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Abstract: A national structure survey of radiation oncology in 2005 using questionnaire was conducted from
March 2006 to February 2007 by JASTRO. The response rate was 96.9%: 712 out of 735 completed the
questionnaire . The total numbers of new cancer patients and cancer patients (new-+repeat) treated with radiation
were estimated to be 162,000 and 198,000, respectively. The numbers of linac, telecobalt, Gamma Knife, ®¥Co
RALS, and 2Ir RALS in actual use were 765, 11, 48, 64, and 119, respectively. The linac has the dual energy
function in 498 (65%), 3DCRT in 462 (60%), and IMRT in 170 (22%). The numbers of JASTRO-certified
radiation oncologists, full time equivalent (FTE) radiation oncologists, medical physicist, radiotherapy QA
staff, radiation therapist and radiation therapy nurses/clerks were 426, 774, 117, 257, 1,635, and 907,
respectively. Use of radiotherapy geographically varied from 0.8 to 1.7 new patients per 1,000 population.

Key words: Structure survey, Radiotherapy facility, Radiotherapy equipment, Radiotherapy personnel
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Table 1

F5 e b

Category of radiation oncology facilities
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Table 2 Region and number of radiation oncology facilities

s (HRE AT IR 20 AR R (%) AT M 3% 24 (%) AT iR B2 E (%)
dbgE (1) 32 32(100) 31(96.9) 4.4
Hik(6) 62 62(100) 60(96.8) 8.4
FAF (8) 214 206(96.3) 191(89.3) 26.8
g8 - ke (s) 58 56(96.6) 52(89.7) 7.3
Wiz (4) 95 94(98.9) 88(92.6) 12.4
S (6) 131 124(94.7) 115(87.8) 16.2
HE(5) 60 58(96.7) 54(90.0) 76
M E (4) 37 36(97.3) 31(83.8) 44
JuH - (8) 100 98(98.0) 90(90.0) 12.6
£ (47) 789 766(97.1) 712%1(90.2) 100

#00SHERETHRIA B E MR BUI 735 L R S, 712MF%1396.9% 1 4HY

N7 &E789MF% 12, JASTROEKFE A 520054 1 8 1 H
~12A318 ¥ CORFHFIERDOZBERIZ DOV T OEER
EEMRFEE SN, 2006FFEIASTRORZERE T — ¥ RN— 2
ZREEZITEARENOW I 2 IESUKIE L /2. #9460
FaRE 13 3 1 B UMICRE 287245, 58D O#300ME5%
A LT BRI L ABRPULETH o 2. BROEHKIE
1ETH 7205, B o 2@ EOBREIT- /2.
4 [fTV, BHEENCIER SRR DD D, 20074F 2
P& T TI2766H5% (97.1%) 2 S EIEME S Wiz, T
EHRIGEE RO TV AR D H Y, 2005F I sHIGEY
T2 TV B HERRITTISHIER & e S iz, BT R iEaR
WT121E3% (96.9%) & e o 7. FAEZI20054FE 4 AP HER
STHAEER T TR SN, BEORAEEL 0BT
BELPS, FH-%PEAEE & L TlinacDdual energyh
€, 3DCRTHEAE, IMRTHESE, Tomotherapy, FRBRAEEICX
LEZERNESR, BETHRGEELEDERR 2~ VY
77 —FTE (full time equivalent . J408F FMEHHIGERZEET
ICHRE), FEREHEBREELEOIHREBER MB
JUBEBEREEEMA 2. 72, BERFHHEY
TAEAD & O R E A DIRAC (International Directory of
Radiotherapy Centres) ™~ 7 — ¥ {1 D 7= & DFHZ b FEFIC

TV, S511HERR(69.5%) 06 7 — ¥ I_LOKFE 15T,
7 4 — Y DIABAFE~20074F 4 BIiCi@fit L7z, Zhig,
FICERER S EORMEERT, JABADKR— L=V
WHRIZBHETEL ORERBETVS.

S

1. MEERHE, BME, M & heE

Table 1 i2, MG E—EBEL*TT. E5EHFOSTEELT
[S]: FTFHWk - BESWHEE, [C]: ¥/ Kk,
(L] EMR AR/ 5K A/ BEEREE 20
LT—H L7 H:EEEA EMERE - BARE
%, [0]: #oMizHE LT L7z, BAEFEHE DKL
Brhl-6e DOELEEEMERL Y —BGIIED .

Table 2 (ZHUK & MR AR L TW5h, BIHE(26.8%), i
B, JuM - UbAE, R, SRdb, RE, B doBE, dbiE
E, ME@4%)DEE R > TS,

Table 3 I[ZHERRALEX 5 & HERRHAE (ERIFEER) 2R
7. U KEWEBFE, 6. BYPAtYyy— - EAFHE
V&=, WHEBPALY Y —TIIF 500 AL LR L S o
7o N EMAEEEE, P ANER, OTIZA I 99AL
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Table 3 Number of radiation oncology facilities by annual patient load and category

MEER AR R ML X 53

Total (%)
(SEMETEELD) U G N P 0 H
A(QOALLT) 12 3 30 73 63 30 211 29.6
B (100—199A) 14 1 29 83 65 33 225 31.6
C(200—299A) 11 6 8 36 31 22 114 16.0
D (300399 A) 19 3 3 16 14 9 64 9.0
E (400—499 A) 19 0 0 4 5 32 4.5
F(500ALL L) 37 16 1 3 4 5 66 9.3
Total 112 29 71 215 181 104 712
(%) 15.7 4.1 10.0 30.2 25.4 14.6 100

T, BI100~19ADPRBE L ho Tz, &K TR
&, BA31.6%, AD%29.6%, C:200~299A%516% T o
7z. F 500 ANLLE% RS AMRI393% TH L. T4b
b, HPEDTT% DR II300K O EETEER (A,
B, C)%EHELTn5, :

2. FHEIBEH
Table 4-1 {Z ek HAE R OEBMIPBER L RS, T12065%
THEN56,318ADFHBEINGR S LTz, £EOEHE
B 3SHRR L LCHAIS, #EHBEHIIH16752,000
ATH oz, MERMMX D TIIU . KERREIN20% L&D
%, PLANRR2%, O Fftx - BEL, %, BB
R, BAEFI9%TH o7, HRBEETIEE  S00ALE
7931%, B . 100~199A%%21%, C:200~299A%%18% T
H o7z, Table 4-2 iR BB OEMEEEH (FE+F
B)ERT, EREPRANOERIITHEZRD Y, FEE
BX12THIE L. MREREEHBRECOSEL HEL
fo. TR CRENILITBADEE S N T W, £EHRE
< i?&%%ﬁﬁii 14919778,000 A Cd o 7z, Mk K
, HEERIE Tl Table 4-1 & IFIZEROEm LR L.

Table 5-112, HUBRIGERE L FRFTAERERL T
5. EFBEEI (%) TRIZVOIIEENBA%TH -
T2 ROT, EEO16%, U - EO11.1%, D106
% & Tz, FERRTEH O BHEEETY THE20A T, 1
B8 A, BAR273A, EER218A LtV 7z, Table5-212,
FRICERERBZEHTORL TS, £EEEHI(%)bH
BRROBEATH 57z, s PIEEBRIIEE 260N
T, AuiEE382 A, BE33IA, EE263 A L.

