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Detection of Chromosome Aberration in Interphase Nuclei of Tumor Cells by
Nonradioactive In Situ Hybridization Using Chromosome-specific Probes

Sang Sook Lee, M D,
D pariment of Pathology, Keim swn g University School of Medicine

An improved protocol for in situ hybridization(ISH) to routinely processed, paraffin-embedded
tissue sections from lung carcinoma is presented. For this study, DN A probes for alpha-satellite
chromosome 7 and 17 were used. The protocol to detect numerical chromosome aberrations in-
volved treatment of sections with 1 M sodium thiocyanate prior to pepsin digestion, resulting in
reproducible [SH reactions. The effect of avidin-biotin interactions in several detection systems
for 15H was studied, using three or four layers of avidin-biotin detection system. Four layer avi-
din methods and triple biotin methods, using avidin-PO, goat antiavidin, biotinylated antigoat
[giz, avidin-PO or anti-biotin, biotinylated antirabbit IgG, avidin-PO markedly enhanced the in-
tensity of positive signals. More than 80% of the tumor and stromal cells showed distinct chromo-
some hybridization signals in 6 #m-thick sections. Lung carcinoma cells showed multiple chro-
mosome signalsiZ2—~5 spots), contrasted by one or two signals in the stromal cells in the same sec-

These results suggest that chromosome polysomy can be reliably detected in tissue sections
using in situ hybridization. This capability will prove to be an important tool for determining
the underlying genetic basis for tumor development, tissue phenotype heterogeneity and progres-
sion by allowing genetic determination to be made on paraffin-embedded tissue sections where
tumor histologic architecture is preserved. (Korean J Pathol 1993; 27: 573~580)
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2 F7)%eal ol 77| (interphase) "ol Hx ol 4
#o] = FzA olaE o 5 9lA seich 44
“Interphase cytogenetics™(IC)= r+b24d-&+ #5
2] okl A Le] zirlaled ] ISHE 448 FH=2E
442 go)ded ol S Cremer¥''ol 23
2AHgd 53 F44 FolHe AF 79 w4
Fddle AEEFE o7 JdFD A dioke] o Fof
At stckete ojaked FAAL] welrl A7 5+ 3l
o o|2{dl ISt 44 HFL MEFFEL de
g ZE g wdle] H 4 glck [SHe #8240 v
# A]7ke] HA] FHejz ={F A S He|o} FCM B}
E fHAte] 43, F23 oo ¥l o] Aalg
AYE A gshed o

2 slefml HEe| Eojgl =aaizld of&4
FCM*, ISH¥, polymerase chain reaction(PCR)
7| 4oi g Awtsle] 53 zEe] dAfLs} s FHe
olg} &4 sy BFelAM A d4al2] DNA
probe& ¢]&& ISHuHEo] &4 Adukz]e]™ 317
o] o Ao o] 4b-E whAF 4 glef wiokel] A ]
Fol =2 ool ol HEl FUA Fobe] FAN F
4o 7i5d =AA Hch =AFAA SFH G449
ISH} fubad”, &job®, alelFokt wlzlol2 s Z.a
Al o] ol AltHel Bz} gle] e} o mhe}
H 5 =3 Fo Azde] a4 o YodHF o
Tahsol [ISHE FHE& o} Aol Exeld 32
F7hehe A%E o glel, g Sl B3k
Hibef] gl 4L Fois]n glo) ofx] o 74U el
WEE T8 A 2Eo

4% chromosome ISH 7|2 e} 4 Ll
gle] MExate|u} 7|Eo]| ubEeidl zlejn EE =2
£ o]fsle] B4 o E YHTE oo|Fn o7
o sl dbgle] glo] AbskE F)eake] of2] gl
wiEeh, ol 2ae F5 54, e g a3 47l
Hilde § of?] L45e] Fefdle] A =L
e B - I R

olef] 2 a}E2 AdEa Fae)zyl &5
A Fadeg ulEoeld Ayleld GdEql watE s
il B2E25 gatez NISH wiloz Sz o
Al Le] slz|deoly 54 UM E LT o o
A7 4 2le Ad FAH 9 o AAAE A
L13=3

HE W Uy

A regsles nAsq sejale s Eojss] -

3~6u7h wRy sle] Y4 Hygue w ofgel

o dEz=3 Sedd ez dgch
el obelsb ot

1) welsstols W =3 §#H Fd|

FeEetel =8 01% sodium dodecyl sulfate
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dization £%%2 2F Fx+ 60% foramide, 2x
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sperm DN A=l 1 ng/gl biotinylated DnA probe
g pAsted =AFAMA 2 10 gl®] hybri-
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1) ABClavidin and biotinylated peroxidase
complex)(ABC Vectastain kit, Vector, US.A),
1:50

