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= Abstract =

Prognostic Significance of Cathepsin-D Expression in Breast Cancer

Kwon, Yong-Tae, M.D., Jung Chap Joong, M.D_, Kim Young Hoon, M.D.,
Cho Sac Hun, M.D.,, Kim Sang Soom, M.D. and Hong Sook Hee, M.D.

Department of Surgery and Pathologyr, Dong-A University College of Medicine, Pusan, Korea

Mouse monoclonal antibody was used for this study. This study was undertaken to define the
prognostic value of the expression of Cathepsin-D in 121 breast cancer patients. The results were
as follows: 1) Overall, 53.7% of patients were positive for Cathepsin-D 2) Positive staining did
not correlate with age, estrogen receptor status, tumor size, axillary nodal status, tumor stage,
menopausal status, pathologic grade, DNA ploidy and S-phase fraction. (Korean J of Breast

Cancer 1998;1:45~53)
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tor), DNA ploidy, c-erbB-2, Cathepsin-D, PS2
protein g-o] A 2E SHH o FAE Q7H L 9
=3

# T Cathepsin-DE o] A E ZA 8.5 £.44 chuy
B8l HA(lysosomal protease) £.4] o] EH ¢ ZExo
Faietell glolA AAAS FF(growth promoting
activity)# A|Ee] ghu] g 2L (extracellular pro-
teolytic activity)& &slo] YA o|E A
Fol Jaks o Barv) glofd], B we=Rolie
Cathepsin-D] WHla} 71Z9] elfelxSate] 4l
BAE Fdeted Cathepsin-D o] ollEo1z} 7 A2 2]
S\ fising w.

CHAF 9 HiY
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(ABCyHo2 Hol2A3td odulg ojals} 7ol
A,

Cathepsin-DD+= mouse monoclonal antibody (NCL-
CDm, Novocastra Laboratories Ltd., UK)E 100ul] 3]
Hajo] Agshelet

R4 sz AalE fid 29 10% 34
L) golol] Aol shektlo] Tl 278
4 fim T2 e} organosilane ® ¥rni XHz)H L)
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& AX Azt 24.& Fadde 1y
s st oR T oAl ol F
o 23] 4 NS EA7) 0 HBele] el
EE =o]7] Slste] A XA e F 0.01M sodium
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3% H0rg Hojmd SE7F 5o UjelAd peroxi-
dase B35 HAAZ] & A AX A E Hoi
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7] % PSB &k o® 5Pz 2w Al 22 &)
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2 3087 dakitek. oA PBS Yo M
WA AJSHACE) 2.2 108-2F o] 3k & S22 xs)
AL hematoxylin® & 347 dizP & & ¥ o)
EEZ A3 crystal mount® EYe}e] HujHo g 7
7dstgick

3. ER/PRO| MR aH gy

AT o4 FAle) §ukgl 27 9] Hematoxylin-

Eosin 44328 A7dYslar 25 diuid 4+ g)
£ 7P EAQ skl Tl 2% S $L 2
£ 4wl ER3} PRE] ul4-§ Novocastra Labora-
tories Lid (UK)2] NCL-ER-Paraffin®} NCL-PGR-
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Paraffin Kit& A8} Avidin Biotin Complex
(ABOY o2 wioj=z] 3}eh oj g ofefig) 7to)
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FEE AX SR 24E L2 24
shx stebrlo 2 Eufelis Sl BaolHH £
AN G RS x24T 3 %slo] dln)
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gojre?] 4¢ol] ) uk-SA|7] ¥ PBS 9o w
SE7F 8 Agick 23 39l LSAB+ kit (Dako,
USAYE A2ellA] GAI7E w-g-A1# PBS Spofo
587 5 AL & peroxidase conjugated strepta-
vidine (LSAB+ kit, Dako, USA)Z Al &ell4] 3057}
REGAIZIEh ohA] PBS ksl o 2 M3 AEC )
A]2K(Vector Laboratories, Inc., USA)S. 2. 2057} v}
SAE F T2 B2 1435 hematoxyline &2 2
B Hzgqae 3 F oA B2 AT crystal
mountZ. E-RIsle] #ujP oz At
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4. DNA ploidy, S-phase fraction2| Z{AHLH