3. fE

Table 6 12, MERZFIEGIOGEREL L, TORREERL
TWwh. &R Tlilinac 7657, tomotherapy 1 &, microtron
247, telecobalt 117 (%RE43), Gamma Knife 485 Cd o
72. 2?9 Hlinaciddual energyhifE %4985 (65%) 12,
3DCRTHERE % 4624 (60%) 12, IMRTHERE# 1704 (22%) 12
FLTWz, MERBEETAL LA QAT DR T,
ENEN%, 40%, 9% THo72%, F 500N EDHE

T, 73%, 79%, 48%IZF LTw/z. D 300~39A
DHEE < LWL E 2 BF LY, FORBRTEE
MR T2 AU LA LT, 1 B Dlinac CEBERTFH235
NIBE wafs C 1 200~299 ADJEFE TIZ290A, D :

300~399A T, 339AZEML TV, B 400~499 A T

331N, F:S500ALLETIH435 NIBEL Tz, &K THD
&, BRI V=T v 7 9O0FKETH 5250~300 \/EE %
A%ms%@ﬁt ECE LT (Fig 1), ERL1/40H

BTII300 2 B2 TIHEL TW, HIC EA710% T,
WELEEA00G LB 55 KDBEY 1 B Dlinac CHE
LTwiz, W HRIEEETT AFE L vz, AINEIRRS
BB (SZIRENED) 129Co RALSA%64%, Ur-RALSAS1194,
BWICs-RALSH 2 B THho/z. MHET & ICKRETT5 &,
C 1 200~299 A LN EDK B W HiEEEE, linacD SRR TE
LTz, /MRBIGEEBLCU LOMR TER S, &
{ZPM-RALSIZE [ 400~499 AL 1T 6 2L L OFERR (4%
STz,

Table 7 12, HEERHERIOBBEFIRES KT RL TS
EETEHXRY I 2L - %5027, CTYI2b—% 407
B, BHHIARETE 2~ € a— % (RTP)9407A, ik
HHCT351A, BEHIEEERMRI 124, MEHUEEOR
Feoar¥a—yERIZ626HERR, K7 7 ¥ b LIRE649
sk, L& THol. HERBECCT simulatorDRH R A
BE, ALOALTOMRTI39% TH- 7295, F:500A
P EDRERTIZOT%IcF LT,

Table 8 |2, RMUHHAREIEHE, 2OHIE© R
WRCRY. REAMRRIRITHRD - 7225, R/BEMHEEA
ERBUERRRFCIIBEM (1 MBS, xm 2 FERE) T#H20
% (A%, F4), SR GEMm2 MRS, 3 FIBRST), G
FIELEDRRS, EERE, FEARRBE) T, #Lenibio%
(A%, FZ)DEFBR SR,

4. AB
Tab1e9L, BB OBRERE RS v 7HERLTY
C 1TERR ST ) O EMBEER (T E+ER) 12260
%ot JASTROFEEERKIZN6ATH o 72, BEOWBE
HMERTIL1,003A, FEHDEEHESEREIZ4S0AT
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Table 4-1 Annual number of new cancer patients by patient load and category of radiation oncology facilities
MisgiRAs MR AR 5 Toual (712) %) i ]
otal (o] 2 %,

(HasgEk) U(112) G(29) N(71)  P(215)  o(181)  H(104) HMEEH
A(211) 458 156 1,631 4277 4,058 1,801 12,381 7.9 59.0
B{225) 2,021 136 4,162 11,602 9,437 4,627 31,985 20.5 142.8
Cc(114) 2,853 1,526 2,023 8,776 7,369 5,378 27,925 17.9 245.0
D(64) 6,582 1,067 1,083 5,400 4,919 3,000 22,051 14.1 344.5
E(32) 8,508 0 0 1,825 1,756 2,105 14,194 9.1 430.1
F(66) 25,460 13,400 640 2,036 2,506 3,740 47,782 30.6 735.1
Total (712) 45,882 16,285 9,539 33,916 30,045 20,651 156,318
(%) 29.4 10.4 6.1 21.7 19.2 13.2 100
EEEHBRERK 409.7 561.6 134.4 158.5 166.0 200.5 2202

20054 U BB E MRk B 7355 7% ta‘@ﬂbﬁ% DIETFEREL . #1652,0004

Table 4-2 Annual number of total cancer patients (new-+repeat) by patient load and category of radiation oncology facilities™!

sk p e MR 5 (PR Mg
(MEER%0) U(112) G(29) N(71) P(215) 0(181) H(104) fia)
A(211) 516 178 1,994 5,039 5,015 2,067 14,809 717 70.5
B(225) 2,417 136 4,996 13,629 11,685 5,684 38,547 20.2 172.1
Cc(114) 3,568 2,068 2,657 10,966 9,206 6,435 34,900 18.3 306.1
D(64) 8,383 1,356 1,262 7,273 5,989 3,744 28,007 147 437.6
E(32) 10,132 0 0 2,200 2,395 2,802 17,529 92 5312
F(66) 29,562 16,693 768 2,717 3,020 4,621 57,381 30.0 882.8
Total (712) 54,578 20431 11,677 41,824 37,310 25,353 191,173
(%) 28.5 10.7 6.1 21.9 195 133 100
BRFHTBRER 487.3 704.5 164.5 195.4 206.1 246.1 269.3
zoosﬁmmi(‘*ﬁ?cbm % T35 R e#ﬁﬁﬂbf%*@éﬁméﬁﬁ%%ﬁ %’319758 000 A -
WL s o B e AR RN AR, FEERO2THIE GRASIMERR | 375E%)

2 IR AR IR R T 100 N BN TR » - 02 A

ot BEHEEEEEBRMLRE L -EENR< Y
N7 —TH DA (FE+IEEE) GEEYEFTEIZTTAANT
Holz. BEHEEELEMEIE,635A, FEMW - BFEY
F - BBBRBBIZ0IATH o2, BHESDETITI1IITA
+EEHBON), FERGHRARLEEETII7AGIEE
#13AN) TH ol REHIARIELE I FTE4S - ) OBER
1Z, 247(190,971/774) A TH - 7219 (FEMDHT L 2 S

5. $HAE
Table 1012, — A EERET LIS OIFERIGE L FIRE L T
WA, JEPIEBSTIE3,246%1 (2003457 3,448%1) AS1815EF% 1 T
TThh T, MEBARE GBI - FEEzE0)E
2 773851 (20034F 928%1) 2579\ TAT b, BRI — F
TEHIE1,76561 (20034 4081) HR39MERX IC TITh Tz,
/\%B”% 131,738%1 (20034F 1,64651) 25191 E7% 1= C, R

i

51338741 (20034E 549%1) AS66HEa% 1= T, AL (BX) BT

11,1221 (20034F 12,610%1) AS19THERRIZ T, EAL (FREER) IR

B3 1,658%1 (20034 838%)#9275@ 12T, IMRTIX75560
(20034 3701§J)75>3373m T, imEBE RS 58141 (2003
£ 58761) A6 R T, %sﬁéw#(é% 318441 (20034F 226
Bl) A5 BRI THDOIRT W, FRENMATHER DLE
THOEEIE25%, 11%, 55%, 27%, 9%, 28%, 13%,
4.6%, 5%, 0.7%Tdh o7z, MEFRBBEICAHSE, FiS0OA
D rofEikicwis, 5B, #idhiEE, =MEBH,

IMRT, RZOFF BRSNS, DEBID/NRERR T TS
Tz, '

6. ERENE LU, BEBEER

Table 1112, BERFFEELZRL TS, ZWEII
& LTHE, B, RE - HERREEE30,04061(19.4%), FLiE
30,261%1(19.6%), WAR#RIEE18,56081(12%), FHSEENE
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Table 5-1 Numbers of radiation oncology facilities by region and annual new cancer patients
i (HRERFIR50) RAT R HEEH EFRELI (%) TR EE R

a8 (1) 31 8,909 5.7 287.4

Hik(6) 60 11,440 7.3 190.7

BB (8) 191 52,146 33.4 273.0

{58 - dLBE(s) 52 9,580 6.1 184.2

HifF(4) 88 16,631 10.6 189.0

38 (6) 115 25,060 16.0 217.9

PE(S) 54 10,232 6.5 189.5

ME (4) 31 4,905 3.1 158.2

JuiH iR (8) 90 17,415 11.1 193.5

=[E (47) 712 156,318 100 219.5

20054 UETRIG R EHERRR B R 735065k & B L 25 A 0T B E | 1516752,000A
Table 5-2  Numbers of radiation oncology facilities by region and annual total cancer patients (new-repeat)
g (FBERFR 20 SRAT AR 5 EBEH SEBEHI (%) MR ERE K

b dEiE (1) 31 11,852 6.2 382.3

ik (6) 60 13,393 7.0 2232

B (8) 191 63,189 33.1 330.8

15#-JbkE (5) 52 11,728 6.1 225.5

g (4) 88 21,841 11.4 248.2

I E (6) 115 30,213 15.8 262.7

HE (5) 54 12,523 6.6 2319

= (4) 31 5,671 3.0 182.9

JUH i (8) 90 20,763 10.9 230.7

2 [E (47) 712 191,173 100 268.5

20054 HURBIARERMER L 2 73565 & 0 L 7254 0l £ 8 ES  #19758,000A
Table 6 .Number of equipments and their function by annual patient load of radiation oncology facilities

