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Expression of Topoisomerase Il-a and c-erbB-2
in Breast Cancer

Tae Sung Chung, M.D., Bum Gyu Kim, M.D., Seong Jae
Cha, M.D., Sung Il Park, M.D., Hyun Mook Lim, M.D.,
Sung Jun Park, M.D. and Tae Jin Lee, M.D.!

Departments of Surgery and 'Pathology, College of Medi-
cine, Chung-Ang University, Seoul, Korea

Purpose: Topoisomerase ll-a is a key enzyme in DNA
replication and a molecular target for many anti-cancer drugs.
The C-erbB-2 oncogene (HER-2/neu) is the most frequently
amplified oncogene in breast cancer. Because of the physical
proximity of c-erbB-2 and topoisomerase lI-a, co-amplifica-
tion of the c-erbB-2 and topoisomerase Il-a may occur. To
investigate the clinical significance of the topoisomerase Il-a
and c-erbB-2, the correlation between topoisomerase Il-a
and c-erbB-2 was examined by immunohistochemical stain-
ing in 43 invasive ductal breast carcinomas and its rela-
tionship with other prognostic factors.

Methods: Topoisomerase Il-a and c-erbB-2 expression was
studied immunohistochemically using sections of formalin
fixed, paraffin-embedded tumor specimens from 43 invasive
ductal breast carcinomas. The correlation between topoi-
somerase ll-a and c-erbB-2 expression, and its relationship
with the clinicopathological factors such as the tumor size,
lymph node metastasis, TNM stage, histological grade, nu-
clear grade, estrogen receptors and progesteron receptors
was investigated.

Results: C-erbB-2 was expressed in 9 (20.9%) out of the
43 infiltrating ductal carcinoma cases. Among the prognostic
factors, the tumor size, lymph node metastasis, tumor stage,
nuclear grade, status of progesteron receptors and estrogen
receptors did not significantly correlated with c-erbB-2 ex-
pression. The tumor size, lymph node metastasis, tumor
stage, histological grade, and the absence of estrogen re-
ceptors displayed a significant relationship with the increase
in the topoisomerase-a index. However, the topoisomerase
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Il-a index did not correlate with the nuclear grade and the
status of progesterone receptors. The topoisomerase Il-a
index was slightly higher in the c-erbB-2 positive expression
cases compared to c-erbB-2 negative expression cases but
this increase was not significant (P=0.503).

Conclusion: These results suggest that topoisomerase l-a
may play some role as a prognostic factor, but further investi-
gation is needed. (Journal of Korean Breast Cancer
Society 2002;5:135-141)
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220]3 9lom (1,2) 2 TAAETH AF S o]
o] p53, CD31, Ki-67, Pgp (P-glycoprotein), c-erbB-2, EGFR
(epidermal growth factor receptor), cathepsin D, urokinase
plasminogen activator, pS2 5-°] A EZF o|FQlz}Z A I
FaL Jek3) FAIES] FAHE Al 54 FollA B
o AP ARA = T3 AAEA o|Td AE FA4H
S 24 4 JE AXZEEE MI (mitotic index), TLI (Thy-
midine Labeling Index), BrdUrd (Bromodeoxyuridine) labeling
index, FAIEZ 248 3 sS4 £33 ZA, PCNA (pro-
liferating Cell Nuclear Antigen), Ki-67 5] 3,4 HT
Topoisomerase II-a°] A|E FA18 &4 17l oJ|FQ0zZ A
rs] AT Foloh

Topoisomerase= DNA THAS] F9 whAloll4 DNA e
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E H37lE ol 54 98 993 o9 B 7 7HA
isoformo] ZAgtc}. o] = a-isoforme doxorubicin, m-AMSA,
mitoxantrone, etoposide®} 7+ AnthracyclineAd] SFA1<] &
Ao g #gslo] x| g5el glo] Fo3t AS Il
wek oiel, fleh, s, 1EF AfA, 34
¥ o} 5 A E - (astrocytic neoplasm)T} 7+ QI 7ke] oA Zal
I B SAAESY AEFV] G, S, G2, M7]elliF a5
o] AlE FAHS T F AUv AAZAE F23F 9]
= 7HIY.(5-7)

c-erbB-2 (HER-2/neu) ¥ 41 2= 185 kd9] A=ttt
(membrane glycoprotein)& PAst=tl] o]9 T2+ EI
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A AN AL A (EGFR)S} 8|28} tyrosine kinase activity
2 7HA k. o] §ARY ZZ (amplification) S -GHFStol A

