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HER-2 Gene in Hormone Refractory Prostate Cancer

Kang Su Cho, Dong Jun Kim', Joong Shik Lee', Nam Hoon Cho’,
Kyeongmee Park’, Won Sik Ham, Young Deuk Choi

From the Department of Urology, Urological Sczence Institute, *Department of
Pathology, Yonsei University College of Medicine, 'Department of Urology, Kwan-
dong University College of Medical Science, *Department of Pathology, Inje
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Purpose: Amplification and mutation of the epidermal growth factor re-
ceptor (EGFR) and HER-2 genes were analyzed in the tissues of hormone
refractory prostate cancer (HRPC) patients.

Materials and Methods: Gene amplifications of the EGFR and HER-2 gene
were analyzed by fluorescence in situ hybridization (FISH) with direct
sequencing. Studies were performed on 10 patients; tissues were sampled
at the time of initial diagnosis and after the conversion to HRPC (a total
of 20 tissue samples). Direct sequencing was performed on exons 18-24
of the EGFR gene and exons 19 and 20 of the HER-2 gene. The ampli-
fications and mutations were compared with the clinicopathologic features.
Results: Gene amplification of the EGFR gene was observed in 6 (30%)
out of 20 samples. A total of six EGFR mutations in exons 18 and 19 were
detected in three pairs of tissues (three patients). One patient with a
hormone refractory status had a novel deletion mutation in EGFR exon
19. EGFR mutations were associated with the acinar type of prostate
cancer, but they were not associated with the ductal type. No significant
correlation was found between mutation change and the hormone
sensitive or refractory status. However, the time to convert to HRPC was
significantly shorter in the patients with a mutation in the EGFR gene
(p=0.017). There were no HER-2 gene amplifications or mutations found
in any of the samples.

Conclusions: EGFR gene mutation and amplification occurred frequently
in these advanced prostate cancer cases, but EGFR mutations do not
appear to play a significant role in the hormone refractory pathway.
However, EGFR gene mutation is closely associated with the time to
convert to HRPC. (Korean ] Urol 2008;49:24-30)

Key Words: Prostatic neoplasms; Receptor, epidermal growth factor;
Mutation; Gene amplification
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derived growth factor PDGF) B vascular endothelial growth 4] EGFR ¥ HER-29] &g FHslazt &9t}
factor (VEGF) 59| oj2] AAQlat5e] Hofdie}? 53] &

22 54 A4t EGF ¥ TGF-a o] #u|7t Z71 CHAF O Hh
3}31? epidermal growth factor receptor (EGFR) 3 HER-2¢]
Feptado] BAE QYL olof] TEE B4 AgAYo

= A%EE vl QlolA] o] 5e] ogte] FEukw glon 1

1. MMt MEFNMS| EGF % EGFR tyrosine
kinase inhibitor (EGFR-TKI)2! ZD18390{ CHst HI=

AF T2E 5ol HhgEA e AHAY At A AAG AEFEA Z2FE W AYAL AEF
EGFR tyrosine kinase inhibitor (EGFR-TKI)Q! ZD1839%} (LNCaP)%} 32 &4 A-AL AlZF (PC3, DUI4S)E
HER-2 specific monoclonal antibody?] trastuzumabg ©]-8-3F wjokslo] ALt AEFE 95% 27|19 5% CO9
N2e xgySo] RAxm 9}’ 37°Ce] e F7lol Al wHeketel o™ 10% FBS, penicillin (100
HIZAZ HY, s, TR A, AA-FAe A Ul/ml), streptomycin (100g/ml), B! 4mM glutamine”7} U+
HAASE, W3k, A, At B @4 SollA EGFRo] RPMIZ Ao et A AQE Al£oll A viek A EGFE
Fepddste, ol XE W7, F X5l izt WA Folalar Ao wieF FAS st wiekE AlEF
gl Beksl of| 29} o] = AR IdHA Yt HE o| 2] EGFR-TKIS! ZD1839% 0, 10, 25 ¥ 50 M9 £%
ofl & R4 vl&AZ =S g i ed-ollA EGFR 41 FoItaL 2AI7HA] w g A 8] FA]oll ek A A=
A}o] 3 9l Hlo] o] ¥y} EGFR-TKIC thgh 1449l kg PGk 2T 7%= DMSOE Helstg o AlE
of] gL u|X = A E AAE I kP Ak £A) Z Aol 3k AL 1mg/ml MTT (3-[4,5-dimethylthia-
2 A, FAEY, AA 8l 5k SollA EGER tyrosine zol-2-yl]-2,5-diphenyltetrazolium bromide; Sigma)< *d 7}&}o]

kinase domain®] exon 18-21¢1] $]X]3k 35719 A& v} & ¥ 243193t}
o7}k HaEgl ot M M-S AL EGER 04
o] wolol] gt A+= A9 e AAelr)