TE RS & AR A(211)  B(225) C(114) D(64) E(32) F(66) Total (712)
Linac 187 214 109 76 53 126 765
with dual energy function 91 133 84 60 38 92 498
with 3DCRT function (MLC width=<1.0cm) 74 122 69 59 38 100 462
with IMRT function 17 29 22 17 25 60 170
Annual No. patients/Linac 72.3 169.3 289.9 338.6 330.7 435.3 234.6
Particle 1 1 0 1 0 4 7
Betatron 0 0 0 0 0 0 0
Tomotherapy 1 0 0 0 0. 0 1
Microtoron 4 1 5 2 0 12 24
Telecobalt (actual use) 12(2) 5(2) 5(1) 4(1) 1(0) 7(5) 34(11)
Gamma Knife 6 12 9 7 2 12 48
Other accelerator 1 1 1 1 1 7 12
Other external irradiation device 1 0 1 1 0 3 6
Co-60 RALS {actual use) 10(7) 13(10) 21(19) 19(18) 3(3) 8(7) 74 (64)
Ir-192 RALS (actual use) 2(2) 12(11) 22(22) 18(17) 22(21) 47(46) 123(119)
Cs-137 RALS (actual use) 0(0) 0(0) 2{2) 0(0) 0(0) 0(0) 2(2)
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Fig. 1 Distribution of annual patient load/external treatment equipment in radiation oncology facility.
Horizontal axis represents facilities arranged in order of increasing value of annual number of patients/treated

equipment within facilities.
Q1: 0—25%, Q2: 26 —50%, Q3: 51 —75%, Q4: 76— 100%.
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Table 7 Number of treatment planning equipment and accessories by annual patient load of radiation oncology facilities

TREEDS A(211) B(225) Cc(114) D (64) E(32) F(66) Total (712)

X-ray simulator 135 158 79 49 26 55 502
CT-simulator 81 120 72 43 27 64 407
RTP computer (2 or more) 195 (14) 236(25) 140(23) 97(22) 69(19) 203 (43) 940 (146)
X-ray CT (2 or more) 330(103) 469(173) 291(99) 192(56) 121(31) 279(60) 1,682(522)
for RT only 41 89 90 40 26 65 351
MRI (2 or more) 240(40) 316(95) 187(69) 127(53) 79(28) 163(53) 1,112(338)
for RT only 1 4 1 1 3 2 12
Computer use for RT recording 167 200 107 61 30 61 626
Water phantom (2 or more) 146(8) 201(23) 112(15) 70(13) 37(7) 83(17) 649 (83)
Film densitometer (2 or more) 70(2) 103(4) 67(4) 45(3) 23(1) 67(10) 375(24)
Dosemeter (3 or more) 446 (64) 498 (72) 295 (54) 191(32) 131(18) 326(49) 1,887(289)

Table 8 Number of treatment planning by its complexity and annual patient load by radiation oncology facilities (n=495%")

ARG RE RS (BRI EEE TN T 5414)

A(141) B (156) Cc(78) D{45) E(26) F(50) Total (495)

iR i) 6,203 14,205 11,780 7,781 6,893 18,536 65,398

(1 PIHESS, XM 2 PIEGEY) (66.5%)  (635%)  (55.1%)  (43.7%)  (56.1%)  (46.8%) (53.3%)

Gl 1,760 4,585 5,279 5,875 2,610 11,986 32,095
(SExsti 2 PIRRST, 3 FIERST) (18.9%)  (205%)  (24.7%)  (33.0%)  (21.2%)  (30.2%) (26.1%)
e 1,359 3,587 4,325 4,155 2,781 9,110 25,317

(4 Pl Lo BESY, EBIEET, FE{ERED (14.6%)  (16.0%)  (202%)  (23.3%) (22.6%)  (23.0%) (20.6%)
9,322 22,377 21,384 17,811 12,284 39,632 122,810

a8

IR EHR M SR BA Ch o R © 21746
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Table 9 Numbers of personnel and annual cancer patients by patient load of radiation oncology facilities

MEEOEEL Ry v 7 A(211) B(225) C(114) D(64) E(32) F(66) Total (712)
MR RE =99 100—199  200—299 300—399  400—499 500<
MR EmER i (%) 29.6 316 16.0 9.0 45 93 100
SEHHBERY 12,381 31,985 27,925 22,051 14,194 47,782 156,318
1 MR Y- E T RS 58.7 142.2 245.0 344.5 4436 724.0 219.5
FEHEBERE 14,809 38,547 34,900 28,007 17,529 57,381 191,173
1 Fask 470 P E R RS 70.2 171.3 306.1 437.6 547.8 869.4 268.5
MEERARTREL 74,113 104,738 63,509 40,579 25,281 52,292 360,512
BAHRFHR R a8 (%) 42(19.9)  69(30.7) 60(52.6) 38(59.4) 24(750) 54(81.8)  287(40.3)
BOEHRERR 168.5 340.5 464.6 437 247 872.7 2,530.3
BT ELR R B R TR PR B (%) 0.2% 0.3% 0.7% 1.1% 1.0% 1.7% 0.7%
1 iR U/ R EDR R I 0.8 1.5 4.1 6.8 7.7 13.2 3.6
BTRRR R R A MRR 7R 8 4.0 49 7.7 115 103 16.2 8.8
AR FIEISFEEE 15 (%) 35(16.6)  98(43.6) 70(61.4) 45(703) 28(87.5)  61(924)  337(473)
HEME PRSI SE (%) 49(23.2)  59(26.2) 19(16.7) 6(9.4) 3(9.4) 1(1.5) 137(19.2)
HEBSBHK(EE) 131 200 134 109 105 286 965
HEMEMES (FE) 111 176 121 91 79 206 784
JASTROZE# (¥ %)) 70 129 104 104 89 276 772
JASTROFEEEH (F#h) 24 59 65 63 49 166 426
1 MR B 7/-DIJASTROS B 0.3 0.6 0.9 1.6 2.8 4.2 1.1
FEREREISEHEEE (%) 110(52.1)  157(69.8) 91(79.8) 59(92.2) 31(969)  64(97.0)  512(71.9)
ey sEETis o : 153 206 136 111 108 1289 1,003
I Bty ST 0.7 0.9 12 17 34 44 14
FYEFHELEFTE 49.81 97.85 95.80 89.10 80.30 247.10 659.96
| HEER M7= B B4 AR M EEFTE 0.23 0.43 0.84 1.40 2.50 3.70 0.90
FEEEEFELERE 146 169 65 19 11 40 450
| FEFR M-3R E ENAE N ER 0.7 0.8 0.6 0.3 0.3 0.6 0.6
FEH EGEE M EFTE 30.62 46.26 13.72 470 2.70 1650 - 11450
1 FERR 7= D IEE Sk L RPTEY! 0.15 0.21 0.12 0.07 0.08 0.25 0.16
FEF(EE RS AR ERFTES 80.43 144.11 109.52 93.80 83.00 263.60 774.46
1 M M7 DA RHABIESEFTEY 0.38 0.64 0.96 1.47 2.59 3.99 1.09
TEPWHLERY 236.8 389.9 3194 337 284 644 2,211.1
FEYFUHEHLERY 194.2 238.8 115.9 141 43 111 843.9
BRI LR 144.8 2114 152.9 1245 92.5 335.6 1,061.7
AL E M B 2 160.7 171.6 93 69 24 54.5 572.8
BENAEE LB 305.5 383 245.9 193.5 116.5 390.1 1,634.5
1 MR 7oA EHA R LS 15 1.7 2.1 3.0 35 59 23
EER  BEVDF EBEERK ‘ 135.1 2253 164.8 110.45 70.3 201 907
FTYHEFYHEL I GEEHED 15+(5) 17+(2) 15+(3) 8+(8) 14+(0)  48+(12.1) 117+(30.1)
FHROGTHRIEESEERL GRS 213+03) 625+(1) 41+(1)  30+(7) 22+(1) 80+(0)  256.8+(13)
FTURENE TR GEEEE) 12+(1) 16+(0)  7+(02) 8+(1) 3+(0) 30+(0) 76+(2.2)
FHTHELE - GREEED 16+(1) 28+(0)  10+(0.1) 6+(0) 54(1) 34+(1) 99+(3.1)

20054F B HLIA R MR BOE T353R & HE L I EDEEFEER | £916772,000 A
2005 EBUSHRIREFEN MR I E 735H/% & I8 L 75 A0l EERE | #1975 8,000 A
*UFTE (full time equivalent) | E40RRIATRGBREHFERBICRELE L-EEH~ V0T —




188 FE OIEE

Table 10  Special radiation therapy other than external irradiation

SRR & TR 20055 20035
A211) B(225) c(114) D(64) E(32) F(66) Total (712) Total (726)

