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Relationship between Cathepsin D Expression
and Other Prognostic Factors in Primary Breast
Cancer

Woo Jin Chung, M.D., Dong Eun Park, M.D., Kwang Man
Lee,1M.D., Kwon Mook Chae, M.D. and Ki Jung Yoon,
M.D.

Purpose: Cathepsin D, a lysosomal protease has been
proposed to play a role in the local invasion and metastatic
dissemination in primary breast cancer. Although there are
many conflicting results, the overexpression of cathepsin D
has been considered to be related with a poorer prognosis
of breast cancer. This study was designed to verify whether
cathepsin D expression is related to other prognostic factors
in breast cancer.

Methods: Cathepsin D was assessed by immunohistoche-
mistry using murine monoclonal anti-cathepsin D antibody
(ZyMED) in 79 paraffin-embedded primary breast cancer
specimens. Cathepsin D expression was compared to other
prognostic parameters such as tumor size, axillary lymph
node metastasis, tumor histologic grades, hormone receptors
(ER & PR), p53, c-erb B2, Ki-67, MVD (microvessel density),
and Pgp (P-glycoprotein).

Results: A high-expression of cathepsin D was found in 35
of 79 patients (44.3%) with primary breast cancer. Cath-
epsin D expression was not related to tumor size, axillary
lymph node metastasis, tumor histologic grades, hormone
receptors, p53, Ki-67, or CD31. However, a significant re-
lationship was found between cathepsin D expression and
c-erb B2 (p=0.007), and between cathepsin D expression
and Pgp (p=0.003).

Conclusion: These results suggest that cathepsin D expres-
sion may be an indicator of a poor prognosis in breast
cancer. However, further studies are required to verify the
exact role of cathepsin D in the prognosis of breast cancer.
(J Korean Surg Soc 2001;60:368-374)
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cathepsin D, urokinase plasminogen activator, pS2 S-o] A&
= AFAAREA AFE I Yt

Cathepsin D= o}A3}e olal
tease) 24 AL 52 kDO @rbmlo g o]Folx gt
cathepsin D= AR o 87 B AE9 lysosomes Wol] o
T TEE EAE fEt AlZoA dl2EZAN AL
o7 Aol FrbElo] kol Hw3 A7 Fololl Hofglrt
I EHA ek 2 2HE 716 A= BEs] dElA
Ae GFARE AF7HA 2 AT Aol osld =A
T M ZA Z\ A A Ee] A AT E O
&) 243 o}2 slvb= IGF-I (insulin-like growth factor)
TEAE 53 AE EE FH 024 o]E g o3
T4 AEH AAR7F Fhskek= Aelch()

Cathepsin D] 74 Wol] thaljA]= obF] EF3H7} o

FoA4] kil 9lom cathepsin D7} Fr<kel] Yol A
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" ol FAAEA] o7t AUeThell A E =gto] g
oub A shte] S3E dFIARE gropEolAa 9l
th.(2,3) §Hletol|A] cathepsin DO #H&lo] | A2EZA 1
ZEAHE A dBAo] Aol diA = o
FE9] dFellA] Ao dfA o] gl AR veht gle
W O A3RIAETE ABBAT) §le A2 EHA
Arh.(4-11)

FHFQtoll 4] cathep-
7], e} FZA Ho| -,
./;:_g.;q] ) Eiﬂ]/kg.]]i /“_9.
Al 5 p53 ol uke] | Ki-67 2F8, CD31 9+, c-erb B2
W, Pep W 53 oW A o] QlEA dotH izt s
k.

1
sin D] Fglopabo] Fokol

1) AT

1997vd 84 FE] 19994 7L 7}A]
a oghpe slshetadeld WaA S
A G AL B3 5 g S5 o sheb 3
o BE Al 3 VellE OGO 5
25 ojolsla, 2643E] STAAAS ol HE@T

46.84)E Hch
2) ol

24709
g

AT 2HAke] Wl HuAE 239 o V15E A
E3}o] AJCC (American Joint Commitee on Cancer, 1992)9]
TNM W7]ell wi2} F¢ 2715 Ti 2 em o]8} 7)), T> (2
em 23 5 cm o]}, Ts (5 em 23}), Ty (Z7]oll TAIGl o]
FHolt I hE FEAR, Aok }=ZA Aol §
TNy (®=ZA Aozl 9= A9, N, 04 g1=4 A
olF), No (ZAA "ZA Aol), Ni (internal mammary
group®] YZA Aol )2 EFelgleh AT oo =7
FES Hol ¥yl 2ZTA ANE A Psiic).