B ATl e T2E B4 AYALY 949 8 F2 75 FFH R LA st AT vids AR
7130l oisk shbe] 54 o2 EGRRY] o8-S SHlebs o). 19965 20043 Aolol] FAAWA w Aol 4 A
A A-AY A|EFol A 2] EGFR tyrosine kinase inhibitor gAgo g 322 X85 W 3AE FollA HL A
(EGFR-TKDS] ZDI83900] oI3F Mishe sholstnnt shodeh. o PAle] 243 528 394 AdMgoz Aga ¥
ek 3EE 554 A4S E Askd A Yo R o] 235 ode 7 YA 32 F 108 (1042 =2)e o
2% AR AW BEE AL 59 24004 BGRR U Ao o9ih TEE 234 Adddor A%s A
HER-29| §47 5% 4 wo| & &elsla, 42 H3tE Fo| 2A BF alxFde TAS Sl ARt ek
HlE BAste] SEE B4 AYAFO R A% el A AYA BAEL Bl Hu 2Holgh iy HF
Table 1. Clinical and pathological characteristic of the subject patients

.. Time to Follow-up
A Initial PSA 1
Patients ( eiis) m(tr:/mlf Type gst;aé(i;;();é HRPC duration Status
Y (months) (months)
1 81 165 Acinar 9 (5+4)—10 (5+5) 6 23 Expired
2 82 216 Acinar 9 (4+5)—8 (4+4) 37 62 Expired
3 68 141 Acinar 7 (4+3)—>7 (4+3) 16 55 Expired
4 70 213 Acinar 7 (4+3)—>7 (4+3) 62 81 Expired
5 64 184 Acinar 7 (4+3)—7 (4+3) 14 27 Alive
6 75 76 Ductal 8 (4+4)—8 (4+4) 36 34 Alive
7 54 153 Ductal 8 (4+4)—8 (4+4) 22 42 Expired
8 53 127 Ductal 8 (4+4)—8 (4+4) 23 28 Expired
9 61 139 Ductal 8 (4+4)—8 (4+4) 25 57 Expired
10 71 683 Ductal 8 (4+4)—8 (4+4) 26 30 Alive

PSA: prostate-specific antigen, HSPC: hormone sensitive prostate cancer, HRPC: hormone refractory prostate cancer
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tol= 68411 (53-82)%12m, A A%t Al XA A
oF gl HolA AFAlte] 77 39 ul 79o]glon, =%
2 2 & acinar type B ductal typeo] 227 574 o]},
Ao A JAHew 322 BoA Adges A
71744 A7 A7 2309 (6-62)01 Tk ShAELS
T 70| oz Adslglon (23-81719), ok 39
A F4 Fold) (14-36714) (Table 1).

