU 3 ~'JtlEJ1~ !!(;l~~'JtlEJ1~lJ~!'j~lJlff~!CJf(;l(;l!fl'j~ III ij)l!!Ufl~'JEJ'Jlj'Vl1~~(;l~EJl1i'JYlEJl fffl1:Jl 

~'JEJinfllJlJ1 U~ffi~!flij~1Jfll'j~~ff~tl~ KIT !1ju 'jtJ!!1J1J~ II ~lU 'JU 1 ~'Jtl~l~ l~fftl~fl~tl~ 
~ ~ 
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~ 0' 0' ~I <:> d 

al., 1984) H&E lJ:i:!'j~lJl'ff~!C)f{1~Uf)'j~ I (A) !f)'j~ II (C) U{1:i: !fl'j~ III (E) H{1:i:'ilJU1JlJf)l'j~~'ff 

"'" 1 d 1 d ~ 0' 0' ~ 0' 0' ~I d 
KIT (CD 117) 'Vll~ tJlJ~'W ~ 'W e1'ff ~~ !fllJ6ijtJ~lJ:i:! 'j ~lJ 1'ff~!C)f{1{1 lJ:i:!'j ~lJl'ff~HC)f{1{1 'i lJUlJlJ'Vl I U 'ff~~ 

f)l'j~~iY1J~nW!gtJr!lJ!C)f{1~(perimembrane) (B); 'itJUlJlJ~ II U'ff~~f)l'j~~iY!~llJlfllfJ''W!C)f1~ 
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",g .% I Qt:1Q ~'JJ cI ?t I Q 

'V'H'l1ffCJf:IJ:lJlf)'tI'W 1Jl.:Jffl'W~~ ff1J'J! lWWtlll:IJ!CJfflfl( cytoplasmic staning) Ufl~!1J'W 'Y'i tltl:IJ 1J'J! lW 

~1.:J~t11!fl~tlff (paranuclear staining) (D); lllU1JU~ III Uff~.:Jf)1'j~~iYf)'j~1l1tl~11'W 1CJfl~'Wfll 
",g clt:1 I QI Q t:1 ~ I 

ffCJf:IJUfl~!CJfflfllJ'tI'Wl~U~f)~l.:J f)'W (diffuse cytoplasmic staining) ~f)ft'j Uff~.:Jf)l'j ~ ~ffllJU1JU 

~1.:J~ EnvisionTM, Hematoxylin counterstained, DAB , Bar= 50 Jim 

~ I <:\ .:t G) v, c! <:S c! c!.::t" ~ 
4.2 l1JH'U'Ufll"a~~Hr"8~ KIT (CDl17) ~U~18t11~ACU~~lJ~A"a~lJltf~ACU'tHnl ~~Hl1flfll"aA'l)l~~YI 

(FNA-MCT cells) 1uqu"~1t11fi~lJ\lUlu1cul~Af1iju~~lfi~lJ\lulu;tfl~Af1ij 

'JJ 

1l1f)~flf)1'jfff)fjl'W1J11'jllU1J1Jf)1'j~~iY'tItl.:J KIT ~ltli~~:IJ:IJ'W 1'W 1CJfl~!fliJ ~.:JiJ f)l'j~~iY
~ ~ 

~ I d ~ Q t:1d ~ 'JJ cI cI d cI cI 
'tItl.:J KIT llJUU1J'YI I fltl ~~ff'VlWtlll:IJ!CJfflfl (cytoplasmic membrane) 'tItl.:J!CJfflfl:IJ~!'j .:J:lJlff~!CJfflfl 

• 'JJ 

tl~l.:Ji~!ll'W 'jiJuUU~ II fitl ~~iYll~!~lJ~'WUfl~iJ~fl£JW~!~'W 1l~ flltl1'W 1Clfl~'Wfllff~:IJ'tItl.:J 
'I 'I 

'JJ • • 

1l1flf)1'j!iJ~ tlU!~tl1Jtl1J~ltl~l.:J!i1tl!~tl~ffflfj l~ltli~ ~:IJ:IJ'W1 'W ~ff 1~!fliJ'WU11 ~flfj W~ 
~ 

'JJ 

fll'j~~iY1'W~ltl~l.:J'tItl.:Jl1.:Jfftl.:Ji~iJlllU1JUf)l'j~~iY'tItl.:J KIT fftl~fl~~Ntl'W~tltlfl~ 93.33 (28/30) 

(fll'W~ 10) l~tlU~fl~l.:Jtl'W~l'Wl'W 2 ~ltl~l.:J ~flf)1'j~~iY'YI1.:J~lJlJ'W l'W~ffi~!fliJ!~'W'jiJuuu~ II 
~ ~ 

~lU'Wfl1l1flfll'j~~iY'tItl.:J KIT 'YI1.:J~lJlJ'W 1'W 1CJfl~!fliJ!~'W liJUU1J~ I ~l'Wl'W 1 ~ltl~l.:J Ufl~ 

