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Abstract

AIM: To detect platelet-derived growth factor
receptor oo (PDGFRa) and C-kit gene mutations
and protein expression, and to discuss the
relationship between the two genes. In addition,
to discuss the important role of the PDGFRa
mutation in the tumorigenesis of gastrointestinal
stromal tumors (GISTs).

METHODS: PDGFRa and C-kit gene mutations
and protein expression in 52 cases of GIST were
detected by polymerase chain reaction single-
strand conformation polymorphism, immuno-
histochemistry and Western blotting.

RESULTS: PDGFRo gene mutations were de-
tected in five cases (9.6%) among the 52 GISTs.
Most had spindle histology and were of gastric

origin. The C-kit mutation was found in 28 cases
(53.8%). Most were small intestinal origin; tu-
mors with C-kit mutation were not examined for
PDGFRa mutation. The rate of PDGFRa protein
expression was 100%. In five cases of GIST with
PDGFRo gene mutations, the corresponding
protein expression was higher than that in cases
with C-kit gene mutations, or in normal GI tis-
sues and schwannomas. The rate of C-kit protein
expression was 94.2% (49/52). Mutations were
unrelated to C-kit protein expression (P = 0.5332).
The presence of mutations correlated with
PDGFRa protein expression (P < 0.0001).

CONCLUSION: Our results suggest that
PDGFRa and C-kit mutations play an important
role in the tumorigenesis of GIST. The location
of mutations is associated with the site of origin
and histological phenotype. Protein expression
will not always be associated with a correspond-
ing gene mutation and is only a diagnostic aid.
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let-derived growth factor receptor o gene; Proto-
oncogene C-kit; Gene mutation; Western blotting;
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BHH): #ml § Mid e 5 % (GIST) ¥ PDGFRoA»
Ckith AR ERLEG LXK RBAENMNBE
T Rk, P e VE .

Fik: RAE#%R S ENRREGHEXR L
(PCR-SSCP), % 9% A1t F=% & ¥ i (Western
blot)# 5%, %M GIST 524 # PDGFRaf=C-kit
AR REREGFLEIN,

R GIST 524 PPDGFRoA B & %54
(9.6%), 2 TR mpA ey § RMEGIST,
C-kit2 B & % 2841(53.8%), $ £ AT\, 5
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TEm, & ShEBfEALRdPDGFRoFC-kitERR T ELRIANFE R 2301
HiXxmA LR REZMMEE; PDGFRoEE 12 5% WA LA 0B

KA F100%, C-kitk & o F ik £ 494.2%, =
% 49545 GIST PDGFRo.3% T C-kit = & #4GIST,
BB M AeAh 2359, RE 5C-kitk
B RAZ R B EARLMEP = 0.5332), M@
RELEPDGFRa%& G Ak Z 8 2 R F 40K
(P<0.0001).

28 GISTPPDGFRoAC-kitE & 3 4
GISTHMBA IR FRET TRHR, ©
TAz b SRR A B FEBE L, K3
GISTPEaAX S5 HLARRE X ZEW.

XE21a: BB R R M MVR IR K E T2k
o; C-kit; B R, HH BNk, BEEHR % 5%
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& 2007;15(21):2300-2305
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W 1 R) TR (G TS T) A2 5 M e i WL 1) 1)
PR, S SE A AN A oI LR . T LR
o 2 R R Al [ e PR ) S 4R, GIST
PLC-kitff) Fe g5 24k 3R 1A O JLHUARRAE. 19984
Hirota et a/® ¥ IRARIEAEGIS TH AN 4 53
(1= R IEC-kith [, AFAEC-kitIE Y Thfig 3k
1F IR AR . B AT SR A D7 GISTHY,
AT AE ML RATAE A K 2 R (PDGFR )
SRR R A, JF RIK 2 LGS T A He s Il 2]
PDGFRafE #5125, PDGFRay —Fif
RS IR R 1, 5 C-kitlA JE I R R 2R
B %, X FPDGFRofEGISTH &AL
W5t >, 3 HGISTHPDGFRaMIC-kit54s &
HEARBRRZDAGE. Ak, A 14
GISTHEATPDGFR o C-kit 5 A% FIEE [ f A6,
SHTPE IR R, A IZEGISTH 1 1E .