=171

) ZHES ST A 799 5 oz 34
I AHA FHdo g A E9E 70404 Bloom¥} Ri-

chardson®] H}H & 33‘51- Nottingham ¥+ -& o] &3lo] =
qa4 53 Bieglen], o % ek Ansid A
¥ Al (tubule formation), 3 ©]&] (nuclear pleomorphism), F-A}

A A Z(mitotic count) G Al 7}A| GFEol| whe} 22 A
5% Bofsto] $Hol 3-5olHl 1 SREEIA), 67
Hol™ 1T 57(FTE +34), 8~9old I 57 (A&
e ksl

@) NS oA uhy

@ Cathepsin DO| BIOIXTSHSIS AM; th4 HA}e]
stebnl Tojzl S Mo} QAT Aol 7h e BIIE 4
pm T2 9-Ast 3 A8-3}E ProbeOn-Plus slide (Fisher

H =2
T e

-

Scientific)ol] H-2Fs}o] xylene-S o| &30 ste}=l-g& A|A s}
3, T GEE xylenes AAZ F Sl A
Auto Blocker (Research Genetic)Z Q1A peroxidase?] 2t
£ A A|AF) 3L, citrate buffer (pH 6.0)]] 557+ vF-2-A]71
& Y%} kA (murine monoclonal antibody, ZyMED)E- 1
s00.2 8 4AA Aeeld 6027 MSAAL 2 ¥ of
2} A2 vES-A]7] 3, AEC §-o g "7t} Hema-
toxyling 137k RHGAIA 2 e 3 & 58 A3 5
QJete] WmA o= A7kt
@ HAEZ2d Y ZZHAHEZE +EH(ER & PR),
p53, c-erb B2, Pgp, CD31, Ki-67 S| A XX 5|5t oAAH:
et 22 e s gdutEldl ¥ ¥ BES AR o,
Auto Blocker (Research Genetic)Z W14 peroxidaseE #|
A A7) 2L, CD31- 45°Col|A] 457} pepsin ] 2|3 &, 1
il ER, PR, Ki-672 citrate buffer (pH 6.0)0l] 5571 = 2|2k
F, A7ke] Ak Al E A-2ollA 1A EeF v A A
Az} gAle] FEE 47 c-erb B2 (ZyMED) 1 : 50, Pgp
(SANBIO) 1 : 20, p53 (DAKO) 1 : 50, CD31 (DAKO) 1 : 50,
ER (ZyMED) 1150, PR (ZyMED) 1 : 50, Ki-67 (ZyMED)
ol 2 ¥ ox FAE HF3A| 7] AEC &

o7 ‘%*E.K]Z}‘\l:]-. Hematoxyling 157 vF-2A]A iz <
AR ¥, A $edetel HnlRew Bl

() Be{ZN2tst 2iMQ] BS: Cahepsin DE F2Halv]
Aokl 1A o AE F Ao AR SHIE)
50% wntolw Awkd, 50% o|4o]W mHIH o Z Ao}
it} ER, PR, p53, c-erb B2, Pgp 52 odA= kA7)
5% wlukold A4, 5% oldeold FHor Foson,
Ki-67% 50% w]qto]|m X‘]‘,’a}ﬁﬂ_, 50% 0]@'0]“4 Al Oi

2 v

(microvessel density, MVD)& ———*g], ‘ZF%/‘C‘], ZSE A,
IR (—, +, ++, +++)9 45Fo g FAAC-
@) SHEE 2M: FAIH A SPSS window Al
Zg g o|8slict. Cathepsin D] WA T} t}&
| E0IAE 7he] AdTAl= chi-square test2 AR89,
pzkel 0.05 vkl A& 29 e A= sl

Z nt

R A 796l F 35¢9|(44.3%)01| 4] cathepsin D
931, 449|(55.7%)0l A= ALE-& el

aPAE B

& 37|, HEZH
49| ZHAH|(Table 1)

