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Abstract

Background: Determining the HER2 gene status in breast cancer patients is a sole predictive
marker for treatment benefits from HER2 targeted therapy and important in the current
diagnosis.

Methods: The methods used to determine HER2 gene status were Fluorescence In Situ
hybridization (FISH) and Dual In Situ Hybridization (DISH). In the study, 55 specimens were
compared between FISH and DISH method and interpret results using ASCO/CAP 2018
interpretive criteria (in this study, they are grouped as follows: Positive refers to results in
Group 1, Equivocal refers to results in Group 2 3 4 and Negative refers to results that are in
Group 5).

Results: Of the experiments, 55 specimens yielded the concordance results for a total of 48
samples (87.27% of total samples) and 5 discordant results (9.10% of total samples). The two
samples uninterpretable by HER2 FISH technique, but we can interpret by the HER2 DISH
technique (3.63% of the total samples). The experimental results were analyzed statistically
using by Paired-Samples T-Test, the value of p-Value = 0.159 (Sig > 0.05 main hypothesis
accepted).

Conclusions: It can be concluded that the HER2 gene test by FISH and DISH techniques

provides the result is no different statistically significant.
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Figure 1. Epidermal Growth Factor Receptor (EGFR) Signaling Pathways.

gﬂﬁ 2 Epidermal Growth Factor Receptor (EGFR) signaling pathways®
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Chr17 DIG labeled
oligo probe

CC1 + CC2

Ul 4 nminnsden HER2 DISH?

Rabbit anti-DNP

DNP
@

DX

HER2 DNP
labeled probe

Ps

Mouse anti-DIG

DIG

IXIXG

Chr17 DIG
labeled probe



A1 USBUBUATAASILY HER2 Bu alawmatia FISH nuwaila DISH

FISH

DISH

1. auﬁmﬁﬂ%ﬁ]’m International guideline
(ASCO 2018)%

1. auﬁﬁiﬂ%ﬂﬁﬂ International guideline
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2. FDA approved
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4. 9IUNANIENADINANEIVENY 6027

| | WVWIDN
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HER2 FISH alasuduil 2 fou HER2 DISH uazalasuduit 3 foualas H&E

3.1 n138au HER2 FISH*!
3.1.1 %ann1s
Jun1sesiamdu HER2 Tnsondawmaila Fluorescence In Situ Hybridization INAIENTIY
Formalin fixed - paraffin embedded tissue
3.1.2 f3uiinvau
1. UNINeF@nsAIsLneg
2. Wwithiiusedviesufinng
3.1.3 \n3asila/gunsnl
1 Lﬂ%ﬂﬂﬁﬂﬂmqmmﬁ Hybridizer
2. adloyns fUnvyn
3. 99YYLAN LLazqwazamsﬁa

_wanaRniulauway/vseLd@aniil

N

Unnedl fude Unnnliuwna (U1nAN Permanent)

@]

(o)}

. Micropipette tip ¥u1% 20 pl

~

. Micropipette tip U1 200 pl

8. Micropipette tip ¥u1% 1,000 pl

9. Micropipette ¥u1m 10 - 20 pl

10. Micropipette vu1m 20 - 200 pl
11. Micropipette 9u1% 100 — 1,000 pl
12. Vortex mixer

a

13. g1athmuANgungil (Water bath)

Y



14. Coplin Jar 12

15. Coplin Jar wana@n

16. Forceps

17. Thermometer

18. Coated glass slide & cover glass

19. Fluorescence Microscope
3.1.4 @19.A3

1. PATH Vysion HER-2 DNA Probe kit (20 assays, Abbott)

2. Pepsin, (Lyophilized powder, USB Corporation)

3. Xylene (Commercial grade)

4. Absolute ethanol (Commercial grade)

5. Pretreatment Solution

6. Protease Buffer

7. Post Hybridization Solution
3.1.5 MSAATIZHADYY
Fufi 1: Pretreatment and Hybridization
1. aza1ea1s Pepsin USuad 200 fadnsu Tuansazane Protease buffer USu1as 50 Hadans wad
Tucoplin jar inlUldlu water bath (1a30918n) 1Ay water bath vsufigaumgd 37 s
wailua msavane Pepsin falineudszanas 30 - 60 Wil Aoudaldou
. Wiansazany Pretreatment Useanay 50 3addns adlu coplin jar thluldlu water bath (13 o4
Tna) WWal¥ water bath vhaufigaumail 80 ssmuwaidua msila water bath fdlideuuasile
UftRnuegeios 1 2l
. WUaA3ad Hybridizer wazi3uvin1s Deparaffinization wae Rehydration alas Sua1n