3. Fluroscence in situ hybridizationS 0|28 {XX}

52 pa

4pm FAR AerE ZF ol two-color fluorescence in situ
hybridization (FISH)E Al3st3let. 22 A2 56°CellA
24X 7k &}t mieFst ¥ gelelldtAl 7| AL, 100% oll'HEE
gdlst 3 Aol ZAzA1Z ek 24 £Elo] =+ 02N HCL
o] 208 FoF Aelgt & FA|3Y (Vysis, DownersGrove,
USA)E o] &3le] 38 &<t FAlsslct. =24 &efolue
k] AA 2] &0 (Vysisye o]-8ske] 80°CollA] 304 &3t v
elslon], AAFE & W A F, Ao s 23]
FAIBIA ). Eelo] =& 37°CollA] protease solution (Vysis)
off 108 &t B ¥ 45-50°Col| A ShFHoZ Hlo] i,
1087 AFed 7 =38 3 o}A] 45-50°CollA] 5o 2 Ho]
wiolch Eelol =8 10% 2438 &HoF 102 53¢ 2
A F 45-50°CollA] SFHo g2 Aol ydrt EElo|=E
72°Coll 4] 5% 5<F denaturation solution (Vysis)ol] B %
45-50°Coll Al 75%, 85%  100% oeh-&2 ¢lo]o] &34
Zit}. 10 £12] LSI EGFR/CEP7 probe (PathVysion™; Vysis)<-
ojeg| 3 A FekAg2 WE 3 Hybrite (Vysis)oll 4 37°C
ol A sk S<F hybridizationstAct. o] ¥ FEholEw
72°Col| Al 28 F-<F posthybridization wash buffer (Vysis) 2
Alstg . AlZ3-2 10 £12] 4,6-diamino-2-phenylindole (Vy-
sis) & =z 34193 tl. Centromere 7 (CEP7)Z} EGFR copy
TE FAsech it or Adeolw HAAUA %

A ZEHol| A EZu) 9] EGFR signal¥} <542] CEP signal 2]
H|7F 2 o] 4 wl FAA SFHo g A olssirt. HER-29]
Z .2 SI HER-2/CEP17 probe (PathVysion™; Vysis) ©]
Feho] 22 Wl P

4. EGFR % HER-2 &KX} 0] M

BEE dBollA Z2E 914 8 3EE B34 A
Sboll alidst= 2H7He] =2 ol tiste] EGFR % HER-2 £-741
ZLe] wo] & H43}9lrl. PCR-single-strand conformational
polymorphism (PCR-SSCP) £4-& o]83}3c}. EGFR #4
Ape] BAL kinase domaine Q1 =3} exon 18245 4
19 o1, HER-2-2 exon 19 & 2001] thsto] =Asgich. 2+
Zrol| dl| sl forward B reverse primer®] A2 53}
72t} (Table 2). cDNAS| numberingS ATG start codon
(NM_004448)1] Hslo A §&}3ict. PCR Abgol WA
31994 32PACTP)E A A 7|2, autoradiogram -2 7 43}
Art. PCR HFHSL 94°Col|A] 18E7F denaturation A7l 2%,
94°C/302%, 50-60°C/30%, 72°C/30%2] =AC & 30cycles&
At ). SSCP3Fof] mobility shiftE H.o]+= DNAs= 71
25 AR HE ZelHo] 72 primer setE o] 3fo] AEE
s}tk PCR AHE9] 37149 E42 cyclic sequencing kit
(Perkin-Elmer, Foster City, USA)E o]-&3}o] A|xAe] A&
A Aol wte} 3t

5. X2 24

2

o 32E A AUAdeE A3ETIHA
A7 AZEE N5 LA sl 3o g Bl
™, EGFR 4174} Wo] of fof] ;b 523 534 A4
doz AT A AR A7 Aol & =AYt &
AlgrH 242 Mann-Whitney U testE Al 83} 2, pgho]
0.05 v|wkel B¢ EATH oz ougle Ao A
et

Table 2. The nucleic acid sequence of the forward and reverse primers for the EGFR and HER-2 genes

Exon Forward primer Reverse primer
EGFR  exon 18 CAAGTGCCGTGTCCTGGCACCCAAGC CAAACACTCAGTGAAACAAAGAG
exon 19 GCAATATCAGCCTTAGGTGCGGCTC CATAGAAAGTGAACATTTAGGATGTG
exon 20 CCATGAGTACGTATTTTGAAACTC CATATCCCCATGGCAAACTCTTGC
exon 21 CTAACGTTCGCCAGCCATAAGTCC GCTGCGAGCTCACCCAGAATGTCTGG
exon 22 GAGCAGCCCTGAACTCCGTCAGACTG CTCAGTACAATAGATAGACAGCAATG
exon 23 CAGGACTACAGAAATGTAGGTTTC GTGCCTGCCTTAAGTAATGTGATGAC
exon 24 GACTGGAAGTGTCGCATCACCAATG GGTTTAATAATGCGATCTGGGACAC
HER-2  exon 19 GCCCACGCTCTTCTCACTCA ATGGGGTCCTTCCTGTCCTC
exon 20 GTGATGGTTGGGAGGCTGTG GCTGCACCGTGGATGTCAG

EGFR: epidermal growth factor receptor
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ZD1839° 714 wlzkslSi el (Fig. 1).