DNA ploidy 3 S-phase fraction®] 714} W&
0.5X0.5cm 27]9] 225 3go lol|A] BA 2
Fo] AlE7} AFgNow e AL sl
AL Nylon Mesh (35 pm)Z A|XE 2l AL Aejw
o} 3% A EE 1,500 rpm, 1,200 rpm, 1,000 rpm
o] o2 717 5E7 A At sk
i3k AEe] $F 1X10° cellsymlz 2R et AT
ol reagent A (Trypsin) 250 ml 7}3}a1 A-2ofl4 10
-7 HH2A17) & reagent B (Trypsin inhibitor &
RNAse) 200 mi 714 § 1087+ 2-A171e). WA
B3 reagent C (propidium iodide) 200 mi 7}3F &
ol Apxhsl Wakaell A 1087 vhgA1 F A4k
o] ol] Flow cytometry 2 1.4 %)c},
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ot oFAINEE-E Kol $hAle] HF dAH S 474495
SANESE HQ $he] HF A2 472418 K
ttolell ub Cathepsin-D 43 WHG-ES &A% 9
9] 42 elglrHp=0.468)(Table 2).

ol ZE g A pgAo A =A7 A4)H 984S
4o Cathepsin-D2}2] 4ARAE =ARII
ER (+)2) 55¢] Zoll4] CD (+)3= 314)(56.36%) .1,
CD (- 24¢)(43.64%)90.29, ER (-)2] 43¢]] ol
4 CD (V)= 2100(48.84%)91, CD (D 22¢]
(51.16%)5 Ko EATH Xol HoFA| EH
thHp=0.459)(Table 3).

FoFel Ao N 2= 106904 o] Fo] 3

Table 1. Summary of semiquantative method for
assessing histological grade in infiltrative ductal
carcinoma

Feature Score

Tubule formation

om, T1 2001 & CD (+)%= 14¢dl(70%), CD (¥ 6
ofl(30%)1 2 T2 64¢l] < CD (+)3= 349)(53.13%),
CD () 3061)(46.88%)1 3L T3 16¢]] & CD ()= 8
o|(50%), CD ()= 8<H](50%)9)3, T4 69 = CD (+)
= 449ll(66.7%), CD (-)}& 394(33.33%) 24 £A4" e
2 {93 43AE alsivkp=0.511)(Table 4).

HEd FHelel Cathepsin-D2be] F3bitAlel] A
10601 5 A Hol7t A1 59ef) FellA] CD (+)
= 3500(59.32%)90.11, CD (-)+ 249(40.68%) 2 2
o, Y24 Aeolrk FA4l 470} Foll4 CD (D&
25¢1](53.19%), CD ()& 22646 81 %) 2 ZA|IH o2
Fefgt AR APT golckp=0.527)(Table 5).

] 7]¢} Cathepsin-Dg}2] -3ata)- Aol 4] stage 19) 9
dl Zofl4] CD () 84|(88.89%)51 31, stage I19)

Table 2. Positive rate of Cathepsin-D and age
distribution

CD  No. of cases (%) Median age, years (range)

Majority of wmor (>75%) + 65 (53.7) 47 (29-80)
Moderate degree (10-75%) - 56 (46.3) 47 (27-74)
Little or none (<10%) 3

Nucler pleomorphism

Total 121

Small, r_egular uniform cells 1
Moderate increase in size and variability 2 " Table 3. Correlation between the Cathepsin-D and
Marked variation ¥ 3 esirogen receplor

Mitotic counts per 10 fields (X400}
0-5 1 Estrogen receptor

CD Total

6-10 + (%) — (%)
>11 3 -
Grade I : 3-5points-well differentiated + 21 (26'36) 21 (48.84) 32 ( 53.06)
Grade II: 6-7 points-moderately differetiated - 4 436h 22 GLI6) 46 (4694
Grade 11: 8-9 points-poorly differentiated Total 55 43 98 (100.00)

Table 4. Correlation between the Cathepsin-D and tumor size

Tumor size
CD - Total (%)
Ty (%) T2 (%) Ty (%} Ty (%)
-+ 14 (70.00) 34 (53. 13) 8 (50.00) 4 (66.67) 60 ( 56.60)
- 6 (30.00) 30 (46.88) 8 (50.00) 2 (33.33) 46 ( 43.40)
Total 20 64 16 6 106 (100.00)
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69¢i] ZollA] CD (+)+= 374(53.62%), CD (-)= 32¢]]
(46.38% )31, stage 1112] 260 Zoll4] CD (+)8} CD
)7} 242} 136l(50%), stage IV 26 & 20 BF
CD (+)(100%)7} vigto}) Aoz §o8 4
DA 92cHp=0.109)(Table 6).