® Xylene 5u /3 Jar

® Absolute alcohol 1 W/ 2 Jar
Uaowalan biwisluoiniansednsalanluiaias Hybridizer ag¥aelvalanuiasi@u annuuldy

UnnnestavasalanseureulunestuLile
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0. utaladluansazany Pretreatment Solution ftegflu water bath 80 asrieaidiea Udesdislium
15 w7t dleasunauwdnhaladuudludndy wiu 3 wd

5. duihdruAusenandlad ansuutdladluaisazats Pepsin solution fietlu water bath 37
ssrnwadea wiu 60 unit dungldannerulusdlavestuioaunsnuomeqld

6. drealaslutinnduuiu 3 Wit Mnduduiduiuesnandlad udrUseslialaduidluoinie
vienadladluiedos Hybridizer tielsaladuiadatu (dgamnildde 45 - 50 esrigaldoa)

7. Dehydration dlas Tuansazane alcohol AIILUNTU 70%, @15azais alcohol ANULTUTY 85%
way absolute alcohol a819ag 1 WA awanu awnsautalanlilu absolute alcohol laauna
szndouflavSuvihdusieoly

8. ihalaneananasazaty absolute alcohol Funsansgeadluiusen waildevdalanliunsadiv
Wiol# alcohol sewneeantulivan visenansalasluirdes Hybridizer Wilolwaladuiadty

9. Wem Probe asuunans cover slip alasduiieainasuu cover slip 715 Probe ag Uralanluld
TuLa3oq Hybridizer Aonlusunsud 2 wievh Denaturation wa Hybridization vawAlla FISH

nay start TiATo05uvN91U (UTHnel Probe wazau1nved cover slip Aldusgivvuinvesiuy

ile)
® Cover slip un 22x22 mm. 1% probe Usuas 7 - 10 pl
® Cover slip UM 22x30 mm. 14 probe U3uas 12 - 15 pl
® (Circular cover slip YUIALEN 1% probe Usunas 4 pl
® Circular cover slip YUy 1% Probe U5u1013 5 l

Fuii 2 : Post Hybridization
1. wiasavane Post hybridization solution aslu coplin jar 3 1o 1ol 1 uaz 2 aﬁal’ﬁﬁqquﬁﬁaa

a

daulodl 3 Unluanalilu water bath (w3eslug)) 1AW water bath vieuiigamail 73 o
waidea madn water bath fislineuduufifnuetnatios 1 92l
2. thaladesnanniedes Hybridizer udiudasluansazane Post hybridization solution 1071 1 #3374
ogfigamgiivies lwehaladiu1g ilelsi cover slip vanesnwzeenald forceps Aoy’ Ausandls
3. Wdlanudasluasazany Post-hybridization solution ﬁfmagﬂu Water bath 73 a9Aealiee

Y1 3 Ui Tuszuinsillienalaniu-asene
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0. thaladutasluansazans Post-hybridization solution Taanviefinsedfigamgiivies snaladiu
a9

5. thalaseananla Uaeelsialaduiluiiia viooransaladifluedos Hybridizer fidagang 137
45-50 parnwadod Ald WiealasuiiudnImen DAPI Ustanal 5 - 10 ul uasuuduiile Jnsae
Cover slip Wag seal 58U cover slip ﬁﬁﬂﬁﬂ&’l%%ﬁu

6. \ivaladlilufifiouasdu @osiudsosdifu -20 osmisaidoa) Ussina 10 wiit wenseduli
a15 anti-fade 1191y luudiuauves signal wazndsannd galasneldndesganssmd

Fluorescence a5auad Iiiivalanlilufifiauasidu (Fosudiwesdidu -20 asreaidoa)

WuLReNUY
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Deparaffinization
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Pretreatment
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Enzyme digestion

l

Dehydration
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Probe hybridization
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DAPI Counterstain

12



13

3.1.6 NMDIUNA
1. Whaladfiffonaiaeusosudlugiondesqanssmil fluorescence Tagld Filter 4 viln
ausgnauiufe filter dmiug DAPI, filter nsudiden, filter & miuddu uag filter
GRIRIGIRITRY Y
2. 14 filter w3y DAPI HiomudnniifiwadusSseguarldguoiuaesinadea aniy