EslA AR e FAA #Hol Fo stz 7 AAA
17q21011 4 2= 1 o] 2] I (overexpression)> <
I dagtollA] AEESY FEE M E AeRE dHA
A=l 53 Lol A 10~30%NA cerbB-29] HF& 0]
PEE o] el T ALE B AA AEE| A4
st 5 dl¥rt U e g dHA YUrh@89)

kol A Topoisomerase M-a2] W& 7l k] =
717v AU, F% SEol 1, "HEZA Hol7h kAo,
DNA ©|5u5=A|(DNA aneuploidy) & 4] &2 o] %21z}
9} FHtE]m =2 Topoisomerase IT-a ¥4 E(activity)
c-erbB-2 A 7S] I I} AgE o] vrehdrha oA
At} o= DNA FollA] 34| $]*]4 Topoisomerase II-
a7} c-erbB-2 AL wl-¢ ZAIste] 9A| stz (A
17q12) c-etbB-2 F-A A9 %3} od33}o] Topoisomerase
I-a¢] 3% 3 ZE(deletion)? 7222 o] o] zho] FHlE o]
vehe 757 871 wieel Zes 4 A gidhuo)

olo] B oAz FHbollA Topoisomerase M-08}t c-
erbB-29+9] ARIAIE W3 WS Foll dopia
719 e ARl o o3 AAET Y] AR S =
Asto] f-HFQtoll A Topoisomerase 11-a2} c-erbB-29] of] %9l
A2 A0l A oJolE dolE At s3irt.
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AaA BAFo T Ak Wk gA; FollA 2B
7b 23t 4345 e g ssieh AAl= shatell A A=
d SA TEdFo g aAs L et & FHE 23
slo] AAlE MzAL sleby ARo® vrEn FAFR
Hematoxylene Eosin 34 AAJs3ict Ae= 2219 ¢
47153 WelAdA S5 At At vho], 49

=
27) 9 RZA Ao] ¥ 52 sheleigin,

1) Halsty 2R/ 59 =734 ot =+ Bloom¥}t
Richardson®] SFA|Aloll £Aste] o] tfFA, FAHES
B2 A371 Al (tubule)FA A Eol| wha}
w(FE3h 283 35 FHEhe s Esidla, o
< Nottingham/Tenovus Breast Cancer Studyoll 4] AR-&3}
715l wheb 16w (223, 25w (FE3h 283 355 (A
BEoho g EFsldrt £kl 37|+ American Joint Com-
mittee on Cancer (AJCC)Q] T &5l wle} 2 cm |3}, 2.1~
49 cm, 5 cm oA T BFegy BZA Aol 1 G
FAgle] Ho] o] B2 LFslglom, M7= AICCY] &7
of| wgket.
() HAAZE S A AU B9 shebn Folzn
WAsy Adgoz 527 339 2
=

T —

ol 77t 224 xejsto] AT L F WA A
3} 349 FAS AAIEHY] $18 0.3% hydrogen peroxide-
methanolol] 105-7F A8 & ZFS2 A3 t}2 50 mM
Tris $+5-&4(TBS, pH 7.5)0. & A & v 5|4 whg&
AAB7] el 30587 LMo g Aelsly, o] &
HE AAG Z cerbB-2 (Zymed, 1 : 50)2} Topoisomerase II-
a (Zymed, 1 : 50), | ~EZ7A & (ER, Zymed, ER-7G5,
1:50), ZEA2~E|E $LA|(PR, Zymed, PR-2C5, 1 : 50)°]]
it AAHAE Aol A 24 7F A &A| A ek DA vE
& % TBSE 547k 33] A3 b biotine] F-24% o] 23
Z|(1: 300, Zymed Co.)ol] 208-7F 2+ & EAA 0] avidin-
biotin complex® & & A} t) WA= AECE AH-&3)
9.3 Mayer’s hematoxylin® 2tz As}9 ).