PP ERET
2050 LA AT L 7 iEER E 0 2 6 9 7 44 65 68
1~ 1980 T L7 iRk 3K 5 18 36 27 16 14 116 127
FIATHERR 206 205 72 28 9 11 531 531
BB 15 166 520 574 371 1,600 3,246 3,448
ARk A BT
1060 L, _EHEATL 7= fa ik & 0 0 1 4 7 24 36 26
1~9 Bl TL 72 ek 3 1 7 10 5 5 15 43 43
RHITHEE 210 218 103 55 20 27 633 657
BRI 3 46 95 274 434 1,921 2,773 928
BZRRI—NiGE
RN oy T KR YA ik 2 0 2 2 2 4 23 24 2
1~9 BRI TL 7o iR 3 0 1 2 1 0 2 15 0
KHEATHERR R 211 222 110 61 28 41 673 724
BB 0 34 43 118 221 1,349 1,765 40
ExX- gt
1060 PA b AT L 7o iR B 5 3 9 9 11 28 65 62
1~9 BlREAT L 7-5ERR 2K 9 22 31 21 16 27 126 115
FHAT R 197 200 74 34 5 11 521 549
HERFH 116 149 244 232 312 685 1,738 1,646
igealictiy
JULT I ey e R OVAY o 2 0 0 0 0 2 7 9 15
1~9 BT L - fE Rk 3 7 9 13 9 4 15 57 71
FRIAT HEs% ! 204 216 101 55 26 44 646 640
BRI 17 20 33 37 32 248 387 549
EAL (BN) ST
2050 BL B AT 7o pRR & 4 14 16 13 9 26 82 82
I~ 19BIHEATL 7 hE ek 3k 11 29 21 22 10 22 115 104
RHATHRRE 196 182 77 29 13 18 515 540
HESI 317 2,069 1,734 2,532 1,044 3,426 11,122 12,610
AL (ThEh) B4
2080 DL EREATL 22 haRR R 2 1 2 4 7 9 25 7
1~ 198117 L 2 iRk 8 5 11 15 8 7 21 67 63
KHATHERR 3L 204 213 97 52 18 36 620 656
HEBIK 211 97 210 262 391 487 1,658 838
IMRT _
20B1 LA L RATL - fa R 2 1 0 1 1 3 7 13 8
1~ 19807 7Rk & 0 3 3 1 4 9 20 9
KA HERR 210 222 110 62 25 50 679 709
BEGIH 50 26 40 37 205 397 755 370
IRELEE R R AT
2061 DA EHEATL 72 RR 3 1 0 0 0 2 4 7 8
1~ 198 T L7 i ER 8% 3 8 7 4 0 7 29 41
ey 207 217 107 60 30 55 676 677
HRAH 44 57 33 29 126 292 581 587
Sr-O0B R B8
2080 L EpAT L 7o iRk B 0 0 0 0 0 2 2 2
1~ 198 T L iRk 0 1 0 0 1 1 3 4
KIEATHE L 211 224 114 64 31 63 707 720
BRI 0 4 0 0 9 171 184 226
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16,3731 (10.6%) 28T b, 20 BliEE25,39264]
(16.4%), WISLRRHE13,21860(8.6%) TH o7z, ISERLT®
ANBFEBIIE1,04760(0.7%) s S 7.

Table 1212, BB L OBEBERER L ERERBUIH
THEEERL TS, lni1d1532160(8%), BFEaiEIE
2747600 (14.4%) TH o7z, HRIETHBL L, ATOAL
T, B:100~199A, C:200~299 AT, BEHBDLEN
16~20% &, L Y Eh o7,

7. HSBIORSHGAEEER, EERE, JASTROBEEH
Table 1312, #GERFEOMEHRIGEBER, MR,
JASTROFZEZEEH T RLTWAW, AOL000AH72 ) DK
SHUAEREKE, 2R TI2ATH o7, HIEIC
i, HEFEHEL1IA, dvimEleA, AINE, BIE, LRE
LSAEE L, AR, HER0SA, KA, #EIFROIA
IR, MR LRENBERIN. 1 RS SR
D NOFBIL, £EFH1779,000A &% o Tz, Hilgii
I EEM35573,000A, TEED28/78,000A20, K
SR, FINE, BEEOI071,000A, EHED10753,000
N, FREHEO10/74,000\ F TOENFEE SN, JASTRO
HREERD 0 OMBIZSEBE SN 2o 20, 1 AD

WL BRUR, KRR THA.

Z B

Table 1412, BHED 7 RDIASTROEERET— 709D
FLl, SED05EENE 8 KFEDEROLEZR
LTw5b, BiEO20034EEFRED 9 LU T, EREF%
RET L7z, FHAERSCHERTEHHTEERII2003FE L DY
%I L=, T oM=L, PARBELITITHITLT
W3, KB ST L 52005 D HAREEIL660,578 A TH
DD F A LEHSENDEN AT B IREGHRIAEEIG
TIZH25% Th o 72, EfF & L Clinacld 3% L 7.
OCoEE 1A L RIBICEAL,
BEDEWOCOER idlinacllER E Tz, YIr-RALSE
BTV TH o /2. HEIRGHRERERUIM 9%EmL
7o, FTERE TITHUADT YT —%F L Tw5 I EAH
L7:. BEEHIZI5%EML 72, HEHREEIE LA
S%¥EIMLA. CTY I 2 b—%1d24%, BEETHEI
Yo — 7 137.6%8INL 7z, BEHOEN & EHRESTIGE

ZENLOBELDHY,
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Table 11 Annual number of new cancer patients by disease site™!

BEE BEEH (%)
it - HHEE 8,599 (5.6)
PESE S (FRIREE * &) 16,373 (10.6)
BB 10,213 (6.6)
i, &% - KeRiEE 30,040(19.4)
) b 25,392(16.4)
4R 30,261 (19.6)
BB BYE 6,355 (4.1)
B /G- & ERE 7,844 (5.1)
wmARES 8,669 (5.6)
R RIES 18,560 (12.0)
3 LRI 13,218 (8.6)
EMmEEY v NRIEE 8,040 (5.2)
B F - BREEE 5204 (3.4)
Z0fh (BHEE) 2,075 (13)
BHEE 2,356 (1.5)
ISEEL T o886 (LR EH) 1,047 (0.7)
&t 154,589 (100)

Wl ZCH S B AR ADIR D B oD, FEDT
Table 4-1 OFBEHDEEIERE-TNS

EROBIMITITIEET LT, EESBEYENE TR
20054 MITH ADBEIERELZIT 5 L TFRLTWO
A5, AN, FhaeTHLIERTH-7. FRE LTI, 23
DFEEBNIIERRICHEO R E VR TR Tzl &,
DA MIRNTWIEEFETHA0D L znwI &, #E
SOWHMBRGOWEEBOEHL, Sy, oK
BEEROBEREMCEN bERSFRINL L2
BATEELL. RBOAE, BET-CADOHREVD
HTEEEN, NEEL2E0CRALBNIGITLELEL
7z,

&SR DA 20060 RH54560%, 300FIKFEAT6% & &
BDTW5D, Kk LT, b EORSHIEERR SIS
EERL. EROHBREROBETIZS00 N EOERET

- 2E?30.6%, 100~199AD%20.5%, 200~299 A4517.9%,
300~399AD514.1% D BER L ZITHR-oTHB Y, 100~
400 AR DIERRAS52.5% DEE R IGE L T, BEELRFE T
B LTWD, #ERITE, IEIZADICHER LT OERS

