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Analysis of c-kit Gene Mutation and Prog-
nostic Factors of GISTs in the Small and
the Large Bowel

Jong Kyung Park, M.D., Sang Seob Yun, M.D., Won
Kyung Kang, M.D., Hyeon Min Cho, M.D., Ji Youn Kim,
M.D., Seung Hye Choi, M.D., Seong Taek Oh, M.D., Se
Jeong Oh, M.D., Seong Lee, M.D., Hae Myung Jeon, M.D.

Department of Surgery, College of Medicine, The Catholic
University of Korea, Seoul, Korea

Purpose: Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal tumors which arise anywhere
in the tubular GI tract. The prognosis for GISTs that
develop in the small and the large bowel is worse than
it is for those that develop at other sites. We examined
the significance of ¢—&if mutation as an independent prognostic
factor for GISTs.

Methods: The hospital records of 27 patients with GISTs
in the small and the large bowel who were seen from
January 1991 to December 2001 at the Department of
Surgery, The Catholic University School of Medicine, were
reviewed. ¢—/kit mutation was measured by using the PCR
and DNA sequencing.

Results: Mutations in exon 11 were found in 5 cases
(83.3%), exon 9 in 1 case (16.7%), and no mutations were
noted in exon 13 and exon 17. All mutations in exon 11
were found in codon 560—570. ¢—kit mutation was observed
more frequently in high—risk patients, and there was a
significant difference between c¢—4Ast mutation and the
survival rate (P=0.048).

Conclusions: We think that codon 550~560 in exon 11
of the c—kit gene is a hotspot of mutation, but ¢—4it
mutation is uncertain as an independent prognostic factor
for GISTs. J Korean Soc Coloproctol 2004;20:1-7
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GISTs ($1%# 7+d < gastrointestinal stromal
tumors)= Aol X 7o o2& FFAA oA LA
gle, W zFFeH o2 KIT %A 7H (mesen-
chymal) £¥22 W 50~60%<= <, 20~30%<=
24, 10%= W4, 5% A%, 5%7F B4 g2 91X
o A WA st} GISTs®= A 8tH o2 B d3tal Al
29| FA4ol BREH AFHFA WS Holt 5
A ol FA HE2F, LTS, schwannoma,
GANT (gastrointestinal autonomic nerve tumor), STUMP
(stromal tumor undetermined malignant potential) =
GIPACT (gastrointestinal pacemaker cell tumor) 522
HWHEo] gkoy HTZ 71s A E(interstitial cells of
Cajal) =& 29 AaA8 A%
celholl A 7]dste= MZE 9
ATk I AEe A3He] 9%
3 Au AEds @
74k Mz e] Zsthet KIT ©hel g of wh
o] a3 9T e Bo=E A okt
KIT &4 = 145 kDa2o] =4 3o (transmembrane
FAR] AHEE A AEe] Y
(extracellular domain: exon 9), =% < 9 (juxtamembrane
domain: exon 11) & AMEUW ©glo]2A 7|yA] 99
(intracellular tyrosine kinase domain: exon 13, exon 17)<]
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#o] Wol7} dojubd w) 9] Ak(ligand)e] 2 2} o] A
o2 Elo]2Al 71UA 7} QIAkslE o] AT A 7
MM th2 Tl Ao QIASLE YO A kit XA
°]7} GISTse] F4d Ao 42 I 3
153 ok Hirota §°0] O GISTs 849
exon 1194 ckit A HolE B3 o]ZE exon
9, exon 11 2 exon 133} exon 1794 2] WHol7} X1 5]
3 J=d FZ exon 1194 WHol7} AT GISTs2
AFsh BAZE SlE Ao HuHw ok
GISTsE LW EL vmahAwh A3} wAo] F7}a
I obAEE W 274 7}o]ur B2 Holate o
F7} gy 2oz o % @ﬂ%}L OHEL %