'jiJU1J1J~ III ~l'Wl'W 1 ~ltl~l.:J 
~ 

'JJ 

liJUU1Jfll'j~~iY KIT 'YI1.:J~:lJlJ'W leu 1CJfl~!fliJ 11.:J 3 lllU'lJ'lJ (I, II Ufl~ III) !iJ~tl1J!~tl'lJtl1J 

f)l'j~lU'W fl!f)'j~'Vll.:J llfl'Wtllni'YItll 1 'W~ltl~l.:J~!~'W:IJ~!~ .:J:lJlff~!CJffl~~l'W 1'W 30 ~ltl~l.:J (!f)'j~~ I,
'I 

II Ufl~ III tl~l.:Jfl~ 1 0 ~ltl~l.:J) 1l1n'jllU1J1Jfll'j~~iY'tItl.:J KIT 'YI1.:J~lJlJ'W 1'W 1CJfl~!fliJ ~'W1J1 'W 
~ ~ 

d cI clt:1 Q t:1 ~ I d d ~ 'JJ ?t d cI 
:IJ~!'j.:J:lJlff~!CJfflfllJnl'j~~ffllJU1J'lJ'YI II lJln'Vl~~ fltl 'jtltlfl~ 40 (12/30) 'jtl.:Jfl.:J:lJl!1J'W:IJ~!'j.:J:lJlff~ 

i~~:IJ:IJ 1'W 1CJfl~!fliJ fftl~fl~tl.:Jtl1Jfll'j !!tJ.:J!fl'j~'tI tl.:J~ltl~l.:J~ 1~1l1flfll'j ~1!! 'W fl~ltli~'YI1.:Jllfl'Wtlln 
~ 'I 

i'Vltllrf.:J'Y'i:IJ~ 21 ~ltl~1.:J1l1fl 30 ~ltl~l.:J ft~!~'W~tltlfl~ 70 (21130) 'WU11:IJ~!~.:J:lJl'ff~!CJffl~!fl'j~ I 

1l1flfll'j~lU'Wfl~ltli~'YI1.:Jllfl'Wtllni'Vltll ffflfjl~ltli~~:IJ:IJ 1'W lCJfl~!fliJ l~fll'j~~iY'tItl.:J KIT !~'W 
'I ~ 

'jiJuuu~ II ~l'Wl'W 3 ~ltl~l.:J Ufl~'jlluuU~ III ~l'Wl'W 1 ~ltl~l.:J ~ltl~l.:J:IJ~!~.:J:lJlff~!CJffl~ 
~ ~ 

!fl'j ~ II 1l1flfll'j ~ lU'W f)~ltli~'Vll.:J llfl'W tllni'YI tll ffflfj 1~ltli~~:IJ:IJ'W 1'W1 CJf l~!fliJfll 'j~~iY'tItl.:J KIT 
'I ~ 

!rJ'UliJU1J1J~ III 3 ~ltl~l.:J Ufl~~ltl~l.:JlJ~!~.:JlJlff~!CJffl~!fl'j~ III 1l1f)fll'j~1!!'Wfl~ltli~'YI1.:J~fl 
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'Vwl~i'VlEJl fftll:Jl~';wi~~1JlJ1hl Let! l~Hf)ijtll'j~~iY KIT !~hltiJU1J1J~ I Ur:l~ tiJU1J1J~ II ~lhllhl 

1 ~lt)~l~~l1J~Wl1J L:Ufft)~f)~t)~~lhllhl 9 ~1t)~1~ ~~!~hlft)EJr:l~ 30 (9/30) 

. ~ 

(AUr:l~ B) ; 'jUU1JiJl1 II Uff~~tll'j~~ih~11JlfllEJ1hl Let! l~~r:llffc]f1J1Jltl~hlUr:l~V~ij'lJ1~rilhl~~~
cu 
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Ii] "i ",g 0'.:1 , QJ QJ 
!C}$ !~'VHnffC}$lJU~~!C}$r;H'llJ6ij'Wl~U~f)~l~f)'W (diffuse cytoplasmic staining )(E U~~ F) 111~f)f1'j 

Uff~~f)l'j~~iY~UU1J1J~h~~ Envision™, Hematoxylin counterstain, DAB ,BAR = 50 pm 

~ t::I v .q c! a 
4.3 fll'jHtlVl~88fl"8,UH)'HrUJU c-kit Ht1~fll'jflt11f.JftU1! &U Exon 11 "8~ c-kit ~lfl!C)ftltl1J~!'j.:J 

c! c! !II ~t::I 

1JltlVUC)ftltl (FNA-MCT cells) Vl1f.J1fi PCR 

",g ,a' c:;l a' a' .:1 c:;l Ii] 'j) 

lllf)f)l'jf1f)1:J l'VfUl1 !C}$~~lJ~! 'j ~lJ1ff~!C}$~~ 'YHf)1J !~ lllf)f)l'j!\ll~~~ (FNA-MCTcells) 
'JI 

~1'W 1'W 30 ~leJ~l~~ltJl~ PCR U'W ~1JllffllJl'jtlt11lJll~!1j'W!!11~~fh!'w~ ll,!f)l'jl!fl'jl~l1'f)l'j 