Table 12 Annual number of total cancer patients (new-+repeat) treated for any of brain metastasis and bone metastasis

by patient load of radiation oncology facilities

. EBER (HERAEEREREKICET5E4)
7
A{211) B(255) c(114) D(64) E(32) F(66) Total (712)
T 1,029 3,644 3,257 2,624 1,247 3,520 15,321
(6.9%) (9.5%) (9.3%) (9.4%) (7.1%) (6.1%) {8.0%)
Bk 2,972 6,260 5,892 3,611 2,150 6,591 27,476
(20.1%) (16.2%) (16.9%) (12.9%) (12.3%) (11.5%) (14.4%)
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Table 13 Number of patients, facilities, and certified personnel according to prefecture

et A ARG R BE GEERR R e
BEERE iy 1000A BT AACLOOASADHBEE) (1 MES:) AL : Loo0h) O ASTROBEER
JbHEE 5,628 8,909 (1.6) 31(182) 25
HFHE 1,437 1,440(1.0) 10(144) 6
EFE 1,385 1,603(1.2) 9(154) 2
e 2,360 3,346(1.4) 13(182) 6
FRHE 1,146 1,597(1.4) 11(104) 2
11521 1,216 1,414(1.2) 8(152) 2
BEER 2,091 2,040(1.0) 9(232) 2
TR 2,975 2,672(0.9) 16(186) 6
A 2,017 2,723(1.4) 10(202) 5
HEER 2,024 2,917(1.4) 13(156) 17
HEE 7,054 5,318(0.8) 20(353) 15
FEE 6,056 6,516(1.1) 21(288) 24
R 12,577 20,970(1.7) 70(180) 62
i B IS 8,792 - 10,007(1.1) 37(238) 32
HEE 2,431 3,030(1.2) 14(174) 6
ELE 1,112 1,429(1.3) 8(139) 4
AR 1,174 1,722(1.5) 8(147) 3
TRIFE 822 923 (1.1) 8(103) 4
(LiZ4E 885 1,023(1.2) 4(221) 3
REFE 2,196 2,476(1.1) ‘ 14(157) 5
I ELIR 2,107 2,197(1.0) 11(192) 3
BRI 3,792 5,242(1.4) 27(140) 10
TR 7,255 7,376 (1.0) ’ 37(196) 15
=EE 1,867 : 1,816(1.0) 13(144) 5
wEE 1,380 o 1,211(09) 9(153) 3
TERHE 2,648 2,884(1.1) 13(204) 11
KIRHF 8,817 10,531(1.2) 44(200) 29
EER 5,591 7,235(1.3) 32(175) 22
ZpA 1421 1,849(1.3) 8(178) 8
FEkILE 1,036 1,350(1.3) 9(115) 4
BHUE 607 910(1.5) 6(101) 1
BiRE 742 963(1.3) ' 6(124) 2
FR LR 1,957 2,313(1.2) 11(178) 8
=12 2,877 4,239(1.5) 19(151) 18
Il mi=y 1,493 1,807 (1.2) 12(124) 4
B 810 1,033(1.3) 5(162) 2
ENE 1,012 1,101(1.1) 10(101) 7
FIRE 1,468 1,783(1.2) 10(147) 5
fap s 796 988(1.2) 6(133) 3
wEE 5,050 6,495(1.3) 27(187) 17
“rE 866 887(1.0) 4(217) 1
ElFE 1,479 1,729(1.2) 7(211) 4
ReAkIE 1,842 2,253(12) 13(142) 4
Kolg 1,210 1,539(1.3) 12(101) 2
TR 1,153 1,493(1.3) 9(128) 2
ERBER 1,753 1,895(1.1) 12(146) 3
TARE 1,362 1,124(0.8) 6(227) 2
&% 127,768 156,318 (1.2) 712(179) 426

20054 B IA R E MR B 2 735 sk & M L 7235 & O T BB I ¢ $916752,000A



EERGTIRIGRER D2005F E PEERERE (B 1) 191

Table 14 Number of radiation oncology facilities, treatment devices, patient load and personnel: trend 1990—2005

1990Y 1993? 1995% 19974 19999 20018 20037 2005

MiEkt 378 629 504 568 636 603 726 712
(B =R) (48.5%) (88.3%) (73.9%) (78.6%) (86.3%) (85.3%) (100%) (96.9%)
BraEH 62,829 - 71,696 84,379 107,150 118,016 149,793 156,318
EBEH - - - - - - - 191,173
Fs T B EE 166 - 142 149 168 196 206 220
BREEAB (REP)

V=T v 311 508 407 475 626 626 744 765

F L3Nk 170 213 127 98 83 45 42 11

Ir-192 RALS - - 29 50 73 93 117 119
EERARIGRER 547 748 821 889 925 878 921 1,003
FTERAH S IGEES - - - - - - - 774
FHIASTROZREEL - - - - - 308 369 426
TETHIGRE S 592 877 665 733 771 918 1,555 1,635
Bl EEH

XEyial—y¥ 295 430 394 452 512 464 532 502

CTVIal—% 30 75 55 96 96 247 329 407

RSB Y a—¥ 238 468 374 453 682 680 874 940

20054 MR E MR E T3S AR LRI L 72 S OHE IR BB B 16752,000 A
20054E HAHRI AR Mo R B8 73S MR L HERIL 7235 & e s SR B 549 19778,000 A

BEW, EREHERLTYA, MUY T, b
E, ART, L0 oBELEEL, NETERI DL
(o Twie, MERREPHETIRL, BETEZVEN)
RABTELEPS LBV, HEMICHEESFICELD
BEWVEH D05, BEHGERR L L CIeEO& 413
ITHETEATWDL EEZ S,

FfMIERIEICERD 20, BRICENIEREHL

LD EBBRINTYS, BB FNVF— DRI,
3DCRTEA L DIGHED 7= DHEEEIL 6 FILLE ISR S Tw
7o, RERERENLEESY, IMRTIZ20034E": ¥ D) 2 {5 DFEHIAS
BWESNTBY, BHECGHEAIEALTCWE, #hPho
FMEATHERR 1320034 1 HoB L C2263%, 165aaRIE 2 T,
HPIERST, $RICRIIER 3 — FIBEIZEEE 172568 L
THY, MATHRRSITHEREML Cw5, Bz LT
CT simulatoriZ T CIZ57% DHFICER LT, LaL,
MERRBAE TI9~97% DN L= 3 U HiH o 7z, EEETHE
DEES /P BUERAE, BHIE(, BENARE (LD
IZoNT, i, BHEIEL L hoTwiz, HETIEB 100
~199A &C 1 200~299 A T2 (B0 10% A, T/, 8
B, TRENSBMIN AR OGN, 512, C:200~299
A LD 1300~399 A IC2 (BFD10% D, FHD10%1E
ImMA5, S51, B 400~499A EF : 500 A DL B2 (R
WBEAD10% A, FED10%EM) 2SR 517, DEEIC
BB L2 (B 010%EMn, HED10%HD) B
iz, TNODESEFRN TR, BEHT, %BT 55
RIBESINDLDE, ABEREBSLEEOBINIERPENIAT
b Twbizd, BEBITTEAS v 7HREBHOH

KT, MBI R X WIREAEIRM I FEET B0
b L,

AZy TEITBEEREMCARG L THEATETWS, &
BEWATL | FIERGHRIEEEL - ) THRETS L2474
&Y, REDRLOPEOEEEDTH H200 A% EE LT
72, AT, MESOWEBEFNOBERILEERT AL, B
TOBRWOEMAS, YWFRL-EEHEMI L —F%
P TWRWD, FEREONPLETHS,. EFEAY v T
DQOLET dBESh, I E 28 CHE T4, 2HEN
BRI 2003 4R 7 OB L TR0, HEIESY
B34 AL Twiz, REHRGEELEEE L3574
PEGEINL, BELHFS, SRS EMGHRmER &
DEBII T PERTW;W,

FEEBENEIA N SREIP 1% HET L, LEN2%
PLE, WARESRAT 2% L7z, BRKALDER 2SS RIAE
FEFDTAHICS AL PICRB STz, BiEH, NEB
DEPIIEREREEO 28RO N, WEHHIAEITEM
ERICEERRE R R LTVA I EPREF— 7 & LT
bRENTz, FERBETHRL L, C:200~299 ALLT D/l
BIET, BEBEFNSESEDI6%TBA TV, HHZA 19
AUTTIE20% 2 5O TEY, BHGE L IRIBEROEA
SR BETT TICEATYEDR D Lt .,

HIRHNZIZ A L,000 A 272 ) O g Rm B E 8z
1L7~08AD 2 L EDENFBE I N, £EFHTIL2A
THhh, ZOMEII2003FEED L IZIZFAMTHo7. 11
72D DFTEO AOBIEILETIY1759,000A & 72 o
Tz, WIS ERD35H3,000A 05, BEE, &