1 #ERA

1.1 A4 2002-20044F % kL 5e 4. 2 W6 1)
GISTH I brAS261. 52741, o256, K
FWe23-78(H0750.5)% ; ' IH) TR 34451, [ ) J5t
1615, i 2255 R) JTosR 2461 42 R T fe K A% T
73 90-5.0 emZH2641, 5.0-10 emZH 1941, =10 cm
THI; AR AN A3 7], b A A s, TR
1041, BET-RUIBRIGIT, Fra S8 RuTAR#E
ZACTT BT . A ISR R R I LR
3B Ky BP0 .
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1.2.1 42 4*PCR-SSCP GISTZ LT & 1 BFK-)-
A AOEMILIE N4 DNABEITPCR. S5
R/INFIIE 8 0 SCHR G N (6B BXPCR =)
10 L5950 g/L H BEIEARMESE P 10 nLATA i
W30 uLiEAEARYE, W EE R KA 43 LA T
PAGEJ LYK B A57m 71— K B BB, %t
IR e ARG WA MBI, SR
XA L, FUSSCPA A HURE 4 K B AR 47
B BR 2 A TR bR A TP AEAE 5. PCRI™ 450
wL 28 i[RI e Al Ak, Ji5 B 200 e (1 it D 98 AR ) B
RABRLA ).
1.2.2 Sz sate AV T Envision 7k
JEAAL GG, P \APDGFRaMIC-kitZ i [ dT
{K(1 : 200, Santa Cruz/a]; 1 : 100, DakoZ 7)),
Envisionif il & (Dako /A ). FERSLE 7 FHPE
FBHPE XS . g5 B e 04 2G50 4R35
M 50, BHPEAS 5 A e A7 T b8 4 it o 0 4
JELFEE b 37 AT 1) E BRORR B £ L A R BORDIR A
. <10% K AP, 10%-50% K 557, =80% K4
588 B .
1.2.3 Western blotéf i Z4RMEL A 2L 2K 1,
BCAME A R, LLAIKIES0 ngl & AR M
VK IR . BT APDGFRa—HiFEHT A
GAPDH—¥i(1 : 500, Santa Cruz/A #))i% & it 1%
JE N i, YElR J5 A TECL(Santa Cruz/A 7))k
RO, XU IR, R, T aiR.
it F A N CMH(cochran-mantel-
haenszel )y K5 i1 7401124 43 #T.

2 BR

2.1 PCR-SSCP# M £ % A kb5 2 1
PDGFRo exonl8, exonl2F1C-kit exonll, exon9
IPCRI™=IAELS g/ LI ARBEBEI HL vk b 33 o
4kt KSR NIh212, 233, 22371310 bp.
TEGIST 524 H LAl HHPD GF R o K 58 4% 5
#1(9.6%), exonl8Flexonl24) 5l Jj44(7.7%) Al
141(1.9%). C-kithkPK| 5 A42841(53.8%), exonll
(46.2%)Fllexon9(7.7%) 435l k2451 F1441. 1941
GIST. IR A& F L+ B i 4 21
H ARG 3 C-kitFIPDGFR o A 5845 .

2.2 M 25 R SHIPDGFRoSEAR 2 40 #t, 4451
exon1857AF, 2451y 84347 151 FEAL 5L s IR AL g 44
IR (18438, ATC-TCC); 191k 83947 pi SEAL 552
275 g il 2 R (L839P, CTG—CCG); 14k 5
AFARN AL IAE, R NS, AR

=8 B 1 4FGIST
#ARKATR, B AT
ERC LA Py
FlAA: (1)GIST
FPDGFRo & &
T EREREE
(R L B ogp R
16 FR 45 AR 09 48 £
[ B
FH (2)GIST
PDGFRo = C-kit
REFE G R
R EZHRAT;
(3)GIST#) A4 %
47 A ME VAT .

W £ B8
Hirota ef al X 3L K
% % GIST ' 4 4k
¥ 2| PDGFRo
EHF KT
kik. FHER
C-kit R 9 GIST
FPDGFRo % &
KK FEERA
C-kit R E#9GIST
+FPDGFRo % &
KRR R, 42
T b4 fE T C-kit
R EHGISTF
PDGFRa# & ik
K455, HednZ
] 89 % AR E b
—F R,
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WA # A R B N RN e T 1 JEFEE. A-B: #l17, YPDGFRa
% FPDGFRo & ‘%.?a? é k\\@: 9 exon18fYI843S(ATC—TCC) HZAF; C—D:
GIST ' b A& 1 f“i}{ o ﬁw X' A B2, HEHC—kit exonl 1IJE561K(GAG—
’é}g;’f;g (’};‘VR*EL . T i’?@ #* : AAG), N5671(AAT—ATT), I571L(ATA—

o o\ N ey 5 2. e el
kit A ‘* A CTA)YE287E; A, C: HE; B, D: C—kit.
AR

833183447 2 [Al4f A —AMIEG, 1#lexonl2
RAR, S85ALRMIBRRAAGA—~TGAZ IL# Y
. C-kit exonl LKLl T 1061, SEARYLE 211
556-586.2 [f], H A A s g AR T4, A 5 AL B )
BRISAR N A AR (2401, NS4S MRS
N RSB [ 1491,

