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Purpose: Caveolin-1 is proposed to represent a novel tumor suppressor
protein and expression of recombinant caveolin-1 is sufficient to restrict
the growth potential of transformed cells isolated from primary tumors
of the breast, lung, and ovaries. We examined the relationship of caveolin-1
and Ki-67 expression to clinicopathological variables in patients with clear

cell carcinomas of the kidney.

Materials and Methods: We examined caveolin-1 and Ki-67 expression in
119 clear cell carcinomas of the kidney using immunohistochemistry, and
analyzed its relationship with tumor size, nuclear grade, TNM stage, vas-
cular invasion, capsular invasion, metastasis, and metachronous meta-

stasis were investigated.

Results: Of the 119 tumors analyzed, lymph node and distant metastasis
(synchronous metastasis: 7, metachronous metastasis: 15) occurred in 3
and 22 cases, respectively. Caveolin-1 expression correlated with the T
stage (p=0.004), TNM stage (p=0.013), metastasis (p=0.013), and metachro-
nous metastasis (p=0.001). Ki-67 expression correlated with the T stage
(p=0.041), nuclear grade (p=0.011), and vascular invasion (p=0.043). Caveo-
lin-1 and Ki-67 expression showed similar changes, but there was no

statistical significance (p=0.050).

Conclusions: Caveolin-1 is expressed frequently in patients with meta-
chronous metastasis, and may predict metastasis after surgery for clear
cell carcinoma of the kidney. (Korean J Urol 2008;49:99-106)
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1) Caveolin-1 CHE22 &t
B 4 um AR P 22 A& 3-aminopropyltrietho-
xysilaneo| =5 frel&elo| Sof] Bl & A2 (20-25°C)
oA 100% xyleneol] 557+ 2¥ H2kslo] estu}alsial7]
F 100%, 95%, 90%, 80% LIL-EoA AeNZ 7H7 sE7F
I FAE A F ST SED FAlskeh A
PAS}E A4S AAA ] 7] Yeted 15mmol/1e] sodium azide
(NaN3)& 33t 03% BAStrLagZ 1087 Helsta
SHTE FAEA dAA 35S 98te] citrate buffer
0.01M, pH 6.0)ol ¥} 657+ F Xl F25k3} (micro-
wave)Z 7tgslo] A-2ol|A WZHAIZ] F phosphate buffered
saline (PBS)Z 57+ 28 A8l el YxHakAIQ] caveolin-1
oHZ- 2384 (BD Biosciences, San Diego, USA)E 1:502. 2
3| Alo] &etol=dt 40 11 37°CollA] 1417 &<t HES-A]
71 & PBSE 5%-7F 2H1 FAls}d ). o] x}&kA]Ql biotinylated
link antibody (DAKO, Carpinteria, USA)Z 37°Col| 4] 1527+
"2 A A A PBSE FAISFAL streptavidin biotin complex
(DAKO, Carpinteria, USA)Z 37°Col|A] 155 E<F HF-S-A|7
t}. Immidazole buffer®} 3,3-diaminobenzidine tetrachloride
(DAB) chromogen (DAKO, Carpinteria, USA)< 1:12 33}
o WFAR]71 & A3} aL Mayer’s hematoxylin® 2tz

Apeho] a0z WA,

L
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laneo] =X % $g 23k & A2 (20-25°C)0l]
A1 100% xyleneol] 527} 2¥ H2tsto] eulelzlsiA)gl &
100%, 95%, 90%, 80% ¥3-Zol|A Xl & 77 5E7F 3
T IS A F FHTollA 5L FAlsk ek A
AStE A4S AAAFZ] 7] Ysled 15mmol/1e] sodium azide
(NaN3)E 373 03% ZHASrATE 1027 Helslar 5
Tz FAskh 394 385 918ke] citrate buffer
0.01M, pH 6.0)oll H7} 63£7F 7 Xl Sx5st 2 7hdste]
Al ZollA WZHA7] & PBSE 5E7F 28 FAEkdch 44t
FA|Q] Ki-67 ©HF-=3FA] (Novocastra, New Castle, UK)S
1:252 3|43t &alol = 40 uls 37°CollAl 1A]7F 54t
SA17] & PBSE 587 29 Ak o XAl bio-
t1ny1ated link antibody (DAKO, Carpinteria, USA)Z. 37°Cell 4]
1527} WS A A A PBSE FAIS}AL streptavidin biotin com-
plex (DAKO, Carpinteria, USA)Z 37°Cell 4] 155 <} vh-&
AlZAt}. Immidazole buffer?} 3,3-diaminobenzidine tetrachlo-
ride (DAB) chromogen (DAKO, Carpinteria, USA)& 1:1& &
ghslo] HEYAIZ] & S=A)|8)3 Mayer’s hematoxylin® 2 Tf
2 asto] FelEv| o BRI
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< 75 Grade 1, 50% H|wke] FXAE7} o] H = 7
$-E Grade II, 50% ©]49] FFAET]} FAo] B 45
Grade 12} A 98} 9le} (Fig. 1). Ki-67- #llo] A5 &= 7
5 Fo2 BAeglon, AA| FEAES] 5% v]uke]

