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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.

Departments of Surgery and 1Pathology, School of Medicine,
Wonkwang University, lksan, Korea

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
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exact role of cathepsin D in the prognosis of breast cancer.
(Journal of Korean Breast Cancer Society 2001;4:172-
178)

Key Words: Cathepsin D, Prognostic factors in breast can-
cer
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A odFe o]&sle] ps3, CD31, Ki-67, Pgp (P-glyco-
protein), c-erb B2, EGFR (epidermal growth factor receptor),
cathepsin D, urokinase plasminogen activator, pS2 50| 2| &
& oAl FAAEA AFE I ek

Cathepsin D= o}A3u}lel thwl Hg) g A4 (aspartyl pro-
tease) 24 FAMEF 52 kDO welwlog o]folzx gt
cathepsin D= AAZ o2 BE A|EQ] lysosomes ol
o xTg ZAsie] Uk AToA o 2EZAY g
o= Qo] Z71Eo] el AT} 94 Aold] B}
I A ok 2 A 716l diEiA e g e ¢ A
Ae FRXARE AF7AA 2 AT Aol oshw A
F M BA 71 A A2 71As AT o
&) 243 o}E slvb= IGF-I (insulin-like growth factor)
TEAE 53 AE B FX0FZ A o]F Aol 93
T4 w3 AAR 7 FhEk= Aolvh(l)

Cathepsin D] 4 el tHaljA = o}# ZF37} o]

FoJR A ka1 9l om cathepsin D7} fHldlel] QlojA] =
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" ol FAAZA] 227t g=Thell dliAE =&to]
oub @A shbel FY IFAAE YolEolAw
th(2,3) GHiolollA] cathepsin D] W o] o AEZA
ZEAZEE &A% Rl A=A A= o
o] dFelA] 4w Aol gl Aoz veht 9o
o o I3RS E ABAATL fle ZeE dHA
QUth(4-11)

2 dTFollA = o]
sin D] W& Aol

2484 57, ol

A 5
W, Pgp U 53
Art.

FHkekol| 4] cathep-
Az Aol $7,
AzEE &
s c-erb B2

dol 312} &}

] 3%

O]

1) ATCHY

199741 8L FE] 1999y 7¥7}A] 247MY =
a2 o|Ffet o|#tE Al A
AR e AR A 5 Y )
o BE gt G ellE e
B o Ao|dar, 2641FE 87A171A 9 o]
46.84)5 Hich

2) iU
2 gzl

AT DA Wl BAAE ERE U4 5L 3
E3s}o] AICC (American Joint Commitee on Cancer, 1992)9]
TNM ® 7)ol wte} FF 2715 Ti 2 em o]z} 7)), Tz (2
cm 23} 5 cm of#h), Ts (5 em Z3}), Ty (27]el FAglo]
Fuol} 3% Az TR, A ATA Ao] F
T2 No AZA o7} gl 49, N 0Fs4 JZ4 A
ol), N» (A4 H=ZA HolF), N; (internal mammary
growps] FZA Aol LFargleh. QT ojgrel 24
£ Hol Wl 2281 A4S et

(1) ZAEH S3: 44 96 F WeZA% 242

2 A=Wl 700dol|l 4 Bloom} Ri-
133} Nottingham W™ & o] &3l =
welglon, o % zeel el Al
A (tubule formation), 3} ©]3] (nuclear pleomorphism), A}
-4 A 57 (mitotic count) 5 Al 7HA] &-Fol| whe} 747t A
T Folste] FAe] 3~54oH 1 SHEEIA), 6~7
Aol I SH(EFSE w3H4), 8~94old Il 5=+
ez FEstsleh

@) HAZZFSEHY HM W

@ Cathepsin DQ| Mo XZl5}stA
stehsl Eohsl & Ho} HAIE 4
pm FA R wdsta 3-g-ehd
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Scientific)ol] H-ZF&}o] xylene-g o|-£3}o] slel=l-g& A|A s}
3, F FEE xylened A3 F Firrell A
Auto Blocker (Research Genetic)Z WQlA] peroxidase?] 2t
L5 A A|AF) 3, citrate buffer (pH 6.0)0l] 55-7F vF-2-A]71
& Y%} &A|(murine monoclonal antibody, ZyMED)&- 1 :
5002 3AAA ALolA 607 WSART. 1 F o]
b GA R WHEAI7) L, AEC §H o 2 Z{cl. Hema-
toxyling 157k REGAIA 2 & 3 & 58 A3 5
QJeto] Aoz Aot