Uff~~eJeJf)6ijeJ~eJeJ~ 1fl~'W c-kit U(;'l~f)~ltJvrl,!ill,! Exon 11 6ijeJ~ c-kit'~ l~tJU~lJlru DNA ~fftl~ 
Ii] 'j) a' c:;l "i .:1 0 0'.:1 Ii] 'j) ~ 
!~lllf)!C}$~(;'llJ~!'j~ !~mQ~tJU'j~lJlru > 1 ~g 111f)1l1l,!1'W!C}$~~'YHlll~~~ !~fl'j~~~U'j~lJlru 3.0 - 4.5 

x Id cellsl ~l ~1Jf)l'jUff~~eJeJf)6ijeJ~ c-kit ~eJtJ~~ 93.33 (28/30) '1i~1Jf)l'jUff~~eJeJf)~eJtJ~~ 
~ QJ , J'?i QJ' c:;l a' a' 0 QJ 

6.67 (2/30) C}$~ 2 ~leJtJl~'W!1J'W~leJtJl~lJ~!'j ~lJlff~!C}$~~ !f)'j~ III U~~ I ~llJ~l~1J f)l'jUff~~eJeJf) 
, 'JI 

6ijeJ~eJeJ~ lfl~'W c-kit tJf)~ (normal MCT) ~1Jutl1JVi 191 bp ~eJtJ~~ 71.42 (20/28) 1'W 20 ~leJ~l~i1 

o QJ' QJo' 'j) ~ 
11l'W1'W 5 ~1eJtJl~ U~~~1Jf)l'jf)~ltJ~'W1J6ijeJ~ exon 11 6ijeJ~ c-kit 'jeJtJ~~ 28.57 (8/28) C}$~~1JUtl1J 

u'jm~l,!Utl1J6ijeJ~~!S'W!eJ6ij'Wl~ 191 bp 6ijeJ~~'Wfl~~tJf)~ cill,!Utl1J~ffeJ~ll~lj6ij'Wl~ 250 bp 6ijeJ~fl~~ 
.:1 .:1.:1 QJ a' , .:1 c:;l .:1GJ ' .:1 'j) ~ QJ .:1 c:;l .:1 

6ijeJ~ tJ'W'VIlJf)l'j f)~ltJ'W'W1J ffl'WUtl1J6ijeJ~~W'WW'VI!11 q}'V1 'tl~~1'W 1J'W C}$~~ f)1:Jru~6ijeJ~ !!tl1J~ !eJ'W!eJ'VI 

"".% .:1 QJ .:1 c:;l .:1 .!:I QJ.:1 "" .% GJ QJ , .!:I QJ.:1.:1 
!f1~6ij'W ll~lJ~f)'tJru~6ijeJ~Utl1J ~W'W ~eJ'VI~11lJ eJ'W f)1J'YHf)~6ijl,! !'W ~ leJtJl~fl11JfJlJ1J 111 U~~!11lJeJ'W f)1J'VIlJ 

• , r:J), , 
GJ ",g , 'j) .:1.:1 0 GJ .!:I .!:I .:1 

'jltJ~l'W !'Wf)l'jf1f)1:Jlf)eJ'W11'Wl'Vl'VI'Vll !'W!'WeJWeJ (Webster et aI., 2007) (f11~'Vl 11 ) 

rI 
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I I 

• 

fll'W~ 11 U'tY~~Utl'lJ6f.leJ~~~~il~ PCR fj)1f)~leJ~1~!G)f~r;flJ~!~~lJl'tY~!G)f~r;f~~1'l1tT~''Wr;ytT6f.I ~i~ 

fj)1f)f)1'J!fj)1~~~ (FNA-MCT cells) ~leJ~l~!G)f~r;f''WGJ5eJ~ 5,7 U~~ 8 U'tY~~Utl'U DNA 6f.IeJ~ nonnal 

MCT ~ 191 bp !tJ1t1'lJ!Yitl'U~lfll'UfJJJ'lJlf) GJ5eJ~~ 3 ffl'WGJ5eJ~~ 6 'W'lJf)1'Jf)~1t1~'W{''W Exon 11 

6f.IeJ~ c-kit !tJ1t1'U!Yitl'Un'U~lfll'lJfJlJ'Ulf)GJ5eJ~~ 2 (Webster et al., 2007) 

QJ ~ QJ I cI ~ cI cI d lIJ 'JJ 0 'JJ~
~~'W'W~leJtll~!(1HHnJ~!'J ,:nn'tY~HG)fr;H'l'Yl !~fj)1f)f)1'J!fj)1~~~ (FNA-MCTcells) 'tYllJl'Jtl'Wlln'6Jffff)'l:ll

cu 

i C\ lIJ 'JJ QJ cI 9 ~ 
f)l'JU'tY~~eJeJf)6f.leJ~eJeJ~ !rW'W c-kit !~ !n'l~f)l'Jf)~lt1'W'W~6f.leJ~ Exon 11 6ijeJ~ c-kit 'W'lJ !'WlJ~!'J~ 

lJl'tY~!G)f~r;f!f1'J~ II u~~ III !!l9iil1'W'U''W!f1'J~ I 

Vll11~~ 2 ~~f)1'J ~ lU'W f)!f) 'J ~lJ~!~~lJl'tY~!G)f~ r;f~ ~1'l1 tT~''W 'tYtT6f.I'Vll~fj)~'W tllii'Vltll 'JtJU'U'Uf)1'J~~
q q cu 

C\ "'" i C\ i C\ I cI ~ cI cldllJ 'JJ 
'tY'Yll~eJlJlJ'W !'W @''tY !~!fllJ U~ ~ fj) If)~ 