I-|0|

M ®#7](1992, AJCC)ol| ule} TiH-E]
Zbol| 2] ] cathepsin D &l &8 =A}3k
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Table 1. Relationship between pathologic characteristics and cath-
epsin D expression

Table 2. Relationship between biologic properties and cathepsin
D expression

Cathepsin D

Variables No. of case p value
High Low
Tumor size 79
T 19 8 (42.1%) 11 (57.9%)
T, 50 21 (42.0%) 29 (58.0%)  0.63
T; 4 3 (75.0%) 1 (25.0%)
T, 6 3 (50.0%) 3 (50.0%)
Axillary LN 79
No 43 17 (39.5%) 26 (60.5%)  0.24
\f 24 14 (583%) 10 (41.7%)
N; 12 5 (41.7%) 7 (58.3%)
Histologic grades 70
I 20 5 (25.0%) 15 (75.0%)
I 34 19 (559%) 15 (44.1%)  0.082
I 16 8 (50.0%) 8 (50.0%)

A3k, Ty 19¢]] Z 8¢]|(42.1%)0ll 4] cathepsin D &S X
A3, T, 5000 F 2104|(42.0%), Ts 4ol] = 30|(75.0%), T4 6
ol 3= 34|(50.0%)0l| 4] Z+Z} cathepsin D] 1H}alS Hof
o] 5 Atolof] FAIHoE [t AR A Thp=0.63).

Ne}gl =4 Ho| ol uhE cathepsin DO W3 E&
ZzA% A3k, 42 Holrt gl Now 43¢ F 1741(39.5%)
o] A] IS B9, NS 240]] Z 1404](58.3%), No&= 12
of| F 541(41.7%)lA TE-E Hol, o] 5 Aolof] FAA
o2 o3t AWML A Thp=0.24).

A R0k 70404 228 Fgoll W cathep-
sin DO] WAES ZAR AR, 1 53U ZTEH o4
200 F 590250%), 1 §5Q) FE5 344 QHe 3ol F
19611(55.9%), TII S # H3}A oFS 166]] 3 841](50.0%)
off 4] aukg Hoi, o]5 Tt FAIFH R {8t 4
B gl ot e E3terl &5 cathepsin D I
o] Frkeke AEe Hck(p=0.08).

2) Cathepsin D W8i3} CIE WSS |$OAXS 2
9| ZH|(Table 2)

A AERZA FEA|(ER) F-Foll w2 cathepsin D W&
© ER A2l 650 F 2701(41.5%), ER &4 Q] 140]] = 8
ol|(57.1%)0l| A] cathepsin D I1H}F&1-& Hol, o] & 7lol| A
dH o ol 4uAE HolA ghrhp=029).

Z2A2EE FEAPRIS] Aol AL 78]
2 o 2, PR R4l 636 3 2990(46.0%),
PR 2419l 159 % 64](40.0%)0l| 4] cathepsin D] 1Hbed
< Hol, o]5 Aolo] EALA o §o ABAL gl

Cathepsin D

Variables No. of case p value
High Low

ER 79
+ 65 27 (41.5%) 38 (58.5%) 0.29
- 14 8 (57.1%) 6 (42.9%)

PR 78
+ 63 29 (46.0%) 34 (54.0%) 0.67
- 15 6 (40.0%) 9 (60.0%)

p53 79
+ 37 18 (48.6%) 19 (51.4%) 0.47
- 42 17 (40.5%) 25 (59.5%)

Ki-67 78
High 28 15 (53.6%) 13 (46.4%) 0.18
Low 50 19 (38.0%) 31 (62.0%)

MVD 74
+++ 16 6 375%) 9 (62.5%)
++ 22 8 (36.4%) 15 (63.6%)
+ 26 10 (38.5%) 16 (61.5%) 0.35
- 10 6 (60.0%) 4 (40.0%)

c-erb B-2 78
+ 54 29 (53.7%) 25 (46.3%) 0.007
- 24 5 (20.8%) 19 (79.2%)

Pgp 71
+ 35 22 (629%) 13 (37.1%) 0.003
- 42 12 (28.6%) 30 (71.4%)

MVD = microvessel density; Pgp = P-glycoprotein.