@ HAEZ2d Y ZZHAHEZE +EAH(ER & PR),
p53, c-erb B2, Pgp, CD31, Ki-67 S| M X X|35|5t o AH;
S9 2o whiew Pueka ¥ 94 R E AR o,
Auto Blocker (Research Genetic)Z W<QlA peroxidaseE #]
A A7) 2L, CD31-& 45°Col|A] 457} pepsin *] g3 &, 1
i ER, PR, Ki-672 citrate buffer (pH 6.0)0l] 527+ = 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) 1 :50, PR (ZyMED) 1 : 50, Ki-67 (ZyMED)
1:50 5olek 2 % o]} A& vk-3-A]7] 3 AEC &4
o 2 WA Zl Hematoxyling 187F HF-&A|A thz o
At F, FAlBkA Edste] v o w2 FEslqdict

() HAXZE| 58 QMO E=: Cathepsin D= F3Hav]
73kl Al AA FoF AE F Ao g AE A2}
50% wlwkolw AMkd, 50% o]golw idlow ol
it ER, PR, p53, c-erb B2, Pgp 52 od A= kA7)
5% vvrolw A4, 5% oldelw FAHoE Aoslglon,
Ki-672 50% wluto]w A&, 50% oo aUHo R
A olsleict. CD319] 7 f-oll= A& dn|Zstoll A P4

&
=

2000 AJofellA] mj Al Re] AhFE Ao} m]A)
(microvessel density, MVD)E S4], 2okA, 55
BER(—, +, ++, ++ )9 45FoR

@ SHEH 2M: A AL SPSS window 57|
Zgags o]g3lel. Cathepsin DO WHARES} th&
oA ZRAAE 7He] AAPA|= chi-square test2 77883 3L,
pzke] 0.05 wwkel A5 29 Adve A-+=E sfAsldch
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A 79¢)] Z 3500|(44.3%)0l| 4] cathepsin D k&
AL, 440|(35.7%) M A = Ad-E H3ich
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=
A7) TNM ¥ 7](1992, AJCC)el| whe} TiH-E]
Z}ZFof| 4] 9] cathepsin D ¥l &8 =A}3)
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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%)

Az}, Ty 19¢]] F 86)|(42.1%)l| A cathepsin D TH}&l-& 1.
A3, T, 5000 F 2104|(42.0%), Ts 4ol] = 30|(75.0%), T4 6
ol 3= 39|(50.0%)0l| 4] Z+Z} cathepsin D] 1H}alS Hof
o] 5 Atolof] FAIHoE [t AR A Thp=0.63).

Ne}g = Ao| ol ubE cathepsin DO W&
23 A}, =z o)zt gl Now 439 F 1794(39.5%)
of| A mHFE-S W3, NS 240]] F 140d(58.3%), No:= 12
o] F 541(41.7%)lA 1E-E Hol, o] 5 Aolof] FAH
o7 o3k 4B glach(p=0.24).

A el 7080 A 228 Fgoll W cathep-
sin DO| WAES ZAR AR, 1 53U L& 4
200]] F 5001(25.0%), I 559 FE5 B3} ke 340 &
19611(55.9%), TII S # H3}A oFS 166]] 3 841](50.0%)
ol A] aukS Hoi, o]E5 Tt FAdH R {8t 4
B gl ot o) E3tert &5 cathepsin D I
o] Frkeke AEe Hck(p=0.08).

2) Cathepsin D W8i3} CIE MESH 0|$OAXS 2
9| ZH|(Table 2)

AN=EZA 4&A|(ER) F-5-oll whE cathepsin D 23§
© ER A2l 650 F 2701(41.5%), ER &A4Q] 140]] = 8
o|(57.1%)0l] 4] cathepsin D ZHFH & Ko, o] & Zhol] EA|
o g ot A4 L HolA rH(p=0.29).