¥ L

19 filter Mndodnanudutiudnudyyddutezdlel Insildentuianzdygyiaan

v v ¥
a v v = Y v [

aaNzSiueniueg il wasiivsdyaudideuazddunun 1 sutuly druwadi
Founuiuariidypaiesdladuisag ity
3. dusamudulula 20 waaniglu 5 field wazTuiinuanistvaslubuunesunisnsiady

] = o o (E= o = d' ' iaa a a
ANUUNNINIT sCreen Vlﬂﬁlﬁﬂ@ﬂﬂiﬂ‘lﬁuqLWE]G\?’J"\]E]’J’]I@JJJ&QI@N@UﬂG]

3.2 N158au HER2 DISH 3233

a

haladfegefiitunseuiguvnll 65 esmisaiea u 12 42lus ¥insdou DISH fae
11871 VENTANA HER2 Dual ISH DNA Probe Cocktail Tngl4ia esszuugoualad e nlulfiju
BenchMark Ultra

3.2.1 nanNT

VENTANA HER2 Dual ISH DNA Probe Cocktail #ingquszasdiitensiamaniuyes u HER2
31NgRTIdVeIBY HER2 delasluley 17 frenaesqanssatuuulduas lnan1snsiamn HER2 uag
Taslulay 17 2zl probe two-color chromogenic in situ hybridization (ISH) as2alu FFPE Tudu
onziSasuu Tneldiades BenchMark IMC/ISH instruments

3.2.2 mMyujuReu

1. Walaslugiuvesnisden HER2 DISH senangeu wdiidiaiesdoulnentnsuais
Nsalad Wikuidaanursldadmsueios

& v

2. Sovdladmeniasdoudladsnlulif Ingia3es BenchMark IHC/ISH instruments
3. thalasfidouadauds U dehydrate fitunousil
3.1 fuéaladlutinauiiendnennu edrsiifu (Ultra LCS)
3.2 fudalalutiusen edsmleshendrsau
3.3 ualadluthndu Wodaidsz
3.4 Healadliiua Useann 5 undi

3.5 ddladlueuludou 60 asrwadioa Ussunu 15 Uil
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3.6 Jualanlu xylene
3.7 1em mounting media asuudlas 1nUuTnviuse coverslip
3.8 Nealanliiing Uszana 5 uii

3.9 Wananmvesdlan laegnisindves positive control neudslineSunng (2-3)
3.2.3 Wenld

Product information

Probe

Her2/Chr 17 probe cocktail (30 Tests)
For detect HER2 gene and chromosome 17

Detections

VENTANA Silver ISH DNP Detection Kit (60 Tests)
For generate black signal of HER2 gene

1. Anti-DNP HQ

VENTANA Red ISH DIG Detection Kit (60 Tests)
For generate red signal of chromosome 17

1. Anti-DIG NP

2. Anti-HQ HRP
3. Silver Chromogen A

2. Anti-NP AP
3. pH Enhancer

4. Silver Chromogen B 4. Naphthol

5. Silver Chromogen C 5. Fast Red Chromogen

Ancillaries
HybReady (83 ISH Protease 3 Hematoxylin I Bluing (250 Tests)
Tests) For stringency (200 Tests) | (250 Tests) For | For changes the hue
:’ : washes : : For remove protein }7 y staining cellular \' . of the hematoxylin

1o a blue color

that surrounds the nuclei
target DNA or RNA
Bulk solutions
EZ Prep . LCS J SSC p Reaction CC1 [l CC2 Silver Wash Il
(10X) For | (Prediluted) (10X) For huffer (Prediluted) [ J (Prediluted) (Prediluted) For
remove For prevent o stringency — (10X) For — For For — remove excess
parafin evaporation wash rinsina pretreatment pretreatment silver
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3.3 n1swUanaalan ISH (HER2 FISH wag HER2 DISH) anutnust ASCO/CAP 2018

d‘ v o

wensumdnsaunualas ISH vauareuiiazifusiuiu HER2 waslaslalow 17 eghedfon 20
invasive carcinoma cell #3eld IHC vl afvuafi ufives HER2 amplification Aot Ineld
a9l INTERPRETATION GUIDELINE (ASCO 2018)

INTERPRETATION GUIDELINE (ASCO 2018)*

Group 1 = HER2/CEP17 ratio =2 with an average HER2 copy number >4.0 HER2 signals/cell

Group 2 = HER2/CEP17 ratio >2.0 with an average HER2 copy number <4.0 HER2 signals/cell