A7} o180 o} olAT AT RE TR
Vg P AFE AZ377 4A o} Azl A
E SHo Folste WA AEQ Ki67, PCNA
(proliferating cell nuclear antigen), 4|3 =7 7] (flow
cytometry) —‘:—o] 7]_64 ;G o7 o:]:TLQ =7 0/1‘:]’ 12-15
xi;(}g‘_ A2Z D ) oA WA Sk GISTS7]’ olA ¥
L2 Yo d)= METF =)o ckit FRAA ol W

gol3lar GISTsY ol F JAAEA c-kit
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19919 1955 2001 12€71A] 7FEd & F
S doAM B Y TR T
o] &2} & CD117 (KIT)S ©]-83 x4 35}st A4
of FAdela A 1A g By vt Fusi
D7HA F2A BEo] 7FeAd & 2 o] GIST
227 gio s QA 7|2 2 HEzA RuXE
HAESGT dd #x= 20019 NIH Fo E£3
(consensus symposium)©l| 4] Fletcher 5'°0] X 13 2F
7127 nIRMAR ARG Aot Fde A7
uE 24P, ANIE, AT, 29F 7Y
A 2 BFEQATHTable 1). BT 32 7]17He 52.47)
oA 274 F 10 A AE37%)3H A F4]
712 & o2 Ao g A 24| 5 XT3 897}
Abg-a ok

ke 11749

2) DNA =&

g2t A A B4 AZ F QlAamp DNA Mini Kit

Table 1. Classification of GISTs

Size* Mitotic count
Very low risk <2 cm <5/50 HPF*
Low risk 2~5 cm <5/50 HPF
Intermediate risk <5 cm 6~10/50 HPF
5~10 cm <5/50 HPF
High risk >5 cm <5/50 HPF
>10 cm Any mitotic count
Any size <10/50 HPF

*Size represents the single largest dimension. ! HPF; High
power field (Adapted from Fletcher CD, Berman JJ, Corless
C, Gorstein F, Lasota J, Longley BJ, Miettinen M, O’LeTJ,
Remotti H, Rubin BP, Shmookler B, Sobin LH, Weiss SW.
Diagnosis of gastrointestinal stromal tumors: a consensus
approach. Hum Pathol 2002;33:459-65.).

(QIAGEN Inc., Valencia, CA, USA)Z ©]-&3} proteinase
K %A (digestion) WS ALE3le] DNAS FZ31
t}. 5% DNAT UV/VIS Spectrophotometer (Bio-Rad
Laboratories, Hercules, CA, USA)Z /\}4‘16}04 260/280
mmo A DNA 5% 2 ¢&5 4% $ A8 w7t
Al 20°Cel Bttt 7lEAo] wEE<E DNATE
QA ALY Al DNAS FE319 2F 5271 50
ng/dl, TE7}F 1.75 o] HA FH AT

3) SEes
PCR)

o44ff HHS (polymerase chain reaction:

c-kit ¥ AA+2] exon 9, 11, 13, 17 W] X ¢ FA=}
ol ik AlEHA(Table 2)& AF&3Fe S3a4 A
93-S ABstdth T EAL A RS HAAA
A, FZAAAIEA Z+ 20 pmol, DNA template 2jil,
dNTP (Perkin-Elmer, Norwalk, CT, USA) 250LUM, Taq
DNA polymerase (Perkin-Elmer, Norwalk, CT, USA) 0.1
i, 10xPCR &% [6.7 mM Tris (pH 8.8), 16.6 mM
NH4SOs,, 6.7 mM EDTA, 10 mM [i-mercaptoethanol:
Perkin-Elmer, Norwalk, CT, USA] $¢] £ & =57
TE AUkt HF &%l 507t HA 83l thermal
cycler?l GeneAmp PCR System 9600 (Perkin-Elmer,
Norwalk, CT, USA)—% o] g3l A GAZ 95°CA 5
7F 93 A1 & 1M A (denaturation: 95°C, 30%), obd
% (annealing) & & (extension: 72°C, 1&) H3F & =
sted 353 & HHESlo] FEHAIH AL o}d &2 exon 99
exon 132 63°C, exon 11 60°C, exon 172 57°C°ﬂ A
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Table 2. Primers and product sizes of the polymerase chain reaction