(3) HAXZ 5}stdM A} TH: cerbB-29] WAL FoF
AEE] 10% o] FollA Alxrtg wreba] 7 2oz o
Aol ¥l Z& Fgo g A9 2 topoisomerase 1I-a
index= EFAIE 1,0007] FollA R1gk 202 slof] 1A
o] ¥]& AZ9 FE Alo] MEEE F7|3ch o EEE
TEA Z2AILHE FEAl= S AEY ol 10% ©]
A dAe] He A5 FHoE AAS

@) SHAE|: AL tfo], FFe A7), 23 3HH 5+,
5w, BZA Ao] of 5, ER¥} PRE| W& o] 8} cerbB-2
1 3} Topoisomerase index2}2] & A]-S Window-& SPSS
(version 8.0) FA] ZZ 1S o]-83}o] Pearson Chi-Square
testE AAISFIL, PEko] 0.05 o]std uff FAIHo® F
Ao e Ao E IR
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Table 1. Association between c-erbB-2 & Topoisomerase II-a
index and tumor size

c-erbB-2 Topoisomerase
Tumor size II-a index
-) +) (mean*S.D)
2 cm o]s} 12 (92.3%) 1 (7.7%) 11.24+12.20
2.1 cm~4.9 cm 18 (78.3%) 5 21.7%) 17.09+16.03
5 cm o]4 4 (57.1%) 3 (429%) 29.66+15.90
P-value 0.071 0.041

o]a} 70| 6¢l(14.0%), 404|011 2] 494 o] 2001](46.5%), 50
Aol A 594 F-o] 13¢)(30.2%), 60414 694 o] 3|
(7.0%), 704 o]Aro] 1d1(2.3%)0| e}, FHATE 40t)7} 7}
A gk sod, 30tis=ol gk

Zke] A7]E 2 em o]8F Fo| 13441(30.2%), 2.1 cmollA]
49 cm & 239(53.5%), 5 cm ©]& o] 74(16.3%)°] XA
th FZA Ho] of Bz Aol gl o] 2041(46.5%)°1 A
a, Aol7t gl o] 234l(53.5%)0] Atk AJCColl 2]k 3k
Ztel W7 W7 10] 841](18.6%), W 7] A7} 1741(39.5%),
7] IB7} 1340(30.2%), ¥ 7] MA7} 54(11.7%)°] Rt}

2) 25t aA

F 43419 WA WFYFES Nottingham/Tenovus Breast
Cancer Study®] 2284 57T &3 YA A=, 9
A, AT ol ek 239 Sae e
o 155°] 1190(25.6%), 255 2041(46.5%), 357 °] 12
oAl(27.9%)019 3L, HsF 15wl 114(25.6%), 25w °l
22001(51.2%), 3%5F°] 100(23.2%)°]1 3t}

3) c-erbB-22| 251 2l Topoiomerase I1-a index2} 0f| &
QIXtRLO| AMZEZLA|

% 439 F c-erbB-2 W&ol SAS UehH o7} 344
(79.1%), XA S UebH 73971 9¢9](20.9%)2 2™ Topoiso-
merase II-a index®] %72 17.37+15.810|c}. Foko] =
71l WA= 2 em ©]3} FollA c-erbB-20ll A4S |7}
12¢91(92.3%), ¥4 Q1 o7} 11(7.7%)9. 2, 2.1~5 cm T-oll A
= 1891(78.3%)7F A4, 5491(21.7%)7} Aol e, 5 cm
o] Tl A= &4 o] 441(57.1%), A o] 3el|(42.9%)E
717v 74l wel SAIgH R foAS sluAut
c-erbB-29] W o] Frbsl= e HArh(P=0.071). HE3E,
Topoisomerase 1I-a indext &% 377} ZF713kol ule}
FATHLZ feeiAl 1 ghol TFERATH(P=0.041)
(Table 1)(Fig. 1, 2).