QJ 

TtWl~!G)f~~lJ~! 'J ~lJl'tY~!G)f~ ~'Vl !~ fj)1f)f)1'J!fj)1~~ ~ (FNA-MCT 
cu cu 

cells) 'JUU'U1Jf)l'J~~@'Yll~ ~lJlJ'W 1'W i G)f 1~!fllJ U~~ f)1'J U 'tY~~ eJtlf)6f.ltl~ eJ eJ~1fl~'W c-kit (n=30)cu cu 

IRC-MCT ICC-MCT 

c-kit 

Expression 

1 

2 1 

3 

4 

5 

6 

7 2 2 

8 2 2 2 

9 2 2 

10 3 3 

11 2 2 2 2 

12 2 2 2 2 

13 2 2 2 

14 2 2 2 

15 2 2 2 

I 
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16 2 2 2 1 

17 2 2 2 2 

18 2 3 3 1 

19 2 3 3 -

20 2 3 3 1 

21 3 3 3 2 

22 3 3 3 2 

23 3 3 3 1 

24 3 3 3 1 

25 3 3 3 1 

26 3 3 3 -

27 3 3 3 1 

28 3 3 2 1 

29 3 2 3 2 

30 3 2 1 1 

o ~~ 

fll'H)lU'UfUfl"j~fll~'l2il'rUJlfi1f1t11 !fl'j~ I = 1 !fl'j~ II = 2 ~fl'j~ III = 3 

l,jU'lJ'lJfll"j~~a KIT (CD 117) fll~~hJ'IqJ'Ul'U~tllV1~flij Uil~ 6lJ'IqJ'Ul'U'CJflV1!flij 

'jtJU'lJ'lJ~ I = 1 'jtJU'lJ'lJ~ II = 2 'jtJU'lJ'lJ~ III = 3 
~ ~ ~ 

GJ q,I' G d ~\J) v 
fll"jUtl~.:.t00fl"0~ c-kit ~'UVl10t11~!CJfilillJ~!"j.:.tfl A~,\)lflfll"jHIl~~~ (FNA-MCT cells) 

Normal MeT = 1, Mutation in Exon 11 of c-kit = 2 

;, I 

lli~'lJfll1lJ rl':w~'W.fi !i1tl'Hl1fHnfll'j'V11~fliliJfl r--l-et'Vll~ 1-ett1'~1'Vl fJl u-et~ ~flij!~tl~"lJ tl~ rl'~ l' 
1l1m!~-et~'jltJijfll1:W~1!~1~1'WH~-et~'jlfJ (fllflr--l'W lfl fl) 

http:rl':w~'W.fi
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KIT 

!iJ1(J1J!Yi (JlJ fllJ f)1'j ~lU 'W f)!f) 'j~'Vl1~ 1ij ~'VHJ11jl'VHJ1~1'W TU 30 ~Ttl~l~ 'WlJ 11'jiJulJ1J f)1'j~~ ft KIT 
q ~ 

o 0' 0' AI ~ 'J.I ~ AI ~ 'J.I• EtJfl~lJ~! 'j ~lJ1'ff~Wlm~ iu U lJ lJ'Vl II 'W lJ'j fl(J~~ 46.66 (14/30) 'jfl~~~lJ1!1J'W ilJU1JlJ'Vl III 'W1J'je)(J~~ 

33.33 (10/30) U~~'j1J!!lJlJ I 'W1J~e)(J~~ 20 (6/30) ~llJ~WllJ 'Wld11ij1f)f)1'j~lU'WfniJU1J'L1f)1'j~~ft
<U ~ 

o 0' 0' 'J.I "'><:\ "'> 1 <:\ 1 <:\ <:\ cv cv 0' cv ~ ll] 'J.I 0 'J.I 
KIT EtJfl~lJ~! 'j ~lJ 1'ff~ !C)f~~~1(J11J fllJ1q! ~ 'W ~'ff !~ !fllJ lJfl 11lJ 'fflJ'W'W 1Jf)lJ!f)'j~'Vl ~~ 1ij 1nn1'j1ij1U'W f)~ 1(.1 

1~Vl1~~~'W(.I11jl'Vl(.l11'WVl1~lJ1f) ('fftyfflJ~'WliEtJfl~'ff!1J(.I{UlJ'W; r = 0.641, P<O.05) 

o A I "'> <:\ 0' 0 0' 0' 'J.I 
N~f)1'j1ij1U'Wf)iuUlJ1Jf)1'j~~'ff KIT EtJfl~!C)f~~lJ~!'j~lJ1'ff~!C)f~~ (FNA-MCT cells) ~1(.1 

l~fllJlJ 1'W 1 C)f 1 ~!flij 1ij1f)!C)f~ ~lJ~!~~~!~'U1 ~ (.Il~! 1ij 1~~~ !Yi (.I1Jfl'Llf)l'j ~lU'W f)~1(.11~'Vl1~ 1ij~'W(.I11j
~ ~ q 

"'> I I "'> <:\ 0' 0 0' 0' I ~ 'J.IA A 

1Vl(.ll 'W'U11ilJU1J'Uf)1'j~~'ff KIT EtJfl~!C)f~~lJ~!'j~lJ1'ff~!C)f~~iU!!lJ1J'Vl II 'jfl(.l~~ 40 (12/30) 