Primer Sequence Product size (bp)

Exon 9 sense 5’-ATG CTC TGC TTC TGT ACT GCC-3’ 237

Exon 9 antisense 5’-TAA GGG GAT GTT TAG GCT CTG-3’

Exon 11 sense 5’-CCA GAG TGC TCT AAT GAC TGA-3 189

Exon 11 antisense 5’-GAG TTT CCC AGA AAC AGG CTG-3’

Exon 13 sense 5’-CAT CAG TTT GCC AGT TGT GAT-3 173

Exon 13 antisense 5’-ACA CGG CTT TAC CTC CAA TG-3

Exon 17 sense 5’-CAT GGT CGG ATC ACA AAG AT-3 166

Exon 17 antisense

O Eo]7] 98] 72°Coll A 1087F A% wuk-3-S A3
ZZ 2 8349

ot

4) DNA A A |(purification) %! Hi 2= (sequencing)
1A
—

PCR A3} & Aojzl 4HE 501 5 SHIE 2% agarose
gelol] ¥-3}3}al 1xTAE (0.4 M Tris acetate, 20 mM
EDTA) &% 8q &0 A 100 voltZ 7ol A 45
ZF A 7195359t o] % agarose gel A ZH-E gel S
Z 23}y Gel Doc 2000 UV Transilluminator (Bio-
Rad Laboratories, Hercules, CA, USA)E A3} 355
e A28 B34 2 UL, W7 @
e e AL 9o AAES vESAL, 1719 o
A EHA Y2 B HhE YA 45|114 PCR 4t
=2 QIAquick PCR purification %% (QIAGEN Inc.,
Valencia, CA, USA)S 713 ABI 3700 sequencer (Applied
Biosystems, Foster City, CA, USA)Z DNA H| A&
FASGT, AT 149 AR Gok 2349 53
g EQ7} ?f”ﬂ U de<= 1/}”111 45”14 }\]'E% ﬁ

3 gelde] A 0 Fo5 2#A U]/‘ﬂ%}\\:]v‘i‘
ol A J“-Hﬂﬂﬂ T 65°Co] FxoAM W £
ZF =} 21 5 GeneClean Kit (Biol01, La Jolla, CA,
USA)S AF8-3}o Kit ¢toll 5= 10M9] glassmilk
Sa3 A= = DNAE FE319 thA] 2ue
DNA templateE =t A3 22 WHO=E 50
ne] EES o] PCRS Al Aldlste] 1719 o
vk AREHA U AS g1k £ 4509 PCR AHES &
A3t HHH O DNA HiEEAE BEA45HTE 24 A
d ®4(Local homology search)> National Center for
Biotechnology Information (NCBI) = 71319] BLAST
suiteS ©]-83F 711 FFE running Linux 2 23§ 3} AT

5’-ATT ATG AAA GTC ACG GAA AC-3

Survival
1.2
1.0 +l rH H—+ —+—t t
Li
| | .
_ 8 - 1 Risk group
g e e oo +
s | B Low risk
2 6 - “ +  Censored
1S | S
=] o Intenmediate
1
O 44 I risk
|_| P=0.0021 +  Censored
2 o
L__ —+ O High risk
+  Censored
o T T T T T T T

1
0 20 40 60 80 100 120 140 160
Follow up period (months)

Fig. 1. Kaplan-Meier estimate of postoperative survival rate
according to the classification of GISTs. P value was
computed by Wilcoxon test.
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ANOVA, Chi-square 737, unpaired ¢+ 717 % Kaplan-
Meier method with log rank test, Wilcoxon testE A}-8-3}
o ckit A Holo} & F 59 AEEHS] FHA
AE AASAL 79 &2 P<0.05Z st th