#H73 A 64¢l] FolA CD (+), CD ()& 27 32

Table 5. Correlation between the Cathepsin-D and
lymph node

Lymph node
cD — Total (%)
o + (%) — (%)
= 35 (59.32) 25 (53.19) 60 ( 56.60)
- 24 (40.68) 22 (46.81) 46 ( 43.40)
Total 59 47 106 (100.00)

Afl(50%)2m, =73 2] 474 FollA CD (V¥ 27
ol|(57.45%), CD (-)3= 204|(42.55%) 24 EAH o2
frefgt Al igickp=0.437)(Table 7).

Wty Sl gt 24w 99djellA o)Fo]
FHow nEHA 32 F CD () 194(59.38%),
CD (= 13e1(40.63%) %2, 5% £3}4 5000 =
CD (+)3= 264(52.00%), CD ()% 249](48.00%)2
on] 234 1700 FollA CD (+)& 844l(47.06%),
CD () 9¥I(52.94%)2A) A o2 o8 4%
BAlE YA cHp=0.680)(Table 8).

Eol A& 9513 2E] DNA ploidy S 39 &la}ol)
4] Al#3}3i =0 DNA ploidyel] tigt ZA7) AA|=
26¢ilell4] Cathepsin-De}e] 4t AA)1G =A51).
o] el Al (aneuploidy) 14e]] oflA, CD (+)2} CD
) A7 16(50%)LaL, ol (diploidy) 12¢1] eoll

Table 6. Correlation between the Cathepsin-D and staging

¢ — T Total (%)
I (%) I (%) m (%) IV (%)
+ 8 (88.89) 37 (53.62) 13 (50.00) 2 (100.0) 60 ( 56.60)
- 1 (11.11) 32 (46.38) 13 (50.00) 0 ( 0.00) 46 ( 43.40)
Total 9 69 26 2 106 (100.00)
Table 7. Cotrelation between the Cathepsin-D and menopausal state
Menopausal status
CD —= —_ Total (%)
Postmenopause (%) Premenopause (%)
+ 27 (57.45) 32 (50.00) 59 ( 53.15)
— 20 (42.55) 32 (50.00) 52 ( 46.85)
Total 47 64 111 (100.00)
Table 8. Correlation between the Cathepsin-D and pathologic grade
Pathologic grade
CD it — Total (%)
well (%) mod (%) poor (%)
+ 19 (59,38) 26 (52.00) 8 (47.06) 53 ( 53.54)
- 13 (40.63) 24 (48.00) 9 (52.94) 46 ( 46.46)
Total 32 50 17 99 (100.00)
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Table 9. Correlation between the Cathepsin-D and
DNA ploidy

DNA ploidy

CD = Total (%)
Aneuploidy (%) Diploidy (%)

+ 7 (50.00) 6 (50.00) 13 ( 50.00)

= 7 (50.00) 6 (50.00) 13 ( 50.00)

Total 14 12 26 (100.00)

Table 10. Correlation between the Cathepsin-D and
S-phase fraction

S-phase fraction
CD - Total (%)
High (%)  Low (%)
+ 7 (46.67) 6 (54.55) 13 ( 50.00)
- 8 (53.33) 5 (45.45) 13 ( 50.00)

Total 15 (57.69) 11 (42.31) 26 (100.00)

A} CD (+)2} CD (-)7} 22} 64d1(50%) %1 21} 5-A13]
o2 Folg FafAl= gllckp=1.000)(Table 9).

tE3} S-phase fraction®} Cathepsin-D}2] Abziz)
A z=Astdsdl  elgrulls=l(aneuploidy)oll A =
14%e]4 o]l diploidy)oll 4= 7%©] 4 high S-
phase fraction©. 2 #&s}3l -1 o]sl+= low S-phase
fraction© 2 As}gJct. high S-phase fraction 15¢]] 3
ol4] CD (9 74l(46.67%) T CD (- 8¢
(53.33%)%99.27] low S-phase fraction 1lo]] Foll:
CD (+)+= 694](54.55%)93L CD ()= 541(45.45%) %)
ou FAIFoR fo3t AFUIAE AdcHp-
0.691)(Table 10).

a ¢
A A4 Aolrl fle it HEe € F B=
4= stofof 3=, b oW Mg s A
Ao} sheAloll tlalAE Edto] grk $¢ 7bs
& sk 3o 50% FEIt Fgelt A A
B2 27 57 A7 Apge] QA A
50%0ll2] AHLs}7] whioll AL 7HsA Sl $AE 2
Hehe Aol Fasid.