'jfl~~~lJ1!~'Wi1JU'U'U~ III flfl ~fl(.l~~ 36.66 (1 1130) U~~i1JU'U'U~ I 'W'U~fl(.l~~ 23.33 (7/30) 


~llJ~Wl'U 'W'Ul1f)1'j~lU'W f)itJu'U'Un1'j~~ft KIT EtJfl~!C)f~~lJ~!~ ~lJ1'ff~!C)f~~~1(.11~fllJ1q! 1'W 1C)f 1~ 


!fllJlJfl 11lJfflJ~'W lifl'Uf)l'j ~1U'W f)~1(.11~Vl1~ ~~'W~J11jlVl (.111 'W 'Vl1~'U1f) 


UlJ'W; r = 0.615, P<O.05) 


'J.I 1 AI "'>~ 'J.I 
f)l'jU'ff~~flflf)EtJV~ c-kit 'jfl(.l~~ 93.33 (28/30) !~(.I'W'UUtl'UEtJfl~ DNA lJf)~'Vl 191 bp 'jfl(.l~~ 71.42 

cv I 0' 0 0' 0' cv I cv I 

(20/28) 1ij1f)~1fl(.ll~!C)f~~lJ~!'j~lJ1'ff~!C)f~~!f)'j~ I (9 ~1fl(.ll~) !f)'j~ II (6 ~1fl(.ll~) U~~ !f)'j~ III ( 

5 ~1fl~1~) U~~'W'Uf)1'jf)~l(.1~'Wi1'W Exon 11 EtJfl~ c-kit 'W1JUtl'UU'jf)!1j'W!!tl'UEtJfl~~!S'W!flEtJ'W1~ 

191 bp EtJfl~~Uf1~~iJf)~ ffTUUtl'U~'fffl~1ij~lJEtJ'W1~ 250 bp EtJV~f1~~EtJfl~~'W~iJf)l'jf)~l(.1~ui ff1'W 

o o'-J 0' 0'I I cv I 

Utl1JEtJfl~~!fl'W!flYi1tytYYi~~~l'W'UU ~fl(.l~~ 28.57 (8/28) 1'W ~1V(.I1~!C)f~~!'W V~Vf)lJ1'ff~!C)f~~ 
cv I cv I 0 cv cv ~ cv I o'-J 0' 0' 

!f)'j~ II ( 5 ~1fl(.ll~)U~~ !f)'j~ III (3 ~1fl(.ll~) ~llJ~l~'U ~~'W'W~1fl(.ll~!C)f~~!'Wfl~Vf)lJ1'ff~!C)f~~ 

~ ll] 'J.I ~ 1 <:\ ll] 'J.I cv 0'9 
'Vl ~~1ij1f)fl1'j!1ij1~~~'ff1lJ1'jtlfff)'l:I1f)1'jU'ff~~flflf)EtJfl~flV~ !fl(.l'W c-kit ~~ !!~~n1'jf)~l(.1'WU1J!'W 

~ q 

'J.I -J 0' 0' Ill] I 

Exon 11 EtJfl~ c-kit 'W'U1'WflV'W!'Wfl~flf)lJ1'ff~!C)f~~!f)'j~ II U~~ III U~ !lJ'W'U1'W!f)'j~ I 

fl1f)1'j 'Vl1~fl iliJfl N~'Vl1~ 1 ~l1~lVl (.I1U~~!fliJ!iiV~EtJ V~ ff~ lihm!~~~ 'j 1(.1 lJfl11lJ ~1!'W1~ , 
1'WU~~~ 'j 1(.1 '11'W'Ufl11lJfflJ~'Wlifl'U!f)'j~EtJfl~lJ~!~ ~lJ1'ff~!C)f~~~fff)'l:I1 
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• 

• 

, 

eS. GJ QI' 0' d d 
f)11 f1f)1:J 1f) l'H!'ff~ ~tH)fVU fl~ c-kit !'U ~ lfltll~!9HH'llJ ~!1 ~'Vl! 'ill~ ~~ fl flf) lJ1 (Fine Needle 

. ~ ~ 

Aspiration, FNA-MCT cells) Vi1~'illf)f)11fff)1:Jlluflf~u'WlJ11 1U~1'Ul'Uff~1t1lt1~1t111fllJ~!~ ~ 

lJl'ff~!9Hl~~1'U1U 30 11tl 'WlJ11-qU6ijtllt1lJfll~!<Q~tI 9.6 1J Ur;'l~!'Wf1111lJfl11lJ!!~f)~1~rlU ~~ 

'fffl~flf{fl~rllJ'Q'11~ f)11Wl'U f)11 !n~lJ~!~ ~lJl'ff~!9fr;'l~ :Uf) 'il~'WlJ1'U~,r6ij~lJfll~lJ If)'Y'i~fl~,r6ij~~ lt1 

(Govier et al., 2003) !W~111lJfll1lJU~n~1~6ijfl~~'Wf11uf)11~n~lJ~!~~ (Thamm et al., 2007) 'illf) 
fj} Ij) • ., 

~r;'l f) 11fff)1:J lflf~U ~,r~I~Ui~'fflJ!~'U ~'U iVi'WlJlJ~!~ ~lJl'ff~!9fr;'l r;'l'~lJlf) !i1fl~ 'illf)'qU6ijVi f f)1:Jll 'U 
~ . 