Group 3 = HER2/CEP17 ratio <2.0 with an average HER2 copy number >6.0 HER2 signals/cell

Group 4 = HER2/CEP17 ratio <2.0 with an average HER2 copy number >4.0 and <6.0 HER2
signals/cell

Group 5 = HER2/CEP17 ratio <2.0 with an average HER2 copy number <4.0 HER2 signals/cell

Reporting Results of HER2 Testing by In Situ Hybridization (dual-probe assay)

Result Criteria (dual-probe assay)
Negative ® Group 5
°

. Group 2 and concurrent IHC 0-1+ or 2+
Negative®

® Group 3 and concurrent IHC 0-1+
(see comment)

® Group 4 and concurrent IHC 0-1+ or 2+

® Group 2 and concurrent IHC 3+
Positive™ ® Group 3 and concurrent IHC 2+ or 3+

® Group 4 and concurrent IHC 3+

POSitiVe [ ) Group 1

nanewn: TusuIdeiazudangudel
Positive unefis waieglu Group 1
Equivocal anedis wafieglu Group 2, 3 uay 4

Negative w1884 waﬁagﬂu Group 5
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nmsthegandsdmmavianun 55 fegns Tnsfingy Positive ndal Negative uazng
Equivocal ilethunilSeuiieunanisiasgsisaemada HER2 FISH U HER2 DISH wuilinanis
Jinszdiinileutuieonun 48 fogae (Ravdu 87.27% vassmetraianun) warliuadisneiu 5
fhoee Aewdu 9.10% vesfegraiamun) wazsunalilly Wednszhdemaiia HER2 FISH usigy

¥

naldiiletiasyidewmaiin HER2 DISH §1uau 2 feehe @y 3.63% vossegraianun) Tnod
SrwazSundai

Fretfilinaanmsimszisemaia HER2 FISH way HER2 DISH i Positive wiilouiu
$1u 32 Freghe (13197t 4.1)

weg9iiliinasinnisinsizvidaewmaida HER2 FISH waz HER2 DISH 1 u Negative
wilouiy §1uIu 10 Frete (1157971 4.2)

Frog1afilinan1sinseidewmaida HER2 FISH wag HER2 DISH «iu Equivocal wilaudu
W 6 10819 (15197 4.3)

Fregeilinanisiesisisemaida HER2 FISH uway HER2 DISH sy 11w 5 fae879
(M157991 4.9)

fregefildannsasiualdiiodnseisomeda HER2 FISH uwiasnsasuawaziinsiemn
waldiilodimsnzsishamada HER2 DISH $7uau 2 §ae8ne (A151971 4.5)

waziflotnanisvnaesiildluinseiamneada Taeld Paired-Samples T-Test ldan P-
Value = 0.159 (Sig > 0.05 gouSUaNNRFIUNAN) WUIIN15ATIVY HER-2 mewmalla FISH uag DISH

Y

Tinaliunnaneiu egdidedAgnieans
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ANANUIN
1. NISLH3BUEISLAL
1.1 1384 20X SSC
20X SSC 66 A3U (WAU kit)
aney 200 3adans

el Usu pH u 5.3 Tngld Conc. HCL USU Final volume 18u 250 ml dhetindu

Aulilaunu 6 Weu Nenmgivies

Y

1.2 @383 Post-hybridization solution

20X SSC, pH 5.3 100 ml
thndu 874 ml
NP-40 3 ml (agflu kit)

ey Usu pH du 7.3 98 1 N NaOH U3u Final volume s8u 1,000 ml faevindu

Tngld volumetric flask nsaan1u 0.45 pm filter Wivlilduu 6 wWou Neamgiivies
v (v
FaA255839
1. desprundlvigaumgiives water bath waven pH YasasazagagluyIliAmun INT1eNsaeddsll
aa a 1 QI o 14 d‘ v
19nswaseedaiunani1sdauile
2. dladnvihnstunaasaiseuiosud deufusnwliluiidawaziiu @osuiwesdidu -20 a3