ZAZHE FEAPRSE] A A= T8¢l
2 o 2, PR R4l 636 3 2990(46.0%),
PR 549l 15¢]] % 661](40.0%)l A cathepsin D2] T2+l
& Hol, o]F Aololl BAGA R o3t AR ¢l

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.

R chp=0.67).

p53 &bl G-Holl & cathepsin D WH-&S =AGH 2
3}, p53 kAl 37¢] F 1801|(48.6%)9}F p53 SAJQl 42¢]]
Z 174](40.5%)0l| A] cathepsin D T8-S Hol, o] & Alo]
o BARY SR fol 4RAE HRchp=047)

Ki-67 2r&ate] wlsies 78eflol|A] o] FolF=dl, Ki-67
S 280 = 1540](53.6%), Ki-67 A 50 = 194
(38.0%)1| A] cathepsin D] FHFH S Hol, o|& Aold] &
ASA 22 ol 4L 8rHp=0.19),

CD31E A 3 vjAdd Y= MVD)E FAsto]
cathepsin D W1 2} ] (0] T4l o] Fol W3k 2
3}, MVD A1 104]] 5 6411(60.0%), FFAEQ) 264 F
1004](38.5%), 5= ¥44<] 226 5 841(36.4%), FFE <
16¢d] & 6941(37.5%)0l A] cathepsin D WIS Hol, o]&F
Rolo] FATACE G5 4BAL Uelekp=035)
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c-erb B2 G50l u}E cathepsin D 23l &8 W] iL(784)
3l A3}, c-erb B2 kA0l A= 544 = 2944](53.7% )N A]
cathepsin D UH-E Wl Wb c-erb B2 A A&
24¢]] = 501)(20.8%)0l| 4] cathepsin D] & Hof, c-erb
B27} }A 9 ulf cathepsin D] kgl o] F-ojEAl F7t
3} 3 th(p=0.007).

Pgp (P-glycoprotein)®} cathepsin D ¥} 8- B]5L(774))
g A3}, Pgp A AL 350 F 224(62.9%)9M A ca-
thepsin D &g HQl v Pgp SA4Q A5+ 424 F
124)(28.6%)N| A] cathepsin D& 14}&l-& Hof, Pgp %Al Ql
oflol] ] cathepsin D] UHATFE FoslAl F7keldict
(p=0.003).
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AF7A vla2A] 2 gzl o] ol $RIAkE
o 9z Aol §5, FU| 2/, N2EZA Y T
ZHE FEA 5, 2294 L9E, DNA w4, £
o] Z2A)5 Soln, F el pS3, Ki-67, c-erb B2, EGF-R,
uPA, pS2, Pgp, cathepsin D 59 W2 A&HH EAAE
o] &L o FUAE FAsAH(12-2]) o] Fell 3t &

C AAlelE B o] ol w 9 EYu el
22 ALE 5 deAd st =gto] AL e A
o]t}

o] & & cathepsin D= A ] 2E A E2] lysosome W
ol 42 FEE EAs= ofvtd ohul 8l f & (aspartyl
protease) 2 o] ~E Z o) o34 g4 o] ZZ1=]m pH 3-5
AEe] ARl vl A gHollA 1 AE-g el Ze g
4 A gt Cathepsin D= &4 o] §l= AF=4<l pro-
cathepsin D el = A4 A Zol| vjsl] HAIZ Holl o] B
& ool EAlsl=l, et AlEF9] sl MCF-7 Al
g o83 QT 2ol W 44§34 299 procat
epsin D} A EQ] procathepsin D] e &2l X}o]7}
71 A 2 A& fA%E AFAE Uehle AeR
Ho} cathepsin D= AA Q¢ WEhE= 9kl HollA 1t
oF Ao EAo] = Ao E AR

Sukorol| A] cathepsin D2] Z}atkalol] thall A= ol oI
A7} Vet Qeh dIAEZA F8A kA fadollA =
cathepsin D -4 %2Le] 5° £ ol $1X3F EREE 3l o
ZEZAl0] 9]&l] cathepsin D WFdlo] ZHH o7 X x|
i, Bz FEA A FEEe] dee A 7
AL glont ofd A Qzlel] 93 FIde] F &
HrhE Ao|th(23,24) Cathepsin D] W3} o] ~E A
TEA| ol dBA o] glvke FAE UARLES) AA)
+ cathepsin D] WHHL | ~EZ A ol FREt+=
ol iz WolEolAn ek HA Marsiglines
(5)0ll €J3}H cathepsin DO] #alo] | ~EZA F&A| &

o

A ZAA e} HAAAE 7= o] ofe} | AERA F &
A 7153 BAY Y, Bk Wl ol AERA B Z2A
2HE FEA9 p29 257 EAE uff cathepsin D2 3}
Ho] ol Fol ALty sHeich.