192 FE WEE

JE KAED10751,000 A F COEEZLEVBEI N,
FEOREDTIINF A 1 ETH Y, FHHIHIZIDE
WERRLTWA, bAER#EONNY -3 Yidd b
LoD, EEICH—IIHHSETWEI LV, 5E. 18
BL7 ) OBREHILTHY, 4%, HEEFOLOD
DEANC X 5 EOBIMBEHEEET 5 DI ABETEEIC
WmETIE, BOLTOEBREKBEITIHLLEELS. L
AL, FECBEZERID o T b KBRS 10%
ABNBEDT, EEEEEEL L, BANTHREN LR
HSESUETH A . T, BEHEOARY ZITHERED
VETHA, 3RKTLL, dual energylh Eid4 R R
L) o0H b, JASTROFEEHKITT N TOIERFET
B 1A ERREIN TV S, BEMFTERSHRIEEERE
OEDIHIE, SHICKELZEENLETHS ). FICEE
DS, IHIEVABBBICHITLCBY, KRHHE
R EOMEIEEOBRE KT EEMICIEEBE
F—% & LTHIZR A AR TREN TRV, JHUIEER
DL, HEBMOBELICE b %) BRFOBEM & AR
WABRRICL DBEEY - CADEKTIRI ) 2TT0D
72, BEBOMUKCEENICT L -3 PP 00dH
BOTEZWHLHELBAINS, B, FEHHEHOM
EHEEERE CTTE SN TV ARRICEFEH 2 RET A LI

Ly, 4%, KiERBEEENERADLTRENFSS.
Z DWRITISKEDHAEROWRR LB L T b L wbh
TWwh,

B, COEPEEREET V- bTERL, BE
HE: bEELLERBETHD. ETFICFHERS
N, JASTROSERBEDFIEL & HIZJASTRODFEREIZ
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OREOBERHEFD ) 2, RENIRFEHHE 2.

I ARFARICH I WPV B ORESHIE R DR
SHERLE, BTE, HENE, HMEBEM LS ICRER
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Abstract

One of the most critical issues in prostate cancer clinic is
emerging hormone-refractory prostate cancers (HRPCs) and
their management. Prostate cancer is usually androgen
dependent and responds well to androgen ablation therapy.
However, at a certain stage, they eventually acquire androgen-
independent and more aggressive phenotype and show poor
response to any anticancer therapies. To characterize the
molecular features of clinical HRPCs, we analyzed gene
expression profiles of 25 clinical HRPCs and 10 hormone-
sensitive prostate cancers (HSPCs) by genome-wide cDNA
microarrays 'combining with laser microbeam microdissec-
tion. An unsupervised hierarchical clustering analysis clearly
distinguished expression patterns of HRPC cells from those of
HSPC cells, In addition, primary and metastatic HRPCs from
three patients were closely clustered regardless of metastatic
organs. A supervised analysis and permutation test identified
36 up-regulated genes and 70 down-regulated genes in HRPCs
compared with HSPCs (average fold difference > 1.5;
P < 0.0001). We observed overexpression of AR, ANLN, and
SNRPE and down-regulation of NR441, CYP27A1, and HLA-A
antigen in HRPC progression. AR overexpression is likely to
play a central role of hormone-refractory phenotype, and
other genes we identified were considered to be related to
more aggressive phenotype of clinical HRPCs, and in fact,
knockdown of these overexpressing genes by small interfering
RNA resulted in drastic attenuation of prostate cancer cell
viability, Our microarray analysis of HRPC cells should
provide useful information to understand the molecular
mechanism of HRPC progression and to identify melecular
targets for development of HRPC treatment. [Cancer Res
2007,67(11):5117-25]

Note: Supplementary data for this article are available at Cancer Research Online
(http://cancerres.aacrjournals.org/).
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Expression Omnibus (GSE6811).
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Introduction

Prostate cancer is the most common malignancy in males and the
second leading cause of cancer-related death in the United States
and Europe (1). The incidence of prostate cancer has been increasing
significantly in most of developed countries due to prevalence of
Western-style diet and explosion of the aging population (1, 2). The
screening using serum prostate-specific antigen (PSA) lead to
dramatic improvement of early detection of prostate cancer and
resulted in an increase of the proportion of patients with a localized
disease_ that could be curable by surgical and radiation therapies
(1, 2). However, 20% to 30% of these prostate cancer patients still
suffer from the relapse of the disease (3-5).

Androgen/androgen receptor (AR) signaling pathway plays a
central role in prostate cancer development, and the prostate
cancer growth is usually androgen-dependent at a relatively early
stage (3-5). Hence, most of the patients with relapsed or
advanced disease respond well to- androgen ablation therapy,
which suppresses testicular androgen production by surgical
castration or by administration of an agonist(s) to luteinizing
hormone-releasing hormone (LH-RH) and antiandrogen drugs.
Nonetheless, they eventually acquire androgen-independent and
more aggressive phenotype that has been termed hormone-
refractory prostate cancers (HRPCs). Recently, the combination

" of docetaxel and prednisone was established as the new standard

of care for HRPC patients (6, 7), but they are not curable and
their survival benefit on HRPC patients is very limited. Hence,
many groups are now attempting various approaches to identify
novel molecule. targets: or signaling pathways that contribute to
growth of HRPC (8). .

Several studies. using. i vitro prostate. cancer cell lines and
mouse models have shown that the progression to HRPC could be
associated with increased levels of AR expression, implicating that
AR down-regulation by means of small interfering RNA (siRNA) or
other methods should suppress tumor growth even in HRPCs
(8-11). The AR gene was overexpressed in most of HRPCs, in 10%
to 20% of which amplification of the AR gene was observed (12). In
addition, a subset (<10%) of HRPCs was found to have somatic
mutations in the AR gene, which could enhance ligand response
(13). As consequence, expressions of several AR-regulated genes
were reactivated even under androgen depletion (3, 14-16).
Furtherinore, the AR pathway in HRPCs was consider to rely on
alterations in growth factors, such as insulin-like growth factor
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(17), HER-2 (18), and cytokines, such as interleukin-6 (19), which
could modify the AR activity. Overexpression of these growth
factors or coactivators in HRPCs might change cancer cells to be
independent of the AR signaling (8, 14, 20). Despite these latest
advances in molecular analysis of AR pathways, the mechanisms
by which prostate cancer cells survive and acquire their more
aggressive phenotype after androgen ablation therapy are still not
well understood.

In this report, to characterize the molecular feature of clinical
HRPCs, we did genome-wide cDNA microarray analysis of cancer
cells purified from HRPC tissues by means of laser microbeam
microdissection (LMM) and identified several deregulated genes in

HRPCs, some of which might be involved in their androgen-
independence and aggressive phenotype. These data should shed a
light on a better understanding of the molecular mechanisms
underlying clinical HRPCs and could suggest candidate genes
whose products could serve as molecular targets for development
of novel treatment for HRPC.

Materials and Methods

Patients and tissue samples. Tissue samples were obtained with
informed consent from 43 HRPC patients undergoing prostatic needle
biopsy, bone biopsy, transurethral resection of the prostate (TUR-P), and
“warm” autopsy. Clinical HRPC was defined by elevation of serum PSA
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Figure 1. A, dendrogram of an unsupervised
hierarchical clustering analysis of 254 genes {vertical
columns) across 35 prostate cancers (horizontal rows).
The unsupervised hierarchical clustering analysis
clearly distinguished 25 HRPCs (red) from 10 HSPCs
3.00 (blue). Small subsets of cluster constituted by

2.00 metastatic HRPC cells (-B, bone metastasis; -L, lymph
0.00 node metastasis; -H, liver metastasis) and HRPC cells
-1.00 at the primary site (-P, prostate) from the same

