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A Single Institute's Experience of Standar-
dization for the HER2 Status by Fluorescence
in situ Hybridization and Immunohistochemistry
on a Primary Breast Cancer Tissue Microarray

Kyeongmee Park' and Sehwan Han’

Departments  of 1Pathology and 2Surgery, Inje  University
Sanggye Paik Hospital, Seoul, Korea

Purpose: Most tests developed for the determination of
the HER2 status still require validation, although identifi-
cation of the HER2 status is important for predicting the
response to specific systemic therapy in breast cancer.
Fluorescence in situ hybridization (FISH) and immuno-
histochemistry (IHC) were performed for the HER2 expres-
sion on the tissue microarray (TMA) from primary breast
cancers to validate the feasibility of IHC for HER2 assay.
Methods: A TMA was constructed from 134~231 primary
breast cancers. FISH and IHC were repeated more than
twice, and the results were analyzed. Three kinds of
primary antibody for IHC were used and compared.
Results: The HER2 was amplified by FISH in 24 ~28% of
breast cancer with a concordance between multiple assays
of 92~100% (kappa=0.994-0.965), while the HER2 was
overexpressed in 21~27% by IHC. The HER2 was ampli-
fied in 70~100% of the IHC 3+ cases, but was observ-
ed in only 45~78% and 5~12% of the IHC 2+ and
IHC 0~1+ cases, respectively. The results from the IHC,
using 3 different primary antibodies to HER2, were in good
agreement each other at 88~92% (kappa=0.902-0.799).
Conclusion: The results of the FISH appeared to be more
reproducible than those of the IHC in the current
study. The results of the IHC were not different from each

YA v, AEA] AT FA TF 761-1
139-707, ZgA N E < B
Tel: 02-950-1263, Fax: 02-950-1266
E-mail: kmpark@sanggyeEpaik.ac.kr

A 120049 19 6, AAMSAL 20049 2 23

27

other according to primary antibody used. However, a
considerable proportions of the IHC positive cases were
not confirmed by the FISH. This report indicates a need to
improve the laboratory quality control measures when
using the IHC for the HER2 assay, including the periodic
testing for the concordance with FISH. (Journal of Korean
Breast Cancer Society 2004;7:27-31)

Key Words: Breast cancer, Fluorescence in situ hybridization,
HER2, Immunohistochemistry, Tissue microarray,
Standardization
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HHEAS 717 ¥ semiquantitative scaleZ 5 F 22 3}
Solall Web FRA BEL 2ok vHel 3
HER? @ o] kg o] o -+ DNA 53l ojs] doj
vz 2249 A2y By oA 7HE HH ] HER2
DNAS ZZ& Zalalt W o &5t FISHA 7%
Qo9 woz Ped ot Lo FisHE @304
o] Z .23} DNA probe?] 7tA <] B ©xo] St} FISH
T HER2 #7749 $3F& A8tz HAgxHsst1 A
of Wlate] AuiHoz o Ausoln Fahg HEH #A
Ho|t}, W z2 g s Ao -9 National Surgical Adju-
vant Breast and Bowel Project (NSABP)$} Breast Intergroup
Trial N98319] A= 4 7]do] webx ex7F 2 Ao
Z BuHY (4 ol dgxzA st o] ve A
&&-2 United Kingdom National External Quality Assessment
Scheme for Immunohistochemistry (UK NEQAC-ICC)2] &4
Astol] Hh2w fuste] ol AAol} 4 ge) Aolurh
£ BN e BEe) FUAY )G Ao W
97 ko) Aold fue oz B 94N 2
HEL FISH 7AMo] trastuzumab X5 9] ¥F-3-& T A 33
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S SE e FHY gt E59 3wdA 248 AF
3} tissue microarray (TMA) 53-8 A& & 37)9 A4
AR sefo|l=E Aof 23] oo 24 HER2 FISH 743}
HqzAs et Alste] 235 Hlalskth 24 TMA
A& 134~2614 9] F4et & o] =AU FISH 24
2 PathVysion'™ HER2 DNA probe (Vysis Inc., Downers
Grove, IL, USA) & AM&-3sH9laL W24 3184 AAS 9
3 JAZ= HercepTest® (Dako, Carpinteria, CA, USA),
Rabbit anti-c-erbB2 (Zymed, South San Francisco, CA, USA),
Mouse anti-c-etbB2 (Zymed)S ©|-&3}3th 43 A3 =
o)A FAle] FISHSF W24 5les HaAg Aldsted] 1
APRES vl BE4s

1) Tissue microarray (TMA) X|Zt

FRA WHOE £ ek BEL WE| Fof B
Sog Fushm e £40] Sof gE 37 st &
% % 32UoA 2HL o] FHE Sof B0 242
$71 A9tk o) W) 3% 24 A AESHE 2 mm 47
o e olgaketh®)