2.3 ®E., FArAEA SHIPDGFRaZE AL BH I
MIGISTH C-kitT A K BT, 284 C-kitR A
A GISTHPDGFRa % A8 341k B, 19441
GISTHPDGFRa5EAE FIC-kit5 45 14 4 Bk, 54
PDGFR o BE K 5842 (1 iigi 35 24 B 5 GIS T, JL
R TE AN M L4, TR A AN AL 1B, C-kits AR
(1) e YRR L7480, stk 1149, L4 C-kit
exon9 AL IR JIrE 151 A il 1t 4R T 4t i 212 1441,
b B A A28, VB 4 i HL 445

2.4 %9 PDGFRoE HMEIEE100%,
GIST 52491, V¥ WLIRE . fb 20 990 RN AE 0
B LHFRIEPDGFRa, (HEIERGI AN, F74E
PDGFRoJEK AL 5 GIST 2 5B Rk, o
PDGFRoJE R AR K47 HIGIST g UM
MR I % I A2 RS PR IL . C-kit
R AR IE R N94.2%, EALET- 3 WU F ol &
R AR Ik, fEPDGFR oL RASGIST 5
ol v C-kit R [ 9k BH I ik 441, B P2k 1451 (14
1A-B); 7EC-kithER S M GIST 284+ C-kiti
P 3 BH 7 6 75 2445 (P 1C-D), 55 BH P e ik 2451, B
MR, R HCkitR (IRIE L 0 %A B
FHRAEP = 0.5332), 548 5 PDGFRoR 141k

kDa
185

37

) kDa
C-kit 145
37
GAPDH

2 ZEEZRABIWestern blotER. A: PDGFRa, 2, 4, 11:
C—kit exon11%874%; 34: PDGFRa exonl8ZE4%; 25: PDGFRa
exon12%84%; 8: hESEE: B: C—kit, 2, 11, 22, 23: C—kit
exonl1284%: 17: PDGFRa exon18584%.

Z A5 B M S (P<0.0001, K1),

2.5 Western blot PDGFRa &5 [ 1 ik 28 1k 45 55 F
AL, ALIE KA, 5IPDGFRa A
IGISTE) 5T C-kitZ A MGIST, 1EW B il
LU 28598, C-kit5€ 2 I GIST, JLPDGFRa
KL Ko 55 A, HI55 TPDGFRa R AR
GIST(2A). C-kitf [FITEC-kitZ AR GISTHK
LAk, (A7 2 C-kit5 4% [ GIST A1 ¥ 47 C-kit
EHMEIL; SHIPDGFRaZEAEHIGISTH C-kit
FIERIA Y11 3 55 BH A (K12 B).

3 e
PDGFRoJE R E N HC-kith i, YT A
2HK4q12-13, M7= 4: PDGFRoCA — B
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*® 1 REREOARENZERA M2 A%
AL FPDG-
FRaf=C-kit%& &
. C—kit PDGFRo. R
K2 n AR E LA R
SBPEME  SSPEME  PAME x° P SBPEME  S3rEE x P ; RiEHE 7%\;;
C—kit 28 24 2 2 0.3882 0.5332 0 28 32.0000 <0.0001 GIST#) 4% 3h F £
PDGFRa. 5 4 0 1 5 0 X e F) B A TR N
A At oL H A GIST
Sit 33 28 2 3 5 28 B i 12
20 & Ao D-Ei
REE LA
&

PR, 2> TR 185 kDa, 15 C-kitl] & [T %
AR B E, LML 4PDGFRaY
BCAAPDGF4: & o nl UK I S IR R IE IR 1k, A
MR A . R, 2%, ot
AT B, KN, ZARRR R R
fly C-k it RAL & K2 MGISTR A K
W EE SR, i, D Bom il ORI
{F{EPDGFR o) fig kA 58 AR, L5 77 A
55 C-kits& AR, AP E I BRI X . 4R
PDGFRoRAZ ] fig & AGISTH J) — AR A,
JEIREAEC-kitZ A B PE M GIS TR TE it F2
EEEAEH].