Cathepsin D7} QH&l o] Aol Fkofsl=7}oll thalA] Ro-
chefort’5-(24)2 A5+e] procathepsin D ¥FS vectorE- cathep-
sin D7} {0l A ¢ F o] o AlEFQ 3YAIL2el A
9 (transfection)A] A FHol7} Frksle A WAsdch
Cathepsin D7} o™ 7|H el oJ3] tdolE S7HA71=7}
ol tefAl= o 744 7hAde] EAlstk=ul A 7H 7}
Aol =& 7ML cathepsin D7} AlZE 7]A9g s}t
= a5 g FAcks Aoleh BulRaltee 44
of pHOllA 77 2 ofuv] pepstatindl] o]l Sol 402
A=l el AfAl= obF dEAA gk Aol
Tt v} cathepsin D2] 2H-§© 2= insulin-like growth factor
II (IGF-II) &A1& E3F AEEY ZZ(mitogenic acti-
vity), & AR AAEA S Ago] LA Ark() o] F
AR Aol ¢ A% 3 Aol BAelA cathepsin D]
AT g AA = Yok et o] 3 FpAEell digh uk
) oA E EAsl=ul, Johnsons-(27)L 1F 714 2E o]

A8 =FollA] cathepsin D] Fu] 2pA7} A E Q)
A ARsE 290] ohyH, cathepsin D FE7} &
S ¢t £ dIFE Hol= AL ofule F4 el o
Lo} 7He HFA A=A E9 cathepsin D &7} &
olgti FAslct I o] & sl AR

HAA ] Hgo] B |39t I drke
Rike5(29)°] @17 472 A& 22 koS
= T4H AFANES cathepsin D a2 kel 74 Aol
v kAo AEEF} Fgslvhar skqick. 1 B cathepsin
D2] mitogenic activityol] T3k BFES AV & dH =
tll cathepsin D2} A|EZFA] SE7hol] oJu] gl A4 o]
CEEREERRER LR OE R
A 4 A Ki-67 WE A X9} cathepsin D
Ash Ak S,

Cathepsin D] 9143 5 &0l BAAL B ol7do] £
skl ok W cathepsin D] Lyt FA o] 7|7k B
AEES A3 Ak B g2 7] (4,6-8,22,29-32)
ok o) RAke] olelE Faksiohs FAE .
(9) =3 HeRIZA Kol n]Ho|Foll A 9] cathepsin
D o] olojol sl E AR APk AT Al vhe.
I Qrh33) ol & &9 Tandong(32)el] o]k 1997 9] 4
S ZA o)} gl Fut BAS B4 Fokel Al
E4 9] cathepsin D A@A] WA JEE FE= B
Atk 3131, Granatag(7) % Hebe ZA A o]7} gl off
2EZA F&A7F A 7F-oll cathepsin D2 2plad 7}
Aol 717k 9 A AEES A el EAZ ABA
o] Qekn sholek. Y lohEM)E 262739 el =A

o2 = = ~ rfo okt
B

ofN N, > rlo Xt ofo

=
e -
it
r
o
X2
o



176 SI=FUASIGIX - M 4#H K23 2001

Hol7} gl S A4S POE & ATolA cathep
sin D& 17] el Al 73t ol 3l sgck. vk
]| Henry5(34)2 cathepsin D I5EA] $Hxo] W&
o] F7hHch= A kel AFE wEs el AT
ol glo]A] t}EFE ¥A|(polyclonal antibody)E o] &3 ™
o=z gheh WS AHEslgitt. Domagalas(9)3 2-5(10)
< cathepsin D &3} AEE 3ol vk 33l