a A A 9 Yo . I
waldya) Ienszeziianlalidyeu (signal) 319au52



2. A19199 NANA1TNAADY

A1519UEA9A1 HER2 FISH fu HER2 DISH filsima Positive wislouffy 32 faags

36

FISH DISH
No WA
Ratio Average Wa Ratio Average
1 4.8 14.1 Positive 3.0 9.5 Positive
2 54 14.5 Positive 3.7 8.4 Positive
3 4.2 11.0 Positive 4.3 10.1 Positive
4 33 6.0 Positive 3.5 8.0 Positive
5 a.7 9.4 Positive 2.7 7.7 Positive
6 7.0 11.9 Positive 4.8 7.0 Positive
7 6.4 10.2 Positive 7.5 12 Positive
8 7.4 9.3 Positive 55 7.8 Positive
9 6.0 13.7 Positive 55 9.7 Positive
10 3.1 6.6 Positive 2.8 7.4 Positive
11 4.2 9.2 Positive 2.9 10.45 Positive
12 13.4 16.1 Positive 5.62 9.0 Positive
13 7.6 13.7 Positive 7.9 13.1 Positive
14 11.7 20.6 Positive 7.6 14.5 Positive
15 11.2 15.7 Positive 8.2 16.4 Positive
16 8.9 12.5 Positive 3 10.3 Positive
17 11.3 16.4 Positive 11.41 25.1 Positive
18 5.6 174 Positive 6.49 21.1 Positive
19 6.6 14.6 Positive 8.9 18.0 Positive
20 9.6 15.0 Positive 3.7 9.3 Positive
21 6.7 14.4 Positive 7.8 13.3 Positive
22 a.7 8.2 Positive 4.28 9.0 Positive
23 11.2 18.0 Positive 8.9 14.8 Positive
24 7.8 14.4 Positive 8.7 18.3 Positive
25 8.8 21.7 Positive 6.7 21.2 Positive
26 14.7 19.9 Positive 12.08 24.15 Positive




A1519UEA9A1 HER2 FISH AU HER2 DISH filsina Positive wislaufu 32 fao819 (fa)

37

FISH DISH
No WA
Ratio Average Wa Ratio Average
27 6.5 8.5 Positive 3.04 7.45 Positive
28 4.6 9.7 Positive 3.8 8.2 Positive
29 8.8 124 Positive 5.7 94 Positive
30 7.5 10.9 Positive 2.8 54 Positive
31 7.7 11.2 Positive 8.4 18.6 Positive
32 3.6 8.9 Positive 3.6 7.6 Positive

A15194EA9AT HER2 FISH AU HER2 DISH #ilna Negative wiloufiu 10 faagnq

FISH DISH
No Wa
Ratio Average Wa Ratio Average
1 1.2 2.6 Negative 0.7 1.4 Negative
2 1.2 2.1 Negative 1.3 3.9 Negative
3 1 1.5 Negative 0.68 1.2 Negative
4 13 1.7 Negative 1.3 1.9 Negative
5 1.1 1.4 Negative 0.8 1.5 Negative
6 0.9 1.3 Negative 1.2 2.7 Negative
7 1.1 1.8 Negative 1.6 29 Negative
8 1 1.6 Negative 1.4 3.6 Negative
9 1 1.8 Negative 1.4 3.6 Negative
10 1.3 2.6 Negative 1.3 2.9 Negative




A1519uERIA1 HER2 FISH fiu HER2 DISH filvina Equivocal wilaufiu 6 faagna

38

FISH DISH
No WA
Ratio Average Wa Ratio Average
1 1.7 5.0 Equivocal 1.5 a4 Equivocal
2 1.6 4.2 Equivocal 1.4 4.6 Equivocal
3 1.5 a.4 Equivocal 1.95 4.0 Equivocal
a4 1.5 5.0 Equivocal 1.9 6.9 Equivocal
5 1.2 4.6 Equivocal 0.9 a7 Equivocal
6 1.1 5.0 Equivocal 1.14 4.58 Equivocal
ANS19UEAIAT HER2 FISH fiu HER2 DISH il¥nadisineiu 5 datin
FISH DISH
No Wa
Ratio Average Wa Ratio Average
1 5.9 11.6 Positive 1.7 7.3 Equivocal
2 2.2 51 Positive 1.1 1.65 Negative
3 1.4 3.6 Negative 2.0 3.6 Equivocal
4 1.5 3.4 Negative 1.9 4.0 Equivocal
5 1.3 4.3 Equivocal 1.2 2.45 Negative

A1519udA9A1 HER2 FISH #ilsianunsasuanld fu HER2 DISH fignunsasnuanly 2 faegns

FISH DISH
No W&
Ratio Average Wa Ratio Average
1 - - aulila 0.6 13 Negative
2 - - oulalla 2.5 3.9 Equivocal