SAARI o2 A FstH o (9) EFekAl v 2
.57 4ime] EEto|EE 56°CE 24417 FUATH 2
At T 80°Ce] A & A (Vysis) ol 3027+ )34
37°Ce] T Eal] a4 &N (Vysis)oll 1023 A 2l et
29 108 T TAT T 72°Co WA & H(Vysis)
7 A43 5 geagit)h 2009 PathVysion™ LSI
HER2/CEP probe (Vysis) & A&A171 & A £Ho=2 o
I 37°CE 14~ 18417 FAst At 72°Ce] 733t A3
HZF Y (Vysis)oll 227+ A&t AW £HS AIASHAL 20
ul®] 4, 6-diamidino-2-phenylindole (DAPI, Vysis)Z 435}
Ak
w7 9] 1,0000 Alopol A GAIE ] 35 M5t CEP
=2 A% o} HER2 Q& A 215 9] =5 #zsle] HER2 L
@2 A5 7F CEP 54 4159 28 o]/l B%E HER2
fAAe) FZo 2 et

(9}
A
N
N

(1) HercepTest (Dako): #| % 3|AH(Dako) oA B3}= =
oz AlFgstgleny9) ket tga 2ok FA 4um
o] &gfol=E et F 95~99°Co HAE &9
(Dako) ° 40&7F A2|g F AH SFHo g AHG F
23} G2 AdA|(Dako) E 587 AL Th 20002
gz FAE 3087 HEAZ F 20009 visualization
agent (Dako)E 307t #-&3}%th 2001 diaminobenzi-
dine tetrahydrochloride (DAB)E 10%7} 283k & Mayer’s
hematoxylin®. = tjZ G239t

(2) Rabbit anti-c-erbB2 (Zymed, South San Francisco,
CA, USA), Mouse anti-c-erbB2 (Zymed): X 2% 14
& A4 vetE BEoRE F 4md) Lefol=

g0} GoelNd F 3% BAHFLSE 2087 A7
Stk % AAReZ FA F 105002 48 I
A FAE A&k 603t ¥ AT Biotindt A9 E
o]z} &) (labeled streptoavidin biotin kit, Dako)E 107t
281711 DABZ A$ & Mayer’s hematoxylin® 2 ]
Z FA 8

() HAXHBHS FA BS: P A AT
AEE Auol weh 45 T 84 B8 v
WA 10% HRke) PAEOIA okshA Gale] B Be
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0%

£ 0%, GAIEY 10% ool e Hyou Axet of Rz E Aldetal 1 AFE vl E45%
o] IF7} oFstA @A) He B9E 14, $AEY 10% A" dap Ao mebM date 254 2olE B
ool A AEee] HAVF FEEE FNE BFE 23, om HER2 #3d HlTE 23~27%% 30 (Table 3) ZF &4
HAEL 10% oldellX AEee] AA7F A Ad
BAEE 3R A= en 1 F 239 33S N
2 73k Table 2. Concordance between FISH and IHC
4) A= BEM FISH
H o 225} 8H A 9 73349} FISH Z#¢] 434 £42 No amplification ~ Amplification
chi-square’§ &2 AA3AL F AAE 7 A==
Spearfnan s correlation coefﬁc1ent—‘3';7 o]-8-3}o] kappa %ik% THC ONTII\J/rIA | @-134) o5 15 (136%)
AAFatAth Kappa #°] 0.75 o33 A¢e 2 X = 84 18 (17.6%)
£ YEl ™ kappa #t©] 04~0.75% A= o 43 TMA 2 (n=188) 131 20 (132%)
TE Hole AoE fdsih 125 23 (15.5%)
TMA 3 (n=261) 165 16 (8.8%)
4 o} 180 10 (5.2%)
IHC 2+
FISH 70 2 HER2 SAHAS] ZE 2 24~28%9] €T TMA 1 (n=134) 4 6 (60.0%)
2 #AE0 Y3 TMAS FISH 279 YN 5E 92~ 12 10 (45.5%)
100% (kappa=0.994-0.965)2 A Ao UX=7} wj$ T™MA 2 (0=188) 18 12 (20:;%)
E5e FUSATHTable 1). x4 3}513] 4 0 2 HER2 TMA 3 (n=261) 21 48 §69:6‘73
d o] HAde 21~27%014 TR HIx2 3} 15 54 (782%)
| B A 3P ASE ASHS WA W A e
S o HER2 frAAe] 33 dalgde] ftdS 70~ TMA 1 (n=134) 3 11 (78.6%)
100%01“1 A stATE B2 8A HA éﬂr 27121 < 0 8 (100.0%)
S FISHY Z3¢} vl 4318 Lq] HER2 FA# =& TMA 2 (n=188) 4 17 (81.0%)
er u]-uu;d_,] FarE L 45~100%2] < ]E% Hed M 8 19 (70.4%)
XlglraLE‘ 7—1 /\ﬂ © 2 HER2 D}Bﬂ 7\1,] J,].l‘ﬂj_L@]_% y_o] x] g;} TMA 3 (n=261) 3 44 (93.6%)
& 51, 08NS HER2 HH4) 35 & 1l o 0 47 (1000%)
o] 5~17%°14 &5 ATh(Table 2). FISH = fluorescence in situ hybridization; IHC = immunohistoche-

F 719 TMAS o] &35} 371X & 4a} A S o] &3} mistry; TMA = tissue microarray.