PDGFRa ALK Z K, U HERAFIERE
A, WA AT REPETRAL, AMUAE ML, 7
ER AT mA k4. Corless e al™HF9TIf 5
45 T 1105HIGISTHI AR KRR, Iz 2 WL 1) 2
exonl8 D842V(Z]562.6%); H1k Mexonl8 Del
DIMH842-845F1exon12 V561D(3L 114.9%). A
SHIPDGFRaZEAEH1241 Fjexonl 811184347 st
A7 ille—Ser; 1flexonl2ff)585 MR FAS,
SCHR TP RGBS X AR, AR AR
POSALE. XA REE NP G, RIS B AR
JETT N TIRE SR PE AR, BB ANTE 2, Tk
SMPPDGFR oY) AES BT I LAIESE . AR 41 C-kit5
A M L 55 SCHR[9-10 4R Je A — %, Kol
1106 exonl 158 K7 %5 1556-586.2 1], H
W, STISTUZAREF RIMGISTEE [ —LiaIT
29, A BN U A [Kabl, Abl-Ber, C-kit
FIPDGFZ AT 2 BRI, AT BHIHE = 1% S,
IEENAIT I B RN AR AR I 58 AR s
T 25997 0T AT Y, Wic-kit exonll
HIPDGFRa, exon125345 [AIGISTH C-kit exon9 !
PDGFRa exonl8%STIS71 YT RUf. HAMNTRL
LR AR AN AT 5%, WDebiec-Rychter er a/'' il
Weisberg et al'™') BIPDGFRo-D842V 5 AR {4 %}
STIS7U =AM 251, BT [ HPKC4125537 2411
5T

R R L, C-kitdh K 4h g 75848 R
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1£40%-90%, Hrfexonl 15848 Fbg i, A4l
R WIRF ST I C-kit exonl1 {578 5 440.4%";
PDGFRoEEAG 2L FRAR, F8745 Fexonl8
(5.6%), exon12(1.5%); Fl F2112%FIGISTHH
XPIFPSRAR), ZEARYL I GISTH C-kit exonll, 9
(1) 578 H 93 59 J346.2%F17.7%; PDGFR a5
AF%9.6%, HHexonl8(7.7%) M1 exonl2(1.9%);
P F 19191 (36.5%) 1 G IS T A Ao il 341 3 4 Foh 5
A Ut IX P R D R AR R GIS TR AE (I 2L 4y
THLH], ARASE ME— AL, A7 70 A AL .
Miettinen er a/''* Fl Andersson ef al' 18, JL .
TR A A Y4Em 1 (NFD)IGIST
PRI B C-kit exon9, 11, 13, 17FIPDGFRa
exonl2, 1857%, Ui A AR IR ARALE]L (A2,
KT IXEEGIS TA I LI R B ik — P e %A
BEAT. Jih, SRR MR, W REA 2R R, —
ASEH TDNARR AR, 5 —AN RS
JiANI.

TR, GISTHPDGFRaZEA KA
C-kitZAZ, 5 K ZHF 7T 4 RANTF"Y. Wasag
et al"™ B, PDGFRaffIZ B KL RATH, A
TRELTEA L LR KRS A L 225 1 C-kitR
B RAET NG, RS DR TEA R F. I
H, 0 FEGIST K Z ATPDGFRaf) 541,
AL SHIPDGFRo AL 1 Mg 340 4 R, (HAE
b AL GIS TH AR 2IPDGFR o AR, X
5 E A SCERAS R ARAE, nTRE S AFE G, A
HRENGISTIWIFURIE T, 40 FGIST
oyt /b WL A L 3 (K C -kt U 2 R %
BIGIST, fEPDGFRaFEAMIGISTHY, HUr bl
HIHPDGFR oA C-kit, KIHC-kit# ik
PDGFRo#IE M. A4HPDGFRa% % 4H
gl RS HR S PP GIS TH; M bric ), (H
FIE T E H5PDGFRoJE K2 AR M K (P<0.0001).
Pauls et al™ R IR, 1E% 14 0 F PDGFRoE A 7E N
(i) 4 28 FH Tt TR SR 40 R il i e 4k |, (RO R
ISLER R R4 L, 4PDGFRaZE A I 3L
RO AAERTRIE. b, SHuREe sz
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