A== 745 Grade I, 5-15%7F A== 795 Grade
I, 15% ol A== 7S Grade I}t k31 h (Fig. 2).
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Fig. 1. Immunohistochemical stain-
ing for caveolin-1 is based on the
presence of cytoplasmic (A) and/or
membranous (B) staining.

Fig. 2. Immunohistochemical stain-
ing for Ki-67 is based on the
presence of nuclear staining. Grade
I: nuclear staining detected in less
than 5% of tumor cells. Grade II:
nuclear staining observed in more
than 5% and less than 15% of tumor
cells. Grade III: nuclear staining ob-
served in more than 15% of tumor
cells.

caveolin-13} Ki-672] ##H A A XX Pearson correlation test
£ o] geto] FA3l3Irh. Caveolin-13} Ki-67 Abo] 2] Ak

FAEAH S Z caveolin-13} Ki-672] 7+ o] ¥l zpe}e] 4 A= ANOVA test® HA4st9l.om, pgho] 005 vutd uff &
SHAIE chi-square testE ©] &3l AL, 7+ ol Q1A ol TH3H AA o7t e AeE Aot
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119819 32} F 232 (19.3%)7F Agst e HF A
717b2 & ¥ 41704 9-102)0] et 258 (21.0%)011 4 A o]
7} Ao, o] F ZAF AAAE A3 G AAE f=Z
A o7} 3¢, E}7] Aol7t 7). 158l & ¥ H
36704 (7-90)0l Ho]7} WA et

Caveolin-1 W82 Grade I, II, 7} 2+2 31# (26.1%), 54
gl (45.4%), 34¥] (28.6%)) 1L, Ki-67 W&l Grade [, 1L, 117}
7+7t 439 (36.1%), 58| (48.7%), 18% (15.1%)Sc}.

Caveolin-1 H&GHo] = 25 TH7IS (p=0.004)2}
TNMH 7] (p=0.013)7} £ velkem, Kol (p=0.013)%}
< ¥ Aol (p=0.001)2] W1=F7}e} FAFE Foqich
(Table 1, 4, 8, 9). 31412+ N, MH# 7] (p=0.203, p=0.250), &5
SH= (p=0.191), G (p=0.101), 225 (p=0.572), A
EE(=0073)7= FAIZ Q] Ao glglch (Table 2, 3, 5-7,
10).

Table 1. Relationship between caveolin-1 and Ki-67 expression
and T-stage

Ki-679] A5 wol 2 4+ TH7] (p=0.041)%k %
3= (p=0.011)7F EA vhgtor, A (p=0.043)9] S7F
S SAA frelAol Gl (Table 1, 5, 6). HAIRF N, MH

Table 3. Relationship between caveolin-1 and Ki-67 expression
and M-stage

M-stage
Grade p-value*
0(%) 1(%)
Caveolin-1  I(31) 27 (87.1) 4 (12.9) 0.250
I (54) 52 (96.3) 237
111 (34) 3397.1) 1(2.9)
Ki-67 1(43) 42 (97.7) 1(2.3) 0.378
11 (58) 53 (91.4) 5(8.6)
111 (18) 17 (94.4) 1(5.6)

