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Background : Protein tyrosine kinases (PTKs) such as c-Abl, ¢-KIT, PDGFR-« and PDGFR- 3
are key proteins in the regulation of cell growth. In this study, we evaluated the correlations
between the expression of c-Abl, c-KIT, PDGFR-a and PDGFR- /5 and the survival of patients
with ovarian cancer. Methods : We performed the immunohistochemistry for 102 patients with
ovarian cancer and we retrospectively reviewed the overall and disease free survival and also
the response to platinum-based chemotherapy in those patients. Results : The short disease
free survival rate was significantly associated with the increased expression of PDGFR-a (p=
0.0459). The short overall survival time in patients with advanced (stage Ill and 1V) ovarian
cancer was associated with the overexpression of c-Abl (p=0.0268) and the reduced expres-

H 220059119 39 sion of ¢-KIT (p=0.0307). On multivariate analysis, the tumor stage and c-Abl maintained their

ARIZol : 20069 49 292 prognostic influence. Meanwhile, none of the four PTK expression patterns predicted the res-
ponse to the platinum-based chemotherapy. Conclusions : Our data suggest that for patients
MoK} : 7} F A with advanced ovarian cancer, the overexpression of c-Abl and the reduced expression of c-
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ET o9xF 62 | KIT might be used as poor prognostic factors for overall survival. It is further noteworthy that
239 3R | the tumor stage and c-Abl may be useful in predicting the patients’ survival. Although any of
the four PTKs could not predict the response to platinum chemotherapy, the expression of
the kinases targeted by tyrosine kinase inhibitor suggests the potential usefulness of imatinib
mesylate for the treatment of ovarian cancer.
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lating factor-1 (CSF-1) 484 Agel| &3k’ T8]F c-Abl
2 140 kilodalton®] nonreceptor tyrosine kinase®A] tyrosine
kinase] src family®l] £38hc}?
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&S Fo|7] Yaf wt=A] AR5l EHOZ tyrosine ki-
nase inhibitor®] imatinib mesylate (Gleevec, Novartis Phar-
ma AG, Basle, Switzerland) < c-KIT, PDFGR, c-Abl3} &
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trointestinal stromal tumor, GIST) @ =M ZA Mg o
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Fisher Scientific, Pittsburg, PA, USA)dl # st 1#
s AR g s AAT Fo ¢ASE FrAs A
At} 10% citrate buffer (Zymed, San Francisco, CA, USA)
of & $ 121C I Ht7lolA 1587 Aelaisinh 19 o
& Egagsdoz Al 03% Fatskraz YA it
staAe 28-S AAANAT T EFAgTd o AAe &
A% oA Aol 2087 WA T QAAE A kG
AF dAEAR -KIT (DAKO, CA, USA), PDGFR-«
(Neomarkers, Fremont, CA, USA), PDGFR-A (Neomarkers,
Fremont, CA, USA), c-Abl (Neomarkers, Fremont, CA,
USA) A2 717 110002 43 5 ALdA 147 24
A7t A Eea9 0 HHe g olAeAll 3087
HHEA)7) 2 =A| 3 streptavidin?} AR A7F AgHE Lo
3087 WHAIA TR o2 Aojdl U diaminobenzidine
(DAB) 2 WA & FujEAd o2 djxdAste FYstairt

S Frn o AWEGS W 1% o] &
3 A9 dh-go] A A AEde) HzAMog Yeht
= A% Yo7 A=) cKit, PDGFR-a, PDGFR-59]
AT 2N 2 Azt A ZFAM HA o7 W ey,
c-Kite] A% 20% o], PDGFR-a9} PDGFR- 89 A< 10%
olife]l FYMEAM LEE W& FOo2 A=Y

