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Background : Gastrointestinal stromal tumors (GIST) are the most common mesenchymal
tumors in the gastrointestinal tract. Recently, many methods for the diagnosis of GIST have
been developed including molecular diagnosis. Methods : We selected 90 cases of GIST
that had presented at Kyungpook National University Hospital between 1998 and 2007. Tis-
sue microarrays were made using core areas of tumor tissues. Immunohistochemical stain-
ing for c-kit, protein kinase C-theta, and platelet-derived growth factor receptor alpha (PDG-
FRA) was done. Direct sequencing of hot spot exonal areas for c-kit and PDGFRA were done
using extracted DNAs of all 90 paraffin block tissues. Results : Among the 90 cases, 83.3%
(75/90) were c-kit positive, 16.6% (15/90) were c-kit negative, 93.3% (84/90) were PDGFRA
positive, and 6.6% (6/90) cases were PDGFRA negative. Fifteen cases of c-kit negative
GIST included 1 case of PDGFRA negative and 5 cases of PDGFRA negative GIST were c-
kit positive. The one case in which both c-kit and PDGFRA were negative, showed a c-kit
mutation in exon 11. Conclusions : Combined immunohistochemical staining of c-kit, discov-
ered on GIST 1 (DOG1) and PDGFRA is helpful for the diagnosis of GIST. When all staining
tests are negative for immunoreactivity, c-kit mutation analysis for exon 11, 9 should be done.
Genotyping of kit and PDGFRA do not need to be examined initially, if it is only for the diag-
nosis of GIST.

Key Words : Gastrointestinal stromal tumors; c-kit; Receptors, platelet-derived growth factor al-
pha (PDGFRA); Mutation; Sequence analysis
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Fig. 1. Tissue microarray and slides. (A) Tissue microarray, (B)
hematoxylin and eosin, (C) c-kit, (D) platelet-derived growth fac-
tor receptor alpha (PDGFRA). The second core in the 2nd row
shows all negative immunoreactivity for c-kit and PDGFRA.

H gAANAELS Hopx ZAuAu] g (tissue microarray,
TMA) s2H 858 WE3(Fig. 1), c-kit, protein kinase C
(PKC)-theta$} platelet-derived growth factor receptor alpha
(PDGFRA) wdle] #olg zAlsnA stk E@ KITS)

PDGFRA®] Wo] 48 213 d714 g% (direct sequencing)

o2 Astel MNP BAE BFHLTT g2
99 405 Mg F 412 AR 99 ¢
2RZE ARHIA Sk

lm|AEY BAl0 2l 22 ML X
(TMA)2| ®| &k

1998'd ¢ 2007‘477}1] 73%‘151} B
71AEg RS
9 zA(2 28)2 23, 77
A (hematoxylin and eosin, H&E) 944 %E}O]E L]
453942 ABAT ol B9l WA 3
A HINE BA] Este] A1 dTgeR g 62
N7, ek 22S 37 o2 TMASOE AZat &
g 71E9 H&E 94 S2ol=8 Addste ¢ Azrt $4
F 22 7F 23kS Ml A 2 mm, €80t 13 @ 23719
715& 7HE TMA 40E 242t e R THEo] 5 8uf9

d
EiL
N

b=}
o
i)
N2

d

i

o

.
= r

TMA d2h £33 THESITh

GIST TMA S2}0|=2| HAZTA|S|SHAM

TMA met E55 3-5 um FAZ 2 &ao|To 9l
T, 67C 271 wH(12417F F9b) Ttk O™ ‘:}9‘ Xy~
lene O 2 FAE AA 7 o FE] YFEE YA
2, 94 3ES Y8 EDTA buffer olA %évwri 20
b rEe § AoA A3 olw) E7] ©EE A CD34
(Beckman Coulter, Fullerton, CA, USA)$} S-100 (DAKO,
Carpinteria, CA, USA), E7] t}&2 &4 SMA (DAKO)
182 E7) 9EFE 3¢l U3 ALe] c-kit, PKC-theta,
PDGFRA (DAKO) 5& o] &3t}