*: statistical analysis by chi-square test

Table 4. Relationship between caveolin-1 and Ki-67 expression

and TNM stage

T-stage
Grade p-value*
1(%) 2(%) 3(%) 4%
Caveolin-1 0.004
1(31) 15(484) 8(259) 6(194) 2(6.5)
I (54) 39(722) 8(14.8) 7(13.0) 0(0)
m@G4) 12(353)  9(26.5) 13(382) 0(0)
Ki-67 0.041
I(43) 25(58.1) 8(18.6) 9(209) 1(2.3)
11 (58) 37(63.8) 11(19.0) 9(15.5) 1(1.7)
111 (18) 4(222) 6(333) 8444 0(0)

*: statistical analysis by chi-square test

Table 2. Relationship between caveolin-1 and Ki-67 expression
and N-stage

TNM stage
Grade p-value*
1(%) I (%) (%) 1V (%)
Caveolin-1 0.013
I1(31) 14 (452) 6(19.4) 6(19.4) 5(16.1)
II (54) 37(68.5) 8(14.8) 7(13.0) 2(3.7)
m@E4)  12(353) 9(265) 12(353) 129
Ki-67 0.106
1(43) 25(58.1) 8(18.6) 8(18.6) 2(4.7)
I (58) 34(58.6) 9(15.5) 10(17.2) 5(8.6)
III (18) 4(222) 6(333) 7389 1(5.6)

*: statistical analysis by chi-square test

Table 5. Relationship between caveolin-1 and Ki-67 expression
and nucleus grade

Nucleus grade

N-stage
Grade p-value*
0(%) L(%)  2(%)
Caveolin-1 I(31) 28(903) 2(6.5 132 0203
11 (54) 53(98.1) 1(1.9) 0(0)
nmr@34) 31091.2) 3388 0(0)
Ki-67 1(43) 420977 122 0 0.460
11 (58) 54931 3352 1.7
III (18) 16(88.9) 2(11.1) 0(0)

Grade p-value*
(%) 2(%) 3(%) 4 (%)
Caveolin-1 0.191
1(31) 2(6.5) 18(58.1) 9(29.00 2(6.5)
II (54) 1(19) 30(55.6) 18(33.3) 5(9.3)
m@E4) 00 12(35.3) 16(47.1) 6(17.6)
Ki-67 0.011
1(43) 1(23) 22(51.2) 16(372) 4(9.3)
11 (58) 2(34) 33(569) 21(362) 2(3.4)
(s 0(0) 527.8) 6(333) 7389

*: statistical analysis by chi-square test

*: statistical analysis by chi-square test
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Table 6. Relationship between caveolin-1 and Ki-67 expression
and vessel invasion
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Table 9. Relationship between caveolin-1 and Ki-67 expression
and post operation metastasis

Grade Vessel invasion (%)  p-value*
Caveolin-1  1(31) 1(3.2) 0.101
11 (54) 3(5.6)
111 (34) 6(17.6)
Ki-67 1(43) 4(9.3) 0.043
11 (58) 2(3.4)
III (18) 4(22.2)

*: statistical analysis by chi-square test

Table 7. Relationship between caveolin-1 and Ki-67 expression
and capsule invasion

Grade Capsule invasion (%)  p-value*
Caveolin-1  I(31) 6(19.4) 0.572
11 (54) 7(13.0)
III (34) 7 (20.6)
Ki-67 1(43) 8 (18.6) 0.263
11 (58) 7(12.1)
111 (18) 5(27.8)

*: statistical analysis by chi-square test

Table 8. Relationship between caveolin-1 and Ki-67 expression
and metastasis

Grade Metastasis (%) p-value*
Caveolin-1  I(31) 5(16.1) 0.013
11 (54) 7(13.0)
111 (34) 13 (38.2)
Ki-67 1(43) 6 (14.0) 0.092
11 (58) 12 20.7)
11 (18) 7(38.9)

*: statistical analysis by chi-square test

7] (p=0.046, p=0.378), TNMH 7| (p=0.106), Z]=+3<F (p=0.263),
Aol (p=0.092) & ¥ Aol (p=0.137), AEF (p=0214)TH=
EA1H o] ¢llth (Table 2-4, 7-10).

Caveolin-17} Ki-67 "8 559 7kt ZHzboll A EAIH 2
2 59399 T 79 A4S Ki-67 Gradeoll 4] caveolin-1
Grade .t} W2 A% AAAS B o o] 5 7 Grade
Aololle EAF Aol AUt (p=0.125). T3 cave-
olin-17} Ki-679¢] Wdl-57 Aolol= A% AfA 2 8l
t} (p=0.050).

