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Background : The human epidermal growth factor receptor 2 (HER2) is amplified in 20-25%
of breast cancers. HER2 overexpression or amplification is associated with a worse clinical
outcome and it can predict the benefit from anthracycline and anti-HER2 therapies. The HER2
status has usually been assessed by immunohistochemistry (IHC) or fluorescence in situ hy-
bridization (FISH) in clinical samples. A new silver-enhanced in situ hybridization (SISH) tech-
nique was recently introduced. Therefore we evaluated the usefulness of SISH for detecting
HER2 amplification. Methods : Tissue microarrays (TMAs) were constructed with 144 inva-
sive breast cancer tissue samples. We performed IHC, FISH and SISH for HER2 on the tis-
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cordant rates between the two different tests were calculated. Results : HER2 was overex-
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evaluating HER2 amplification because the 97.8% concordance with FISH satisfies the ASCO/
CAP requirement of > 95% concordance with an alternative validated method.
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Table 1. Clinicopathologic characteristics of 144 patients

Characteristics No. of the patients (%)
Age (yr) 47 (20-77)
Histology
Ductal 133 (92.4)
Lobular 4(2.8)
Medullary 3(2.1)
Mucinous 3(21)
Micropapillary 1(0.7)
Tumor size (cm)
<2 55(38.2)
2<and <5 75(52.1)
>5 9(6.3)
Unknown 5(3.5)
LN metastasis
0 66 (45.8)
1-3 46 (31.9)
49 14(9.7)
>10 18 (12.5)

LN, lymph node.
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FISHE PathVysion® HER-2 DNA Probe Kit (Abbott/
Vysis, Abott Park, IL, USA)E o]&3te] 2=314H](Dis-
covery®, Ventana Medical Systems)® Al&}atich 2+ AA}
SAE ke AEstd vt 2tk & 4 um FAY] 23
AHE EZ Prep™ (Ventana Medical Systems)< 0|23}
g}y 3 & RiboMap® Kit (Ventana Medical Systems)
<] RiboPrep™™ reagentE 37°C o4 32487+ 123 RiboClear™
reagentE 37°C oA 1657 A )82, 37°C oA 4027+ Pro-
tease 3 (Ventana Medical Systems) 9} ¥HSAJZTE 1 & 20
uL e PathVysion® LSI HER2/CEP probeZ #4171 5 #
WEHS YA 75°CollA 6327 MAAIZ] Ty 37°CollA] 12417}
FAEle] B wke-& AT E AMEHS AASIAL Ribo-
Wash™ Bulk Reagent (Ventana Medical Systems)2 A&
3 B RiboMap® Kit¢] RiboFix™ reagent® & ¥383} 73
S 3 g wEon 20 ul9 4,6-diamidino-2-phenylindole
(DAPDE oM S & o A58 wj7b] Eetoles Y8t



30

20C oM Btk T2y A3 w2 Sl F3ErA 1,000
v} Aok A} DAPI/Spectrum Green/Orangeol] that ¢ e
St At ZHE oldd 4 FElT A{A FEEAIE 20-1007K
oA BN E AUk

SHRI2|Fek

SISH+ dinitrophenol (DNP)o] #2wo] 9l& INFORM®
HER2 DNA Probe Kit (Ventana Medical Systems)ZE ©]-&
ato] 2-E3F WYY 7] (Benchmark® XT, Ventana Medical
Systems) oA Algjatglon, B whg Ayt BE 20
2 Jes7] il 7 g 22 dH &8 HER2 probe
¢} Chrl7 probe® 77} A-8-389ith. oJdl HER2 DNA probe
£ 95ColA 1287F |AA) 7T 52°C ol A} 2417k S¢F 243 2
A7 & 72°CollA 35] AHEFATE 3 Chrl7 probes 95°C

oA 1287 HAA 71D Fgshe 44°CollM 2417F 5t I8t
How 59°CollA 335 A3}, WAl B2 rabbit anti-DNP
primary antibody ¢} ultraView™ SISH Detection Kit (Ven-
tana Medical Systems)E& o]-&3}3th Kit Wel=
peroxidase (HRP)7} A¢Hd anti-rabbit antibody &} SA (sil-
ver acetate), ©B (hydroquinone), &C (H:0:)7} £ 1o
O|ES Ao ALA7IH L0]&(Ag+)°] hydroquinoned] ¢
3 <& 29 (metallic silver atoms)E 5] probe’} 2
oE F9lo A& st o] W& HRP 7];{]?_] H;0, (silver
Ventana hematoxylin IS ©o]&
sk n 73 6008] Alokell A 20-100
A RS W AEE A,

horse radish

o 2 N
)
EN

S/ 1
&
tlo
>
O%
ob
o kK

x OL ‘1°1'