Fig. 1. Diffuse but moderate staining of Cathepsin-D in
the nests of infiltrating ductal carcinoma (ABC me-
thod, x400).

Fig. 2. Diffuse but moderate staining of Cathepsin-D in
the nest of infiltrating ductal carcinoma, duct (+)(ABC
method, *100).

e RuAEd olaEZA &4 G
A7t A AR} AEgo] Erhw Hasl
o, ¢Fe] 27171 FeF, A o7l 3
7HEE ol2ERA F8A B gl Frha Ba
3 Qe olAEZA ol T fueh MER
ol olaEZ Aol o8 2=l dlaERA 5
82 o T Fugt oAtz A 9] 71x]7} 9L
oL}, o AEZ A oA chillT ohE 3o Saxo)
| F2 cllFe] AXE o] 89 5 ek o3t ol
2AERA oAz chilolls =3he] oA ARk
Cathepsin-D, HSP-27 5-¢] 911, Cathepsin<- thuf2]
WA A7) Hae dFow oy FF7
7} 94=u| Cathepsin-D¥= 52| shjo|ch

r

N



BEel 9] 590 Cathepsin-De] 3} Ukt ol ste] B4 5l

Cathepsin-Ds= thi-2-9] QA Eel] Sl A

A HAA D Ee| A (acidic lysosomal protease) -

B2A ofH7hA] =2re] oA QAT Frisha £
AT o] chujs] ZFo| uketeiate] o) 4
£83 T AEEI WHE DAV ok e
B 37} gle) RIATHe|u} immunoenzymatic assay 5
o] vpfoZ fuke] MEA Cathepsin-Du} HF
Cathepsin-D2] ¥ =& FAo24 FIH7a v|F
Fazke] odlF 9] Kol & yhalEle FE-E AT Hu
7} Shet.

Cathepsin-D+= A4+ Fubzzo|L} ofyd =2 o)A
B} fuieke] AEA WolE £2 X § Ho|m, gt
4 el ozl F¥o] 3lg 4 gleka e}
3 o] EAHL difl dlaERA fEAe|rE
(estrogen inducible) }A1%} Rochefort'” 52 gulo}
AEFS] 3] MCE-7MEollA ol ~EZ A 2]
sl 2H &2 A A(transcription)E F3lo] Cathe-
psin-D2] m-RNA7} 58 ¥ ohzl ofz] 449
ZHgrowth factor)Eol] 2| % fEHcta 31933,
%} Cavailles” $-2 MCF.7 A|EZHE] Cathepsin-
D2| A =Le] 5'-upstream ¥-9]9] Fz=g} g B
el TEE oF4 fletollHE estradiolol] 2
8] TATA 9]&A ZANTATA-dependent transcrip-
tion)7} Cathepsin-D&] m-RNA2] #hik&ls}l o]
Qi rEd o AE ZAnk= Tk}l mixed promo-
torol] 2]$jAE Cathepsin-D2] m-RNA<] zhuldlo)
e AE B

Cathepsin-D2| F¥2- o] E4o| chufefad
(protease) Zh-go & F|AIwh-g EdF HE 22 7|
A& z)slkar, A4 elxKgrowth factor)$) 2+ 2
422 {uste] AfA (invasiveness) S F71A17)+
dl Zlejsleleliz 7ol tigk Algakin vitro) 2l
A ¥l A Rochefort - procathepsin-D7} -§-lekA)]
FEZ2] autocrine mitogen©. 2 g3l 23} acidic
microenvironmentol] 4 A X8| 714 L sjajsl= AL
D251 3", 4 nude miceollx] SV40 promotor
8] zZAstoll human cDNA Cathepsin-D expression
vectorg HWMFEALE  Ao|(transfection) )7L wl
3YA1-ADI2 rat®] tumorigenic A|¥2] # o] (metas-
tatic potentialyo] Z7}%]:= 28 s, winl