EJsty BN
AT A= SPSS software version, 115 (Chicago, Illinais,
USA)E ol&sld FAAZ AT s Adxt 9 pro-

tein tyrosine kinases®] & of o] w2 AMELLS Kaplan-

Meier W9 log rank 7AAL 0] 843t thH<: EA (univariate

analysis) & Ald)ate] vl h AE 7)7ke] dig o &
A (multivariate analysis)< Cox regression model& ©]§3}d
Alataiet, A fo5Ee 0.05 olstE Askgith

c-AblZ 604 ol3te] A} 74 F 600(81.1%) 9141, 604
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olake] 37} 284 Z 204 (71.4%) oA HA=UATE c-Kit, PD-
GFR-a, PDGFR-#E 6041 olste] SalolAN 2zt 29.7%,
48.6%, 50.0% LEE AL, 604 o<l SR AX = 7+ 250
%, 42.9%, 50.0% FHHATE

c-Abl, c-Kit, PDGFR-¢, PDGFR-8% A7) 1719} 2
71l S Gale 49¢] = 7Hz; 4190(83.7%), 144(28.6%), 199
(38.8%), 22¢1(44.9%) AN A HAEL, 3719 47]9] =)=
53] Z 7}z 3990(73.6%), 15¢1(28.3%), 29¢(54.7%), 299]
(54.7%) N A A= QA

rEe S

RN R
L AT,

o5& - 0|25 - 0lu & 19!

ZATA §8& ZAYF vFAG o R ro] BRSATH
c-Abl, c-Kit, PDGFR-¢, PDGFR-5= A4 $3<l 544
Z 247} 419(75.9%), 19¢1(35.2%), 3291(59.3%), 314](574
%)ollA HEE oM, vl §FQl 489 F 394(81.3%),
10¢7(20.8%), 16¢1(33.3%), 20¢1(41.7%) A L&HATE o]
% PDGFR-9] a3 444 39 Aade SAH R
o8 AtHp<0.05). HFAY F3 F AWM
AA 11¢] F 101(909%) A c-Ablo] W =] c-Abl#e]
APAE A BhE, PDGFR-as & 2¢)(18.2%) ol 4wt it

Fig. 1. Positive immunohistochemical stainings for (A) c-Abl in endometrioid adeocarcinoma (B) ¢-KIT in serous adenocacinoma, (C) PDGFR«
in mucinous adenocarcinoma and (D) PDGFR 3 in serous adenocarcinoma.
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Table 1. Relationships between clinicopathologic parameters
and c-Abl, c-Kit, PDGFR-«, and PDGFR- 3 expressions in ovari-

an carcinomas

Characteristics Nc.)' of
patients

No. of
c-Abl
positive
cases (%)

No. of
cKIT
positive

No. of
PDGFR«
positive

cases (%) cases (%)

No. of
PDGFRA

positive
cases (%)

Age (years)

e |ety o] 21X & c-Abl, c-Kit, PDGFR-2, PDGFR-
82| Usn MES2| ZH|(Table 2)

TE T PHLNS I Ui &5 F 579(60.6%) 7
getseta ol WS B, g5 ¥ 74 32 7170 F2A 49
7 (48.0%) 2 AEakl om 297 (28.4% )= AakiTh

%311 e AES B2 ellE 2k

ease-free survival rate) 2t EA8t4 02 F93F AAAS HY
=, 93717 E32(p=0.0000), F44

(e} - b
(p=0.0000), ZAH FFo] =XL(p=00148), & & ¢
HZOWE iz o2 A9 (p=00127)0] £ A=&0] otk