2. Fluoroscence in situ hybridization2 0| &8t {FX X}

5= na

% o 20709 =4 F 6719 =4 (30.0%)°l1 4] EGFR]
ZZo] elE| 9t} (Table 3) (Fig. 2). 6709 23L 317} 31
o TEE EIAHOE AGHT| Ao zHolglen, B
7 acinar type®] 4%t 2% o]t} Ductal type®] 41 tgkAtell
A EGFRE| FFo| 3EA] kgt

3. EGFR 2! HER-2 $HX}Q| Hi0]

EGFR®] Wol= ¥ 10 2] A4 34t 207M9] =7
% 39ollA] 979 Wo]7} Felx| 9l om, o] 5 B acinar
type®] Atz o]} &2} 1 exon 199] 18 A7 (5-
TAAGAGAAGCAACATCTA)S] ZA (deletion)e] T 22 &
S A zZ oA FEE 21, exon 239 codon 9039 437
A o] ACCollA ACTE A3hEl Zlo] 32 F 7174 5l &
A 24 oA #EE G o ofu] i ite] HMdHE $l9l
th 22 3 S E2E I 23 9 554 2F6A B

EGFR exon 199 codon 7389 937]4 o] GTTl4 GGTE,
1 PC3
100 4

80

60 -

Cell viabilities (%)

40 -
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—e- 10uM ZD1839
204 --e- 250M ZD1839
--a- 50uM ZD1839

0 T T T 1
0 24 48 72
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Fig. 1. The change of the suppression of cell proliferation in
response to epidermal growth factor (EGF) and EGF receptor
(EGFR) tyrosine kinase inhibitor (EGFR-TKI) ZD1839 in a dose-
dependent manner at the prostate cancer cell lines.
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Table 3. The summary of the amplification and mutations of the EGFR gene in acinar type adenocarcinoma

Gene amplification Mutations
Patients

Status Exon Variation Status Aminoacid
1 HSPC & HRPC 23 codon 903 (ACC—ACT) HSPC & HRPC Thr—Thr

19 18bp deletion HRPC only -

2 — — — — —
3 HSPC & HRPC 19 codon 738 (GTT—GGT) HSPC & HRPC Val—Gly
19 codon 761 (GAT—GGT) HSPC & HRPC Asp—Gly

4 —_ —_ — —_ —_
5 HSPC & HRPC 18 codon 709 (GAA—AAA) HSPC & HRPC Glu—Lys

HSPC: hormone sensitive prostate cancer, HRPC: hormone refractory prostate cancer, EGFR: epidermal growth factor receptor

Fig. 2. Observation of the amplification of the epidermal growth
factor receptor (EGFR) gene by fluorescence in situ hybridization.
Cells that were morphologically normal and had a ratio of the pink
EGFR signal to the green centromere 7 signal higher than 2 in
nonoverlapping nuclei were classified as having a gene amplifi-
cation.

codon 7610] GAToll4 GGTZ A 3lEo] &l oju] =Ato]
Z+-7} valineol| A glycine B! aspartic acidoll 4] glycine2. 2 i
A=At T3k 32} SoAE TEE WA 23 8l 52
2 BeA =27 BS54 EGFR exon 189 codon 7099 <3

714 o] GAAoA AAAE ZgtE]o] 3l opu| =it glu-
tamic acid”} lysine© 2 thA|=| 91t} (Table 3). HER-2 -3 A}
©] exon 19 B 209] Wo]= BE ZZof|A] #AEA] ¢kgirt.

4. EGFR FXALQ| HO|ot &Y 0f|F2tE

EGFR #4172} ’lol & 59l 319 hafell A lgs o=
2R B AMeo g Azl 7|72 A=l R 7HS
12.0£5.3714 (6-16)°]} o™ HF FH oA BT A3l
o}, EGRR §417} #lo] S Wol A gke 7] ghatollA) 14

Hog S8 334 AYALLE AR/ 47 A
7H 33.0414.109 (22-62)1 9074, o] F arol Anelgl
o EGFR v@z} Ho] §-3oll mel T2 24 AYA

Qto 29 Ag7tA| e A 7to| FATHLZ §o3t Ho| &
ik (p=0.017).
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