AA 274 F 2AYILL 991 AYIE 114
(40.7%), =LA 54(18.6%), L] 114(40.7%)
Ak G2 91, oAUt 18 o2 FHI= 1 2L

AHE T2 25H A 8BAZEAZ ThFet R o H A
Ho 58149 X 2% 249(28.9%), thAdl
3|(11.1%)F AT 119 F 190(9.1%)N A =
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n case 64 1-bp point mutation in

Fl- %eﬁ?cpflex%le%léﬂ %Tghﬁﬂoc%sﬁdléﬁar?%gp . point mutation

point mutations at codon 465, 466 and 467 lead

465 467 465 466

I@a@MEafngaYﬁmo Tead s&?&kx&k‘t inb¥x &% 951 6INun®ids shown above the wild-type amino acid sequence indicate codons.
BB‘?nt ‘mutations and changed amino acids are indicated in an empty square. Deleted amino acids are shown by dashes (-).

AL AL 167} 2 Ao 2 Al 1Y
2 119 F 99 (81.9%)l A €A Hol7} U,

790(63.6%)7F AFgEte] nAPFoR AE 53 AE
o] FostA wekth(P=0.002)(Fig. 1).
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2) c-kit FHAL H0l9] HIE EH

F 279 T 691(22.2%)°1 A A} A HYonH
exon 11 WHo|7} 59(83.3%)Z thH-#©]Q 3L exon 9 H
o] 19)(16.7%), exon 13 & exon 17 Wo]& AUt
exon 11 Ho|= 57} missense W O] E 2|7} ofn] =
2ol A 24 = 4719 A o] (point mutation)oll <]
Sl olu|=qke] X3 1= ofn|=4ke] X&) AEs
B4l Hol Al exon 11 ¥ ]= codon 550 ~560 A}
©]7} hotspotZ 54 EF7} o] F-9jo|A] Wo]7} A3}
A th(Fig. 2)(Fig. 3). exon 9 ¥ ol 5709 4719 A
o] o]t ofw|:=Ake] X]&ko] Yol missense O]
codon 465, 466, 46794 WA} Th(Fig. 4).
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3) c-kit XX} BHolof| E o=

c-kit FrAA WMole & 64 F AYFTFolHE WHol
7 e FF o] 24(33.3%), LY TS 49
(66.7%)2 LYFTO R A= tﬂom 0oy, AE
g7 AAE S A} ckit FAA WolE Bl
GISTs 2#te] AEE o] F93tA w3k (P=0.0480)
(Fig. 5), A 259 A 7|7} Zfo} 1 ofm)7} E A =]
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Fig. 5. Kaplan-Meier estimate of postoperative survival rate
according to c-kit mutation in GISTs. P value was computed
by log rank test.

9} S0 &Ad3le KIT A9 Hdo] Fagh g

< 3te Ao 2 WA ok KIT 99 gL Az A

X SlA}(stem cell factor)o] T3+ ==z AHF <1z}
L

(transmembrane growth factor) =8 & E}o] 221 74}
A AAe) Som FEA, NsAoE RAAE A
g 2= QlA} (macrophage colony stimulating factor) <~
|A & FAFSHTE KIT 7-841= B2 o2 wj9jart
Ao =N oA (dimenE Il Eo]Z Al 7] A]
7t Q1A E o] A% A HRoA thE Tl <l
e doA FIFHor dogo] F4 AFE A
23th® a8, GISTsol A KITS L& cokir F3%
o] wojol oJate] ujjxte] AFo] o] F | %<&
el A KIT 849 F22<1 &/dstel] oafr 4
v FXFFA 271 F2 YL c-kir A
Hol7} GISTs®] T4 440 94&5 ste A
o= g3 Aot’