All cases 102 80(78.4) 29(28.4) 48(47.1) 51(50.0) o ) )
<60 74 60(81.1) 22(29.7) 36(48.6) 37(50.0) Table 2. Univariate survival analysis
>60 28 20(71.4) 7(250) 12(42.9) 14(50.0) . Disease free
FIGO stage Overall *survwal Variables survival
All cases 102 80(78.4) 29(28.4) 48(47.1) 51(50.0) p-value o-value®
-1l 49  41(83.7) 14(286) 19(38.8) 22(44.9)
M-IV 53 39(736) 15(28.3) 29(54.7) 29 (547) 0.4727 Age 1.0000
Histologic type 0.0038* Stage 0.0000*
All cases 102 80(78.4) 29(28.4) 48(47.1) 51(50.0) 0.1904 Histologic Type 0.0000*
Serous 54  41(759) 19(352) 32(59.3)* 31(57.4) 0.1589 Grade 0.0148
Non-serous 48 39(81.3) 10(20.8) 16(33.3) 20(41.7) 0.0487* Adjuvant CTx 0.0127¢
Histologic grade 0.0563 c-Abl 0.7040
All cases 102 80(78.4) 29(28.4) 48(47.1) 51(50.0) 0.3201 cKIT 0.9858
G1 28 23(821) 6(21.4) 11(39.3) 12(429) 0.5918 PDGFR-a 0.0459*
G2G3 74 57(77.0) 23(31.1) 37(50.0) 39(52.7) 0.7375 PDGFR-5 0.1992
*p<0.05. *Univariate regression analysis, p<0.05. CTx, Chemotherapy.
100 1o Overall Survival: c-abl . Overall Survival: c-kit 100 e Overall Survival: PDGFR-«
T p=0.0268 p=0.0307 p=0.4891
S 51 by 3 g 75
s e =
2 ol 1 3 2 5
g e k= =
8 i g g8 | e ;
& BF o - + & & 25F _ PDGFR-2(-)
—— c-abl (+) —— PDGFR-¢ (+)
0 Il Il Il Il I} 1 0 Il Il Il Il 1
0 25 50 75 100 125 125 0 25 50 75 100 125
Time 0 @ Time e
100 [T, Overall Survival;: PDGFR- 3
p=0.4383
ERGES
s
2 50
§ ,,,,,,,, n Fig. 2. Univariate survival analysis of stage Ill ovarian cancer patients. (A) Patients with
S st tumors positive for c-Abl have a markedly decreased overall survival compared to
- EBSEEZ@ E:r)) patients with tumors negative for it. (B) Patients with tumors positive for c-Kit have an
0 ‘ ‘ ‘ ‘ | increased survival compared to patients with tumors negative for it. (C, D) In contrast,
0 25 50 75 100 125 there are no significant difference in overall survival between patients with tumors posi-
Time Q tive for PDGFR-¢ or PDGFR-4 and tumors negative for them.
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Table 3. Multivariate analysis of prognostic factors for survival using Cox proportional hazards model

Overall survival

Disease free survival

Variables

Risk 95% Cl p-value Risk 95% ClI p-value
Age (<60/>60) 1.547 0.623-3.383 0.347 1.255 0.651-2.419 0.497
Stage (-II/111-1V) 4.821 1.747-13.309 0.002* 7.538 2.970-19.133 0.000*
Histologic type (serous/nonserous) 1.377 0.538-3.521 0.505 0.705 0.325-1.532 0.378
Histologic grade (G1/G2-3) 2.097 0.583-7.541 0.257 1714 0.622-4.720 0.297
c-Abl (-/+) 4.483 1.281-15.692 0.019* 1510 0.715-3.191 0.280
c-KIT (-/+) 0.505 0.194-1.318 0.163 0.592 0.284-1.232 0.161
PDGFR-a (-/+) 1.160 0.434-3.098 0.767 1.465 0.633-3.395 0.373
PDGFR-2 (-/+) 0.882 0.344-2.265 0.795 0.887 0.399-1.973 0.768

Cl, confident interval. *p<0.05.

Table 4. Protein tyrosine kinases and primary chemotherapeu-

tic response

Response
p value
) (+)
c-Abl negative 6 (27.3%) 6 (72.7%) 0.220
positive 31(43.1%) 1(56.9%)
c-KIT negative 26 (38.2%) 2(61.8%) 0.814
positive 1 (42.3%) 5(57.7%)
PDGFR-«a negative 16 (32.7%) 33(67.3%) 0.206
positive 21 (46.7%) 4 (53.3%)
PDGFR- 8 negative 16 (32.7%) 3 (67.3%) 0.206
positive 21 (46.7%) 4 (53.3%)
Protein tyrosine kinases Zo|A&, PDGFR-a%to] W& &%
e 2o T AZE) F23k0] 497499 v e 2ARE
T 2870 ol X FAEHA Folg Aol & B tHp=0.0459)

o
1o
IFI}.’E
H oo
o>—

”—’.-_‘—%—l A (Fig. 2)
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= LN
o] AE 717k S TR WA

Qo5 e ARG B E]—(p200268) il

ML, FYY 2ol %JOW e

0.0307). 284 PDGFR-a3 PDGFR-3¢] 7%,
o
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W BAE e dus BAS AL o
0.002) 9} c-Abl (p=0.019)°] AA A= =
FAREA BARA o4e BAT, T
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9ol o] 349l 2k
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=, c-Kit

c-Abl, c-Kit, PDGFR-2, PDGFR-5 &&d1} §tetalst |
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