11~'WtlllJlr;'lff~l!~f) 'ilW1r;'l~f)1WlJ'Y'i11'Vltl1~tlU'U :Uf)'il~~~'U 'ffU6ij~'U TI~'fflJ~~r;'l~'ffU6ijVi'WlJlJ~~~ ~ 
q q q q 

dl ~ QI o'd 1 'J} 0 GJ 'J} "" d 0' 0' 
Golden retriever, Pug 9f~!1J'W'ff1t1'W'W~'V1 !'WlJ'U1 !'Y'im~lJ~~1~~I1'ff~~9fr;'lr;'l (Baker-Gabb et al., 2003, 

"" dll]'J), QI 0' "" d 0' 
Rothwell et al.,1987) 'ff1lJ11tl'WlJf)Ti!f)~lJ~!1~ !~!GJf'Uf)'U Ur;'l~~1!!'Y'i'U~f)11!f)~6ijfl~lJ~n~lJ1'ff~ 

!9fr;'l~dl'Ul'Y'iill'il~!n~lJ1nW~WllUr;'l~~I1'Y'i~~~~'UlJ1nW~'WlJtifltl (Rothwell et al. 1987) f)11'WlJ
u 

d 0' 0' 'QI Q.I 0' "" 0 " Q.I' deS. 
lJ~!1 ~lJ1'ff~!9fr;'lr;'lm1~~1~~ f)lJfl1~ !'Wf1 'WU ~ Ur;'l~lJ1 nW~lU'Y'i'U~6ijfl~11~f)1t1'il1f)~lfltl1~'VIf1f)1:J1 
~ ~ 

U'U 'WlJ 11111 'ff1lJ11tl'ff11lUr;'l~'Y'i 1fll1lJfflJ~U TI6ijfl~~lU 'Y'iU ~6ij fl~f)11 !n~! i1fl~ flf) fl1f)11'V11~fl~iJf)
q 

"""" """" II] 'J} , 1 "" "" d.o!i Q.I d 0' ~ 'J}
!!r;'l~ ~r;'l'V11~'Wtl11i TV1tllflr;'lU f) !~Uf) ! r;'l'Y'i~ 1'V1t11 Ur;'l~!fllJ!r;'lfl~ f)lJ!f)1~6ij fl~lJ~!1~lJ 1'ff~!9fr;'lr;'l ~~ 

!~fl~ 'il1f)qU6ij~lJlflJf)11ff)1:Jl lJfll1lJU~f)~1~1'Uf)11fl1f)11'V11~fl~iJ f) 1~tI~f)11'WlJnfl'UlJ~!~ ~ 
~ ~ ~ 

ff~11htl!fltl1~flJf)11ff)1:J llJ1tlfl'U n el'U!i1el~ flf)lJ1'ff~!9fr;'l~f)~lJlJ l!n~~'U 1'Y'i 11 'fffl1'W f)11!~tI~~ 
. 'U 

Q.I ~'I dd 'J} 'J} 1 GJ ,'J} 0 GJ 'J} 'J} "" "" 

q6ijfl1'W6ijfl~ 'q'U 6iju lt1'V1lJfl1l~U 'VI 1 f)9ffl'U ~ lt1 !1fl !U 1~lJlJ~1~~ ~ lt1 'Vl1 ~ 'Y'i6ijfllJr;'l'V11~f1 r;'lU f)Ur;'l~ 
~. ~ 

'W tl11i 1'V1t11f1~iJ f)lJf1l1lJ ~1~'W1~U~r;'l~11t1 ~~,rU~U6ijVi!1j'UlJ~!~ ~'Y'i ~fl!i1fl~flf)lJ1'ff~!9f(l~f1l1 

1~flJf)111iJ'il:Qtl1~tl1nn11 'ilr;'l'Wtl1~1'Vltl1 'Y'i~flBlJlJ'U 1'U ~'ff 1~!f1lJ!'~fl~lU'U f)~f)1~6ijfl~lJ~~~ ~lJl'ff~ 
q 'U 

!9fr;'l~!~fl1~~1ju~~'W 1'V11~tl~'11~1 'U f)11l1~!!~U f)11ff)1:J1~~r;'l~f)11'Wtl1f)1W11fll'W!!~(I~11t1 

~tJ!!lJlJf)11~~iY KIT (CDI17-IHC) 1~tl1!ifllJlJ'W 1'U~'ff1~!f1lJ ~~fl~lU'Wf)~tJUlJlJ6ijfl\l 

lJ~!~ \llJ l'ff~!9f(l~!tJ~ tllJ! VitllJrllJf)11 ~lU 'W f)!f)1~1~ tlln 'il 
q 

r;'l'W tl1~1'V1 til 'WlJ 11lJf1l1lJfflJ~'WTIrllJ 

m1~~1~'il1f)f)11~lU 'W f)~1t11n'Vl1\l'ilr;'l'Wtl1~1'Vltl11 'W'V11\llJlf) ('ff'Y'i fflJ~'WTI6ijfl\l'ff!1JtI{UlJ'W; r = 
q 

dl 'J) Q.I eS.. GJ 'J} ~ I 
0.641, P<O.05) 9f~'fffl~f1r;'lfl\lf)lJf)11fYf)1:J16ijfl~ Kmpel !W~f1W~ (2004) f)11 !GJf~uUlJlJf)11 