Caveolin-1, Ki-67S Z&WHFRE sta, ZHzbol| A §-2l 1A
e ZES SHHTZ S A4 caveolin—lv‘"
BEE oA o3k X7 veA ¢k

Post operation

Grade metastasis (%) p-value®
Caveolin-1  1(31) 0 (0) 0.001
11 (54) 509.3)
III (34) 10 (29.4)
Ki-67 1(43) 4(9.3) 0.137
11 (58) 6 (10.3)
III (18) 5(27.8)

*: statistical analysis by chi-square test

Table 10. Relationship between caveolin-1 and Ki-67 expression
and survival

Grade Survival (%) p-value*
Caveolin-1  1(31) 27 (87.1) 0.073
11 (54) 46 (85.2)
T (34) 23 (67.6)
Ki-67 1(43) 37 (86.0) 0.214
11 (58) 47 (81.0)
III (18) 12 (66.7)

*: statistical analysis by chi-square test

T-stageol| A BF EAZ 02 F-oJsfrhar vhghont, T49] Fhol
YT Aol Ashe] AmAle] AolHgieh

| &
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caveolin® £ X & JAsl= 2 1%

o7 AEutt A EGAlA A
A 2 0 2 F74A)
370 9] mammalian caveolin genes (caveolin-1, 2, 3)°] <l5]
9t} Caveolin-13} 2= Aol HA =W 2 HIA|Z, W] Al
E, AFEAEANA A 2= = b3l caveolin-3& 5

Z5oA EolA oz uraE ™ o]# 3} caveolin-1-
A|ZEWN| A receptor and nonreceptor tyrosine kinase, protein
kinase C, heterotrimeric G-protein « -subunits, endothelial ni-
tric oxide synthesis 52| thokgt A EHA L] 2H ol Fofs}
£ Aoz HolWp opA7tA] Fofol| A9 g wetsls
A=A ok drt.

7] &0l caveolin-10] FU4AAFAALS] H&dg 3= A
© 2 oI &l v} Davidson 98 Aok YukR W} A
Foll A caveolin-19] ®WH&lo] F7tEL}, o]& FAIGAoZ
HehslA] kol AW Q] o FE JIFE = gt 3, ca-
veolin-12] Wdlo] FGGI| TR} Fgol|A Yo
TXAARAAL &S & Aol FA3t

=

caveolin-1-<
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Ak Lee "% GHbotoll Al AAFAZ KL} caveolin-12] HF
&o| Y, caveolin-1 §-A Aol Q)& Zoko] AzalAA7 &
ojutrta slgict thE o8] L3 AE caveolin-10] F%F
ARG &S gk FAEA e, 2 ol f2A
A, StAFlA e GANE SAA Lol
caveolin-13} 2 S-A A7} & x)sh 2 BA), Wl Foko| A=
caveolin-19] W&l o] 7+l BEAS B3P AAl cave-
olin-1 WH1S] 7h47k AES) WAREE Le|vl i,
FokAF ol A MzE caveolin-12] W =7l g oA
ko] 54 4719, mpxeto 2 caveolin-19]
dlo] AEZ717L Aok ek 7Has
th. AT caveolin-12] W Z7h= A o] S AR
AA, A AAle] 29 %S B Ao
9}1\1:}_.17

ey Hee g o

ne

ru;E ofN

Aot Gulol zA ol A caveolin-19] W& H s}y,
T3 caveolin-12] W& o] A7 49| Gleason B, <7}
el o] T4 FA, HZA Aolgt o] dvka FAs)
oIk Rajjayabun 5% wbs¢t $hatellA] caveolin-19] Wk
o] Foke] W78 sFT Age] k= Ae Harssl
t}. Kato S22 A2 AFANEL oA caveolin-19] I} b
A HZA Hojgt & Fof ¥ of| 39} A=t 3]
3L, Fine 572 caveolin-12] 1alo] tha-4tel|A] A4 A
Ao A ZH e} L5sA Bk egich