HZA Aol of ol wtghA = Hol7t gl TolA &4
o] 2041(87.0%), %¥FAlo] 34l1(13.0%).3L, Ao|7} Y& ol
A= 540l 1491(70.0%), Aol 6411(30.0%)Z Hol7}

Fig. 1. Immunohistochemical stain of c-erbB-2 shows a strong
positive staining along the cytoplasmic membrane in infil-
trating duct carcinoma of breast (ABC, x400).
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Fig. 2. Immunohistochemical stain of Topoisomerase II-a shows
a strong nuclear staining in infiltrating duct carcinoma of
breast (ABC, x400).

© TollA c-erbB-22] Wdlo] Frbsle ke Hol7l+= Al
o} A FolAdS ¢19131(P=0.162), Topoisomerse
I-a indexw= FZA Ho|7} gl oA EATHE
QA L Zko] Z7}3E3dth(P=0.001)(Table 2).

7lell whE c-erbB-2 3] Xpol= gl o1 (P=0.082),
Topoisomerase 1I-a index= 55°] Zol3 ol wa} A4
o7 FA 2 Zko] =7}t (P=0.008)(Table 3).

229l ol wWhE c-erbB-2 W& 9 Xo]= g9l
U(P=0.666), Topoisomerase II-a index= &a°] Zol&oall
wel AP o2 foslAl 2 ghel ksl thP=0.019).
57l WA e cerbB-2 WHale] Xol= $lolom(P=
0.680), Topoisomerase II-a indexy:= Sg°| F7gol vl
a gho]l F7kete Fde Hol7le sklent sAIRHA
FolAL 919 tH(P=0.054)(Table 4).

TEE FEA WY of Fof] mhE c-erbB-29] ol A
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Table 2. Association between c-erbB-2 & Topoisomerae II-a
index and LN metastasis

c-erbB-2 Topoisomerase
LN metastasis II-a index
O] (+) (mean+S.D)
-) 20 (87.0%) 3 (13.0%) 9.96+10.52
+) 14 (70.0%) 6 (30.0%) 25.88+16.79
P-value 0.162 0.001

Table 3. Association between c-ertbB-2 & Topoisomerase II-a
index and tumor stage

c-erbB-2 Topoisomerase

Tumor stage II-a index
) ) (mean*S.D)

I 8 (88.9%) 1 (11.1%) 4.94+3.03
A 15 (93.8%) 1 (6.2%) 15.04+13.62
1B 8 (57.1%) 6 (429%)  25.04+17.73
A 3 (75.0%) 1 (25.0%)  27.75+16.64
P-value 0.082 0.008

Table 4. Association between c-erbB-2 & Topoisomerase II-a
index and histologic grade, and nuclear grade

c-erbB-2 Topoisomerase
II-a index
©) +) (mean%S.D)
Histologic grade
I 8 (72.7%) 3 (27.3%)  10.97+10.80
I 17 (85.0%) 3 (15.0%)  14.64+17.25
I 9 (75.0%) 3 (25.0%)  27.77+12.72
P-value 0.666 0.019
Nuclear grade
I 8 (72.7%) 3 (27.3%) 9.13+8.10
I 18 (81.8%) 4 (18.1%)  17.75+18.40
I 8 (80.0%) 2 (20.0%)  25.57+12.09
P-value 0.680 0.054

ANAEZA FEAo] whE WA Hol= gloh(P-
0.583), Topoisomerase II-a index+= SAIH & F-oleA]
Zkol 74319 chP=0.001). ZZA|I2HE FLAo wpe}A]
= c-etbB-2 B 2] Xo] %= $1 9 3(P=0.257), Topoisomerase
II-a index 7% Xpo]l= 1 th(P=0.166)(Table 5).

c-erbB-2 W& of] u}E Topoisomerase II-a index+ c-erbB-2

Table 5. Association between c-erbB-2 & Topoisomerase II-a
index and estrogen receptor, and progesterone receptor

c-erbB-2 Topoisomerase
II-a index
O] ) (mean*S.D)
ER status
“) 9 (81.8%) 2 (18.2%) 30.53+£16.79
(+) 25 (78.1%) 7 21.9%) 12.84+12.85
P-value 0.583 0.001
PR status
“) 9 (69.2%) 4 (30.8%) 22.47+17.44
(+) 25 (83.3%) 5 (16.7%) 15.15+14.82
P-value 0.257 0.166