U'ff~\lflflf)6ijfl~ KIT J'W 'ffllJ11tlU11tJl~!~ell1~U~'Wf)11ff)1:J1U(l~f)11'Wtl1f)1W11fl1~ !~fl\l'il1f) 
Q.I QI 0' Q.I d 

f)11U'ff~~flflf)6ij 'eN KIT 'il~'fflJ'W'U1if)lJf1l1lJ~'WU1\l6ijfl~lJ~!1~(malignant transformation) (Kiupel et 
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, I 
I 

• 


aI., 2004) ~lflvf~f111~hnniJ~l'WTW 9 ~1tl~1~vH'l'Y11~~tltlU lU~hYl~!fliJ U~f1~h~~lf1~~'VHnn 
~ q 

i'VlEJl 1~W1U!f11~ I U~~~'Y11~~tllJ lUi'ffl~!fl1i!1j'U~LlU1JU~ II U~~ III ~~~Uf111~~ff~LlUU1J~ 
~ ~. 

II 1tlEJ~~ 46.66 (14/30) tll~!i1tl~~1f1~q~f111tl'Vl1~~)hfl1~6ijtl~!i1tl~ tlf1tl~1 'U1~l1'"(h~f111 
~ Id ~ I GJ ': &. & ~ '" dJ ~ '" "'''''' rI
!u~EJUU1J~~ !U1~EJ~f11f1~ (transItional stage) C}f~'fftl~fl~tl~f1Uf111fl'f1£J lEJtlU'YY ~~tllJ~n11W 6ij tl~ 

q 

J rI rid d, '" ~ 
!'Utl~tlf1tl1'ff~!C}f~~'Y1~lJ!fl1~ II tllf1'Vl~~!GJf'Uf1U (Loplamlert et. aI., 2010) Utln~lf1U f111 

U'ff~~tltlf16ijtl~ KIT 'Vl1~~tllJ1ui'ff 1~!fliJGJf1EJ1U f111ii! mtmwf1!w~tl~!~~tl1'ff~!C}f~~tltlf1~1f1 
~"'" '" ""'~ GJ J ~, 11]~ , 

tl~!1~~1'YYU~GJft..l~tlU~ !'U!Utl~tlf1/tl~!1~f1~tl round cell !~ !GJfU Histiocytoma, Lymphoma, 

Transmissible venereal tumor, TVT ~1f1fl11lJ~1!~1~6ijtl~ CD 117 6ijtl~ Mast cell (Kiupel et aI., 

2004) 'ff1tl11 flGJf1EJ 1U f111 ~1!!Uf1!f11~~iJ~f1£J W~ll~~ ~1f1n11 ~1!! t..I f1'Vl1~ ~~~EJ1ni'VlEJ1!~
q 

!!~~ 
f111~~ ff KIT ~Ll!!UlJ ~1~~ 'ff1lJ11 flGJf1EJ 1U f111 ~1!!Uf1!f11~!i1 

~ 

tl~ tlf1tl1'ff~!C}f~~1~ 
~ I riG] ~""'.::\ "'" 1 11] 1 .::\ GJ "'" "'" '" rI ~ 

f1111J1~~f1~ !GJf11itltllJU !U !C}f !~!fltl (Immunocytochemistry) !Uf1111U~lQmC}f~~~J~!1~ 

rI rld1l] ~ 1 GJ ~ I "'" .::\, GJA 

tl1'ff~!C}f~~'Vl !~~1f1f111!~1~~~ (Fine Needle Aspiration, FNA) !~EJ !GJf~lJUlJUf111~~'ffGJf1EJ !Uf111 

~1Ut..I f1!fl1~SU tl~ tl~!~ ~ tll'ff~!C}f~~1~ ~U ';hiJWd1tl 'fftl~fl ~tl~!GJfU!~EJ1nUnU1U!! U1Jf111 U 'ff~~tltlf1 
~ 

SUtl~ KIT sutl~i1j~tllJU1ui'ffl~!fliJ 'i)1f1f111U1~!lJU 1UUUlJf111~~ff6ijtl~ KIT 'Vll~~tltlU l'U!C}f!~
~ ~ ~ 

.::\ ~ '" dJ ~ & 0 G] ~ '''' 11] ~ .:: '" '" rI",
!fltl 'fftl~fl~tl~f1'U fl~ 1 tlEJ~~ 93 .33% C}f~ 'ffltl11fl'U llJ1 !GJffl 1lJflf1U!~ 1 1tl'Vl~fl11tl 'fflJ~U1if1Uf111 

~ 

~lUU f1!fl1~~1EJi1j'Vl1~~~~EJ1ni'Y1EJ1lJl~1~lU1'W!~~lJ1f1 ('ff'YY~1J'WU;6ijtl~'ff!iJEJ{UtlU; r = 0.615, 

p<o. 05) !GJft..l!~EJ1nlJi1j'Vll~~lJlJU!Ui'ff l~!fliJ~.:J!rJ'U~EJtltlflJ ~.:JJu1UUlJUf111~~ffSUtl~tl~!~ ~ 
~ ~ 