2 Johnson & U ES MCF-7 A E 9 clone
Eoll4] Cathepsin-D2] #33} Boyden chamber2]
UE71A el e AEAE 7o) du4-S B
743}, Cathepsin-D2] &5} % 54 (invasive beha-
vion)Ztelle A3kl glvhe 4utd AgAss o
Z3QH?. olsizto] obAntA] fulekzz|e] Ca
thepsin-D #h&iz} frlqlghate] oflFole] PudA
off thal A7 ZAzbSo] Be =8k QR E A
e Ag & 9 Qe

Spyratos 5¥} Duffy 52 7z} 12293} 3319 2]
bgAtol A faielzE el AEA Ule] Cathep-
sin-D2] FE(RIAY)7} FHe] HEE, T A&
£ 3 A AES W 4ol lvkm #el
¢l Wb, Domagala - 1369 9] 49 34315
e g 28 245 3 An (o 22 81 )o) A
Cathepsin-D 3} 2} A7 58 QYEEZ ol 4
Ao) glrka siglem” A=y Helrl YW
Aol A= Grunata " Aol gigicka & ab
Tof| Isola 52 2627 2] el XA Zo]r} gl
FAENA GUAMEF YA E o) E3 Mgz}
Yoz =A% At Cathepsin-D 2Pt Fa} A4
Z9) 8] AEZo] 77t 64%, 0% SANLE
o1g Aol & Bk sl o]ghzto] vlre] &
&lollA] selective subsetoll4ut 2lujz} QUAY, Ca
thepsin-D F02 Hrl= ko] 77), Ny = A
A Ho| R, 2L FLAe] e, 22T B3}
X, DNA ploidy "d 7} oncogene5-2] #pad] of i
2 thE dI3RIAET BeH o R B4l Aol
Z93lvtzn Z=zstn 9ck

AEZ W] Cathepsin-D] FAH%-¢ 4w
radioimmunoassay, immunoenzymatic assay Soil4]
oz A 88t o4 & computer imaging analysisE.
0 798% Fo7 /o] 5| glon, wejxs)
3pshoflA] 225 A K rabbit polyclonal 4218 22
| Aol” Hx SUYMEF A s, 2 o)
<2 tumor infiltrating macrophageoi]4] W7 %] = false

high level expression-g wjal¥} <= qlcl. Polyclonal
GAE ALS T4 B, Cathepsin-D ¥A4-&
o] 60%olaL, -FAT Foll4] thA]A)E2] Cathepsin-D
9} oFgEe) 3% sl whHol” HAAE
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ot SAZ A-8-8F EF ol ¥ Cathepsin-De] okA]-E
o] 52.5%91c},

Cathepsin-Dg] hb#la} o} ollzke}e] A4
Aol] tfgh AFAE A i dlFie] FElelly
BE oAbl AwAel glmta wgme,
Isola &2 F9 Zrjeiut bdle] qleka #13l
o} B oxAbEe] s AEH CFEUAR #1747
&Y. (menopausal status), k2] =17] 3l oHe}e] L4
A Holol¥ Bate] AAAS X A A FAH
Aol gigheh

oj 4t} zho] Fuberzz] H3E4 o] Cathepsin-D
o] mhbd o Kyl ollFol] g wX| Tt S
Az o1 =18 olA7 ok gleka ke, o
Ag=g Aozt glv st ghajoll Al oF 30%2
Aukg A2 E AF Aol HARZzAHE P
TEo s fishe] Au AHE dAITIE Aol
Fastong o]#gk Fhatell gt APHegre) st
F) /ME Cathepsin-D2] 171 ©]& ZHas}A]
1 FEE Y T gle DY ARTEANE ol &
g Wz spshe g QS efBial computer
imaging analyzer® 24&le Zeo] BHEI}zo] A g
el W2 v Flulglop ol EdA2 A8 7HE
A% [ 7 UE Aoz AR vlolr

- =

19904 393E] 19953 1299742 5wl 100014 &
oltheta wilellA] e fFudFor Avhiz

b dAle & B 138 F B glgtel] FEAt gke]
Fopzalo] Xgulo] JomA shehnl $8e) uu
Aeirl Fdstan = JdrIse] eV} 7hed 121
ol & thie Cathepsin-DE ] =A% gle
2 &As9ick ae)a #73-F-F-(menopausal status),
A Aol gl F4e] 217), ¥, o2 5
Ao} R, W7I(stage), Wel¥H S, DNA
ploidy, S-phase fraction 5-& ZAVs}lo] Cathepsin-D
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