Table 6. Association between c-erbB-2 and Topoisomerase II-a

index
Topoisomerase
c-erbB-2 Number II-a index
(mean%S.D.)
“) 34 (79.1%) 16.52+15.84
(+) 9 (20.9%) 20.56£16.24
P-value 0.503

5| A ] Topoisomerase I-a index Zko| F7}st=
FEE B, TAFHORE FA4E §13hP=0.503)
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ol] 747Fe] clFI A S0l ST olFAREA A4

| 3k =gko] A= 3 gick. AA7HA] A
ko] d3RIAERA = T4 271, JIZA Aol
£ERA Y ZeAsE S8 S5, 97 $F, TN
71, 2R3 ok, 242 el 24, & FATHe-rbB2),
3 AR p53), AAAZHEGFR), protease (cathepsin
D), pS2, Pgp, uPA, stress-response proteins 5-°] 2™, o]
F s} 21z Ro] Ae, 281 o}, Epel 27, )
579 2457, L2E £84 §5, 2429 27 So|
EFAQ dl=RIAtE 2zo]a Qlr} o]F ol FIAE F ¢

BERE
=

©O;

o

o 3

AT ZAE 24 A el 2 S N2 F Y
THE 9 A ALeAE AR AL o] dFH L
2 1 9uzt Az e ol#dt SAH S HA4Y
P= AFEZE MI (mitotic index), TLI (Thymidine labeling
index), S-phase 7%, DNA aneuploidy, BrdUrd labeling index,
PCNA, Ki-67 (MIB1) 5-°] %3, < Topoisomerase II-aoll
el ksl AT Folct.

DNA topoisomerase= DNA ¢4, FA AL, A Eele} 7
7437} 22 DNA tiAe] 9 ol 4 DNA el & st
Al7le B4z dEA ger (12) o7]ddle A 750l
t}Z DNA topoisomerase 13 119 + %7} vl DNA
topoisomerase I DNAY] 3 712& A 2= A& 3= Htb
™ DNA topoisomerase Il 540l F+ 71ehS A2 1 7|
59 TS Hl ATPE ZeF 3dh(3) EfFole
DNA topoisomerase 119]  isoform?! 170 kd®| a-isoform¥}
180 kd®] B-isoformo] EAfs=dl ol A7 A
17q21-118} 3q240ll x| 3teh(14) ol & AZ 2 454
= 7HeE Bsla A2 S5Hos 245w o 4
At 75 7RG el e, o] T eisoforme
Anthracycline (doxorubicin, m-AMSA, mitoxantrone, etopo-
side)Ad] gQHA|9] A o8 2F-gslo] X Foll glo] FQ&
gk g5 ©hedgkr}. Topoisomerase 11 inhibitorol] tlgh 717¢
5= FHAHENA Topoisomerase 1I-a2] E3 % (expres-
sion level)oll w2} ZelA] =6l Topoisomerase II-a protein<]
5% (concentration)’} Y-S5 Topoisomerase II inhibitorol]
et TR L7 Fol A kAol tEF 717 = (sensitivity)
7} Y} (15-17) B=38F Topoisomerase IT-a= WAL, A, H
WS AZE B9l ohygo A4 ZAAEY AT
Gl, S phases} G2, M7]ellit =0} A S4HE &
AT F L3 QAo (18) whebA] A|ZEFA o glofA] w3t
bzl shE 24 U U] £ FES ek A%
7} AR WER dobA AR, peisoforme AEFT] 5
A s A FAFck gk} (14) Topoisomerase I1-a2] 1B
£ # & whehA(characterized monoclonal antibody)?] Ki-S4
of ol 71 WeslA WG AIE dold F gle
™ ,(19) ol A Topoisomerase 11-a9] 7= £9k9] =