-2.00 individuals (black boxes). Tissue procurement methods
for each HRPC specimen (A, autopsy; B, biopsy; T,
TUR-P). All HSPC tissues were procured by radical
prostatectomy. B, dendrogram of a supervised analysis
of 106 genes {vertical columns) across 13 HRPCs at the
prostate and 10 HSPCs (horizontal rows). Each cell in
the matrix represents the expression level of a single
transcript in a single sample. Red and green, transcript
levels, above and below the median for that gene across
all samples. Black, unchanged expression; gray, no
detectable expression. The 36 up-regulated genes and
70 down-regulated genes that can distinguish HRPC
cells from HSPC cells are listed in Tables 1 and 2,
respectively.
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. Table 1. Up-regulated genes in the progression to HRPC
Accession no. Difference P value Symbol Gene name
NM_003094.2 3.306386323 377 x 1077 SNRPE Small nuclear ribonucleoprotein polypeptide E
NM_018685.2 3.219579761 332 x 107° ANLN Anillin, actin binding protein (scraps homologue, Drosophila)
AA976712.1 3.182541782 599 x 1077 TMEM46 Transmembrane protein 46
AlI357641.1 3.146687689 751 % 1078 CDKN2C Cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4)
‘W67209.1 3.087139806 593 x 1078 SESN3 Sestrin 3
DB340904.1 2.985071675 800 x 1078 AR AR, 3 untranslated region
NM_018144.2 2890854838 3.62 x 107° SEC61A2 Sec61 a2 subunit (8. cerevisiae)
NM_016448.1 2.811368667 7.78 X 107° DIL, Denticleless homologue (Drosophila)
774616.1 2.538137903 192 X 107° COLIA2 Collagen, type I, o2
NM_000090.2 2491419709 5.12 X 107° COL3A1 Collagen, type III, ol
R41754.1 2447849423 119 x 10710 TMEMI32B Transmembrane protein 1328
NM_006607.1 2440825064 509 X 1077 PTTG2 Pituitary tumor-transforming 2
U73727.1 2.333606143 240 x 107° PTPRU Protein tyrosine phosphatase, receptor type, U
AK021786.1 2.319361143 3.24 X 1077 Cl7orf72 Chromosome 17 open reading frame 72
AA910060.1 2.236962817 8.99 x 107° EST ) ‘
AA621719.1 2.220224258 8.14 x 107 SMC4 SMC4 structural maintenance of chromosomes 4-like 1
AK024438.1 2.198639235 7.77 X 1078 ZFP41 Zine finger protein 41 homologue (mouse)
NM_006229.1 2.192827851 6.66 X 107% PNLIPRPI Pancreatic lipase-related protein 1
AA195210.1 2.170830793 2.46 % 107° DKEZP761M1511 Hypothetical protein DKFZP761M1511
AK096164.1 2.04647546 434 x 107° EIF2C2 Eukaryotic translation initiation factor 2C, 2
AF035594.1 2.002516001 6.59 X 1076 PRKCA Protein kinase C, «
NM_004442.5 1921607125 1.06 x 10~° EPHB2 EPH receptor B2
AK096873.1 178604725 7.02 x 1075 NPEPL1 Aminopeptidase-like 1
NM_005733.1 1.739425422 256 X 107° KIF204 Kinesin family member 204
AA757026.1 1.678056856 832 x 107° EST
X63679.1 1.644063667 9.85 X 1077 TRAMI Translocation associated membrane protein 1
NM_001211.4 1636586307 9.84 X 1078 BUBIB BUBI budding uninhibited by benzimidazoles 1 homologue 8
NM_017915.2 1.61745888 312 X 107° C120rf18 Chromosome 12 open reading frame 48
NM_014176.1 1.589009131 195 x 1078 UBE2T Ubiguitin-conjugating enzyme E2T (putative)
NM_006265.1 1.56936713 1.03 x 1077 RAD2I RAD21 homologue (S. pombe)
NM_007220.3 1.563745272 302 x 107%8 CA5R Carbonic anhydrase VB, mitochondrial
BC044310.1 1.563713145 2.78 x 1075 TNK2 Tyrosine kinase, non-receptor, 2
N51406.1 1541763744 3.79 x 10~% RP11-393H10.2 Hypothetical protein FLJ14503
NM_005055.3 1.525830663 579 x 107° RAPSN Receptor-associated protein of the synapse, 43 kDa
NM_016275.3 1.519432356 1.63 X 107° SELT Selenoprotein T '
NM_006988.3 1504404832 6.73 x 107° ADAMTS1 ADAM metallopeptidase with thrombospondin type 1 motif, 1
NOTE: Difference: the average fold difference in expression level between HRPCs and HSPCs.

levels at three consecutive times and/or enlargement of tumor in spite of
androgen ablation therapy. All of the samples were embedded in OTC
Compound (Tissue-Tek) immediately after tissue procurement and stored
at —80°C until their use. Histopathologic diagnoses were made by a
single pathologist (M.F.) before LMM, and H&ZE-stained sections from
adjacent frozen tissues were prepared to confirm the histologic diagnosis.
Among the 43 HRPC patients we obtained, 25 primary or metastatic
tumor specimens from 18 HRPC patients had sufficient amounts and
good quality of RNAs for our microarray analysjs. Tissue procurement
method and therapeutic treatments for these 18 HRPC patients are
shown in Supplementary Table S1. We microdissected cancer cells from
these frozen slides by means of LMM (EZ cut system with a pulsed UV
narrow beam-focus laser, SL Microtest GmbH). Simultaneously, 10
hormone-sensitive prostate cancers (HSPCs) or hormone-naive prostate
cancers were also microdissected from 10 untreated operable cases
undergoing radical prostatectomy, and normal prostatic (NP) epithelial
cells were also microdissected from one benign prostatic hyperplasia
patient and four bladder cancer patients, where we confirmed no
apparent prostate cancers or prostatic intraepithelial neoplasias histo-
pathologically.

Genome-wide cDNA microarray analysis and acquisition of data.
LMM and T7-based RNA amplification were done as described previously
(21). Amplified RNAs of 25 ug each were labeled by reverse transcription
with Cy5-dCTP for cancer cells or Cy3-dCTP for normal cells (Amersham
Biosciences) as described previously (21). We fabricated a genome-wide
cDNA microarray with 36,864 cDNAs selected from the UniGene database
(build no. 131) of the National Center for Biotechnology Information,
Construction, hybridization, washing, and scanning were’ carried out
according to methods described previously (21). Signal intensities of Cy3
and Cy5 from the 36,864 spots were quantified and analyzed by substituting
backgrounds with ArrayVision software (Imaging Research, Inc.). Subse-
quently, the fluorescent intensities of Cy5 (cancer) and Cy3 (normal control)
for each target spot were adjusted so that the mean Cy3/Cy5 ratio of 52
housekeeping genes was equal to one. Because data with low-signal
intensities are less reliable, we determined a cutoff value on each slide, and
we excluded genes from further analysis when both the Cy3 and the Cy5
dyes yielded signal intensities lower than that of the cutoff value. For other
genes, we calculated the Cy5/Cy3 ratio using the raw data of each sample,

Hierarchical clustering and statistical analysis for genome-wide
gene expression profiles. We applied an unsupervised hierarchical
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Figure 2. Semiquantitative RT-PCR confirmed the
elevated expression of 11 genes that could distinguish
HRPC cells from HSPC cells (7 HRPCs and 7 HRPCs
microdissected from prostrate cancer tissues). ACTB
was used to quantify the each of cDNA contents.

clustering method to both genes and tumors, excluding genes, for which both
Cy3 and Cy5 fluorescence intensities were below the cutoff value. To obtain
reproducible clusters for classification of the 35 tumors, we selected
254 genes (about one percentile of the whole human transcripts) for
which valid data were obtained in 80% of the experiments and whose
expression ratios varied by SDs of >1.75. We log transformed the fluorescence
ratio for each spot and then median centered the data for each sample to
remove experimental biases. The unsupervised clustering analysis was done
with web-available software (Cluster version 3.0 and TreeView version 1.0.12)
written by Eisen.'? As a supervised analysis, we applied a random permutation
test to identify genes that were expressed at a significantly different level
between the two groups (HRPC: 1 versus HSPC: 2). For each gene (g), we used a
measure of correlation P (g ¢) = [1,(g) — ta(g)] / [SD1(g) + SDy(g)], which
reflects the difference of average (i) between the groups relative to the SD
within the groups (22). The results are compared with the corresponding
distribution obtained for random idealized expression patterns ¢*, obtained by
randomly permuting the coordinates of ¢ = (¢y, ¢y, . . ., €5), where ¢; = +1 or 0
according to whether the i-th sample belongs to group 1 or group 2 (22). The
random permutations were applied so that each group had a constant number
of samples, Using thus obtained empirical distribution of null hypothesis, we
calculated P value for each gene. We selected 106 genes for which valid data
were obtained by P value of <0.0001, average fold difference of >1.5, and one
group present of >60%.