11~! ~1 'ff~~ 1f111~!~1! 'YY tl l~'fftl1u'Y11.:Jufi1T~;;1.:J~1~~ 1!GJfU!~ EJ1nu!C}f~~i'VlEJ1ii! 'i)UEJ 

dJ 1 .::\ GJ rI ~ rI rl1 ""'.::\ 
~1f1~~ f111fl'f1£Jlf111 U 'ff~.:Jtl tlf16ijtl.:Jtltl.:J !fl EJU c-kit !U!C}f~~tl~!1.:Jtl1'ff~!C}f~~ !~EJ11i PCR 

~ '" , AI "'" ~ "" rI ~ ~ rI rI rI 
SUtl.:Jf111!fllJ ~ 1tlEJ1.:J'Vl1.:Jfl~U f1 ~ltluf1~f111 !f1U~ 1tlEJ1~!C}f~ ~ 'i)lf1f1tlU tl~!1.:JlJ1'ff~ !C}f~~'Vl1~!C}f~~ 

~ ~ 

i'VlEJ1ii!~UEJ ~1EJi1j!'i)1~~~ !~!C}f~~~lU1Utl1f1tl~U~1 'i)1f1f111fffl£J1fli'.:Ji1'ff1tl11fl'ffn~ DNA !~ 
~ . 

tl1f1f1';h 90 % UlJ';h!rJUf111'WWJUlfl i'~u1f1Yith~tl1 ~ l~EJ~1JUfllJ"lJtl.:J DNA 6ijtl~ tl1'ff~!C}f~~ 
~ 

Uf1~ U~~~lJf111f1~lEJ'WU;6ijtl.:J Exon 11 SUtl\l c-kit ~lU1'U 3 !!fllJ1U~f1EH1.!~ lTD SUtl.:J c-kit U'U 
q 

~1.:JnlJf111fff1£Jl~!~11EJ.:J1Utl1tltlU (Zemke et aI., 2002) ~1tl~1.:J!C}f~~!lftl~tlf1lJ1'ff~!C}f~~~!~ 
'i)1f1f111!~1~~~ (FNA-MCT cells) 'ff1lJl1flfff1£Jlf111U'ff~\ltltlf16ijtl\ltltl.:J !flVU c-kit 1~EJ~lJf111 

~ 

'" rlGJ 0 ~ ~ '" dJ d 11] ~ 
f1~lEJ~U1! !U Exon 11 SUtl.:J c-kit ~lU1U1tlEJ~~ 28.57 (8/28) 'fftl~fl~tl\lf1lJf111fl'f)£J1'Vl !~11EJ\llU 

"" &dJ GJ J~~ ~ 
f111~ULl1~tllW 9-33% SUtl\l~1tlEJ1\l C}f.:Jfl'f1£Jl !U!UtlWtlf1tlUlJ~!1\l (Dowing et aI., 2002, Zemke 

.:: dJ rI ~ 
et aI., 2002,Webster et. aI., 2006) 11tl'Vl\lf111fl'f1£Jl1U!C}f~~!~1~WEJ\l (Ma, et aI., 1999, Dowing et 

'" rI .::\ ~ J rI rI
aI., 2002) f)11f1~lEJ~U1i1u Exon 11 6ijtl~ c-kit SUtl\ltltl.:J lfltlu c-kit ~lJ1Uf)tlU!Utl\ltlf1tl1'ff~!C}f~~ 
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~ ~ ~ 

l1~!fl'J~ II U{;l~ III !!~'~~D1t.Hfl'J~ I tJ'W 1~mfl'J~6ijtl~ !iltl~tlfl '~~lJ~'W ,jn1Jfll'Jfl{;llfJ~'W ,j6ij~N
q 

, ~ III) 'j) , Q,I cI 9 ,J 'j) Q,I 

c-kit U~tll~'ff'JlJ ~~11fll'Jfl{;llfJ~'W1)6ijtl~ c-kit ~~~1Jm~l~ ~'W!fl'J~ II !W~ III <:}$~'fftl~fl{;ltl~fl1J
q q 

'j),J 'j) Q,I 0' , 'j) Q,I 0' Q,I 'j), 

fl11lJ'J'W!! 'J ~6ij tl~fltl'W! 'W tl~tlfl 6ij tllJ{;Ifl1'Jfl{;llfJ~'W 1) ~~GJf1fJ1'\1 'ff~1U~'Vl fJ11~ !!~'Wfl1'J 'JflfJ 1 '~tlfJ1~ 
q ~ q 

!'\1lJ1~'fflJ !GJf'Wfll'Jl~fJ11'Wfl~lJ Tyrosine kinase inhibitors (TKIs) ~~ij,j'tlu'W~thll1'l~l'W~~lthfJ 
• 'j) cl cI 0' ci Q,I 0'9 i 9 'j) ci, 9' Q,I 

~1fJlJ~!'J~lJl'ff~!<:}${;I{;I~1J'Vlfll'Jfl{;llfJ~'W~ ~'W Exon 11 6ijtl~ c-kit !~fJ ~'\1~{;I'Vl'W1~tl !~~tlfl1'J'Jfl'l:J1 

(Pryer et ai., 2003, London, 2009, Yancey et ai., 2009) 

• 

"'" Q,I' 'j) Q,I' 0' ,J 0' o'cill) 'j)
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