Table 1. Quality control of FISH for HER2 Table 3. THC results by different primary antibody
FISH THC score
Primary antibody Total
No amplification Amplification 0~1 2 3

TMA 1 (n=134) 101 32 HercepTest 145 19 21 185
102 32 Pab 151 10 27 188

TMA 2 (n=188) 140 45 Mab 148 19 21 188
142 46 HercepTest 110 10 14 134
140 46 Pab 102 22 8 132

TMA 3 (n=261) 188 73 Mab 108 16 10 134
186 73

Kappa = 0.902-0.798; expression frequency = 23~27%; IHC =
Kappa = 0.994~0.965; Frequency = 24 ~28%; FISH = fluores- immunohistochemistry; Pab = polyclonal antibody (rabbit anti-
cence in situ hybridization, TMA = tissue microarray. c-erbB2); Mab = monoclonal antibody (mouse anti-c-erbB2).
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7He] YA == BlwA =9kt (kappa value: 0.902~0.798).
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ZARAAE QAo o] LEE EHL oF A A
A4S Eolal 54 Xz dig &35 H 3] oS3}
7] 913k A o|th. HER29 7% trastuzumab X3 & 39] 4
Zol olg3t7] 9% Ao F HAelgn & 9o
HER29] #FIEE& Hol= 7% anthracycline A€ X &
adrt Fohe 9AAE ARE Bada ohyol) E
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T AREE HuHi Jrh2-14) HZol = taxane AE

o] gdA &3} HER2 L& S 43 x5
T I E Jdohis) A5 FEg HER2 A4S A4

iy EH’% %X}-‘é—oﬂﬂ] gulol X kA2 /1Y ERAOT

*’“3"1 go] = °‘E} @7 HER2 7
13

= o}. EJL} FISH= A]’%‘O]‘t‘ probe«] 7]—

4 ] Hl”‘h— 5??25} g3 A o] glojornt HAo] 745

2o duEAAYASE AU A

A
%Oﬂfﬂ /‘153 o] 7}%3& R e EURI LS R Bl
A

o
m
rlo
N
i)
=2
>
N
rlo
ol

o Mot dx,
0,
32

e
oy
re 1213{_', ¥
1 o
ot
[
K
il

2,
Gl

¥ HER2 41}4 Z3
g 523 A =%c] Ethe A
™ HER2 32 74 FISH7} obd chromo-
genic in situ hybl‘ldlZaUOIlE o] &3k J,}l,:_ FISH 743}
A9 A= s B dFAE & ATH.(6-8,15)
ol 5 g @T}E% O}Zw] HER2 74 Z 2 5}8h 3 A
o BF37t o] FoAA BUTE AE A }3}5}—’ t% T
Atk & AFAY 7HAAME ol 3
ds EUE A4 2 Y @4
FISHE o]&3}i glom WHHzs}st
st A& A= #YE skl Atk
7“1—1_’—0}04 %LH-’] 2 7]

e
inj
ol
J

)

Rl o o o 1o my ok

QL
DR
e
o

2
Nl
A

o
A
‘?i

>-l—.~

B >
AN
[
2

o F
L

HER2 74

il
Lo

ol
2,
rlo
d
1=

l
f

mﬁrﬂ&nﬁ:{mﬁmmlmoﬁéoﬁ

o 12 fo

o PN M)

fr X to
~ o i

XN, o
5
kel &
30,
lo
L
re
re r1r
-
1o,
I
J‘g
N
N
rJ
()

(e
[
=)
e

&ook o Bl N fo R

NSABP9} Breast Intergroup Trial N98312] 1+
SRR T34 W22} M e 2F] =T} ﬂ%
%2 d AFME BE Y 49 HER2 5

5 FISHE #elshs Aol MzAgsthae] &
37} o] oA WAA = FAd g 2 2
g ARE Adste ARG 2358 FAHA Hol

T Adoe Aol & AFAe] Aol
F49o A5E AAHSE AT YA A= 98
713 AE7bE 7o) 718 wRel HE ngo 2 HER2
7““-‘4 FrstE S 5 W gyt A5 A
a3t A Bg Folu HA9 XFE AFs=
ﬁOl Algatthal A Zhehe wholth
74 E
N S A|ge Az Wz gt el vk
FISH Z o] AUHo 2 £& AEE Byt HHIZx3
st ol A9 AHE Ao mE Aol 2ol gl
U HER2 @A d9t&S HQl 9ol FISH 74 A
HER2 f-371e] SZo] 1A ¢be 447t 435 A+
S A & YAtk B AT AHE 13 o Wz
steb ol A et GYEHA G d AFdAe BE
et $kA419] HER2 5% o5& FISHE F<lst= Ao
HAzxAgstMe] FF3t o] Fold wW7hA = HER2
Ao A #YE st d5Holgtn At
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