0]% A8 WP 7] (Benchmark” XT, Ventana, Tuc-
son, AZ, USA)E o|&sto] HAZASIEANS Alet 34
< e 2 S W Rbstas @498 oAlsk] sl
3087} 03%¢] FAsKEAS Lo 7 g, 1110002 3
A3} c-kit, PKC-theta, 1:2002.% 343 PDGFRA ¥z} &
A2 ALo|A 3087 A28 & Mayer's hematoxylin® 2 tj
Z MGtk olwf A AR T Axe] AxAs Az
A 7t AL Rolz ALE A2+, 5% olde] &
A, SRFA(1+, 10% ©)% 75%9] Ob‘q) 83 AlEE] 10%
sfaach = FF Fl
M= ckit 9 PDGFRA ﬁoﬁiaﬁ}d%’”‘“@] A BT A
o] 7$-o] Z& hot spot & exon 11, exon 9] thal direct
sequencing & AlgJsle] Hol E41& sl9ith

B o9 187} @ el DNAE ARusias g 7|34

el Mﬂ(IRBM A& 7%&10134 i?d A7
735t St ¢

Folxt

M

2 1

B o) A& A A A E 920 E AEF ST, I F 297}
EE w225t d Al 2A1S HAT, SMA FAolA

gk okAo|tt, B3 c-kit X PDGFRA exon®] o2 $43
AN E Hol 2 BAsA Falo], S HBIFOT +7

299 c-kit B2 3eAgA0] =] A 199838)
20008714 Z%eisha W AuE 949185 el
£ gob BAsg ol Y FAL WA 109, o4 24730)
0w, A A FF 1ol 5534(25-744) Fek. A7)
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Table 1. Risk assessment according to Fletcher et al." of gas-
trointestinal stromal tumors (1998-2007)

Mitotic Small Large

Ri Size ' Esop- Sto- . . Omen-
isk figures intes-  intes-

(cm) (HPF) hagus mach tne  tine tum
Very low <2 < 5/50 0 4 2 1 0
Low 2-5 <5 0 21 10 2 0
Inter < O 9 xm 3 2 o
mediate > 10 <5

>5 >5
High >10 >10 0 1 5 3 3

any size any mitosis

HPF, high power field.
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Fig. 2. The result of direct sequencing showing a point mutation.
The normal base T is transformed into the mutated base 1677T>
A, 559 amino acid change from valine to aspartic acid (V559D).

Table 2. Analysis of 90 cases for c-kit and platelet-derived
growth factor receptor alpha (PDGFRA)

1998-2001  2002-2007 Total

cKit(+), PDGFRA(+) 23 47 70
o-kit(+), PDGFRA(-) 2 3 5
c-Kit(-), PDGFRA(+) 8 6 14
cKit(-), PDGFRA(-) 1 0 1
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\

c-kit () —> c-kit (+) —» GIST
Trichrome — Fibroma
5100(3) —Schwannoma CD34 (1) (+) one of CD34, DOG1,

DOGI() — PR
PDGFRA () PDGFRA, PKC-theta — GIST
Desmin(+) or Smooth muscle actin(+) PKC-theta (.)

— Smooth muscle tumor

c-kit mutation exon 11,9 (-) = Mutation (+) = GIST
PDGFRA mutation exon 18, 12 (-)—> Mutation (+) >GIST

c-kitexon 13, 17

PDGFRAInexon14 | > Mutation (+) —GIST

Fig. 3. Algorithmic approach to diagnosis of gastrointestinal stro-
mal tumors (GIST). When there is a soft tissue tumor composed
of spindle cells around the gastrointestinal tract, it is helpful for
the diagnosis of GIST to use c-kit, CD34, S-100, and desmin. If
one GIST is c-kit negative, and platelet-derived growth factor re-
ceptor alpha (PDGFRA), discovered on GIST 1 (DOGH1), and pro-
tein kinase C (PKC)-theta are positive on supplemental immunohis-
tochemistry, it should be considered that staining immunoreactivity
is generating false positives. If all immunostaining is negative for
c-kit, then exon 11, exon 9 mutation analysis is the first step to-
wards diagnosis. Then, genotyping of PDGFRA exon 12, exon 18
is recommended. If the tumor shows mostly fibroblasts on Mas-
son’s trichrome staining, it is a fibroblastic tumor. If a tumor shows
only S-100 immunoreactivity, it is of Schwann cell origin; if only
smooth muscle actin or desmin are positive, it is of muscular origin.
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