A7 AR, e F B 4 AZA Ao] 5 £4 ¢

» L L O H

of B N m

and}

B

o

2 o] Z A9} FHEE] 3L =2 Topoisomerase 1I-a #HA ==
c-erbB-2 &} FoFo o|FulrA] T A o] VEL
whe}.(20) Pierre 5-(10)< 356719 gheksl ZaljEl o]zt gl
© T A4 B#eEEoll sk ol A Topoisomerase
-a= Ki-67 labelling index$} % HHg A#PA1 S Kol
w et A EH 9] S (mitotic count), E%2] S, DNA Hl]
A e, F9k2] =7], c-erbB-2 immunoreactivity 52} 9
A vlEFQ] JAE Holm 219 Lol dR 4, dlAE
2R FEA, ZEAZHE FEAE o4 vlEAQ &
AE Helvx X 33193, Topoisomerase II-a2} Ki-67-
£ope) 29t W PYAZEL WAL 5 Y 5
o] dl%elA g Haslglt}. Pierre S(21)S E thE ol o
Al A Hol o] WHAES A5 e UAAEA HE
7 A o] 4, Topoisomerase II-a, Z%k2] =7], 2xH |5
+ L ZEAZEE 7EA 3489 TAE sl FoF
Az FAE 3} Agsto] A AYEE(overall survival)Z}
Z o] E - (metastasis free survival)ol] THEl oJ|ZQ1x} &2 =
A # o] o Topoisomerase II-a, £%2] =7], ZZA2H|
E T84 24, A9 vold £ARE Haslgict sk
Tero 522 2307h8] §SF 248 ol §3 ez 33
% odFoll A Topoisomerase II-a YA A|F= G o] ~E

=, DNA o|Full<A], c-erbB-2 I8 59 o] ¥4l

#Z Rl FAZE A Barslela 3kake] o], 3 =
7], HeHE R1Z A Holol = qdto] glrka Hrelgich
B ofFol| A= topoisomerase IT-a7} Ao, ZTEZA|XLHE
TEAE FATH o E FRBAT} gle AR el
o}, Fokol 77], =4 Aol, 24 A 73 Wrlek
¥4 wlEARl BAE B, A 2EEAN FEA%E &
A vlEF Q] JAE o] o dFellA e} vlz3t AAE

A, ZRAZANE FHA, £ s Y, 52 5% 5
At
el

o
=z

Bl

A% % glglov] meba Fueteld B ¥ S aS
PR ELEEPE T e LA R
19l

c-erbB-2 5 AT BAA LA T 2] Fe =
91, F| ol A] ethy-Initrosourea® 5% 4173 BA| ZEZ(Neuro-
blastoma)ol| 4] &0 & WHAE BAE neu® B} o]
p1852 <4edA 185 kD AlFE=rdwk®(membrane glyco-
protein)©] %% $H(coding)¥o] 9L, o p1859] A|lEU] A&
< tyrosine kinase &4l 7FA 3 91 7] wiwoll A EW AE
£ 40% 1]l AlES] AR 85%0lA EAAAAAA T8
A|(EGFR)%t +24 4545 7Hch(23) o] fAAke] +F
< relA A A== fAAF WHel o SR
AZFAAA 17q210 A JEE I o] wlf 2] HQ] HAL
2 913}9] v-erbA/THRA (thyroid hormone receptor ), terinoic
acid receptor a, MLNs50,51,62,64, Topoisomerase II-a2} 72+

o THE AT 2ol FF wi ALY o] o] Ft

B 7357k Wk 2 Harel] oJsb c-erbB-2 Il
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FHkQtollA] o] 59] 90% A EollA] topoisomerase II-a -7
Aol F3& vl Aol Futdeta sgivk.(7) ol o

10~30%0°l14 2= c-erbB-2+ tyrosine

5& ‘ﬂ“"4 AT A A o3t A EF4
3L, o] &) Fhbd - ek of| 3of wH
%g:]z;] 91y, o:]zHW]_X]L oo}l Bz A &
072 E3t o|¥E UehlE SUYIAAEA
A Fs}e}. Tyrosine kinase 2412 c-erbB-22]
A)7]7] w3l tyrosine kinase A& E3}o]
c-ertbB-22] AN E & 4 3 Herceptin (tras-
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