olA% QAFAule) et AshE Holt o §2E ca-
thepsin D &% W] xfo]e} 77}k b kAo AL, 7
7] thE cut-off %] So] 29lo & AAF 1 gt} (35) o
ol cathepsin D 24 oz Fob AL 23
(cytosolic extract)®] immunoassayl} Western blot 50| o]
Agsgor} el WelzAson Wil ol 2
ol&=dl o] We AL Fokle A AEU 71A
cathepsin D& v A8} A A ER0ES] cathepsin DE &3
st Hoh o ARg ARE ATS F ke 2o
th(@) AE&E = Al Aol L oHFE FAE 29 I
bl EujFlol| A= vhgAde] A Fabw shebyl el
o] o S SlElAE typsin AH X7} a3 o]
Atk TE3E epitopedt A o] i3k Hol 4= o} Ed HEE
A= el EujF o)A & HEE = denatured epitope
o] A5l B 3t Ao AAEvhE) B AFellA
= v FH 2ol 7hg WA o wolgoA e ZAW
= e, 2AEEL ekl e E ALl
GEE FAE o] &3 "= MY SR ca-
thepsin D FE=& &4}

o]t =elo] Lo EF}3L A cathepsin D=
313 ol ¥zt shiz o 7pXE g gla,
Wk 3hatke] A7 Ab 3] cathepsin D& E3HAI71 A=
AR Urh(23)

Cathepsin D] #&o] 7]E29 thE ol9QUA=
ol Aol aliAl= AF7HA e wEd 3
ul gu)de AE HoF dle A9 glch@¢-1) 2 &
Zpe] vrol, A 4, FF 270, Aok ZA Aol
I, zA SR SF, I 2R $£84] £33} cathepsin Do] 1}
AR EE vt A5 REolar, YFollA] p33, cerb
B2, DNA ploidy$} v s}l =ul 9o AR el
ot &9t it IsolaS(4)2 cathepsin D WA & (cut-
offx] 10%)9k Fokel =715 wlaste] FF2 =77} 2
cm o] uff cathepsin D2| W&lo] Eokvha shgict. 3f
Ak B o Fol| A= F9F 37]9} cathepsin D] WA=
+ Fosigich. K3 cathepsin D] AT} A3 Hao]
Aok FHA oiERA FEA B ZEALEHE T8
Aot ApAgol AeA vzt A3 o A5 vt
A& Fo3 AR ZE 7 Ak 2 9ol T4 F4
Aol A =] = Ki-67 H Foke] nAdH drele
o3 RS e Ak

“

ko oo

et g dFelAe RS HolA AR coerd
B2 gtk 9 gle A vhebliglon, ik o
€ el vt Heol gl chAlWA el Ad Pep
o uigle AR E Ho] Fof aFF<] Aela
A7t EE 2 Al i o ole ARl & 5 gle
U &5 g2 dTlAE dXete At veeA F5
o 2 gold o W SHlE $3 Aol e7Hh £
AAR old ov] gl Aot vp2 b cathepsin D7}
I 2 Al FojsteAlel B BAYE
3 A7t Do Aow A7,

e B

rio
4
~

]

1997+ 8L FE] 1999 74747 AFeH et 1ke]
FollA] et Ak slol]l FE W A F 7945 o
Ao 2 dlo] modzZ3}shd wlw o g ok ] cathepsin
D HAAEE FA3 F o] F thE ol$AAEF} v]as)
of vkt 2 AfE Ak

1) Cathepsin D= % 79¢]] 3 446]](55.7%)0l| A1 = A ukad
S B3 3600(44.3%)0l A IS Bk

2) Cathepsin DO| AR =+ T4 Z7], A7 ZA A
o] of i, qfe] =AH T, o2ERI 1 ZRAZH
& &4, ps3, Ki-67, vjAlE R U I A& Fst
Ak

3) Cathepsin D2] BFH A E9} c-erb B2 3 Pgp 7hel] 9]n|
U iAol WA E A eh(p=0.007, p=0.003).

ol el Ay= A oA cathepsin Do} EA
5% cerb B2 4 Pgp AT} LA AWPAIE Hod, o
A7} ofw oulE Zre=A o disl Kok @ FellA
A7t desioha gekEy fRkehe] of| FRIzkE A 9|
7FA) ol A = A7t Qlofok & o g Azbict

\O
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