S cHp=0.67).

p53 kil § o] w}E cathepsin D &8-S =AM 2
3}, p53 FAIQL 3700l F 18o9(48.6%)<}F p53 54 424
Z 17411(40.5%)0l| 4] cathepsin D HFElS Hol, o] 5 Ao
off FATAcE Fo3t FHAdL AAckp=0.47).

Ki-67 W& #e] vliie 78dlof| A o] FolF =, Ki-67
S 280 = 1540](53.6%), Ki-67 AHFE G- 50 = 194
(38.0%)1 4] cathepsin DO] IHE G Hof, o] Atoldl] &
At oz o3k AuAS A cHp=0.18).

CD31E At ¥ vAgd U=MVD)E ZAs}o]
cathepsin D W&l &3} Bl (o]= T4of|oll A o] Fol )3t A
I}, MVD 249l 10¢]] £ 6¢1(60.0%), 2FokAlQl 264 =
1061(38.5%), Z5% A< 220l % 80(36.4%), A2
16¢d] & 6941(37.5%)NA] cathepsin D IS Hof, o]&
Aolol] AT 02 foldt ABAS A1cHp=035).
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c-erb B2 G50 T«T«]-—E‘: cathepsin D ¥+ §-& H]3(784))
3l A3}, c-erb B2 FAI 0 8= 540 F 2949](53.7%) 9| Al
cathepsin D l“al?’l_g Hel vbid cerb B2 4% A&
24¢]] = 501)(20.8%)0l| 4] cathepsin D] & Hof, c-erb
B27} }A 9 ulf cathepsin D] kgl ro] F-ojEkAl F7t
3} 3 th(p=0.007).

Pgp (P-glycoprotein)®} cathepsin D HFE &2 B]5L(774))
gk A3}, Pgp kAl AS-= 354 F 2291(62.9%)0l A ca-
thepsin D & 2.9l "l Pgp 2412l Z$-= 024 =
126)(28.6%) N A] cathepsin D& 14}&l-S& Hof, Pgp kAl Ql
oflol| 4] cathepsin D] LHATFE FostAl F7keloict
(p=0.003).

il &

A WA A FeA el dEAAES o
o 924 Ao] $7, FUe| 2], olaEEA Y 2
ZE|E 587 §5, 244 RIE, DNA WS4, Fo
o] A5 Solv, # ol ps3, Ki-67, c-erb B2, EGF-R,
uPA, pS2, Pgp, cathepsin D 52| & AF4 FAAE
o] AEF of|FRAAtE FAslch(12-21) o] ol tﬂﬂ il

L Al e o] FolA T Yn HYH dlE
24 485 5 Aol g etel A% gt A
Aolt}.

o]5 = cathepsin D= A W BE A|Z 9] lysosome W
off 4 FEE EAsle of~vtel ol E3l & 4 (aspartyl
protease) & o ~EZ Ao 9|34 gAlo] X% pH 3-5
Qo] A4el ulal BAdA 1 A48 ehit Aew
& A 3t Cathepsin D= 24 o] gl AF&=4 < pro-
cathepsin D e Z A4 A Eol| vlal] GAE Hell ] &
£ 949] Skl S AR St MCRT A
2 ol g4 QA7 Aol whEm A4 S 249 procath-
epsin D9]- QFA 9] procathepsin DA HelA ol xol7t 9
A AR 2 AES FAL ARG el AeE
Ho} cathepsin D= AR ol W Rl kAol WA G4t
& AE9 EAo] H= ZoZ AR

Sukerol| A] cathepsin D2] Z}akalol] il A= old] AT
A} sk Glek ol 2ERA 484 4 SURIAE
cathepsin D 71 2}8] 57 95l 91X|3F EREE 53l ol
%EiﬂJoil 9]3)] cathepsin D Wralo] A Aoz ZAH

o, AzERA S8 84 St AeE Au 7]
4% % & glot ot 4 S14el e el Hz
Hrhe 7Zo|th.(23,24) Cathepsin D2 Z2EZA
TEA Zholl= AR o] gleke FAE AAT25) A
& cathepsin Do WL o| ~EZ A
Zo] dutz o g ulolEol A v}, 33 Marsigliante s
(5)oll ©J5}4 cathepsin D] W3 o] o 2EZ A F8&A] &

A ZAA e} HAAAE 7= o] ofe} | AERA F &
Aol 7153 AL Qa, Tk Hl ol=ERIN 9 Z2 A
ZHE 8419 p29 57 EANE uf) cathepsin DY) &
o] o] Folzlrka slict.