Caveolin-19] %“’obﬂ/q«] ol il A= ok 2ol &
HhEl o] FAlol A|7|E AL glo] ofF Wedt Aol ¢l
= Ago]t}. A uF caveolin-10] A1A|EQto]] A= F
2 AR} AgEos Bavl $Askh Oh 5712 ca-
veolin-1 A= AAEY 2Z oA wt Wk x|z A4 A
zA | A= BHE A ekt sl9dth Joo 7 caveolin-1
9] intensity2] A< Fke] =], TNM H7|, M H 7], &
3tz 9] A3} dFho] 9l AL, caveolin-1 scored A5 M
W 7]9} Aole] Z7}9} o3 3%| ™| caveolin-1 proportion®] 4
zo xio],] #7}9} HeEha s}oa\u} Campbell

il

J

o A, AEES] B4 5 A 1&%4 e o8]
thar sk¢iek. o] HA caveolin-12] W F717b AAZE Gk
A U o] 39} Bla]z] = 9ol \:HoH Joo £ caveolin-1
o o] AAES Mol WA AL 7911
ufj Lol FAFsl9) 3, Shim#} Choit*: caveolin-10] vt}
SFAA 2t =, o]2idt FAINAG L Holgte] AV
el A3 w T3 231w, caveolin-12] thidd
- AHolgt WA BATE A& Aolgk 33t

3 caveolin-12] Wado] AZFoke] Wl =2 &7l vt
A Aoletrts Rk Q)& Carrion 572 A1Eake] thek
3k Wg| 22 £7AA caveolin-19] W AEE nlwg 4
3} 7]ef obA Aokl vlsl FAFER] A AHAEF
oA caveolin-18] Wdlo] SojH oz Zrlgtria k3l

AAE2] AFe] A AAA] caveolin- 1-/]

= ZokEo|thulA Ki-679] W} v el Hgko)
GOE A3t B& 719 72t AlZF7] oA == 3
cas Wz set Ga e Sol kit E52) Foel
A AEZAALY HEg AgE 3 gk Papadopoulos
52 QAEIA Kigre] W Z7hk TN 5) i
shwo) Z7hs} APHhT 9T, e Be ATAE
7t AA|ZEStol A &) 23 o] Ft, A
L8, 52 T ALEY A AgE e ZleE dHA
59 B oI Ki67 B ZAhe TYI9} A
£9 4%, QAU FAY F240] Aelch A
caveolin-17} Ki-67 Grade?] =7} & t}¢} EAIF &2 §9
gk ok AAB[AIE HQl AL TH7IRO|A A, TH 7 o o]
3l caveolin-13} Ki-67 Grade] =7} Arolol] EA1A 824
< 919t} (p=0.125). L8] 2 caveolin-1Z} Ki-67 Grade Alo]ol|
= EAE A#Le 9l (p=0.05). ©]+ caveolin-17} Ki-67

S, o] & Teloll AEFTA ] HERA de] AEH L g
Ki-

o] uhl Z7P7} AIES AEFAE Yehlle 252 A4
25}, 22 vbs o] Fodele 7| A o] 2V WlEoE A
Z}'E]IIL T MATE = al, Z+zko] WA Tol| uE

Grade 2 A|E3bsln H A slo] o] ZojA L Zrledqy} A

Q5 T RS Foll AT HolH AAE

=
ol 74 2P AR B darele
sl slolE WAt 4 gl el glevd, of AfelE
oyl ol A =717k F F710l wAe] shsstol
27175k 9 X 5ell B2 olHgo] oigteh. 2t T4
zZ] 9] v =2 5}5tod Mol A] caveolin-10] Ho]7} 1S 7
§ o] el S5l § Ao} sl A9l EI%
Solon Z74E ol S4E ol galyl & ¥ A
Aot e vl &S 5 A3, volrt ool wE &
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Caveolin-19] s Z7l&= & 3z
7)o A5, Ho] ol B, & ¥ 2t
U N7], M7, B3 e ] 27} S, AE o] et
£ dBAol glglek Ki-679] Wl Fvhe T 7)o 23
£9] Ak, A o] Rel Qo] g}t NH 7], MY

7], TNMH718] &<, 933, Ao, & ¥ Aol F71,
A2 o] Bol= dATto]| ¢ldT). Caveolin-19] WL FokE
olshu 9] Ki679] WA QAle] §1s) Aol o] Vg
Arkhe ol 8o, 5o & ¥ Aolk A ] wkHlol
2ol 3% qho] AGS Aol Sl o] B2 F Ao
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