2) Avidin, FITC-conjugated(Av-FITC: Vec-
tor, US.A), 1:100

3) Avidin, peroxidase-conjugated(Av-PO; Da-
ko, UUS.A)1:80

4) Rabbit anti-biotin{Anti-bio; Enzo, U.S.A).
1:100

o) Biotinylated goat anti-avidin(Bio-anti-avi-
din; Vector, US. A, 1:100

6) Streptoavidin  peroxidase-conjugated(St,
av-PO: Dako, US.A), 1:500

7) Biotinylated anti-goat IgG(Bio-anti-goat;
Vector, US.A), 1:100

8) Biotinylated anti-rabbit [gG{Bio-anti-rah-
bit; Vector, US.A), 1:50

A. Avidin 3§ o] &3 35k uiy

(1) Av-FITC/Bio-anti-avidin/ Av-PO
(2) Av-PO/Bio-anti-avidin/Av-PO

(3) Av-FITC/Bio-anti-avidin/ABC

(4) Av-PO/Bio-anti-avidin/ABC
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(6) Av-PO/Bio-anti-avidin/St.av-P0O
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al=ie] avidin-biotin <l¢kS ol L4k of 54| cha 4t
W g Apstedch Avidin a5 o) &4 3g5bA] dbd
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(aneuploidy)g& viehfiglel @ zbalel HEdhe
alabyeb A Telaie 10 H=l 2709 Al
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Fig. 1. The effects of avidin-biotin interactions in de

tection systems for ISH. (a) Triple step avidin method{Av-
PO/Bic-anti-avidin/Av-PO) with a moderate signal intensity; (b} Four step avidin method{Av-PO/Bio-
anti-avidin/Bio-anti-goat/Av-P0O) with a strong signal intensity: (c) Triple step biotin method(anti-bio/
bio-anti-rabbit/ Av-PO) with a very intense chromosome signals; (d) No signals in the negative control
slide without using DN A probe.
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o] =235 E 4 =4 =2 Fo|fHe] oy
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gubs de 2ok}, =2 Fad el Wi Pet
[SHel =) alzba] glA wrasz] g ofgich 54 <
A4 probe® Ab&dh= 7§ wlele= DN A2 [SH™
e el o] ol 2 Hoz #Ho| fEhiA H
oz A4 [SHY 7|58 77t wiaad 430
cb. NISHe A4tz F7lof Eaudsgles nygsin
sleldlo g Zojgl =3 EZe|dE o 2 Ee] 7hFel
Al =gl o] elFols mAa] AFAdAA ghEe
A 7l&e] gelgler gojgl Fokzae ICE M
¥} qlzbdgle NISH #hdd o# 2l==isich
ISH 7194 713 2% e o33 2o 34 =
#)o| gtebs]z] grolop Ewj, Es, A kP E
Az chd wl dute) ch Rz} A 5 ool v 24
probes] A5z} b 2w e w2 2R 9F
7hgto. 24 denaturation®] He& Fojof =3
#2 DNAst DNA probe Alele] zg-Ee] o} a
che AHo|oh, o ulel] dhABIA Fo| =z 3
o] o] g5t o slAlEF o/ 43 FHYHeos ¥
ag g e € 4 wch =39 ISHEF 2
e APESS 483l welel=f #HM3E F 3

Feu 60°C 2ol Fozs walg 4 glech NISH
of ofsf dwraiy] odase] AEE 437 HAlMe
at 225 ade] Fd AlE(A)e] EAdek S
sl 83 W ehde] v Se] dbfe| glefek g
o}, w7 ] w]Ee| whE-g @el?] Se =D A A
2] 2} chel Rz}l £ adlc), sleldle g Tolgl =2
viral DN AS H4a3l7] 54 NISHelHe dibd s
2 01~04% le] #seht o] ICRezes G
31z gkgtch. 1 M Sodium thiocyanate® 80°Cel A
108 A28 & 0.4% HUes 5~1587 453
7hab # el

= oJae] biotinylated £413 probed o &
§ NISHZ 4#slE 458 2|7 of5 el
o) 7hibz] oM ghEr) ofglch 2y Pin-
kelS'Mel| oz M Lsietd e FHeiyjo] A Fo
7Fleslel AAe] o] FrlEtA Heid ol £
% FISH«l4 Av-FITC., Bio-anti-avidin, Av-
FITC2l 3stalstie] 32 +HEsle] ghef. FISHHA
225 A8 Alse Hodd A il 4 3y
o] o]aim el 4z B2pe ¢ gices oHe] AUt
# 2ol NISHalH 4% 5% Hall ofe] shal2] av-
idin-biotin #lsle] &4 = SHEE AHEG ATF
o] Alss| s glep®, algriz|e] HAE B avi-
din ##}5¢] 2742 biotinylated F2HF, =
hybridized biotinylated DNA probesst Bio-
anti-avidin®§ Mz L-Exer oais7]z £
abziz] elck olo] ®# DN A biotinylated DN A
probez} hybridizesls] % =& faf 450
o] & gtz avidin ¥A454 F32=2 o s
A w5 o #a4EA 5o b2 Bio-anti-avi-
dind# kel olgdal Fch o|g} F& 2AHE v
o7 #a52 hybridized probeg] 44 sl# 2
212] avidin-biotin A|¢FE o] &4k = S oA A
2 Aadlech Avidin BAF o &8 3514 U F
3 chAlo] 4] Av-POE 488 Fo| Av-FITCE +
gatde o N oS g AEZE v FYc
Avidin #Hal§ o &% 3chA| s} olal gHE
gl of ALEg 4ohA] widie] JelAnh spElE @l
o} Yo o] ¥de AFE vech BiotindslE el
S8 3ciA wes 4dg 2 avidin FHE ol F
g 4ubA] whiyc) of & AlEe] FHE Eeof avidin
g E o 4 4ghA bR} A3k B e]Ee] HA
vl AFe] F2F Ho|ly biotin THE ol EH
kA w4 @l vl o},

[SH| 4155 %487 9+ Hopman®'™'+ 3
g =48 £adle] ALt ol cha] LAz} S
= AL |SH Al&e z27)7h ohakdt Ao o]l =
AAHE F& o4 DNA B2 Bge) odn 24 ¢
o] wbaldh off A 4 gl Heisde]t Az L4 =
= inversion, $4Ael fragile sitez] &3, probe
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