Cathepsin D7} QH&lo] Aol Ftojsl=7}oll thalA] Ro-
chefort’5-(24)2 A5+e] procathepsin D ¥F& vectorE- cathep-
sin D7} #u|E]A] ¢k F o] T4 AEFY 3YALR A
Y (transfection)A| A A o|7} Frbele A WAs ek
Cathepsin D7} o]l 7]R ol 93l YAo|E =777}
ol tefAl= o 744 7hAde] EAlstk=ul A 7H 7}
540 & ML catpsin D7} AE A% 930
= u}uﬂ S 7= A 0]1:]- a2 —5]]11—_9_0 x]_/l%
] pHell 4] 7}74 A Jojub pepstatinol] 2|3 Eo]FH oz
A=l el AsfAl= obF dEAA gk Aol
Tt v} cathepsin D2] 2F-§© 2= insulin-like growth factor
II (IGF-) F&AE E3 AlZE ZZ(mitogenic acti-
vity), & A4 AxEA Y Ago] LA Arh() o] F
7HA 70——9—0] ol X< 18l Aol A4 cathepsin D2
gz AT ek TE o|de HSe] B b

A A% EAfsl=d, Johnsons(27)2 Q1E 7IA 2 o
£ A% E=Fol|A] cathepsin D2 ] A7} ¢HAE9]
AT A 29001 o, cabepsin D 5] 3
=73 Qt FL AlFE Hole AL ohit: §°§ Hell o
A el 22 A 4 A5 ANES| cathepsin D =7} &
A wiolekn Ak 2 olF S 22

FoF ol WelAIES] g0l Bk ool WAl ok
Rilke'5(28)2] A AF}E AAEch 221} Isolas(4)
& Zok] oJZ A E9 cathepsin D HFE-2 oto] 994 Ao
U hate] A& g3} Sakslvka slgieh. T T cathepsin
D] mitogenic activityol] T3k HFES A7V & dF+=
d] cathepsin D&} A|EZ2] & 7o) 2u] Q= A4l o]
Qlrhi sgich 2 QT E EopE A5 Belo] gleh
. 4 A Ki-67 WE A LS9} cathepsin D ¥H&l-& w]sk
Azt FA7 Faskdch

Cathepsin D2] 9JA+2] Z £-of] -3 1
A8l £k Wl cathepsin D] 1F
AEEE dA3] A= i,:_—i-rr—:a (4,6-8,22,29-32)
ashe R BApe] dlEeh Raelohs FAE qrh
9) w3k ReRIZA HoltF} nH o] ol A8 cathepsin
D ko] slolo] GflAE A APt AT A3} e
3 Yrh(33) olE £ Tandon$-(32)0l] 2]&}m 1997 o] o
SHIZA Ael7h Sl S BAS) BAdA Fl A
X2 W9 cathepsin D AU A A3 WEE FAS H
Aha 8191, Granatas(7) = el =4 Z% Aol7) 9l ol

Eg2 F&A17F F4<Q) 750l cathepsin DO 4‘%334
Aol 717k 9 A BEES Fha Tholl WA A
o] It w1k 3 IsolaS(4)S 2627 o] oHejel s

\M rk:

[U.\., o
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Aol7t Yle Fet SAE o 3 oA cathep-
sin D& 17] el Al 23t ol 31zt &gick. vh
]| Henry5(34)2 cathepsin D 5T A] $Hxo] &
o] F7hHch= A kel AFE wEs el AT
Holl QoA thFE Al (polyclonal antibody)E ©]-&-3F ™
=23 W& AH-8-sl9lth. Domagalas(9)# 2-5(10)
< cathepsin D W37} AEE Aol vk 33l
olA¥] dFAtuict thFit AIE HolE o] fFEE ca-
thepsin D 4 W] xpole} 747k b Ao AL, 7
7] tF2 cut-off %] Fo] 29lo g A= Qlr}.(35) o
ZAolli= cathepsin D 4 Wog FF AEA FEY
(cytosolic extract)®] immunoassayl} Western blot 50| ko]
AgE ot HZelle W= 5] We] Hol| 2
ol&=dl o] We AL Fokle A AEU 71A
cathepsin DE wjA|s]- 2L oA A EuE9] cathepsin DE &4
st Hoh o ARg ARE ATS F ke 2o
b)) ASE GAlo] GolAE B GAE 2 5}
2 olslol s e Aol $4 ol sha ol
o we] Qdalg SI8lAE uypsin AHA7F B e Dol
9T}, EE3 epitopest £ Fol Y Hol A% ThEv| I E
A= shebl Eefjol| A & HEE & denatured epitope
o 40l U S5 AoE AZHTH@ B AT
= oulad Aol g BEHo WolSol AL 4w
W estglil, 2AERe sjebn Eajnld A
0 REE PAE o8 WelzAs Y AT a

“

o% o

ol#13t E&to] ol &8 A cathepsin D=
1% ol ¥zt g 1 M E AR Y, F
ok 3katke] A7 Ab 3] cathepsin D& E3HAI71 A=
AR Urh(23)

Cathepsin D] #&lo] 7]E9| th& o532t 43
Aol Al teliAl= AF7HA e HER T3E 7
dl gu)de AE HoF dle A9 glch@¢-1) 2 &
Zpe] vrol, Al 5, FEF 271, Aok ZA Aol
i, Z2A%H i, L2 584 57 cathepsin D9 W
AR EE vt A5 REolar, YFollA] p33, cerb
B2, DNA ploidy$} ] asll =l 29 d#4dL ¢lsl
ot s}t it IsolaS(4)2 cathepsin D WA & (cut-
off2] 10%)¢} F42 A71E vlaste] FF A7)7} 2
cm o4 uff cathepsin DO W&lo] Eokvka shgict. 3f
Ak 2 Aol A= FoF 2719} cathepsin DO| A=
+ FosRgich. K3 cathepsin DO| AT} A3 Hao]
Aok GHA ANEEZA F8A B ZEAZHE T§
Aok 4ol QA vt Az b A5} o}
AZ Folt 4R B 5 Aldch 2 sloll 24 5
ATl 4 EHE Ki67 2 Fopel nl AR WEslE
SOt gRde B & alge

2 b dFellA = RS HolA %Y cerb
B2 H A9} Slolgl A ehhg s, it o
£ QFoAE Ba Gl G A4 BAH Pep
o Sluigl AEQAVAE Hof Fol w¥A Ane}
Azkee B2 1 Azl d Slsle A %+ Pe
o ¥ e ATl AR AAehe Ao} oA 75
o % Yoldl O B ZAlT B9 AF0l AN, £y
AAE oy 9Ju] gl At vh2ehH cathepsin D7} 4
A 2 FAHA A FolsteA B3 FABES
3 A7t Do Aow A7,

| g

1997 8L X¥] 1999y 7¥71A] 4 2]
FollA] et Ak slol]l a2 A F 79¢E o
Ao sto] Moz} o g ZFoF U cathepsin
D MHAEE S48 % ol F b AFARE vlse)
of thg3 e AFE At

1) Cathepsin D= & 79¢]] & 44¢|(55.7%) N A+ Aws
= EI 3600(44.3%)0l1 4] TS Hich

2) Cathepsin D] WA == F4 27], Aolzd =4 A
of o, ko] ZARH S, N AERA Y TeALH
£ &A, ps3, Ki-67, vjAER dAx T AR Fhs
et

3) Cathepsin D2] WA A T8} c-erb B2 W Pgp 7hol| 9]n|
U FHA o] WA = % vh(p=0.007, p=0.003).

o] de] Az AUA frdetollAl cathepsin DO WA
Bt cerb B2 9 Pgp 3} WHH AAIAE 5o, o
ZA7b ofd oulE Zr=Aof sl Kok W FeldlA
77} Aesn Base futel GIFAARAY
Aol SAE A7) gdolok & Aoz Az,
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