74}\]- 7:1_‘,]— = L o2 Ax A4E
gt o] WAt SISHE
g%a}o o ]rql FISHS} SISHE 7
4 7, Z0ko] B A A (tumor heterogeneity) ©] 4
= AR L] 207H‘4 AX F& 84 1007714 28T
7 WE|eJAte] SISH 35 A3t MZE b FdEld tisiae +

TEE AdoA THCS
F ol gelslapt 27t
T 20709 A8A Sk

>

Faro] thetdm 7 (multi-head microscope) & E;H A #dst
WA )& o|FQT) HCY FISH A% F=2 ASCO/CAP
129 ko™ Table 29 71%8H3th SISH 7;34 HEL Az
A}ol Ventana Medical Systems (http://www her2sish.com/
training.php) A Al Fshe 2240 F&2 o]l A XA}
ek 71l whet A=skder ol FISHO| gk ASCO/
CAP 7|&3 549358t oW IHCS} FISH, THCS} SISH 1
2|3l FISHSE SISH 7+ 23t 2185 ALFetAaL, WelAp 7
SISHS| A3} 94 AEE kAFE o]&dlo] B4 a1t

N

NOF - iz - T01E 9 19

Table 2. Interpretation criteria according to the ASCO/CAP gui-
delines

Interpretation Definition
IHC
Positive (3+) Uniform intense membrane staining of > 30%

of invasive tumor cells
Weak or nonuniform, complete membrane
staining in > 10% of tumor cells

Equivocal (2+)

Negative (1+) Weak incomplete membrane staining in any
portion of tumor cells
Negative (0) No staining
FISH
Positive FISH ratio ® > 2.2 or HER2 gene copy > 6.0
Equivocal FISH ratio 1.8-2.2 or HER2 gene copy 4.0-6.0
Negative FISH ratio < 1.8 or HER2 gene copy < 4.0
SISH®
Positive HER2/Chr17 > 2.2
Equivocal 1.8 < HER2/Chr17 <22
Negative HER2/Chr17< 1.8

2FISH ratio means HER2 gene signals to chromosome 17 signals; ® This
is manufacturer’s guideline.

ASCO/CAP, American Society of Clinical Oncology/College of American
Pathologists; IHC, immunohistochemistry; FISH, fluorescence in situ hy-
bridization; HER2, human epidermal growth factor receptor 2; SISH, sil-
ver-enhanced in situ hybridization.
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Table 3. Results of IHC, FISH and SISH for HER2 status

FISH SISH
HC
Negative Equivocal Positive Total (%) Negative Equivocal Positive Total (%)

Negative (0) 101 2 0 103 (72.5) 98 2 0 100 (71.9)

(1+) 11 0 0 11(7.7) 11 0 0 11(7.9)
Equivocal (2+) 3 0 1 4(2.8) 3 0 1 4(2.9)
Postitive (3+) 1 0 23 24(16.9) 0 0 24 24(17.3)
Total (%) 116 (81.7) 2(1.4) 24(16.9) 142 112(80.6) 2(1.4) 25(18) 139

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization; SISH, silver-enhanced in situ hybridization; HER2, human epidermal growth fac-
tor receptor 2.

Table 4. Comparison between FISH and SISH results for HER2

status
SISH

FISH

Negative Equivocal  Positive Total (%)
Negative 111 1 1 113(81.3)
Equivocal 1 1 0 2(1.4)
Positive 0 0 24 24 (17.3)
Total (%) 112(80.6) 2(1.4) 25(18) 139

FISH, fluorescence in situ hybridization; SISH, silver-enhanced in situ
hybridization; HER2, human epidermal growth factor receptor 2.
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Fig. 1. Representative immunohistochemistry (IHC) results for hu-
man epidermal growth factor receptor 2 on tissue microarray slide
(A). IHC score 0 (B), 1+ (C), 2+ (D) and 3+ (E) are shown.
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Fig. 2. Comparison of immunohistochemistry (IHC), fluorescence in situ hybridization (FISH) and silver-enhanced in situ hybridization
(SISH) results in case 20 (A-C) and case 136 (D-F). (A) IHC shows 3+ membrane staining. (B) FISH result was interpreted as negative
because of multiple chr17 signals. (C) Positive SISH result with clusters of human epidermal growth factor receptor 2 (HER2) signals and
1-4 chr17 signals in tumor cells. (D) IHC shows heterogeneous 2+ membrane staining. (E) Positive FISH result with clusters of HER2 sig-
nals and 1 or 2 chr17 signals. (F) Positive SISH result. Some tumor cells have clusters of HER2 signals and others (arrows) have 1to 3

HER2 signals.

FISH ratio

| | | | | | |
0 5 10 15 20 25 30
SISH ratio

Fig. 3. Comparison of fluorescence in situ hybridization ratio and
silver-enhanced in situ hybridization ratio for 139 patients.

r, correlation coefficent.

FISH, fluorescence in situ hybridization; SISH, silver-enhanced in
situ hybridization.
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