c-kit T AF o)+ exon 9, exon 11, exon 13 & exon
1794 dojy=d| GISTsS] A= FZ exon 11914
Hol7} WA SEAL exon 11 Wo|7} ¢F Lot A5l =
ZE A exon 99} exon 13 2 exon 179 A ¥ o7} &Ad
Aot BRugam ok ckir A ol HxE
15%90 4 92%7+A] thaFstar Hi 50-60% 2 L&A Q)
TR Az g o A 222000 4 Welt 159
o},

c-kit FARFe] WHo| F exon 11 ¥Hole] HIxof th3)
Lux 5%& 45¢] % 409(88.8%), Rubin 5°& 440 %
349 (71%), Emst 5 & 359 Z 134|(37%), Wardelmann
5%0 210 Z 199(52.8%)% Hi341 AANEE 6

-

2| A &
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o 5 59(83.3%)F exon 110]A] tF-& A3t A9
AL A7S Bt exon 11 Holo] o #3o
Emst 5% 139 % 109 o}v|i=ite] A 26
ofm|:=4ke] X|gho] dojubz] gFe d7]e] Hwol, 14
© ofu|=Ake] Xgko] dojd A7 HWo|Hriar
B 13}% 3 Wardelmann 57°& 19¢] % 12¢]7} o}v| =
AHe] AE, 497} ofminike] o], 34 ofw| =4k
o] eItk BHastth A=Y A= F 5el
Z 297} olwi=4te] AL 24w F7]] Hwold 9
Sk ofu|eqbe] X&) 149 ofu|eqte] X $3 LS
SHH3}= missense O]} T} exon 11 WO]& codon
550-560 Ateloll Al 5o EF7F WA o7 Kol o
H2]7} o}ul= exon 11 ¥ o] 9] hotspot] AL ZE A 7Z;
= ot

Lux 5°& H%Z exon 994 Ala™"-Tyr®o 2 ¢ &
B (duplication)©] A A| c-kit FAAHO] F 13%0 A W
AT BRaegar 1 F Lasota 5 3%, Hirota
5382 5%2 exon 119 B8] H& HWlE o] A exon 9
oA ¢] Wo] WIxZ W 343l Wardelmann 5% 36
o & GISTsel A 194 9] Wo] F exon 9 Wio|7} 24]
(105%) k. Hastdoh. A5 A= 69 5 1
< (16.7%)1 A exon 9 W o]7} ¥ZE YEH codon 465,
466, 467014 571 @717t 247+ A olE Yo A 370
o] ofmw=ske] X ?}(Ser%s—Gly%G—Pro“w N Tyr465_Trp466_
Ala*")o] Yojxith exon 9 WOl HlRE(71%)°] A
o]aL ’k o] A} (59%)°] Aol wAyEte] GISTse] &
Ak o}y AAVE Y A F 7 i F o2 By
AT AAE ol & Fgol A3 9P GISTR
F& 5 s5/drte el At & gUfE R B2 ol
2 oy A7) BRo R ATt

Lux 5°0] exon 13914 Glu®] Lys**=Z¢] Zwio]o|
2]3} missense ¥ ©]7} GISTsoll Al AA] WHoleol 4%E =}
A shtka A8 B3k o] 3 Lasota 5 -2 2004 GISTs
oA 24 o] WolS H1ate] o), Sakurai 57 48]
9] GISTsollA] exon 13 W o7} It R usFP L A
AE9 A$ol% exon 13 Wolv TEFA &otr).
Rubin 5°& 48] ¢] GISTs & 27} exon 17914 Lys
TEE His9] Asn®?o.29] X go] 9t Buslgloe
Y} Taniguchi 5> 124¢] 2] GISTsol A exon 17 ¥ o]
© A8 AT Bt AaEe dFoAME
exon 17 Wo|= F&EA] gt

HT RaEo 2 kit F-7A2] Hol7F doju}
W FYo] 21 FAMHEEO] Wi g2 B

o FE ®eltka 3151 2> Lasota 5"} Taniguchi
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