" Semiquantitative reverse transcription-PCR and real-time quanti-
tative reverse transcription-PCR. Total RNA was extracted using RNeasy kit
(Qiagen) according to the manufacturer’s instruction, treated with DNase I
(Roche Diagnastics), and reversely transcribed to single-stranded cDNA using
random hexamer or oligo(dT)y,-15 primer with SuperScript reverse transcrip-
tase II (Invitrogen). We prepared appropriate dilutions of each single-strand
cDNA followed by normalizing ¢cDNA content using f-actin (ACIB) as a
quantitative control, showing PCR using single-strand cDNA as PCR templates.
The primers of each transcripts were the following: ACTB [5-TTGGCTTGACT-
CAGGATTTA-3' (forward) and 5-ATGCTATCACCTCCCCTGTG-3' (reverse)],
SNRPE [5-CAAGTGAATATGCGGATAGAAGG-3’ (forward) and 5-
CCATCTTGTAGTAACACGAGGGT-3' (reverse)], ANLN [5-GCTGCGTAGCT-
TACAGACTTAGC-3' (forward) and 5-AAGGCGTTTAAAGGTGATAGGTG-3'
(reverse)], and AR [5-GTGCTGTCCTTGGAATTAATCTG-3" (forward) and
5-AACAGAACACTAGCGCTTGGAG-3 (reverse)]. The PCR primers of other
transcripts will be informed when they are requested. The conditions for PCR

12 http://rana lblgov/EisenSoftwarehtm

are follows: initial denaturation at 95°C for 5 min; 23 cycles (for ACTB, SNRPE,
and AR), 30 cycles (for TMEM46, CDKN2C, DTL, PTTG2, SMC4, EIF2C2, and
PRKCA), or 35 cycles (for SESN3) of denaturation at 95°C for 30 ; annealing at
55°C for 30 s; and elongation at 72°C for 30 s on a GeneAmp PCR system 9700
(PE Applied Biosystems). We carried out real-time quantitative PCRs using a
Prism 7700 sequence detector (PE Applied Biosystems) with the SYBR Premix
ExTaq (TaKaRa) in accordance with the manufacturer’s instructions. The
primers of each transcript were the following: AR [5-GAGAGAGAGAAA-
GAAAGCATCACAC-3 (forward) and 5-AACACTAGCGCITGGAGCTG-3'
(veverse)], PSA [5-CCAGACACTCACAGCAAGGA-3 (forward) and 5-ATCC-
CATGCCAAAGGAAGAC-3' (reverse)], and NKX3.1 [5“TGGTTTGTGAATC-
CATCTTGC-3' (forward) and 5-AACAGGCTGTCTGGGTGAAA-3 (reverse)].
ACTB was used to normalize each expression and the primer sequences of
ACTB were described above.

Immunchistochemistry. Paraffin-embedded tissue sections were depar-
affinized, subjected to treatment with microwave at 360 W for 1 min four
times in antigen retrieval solution, high pH (DAKO), and then treated with
peroxidase blocking reagent (DAKO) followed by protein block reagent
(DAKO). Immunohistochemical study was carried out using the Ventana
automated THC systems (DiscoveryTM, Ventana Medical systems, Inc,).
Sections were incubated with a 1:100 diluted solution of a mouse
monoclonal antibody (mAb; NCL-AR-318, Novocastra) against the NH,-
terminal portion of the human AR overnight at 4°C. The automated
protocol is based on an indirect biotin-avidin system using a biotinylated
universal secondary antibody and diaminobenzidine substrate with
hematoxylin counterstaining,

siRNA-expressing constructs and colony formation/3-(4,5-dime-
thylthiazol-2-y1)-2,5-diphenyltetrazolium bromide assay. We used
siRNA expression vector (psiU6BX) for RNA interference effect to the target
genes as described previously (23). Plasmids designed to express siRNA were
prepared by cloning of double-stranded oligonucleotides into psiU6BX
vector. The oligonucleotide sequences of target sequences for SNRPE and
ANLN are as follows: sense strand sequence for SNRPE-sil (5-GGAAAGAAT-
GAAGTGCCTT-3"), SNRPE-si2 (5-GCTGGTAGGCAAATTGTTA-3"), SNRPE-
si3 (5-GGTGAATGCAGAAGTGTAT-3), siANLN (5-CCAGTTGAGTCGA-
CATCTG-3"), and siEGFP (5-GAAGCAGCACGACTTCTTC-3) as a negative
control. Prostate cancer cell line 22Rvl was purchased from American Type
Culture Collection, and 2 x 10° 22Rv1 cells were grown on 10-cm dishes,
transfected with psiU6-SNRPE (sil-3) or psiU6-ANLN or psiU6-EGFP using
Fugene 6 reagent (Roche) according to the manufacturer’s instruction,
and cultured in appropriate medium containing 800 g/mL geneticin (Sigma-
Aldrich) for 2 weeks. The cells were fixed with 100% methanol and
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Table 2. Down-regulated genes in the progression to HRPC - -
Accession no. Difference P value Symbol Gene name
BC092418.1 5558869662 122 x 107° MYBPCI Myosin binding protein C, slow type
X04325,1 5.062445046 1.06 x 1075 GJBI Gap junction protein, B 1, 32 kDa
NM_001150.1 4.826495535 740 x 107 ANPEP Alanyl (membrane) aminopeptidase
NM_024080.3 4.090779772 9.33 x 107 TRPMS Transient receptor patential cation channel, subfamily M member 8
NM_002443.2 3.771232027 403 x 1077 MSMB Microseminoprotein, f§
L13740.1 3.204461772 741 x 1075 NR4Al . Nuclear receptor subfamily 4, group A, member 1
NM_000784.2 3.176792485 203 x 10712 CYP27A1 Cytochrome P450, family 27, subfamily A, polypeptide 1
AA243967.1 3.119889956 391 x 1075 ACPP Acid phosphatase, prostate
NM_138342.2 3.049236542 545 x 1075 LOC89944 Hypothetical protein BCO08326
" AF266280.1 2.994099827 711 x 1076 LGALS3 Lectin, galactoside-binding, soluble, 3 (galectin 3)
AB010419.1 2.95051338 221 x 1075 CBFA2T3 Core-binding factor, runt domain, o subunit 2; translocated 3
NM_003407.1 2.506880911 124 x 107° ZFP36 Zine finger protein 36, C3H type, homologue (mouse)
NM_032801.3 2.863996452 1.93 x 1078 JAM3 ) Junctional adhesion molecule 3
NM_004417.2 2.840006269 2.20 x 10710 DUSP1 Dual specificity phosphatase 1
NM_005252.2 2.779578672 258 x 1076 Fos V-fos FBJ murine osteosarcoma viral oncogene homologue
Y11339.2 2673481738 155 x 10713 ST6GALNAC1  ST6-N-acetylgalactosaminide o-2,6-sialyltransferase 1
L19871.1 2.519745453 164 x 107° ATF3 Activating transcription factor 3
BC016952.1 2420887227 447 x 107 CYR61 Cysteine-rich, angiogenic inducer, 61
N70019.1 2.393780488 128 x 1075 MTIM Metallothionein 1M
NM_005139.2 2.30234995 7.04 x 107%° ANXA3 Annexin A3
NM_005767.3 2.292587029 207 x 107° P2RY5 Purinergic receptor P2Y, G-protein coupled, §
M62829.1 2.268933663 538 x 107° EGRI Early growth response 1
R38989.1 2.188002228 897 x 1078 SH3BGRL2 SH3 domain binding glutamic acid-rich protein like 2
NM_001669.2 2.186821444 588 x 1071 ARSD Arylsulfatase D
NM_001584.1 2.17939094 3.05 x 1078 MPPED2 Metallophosphoesterase domain containing 2
1.02950.1 2.16892321 1.08 X 107° CRYM Crystallin, mu
NM_032592.1 2.148649429 3.29 X 107° PHACS 1-Aminocyclopropane-1-carboxylate synthase
NM_015267.1 2.123686657 6.64 x 1077 CUTL2 Cutlike 2 (Drosophila)
R42862.1 2.085435644 2.09 x 1078 EST
NM_014861.1 2.024649382 7.07 x 107° K1AA0703 KIAA0703 gene product
A1.832642.2 2.022123591 538 X 107° CD44 CD44 molecule (Indian blood group)
NM_005891.1 2.020215882 8.92 x 1071 ACAT2 Acetyl-CoA acetyltransferase 2
AF070632.1 2.020131066 251 x 1078 EST
AA742701.1 2.017839777 439 x 107 cp1 Lymphocyte cytosolic protein 1 (L-plastin)
NM_014841.1 2.007560931 559 X 107° SNAP9I Synaptosomal-associated protein, 91 kDa homologue (mouse)
M62831.1 2.005374607 3.91 x 1071 IER2 Immediate early response 2
NM_178835.2 1.975475229 350 x 107% LOC152485 Hypothetical protein LOC152485
NM_024709.2 196745649 3.60 X 107° Clorflls Chromosome 1 open reading frame 115
DA313595.1 1.961835426 2,05 X 107°% HLA-A MHC, class I, A
X04481.1 1915026305 640 x 107° c2 Complement component 2
NM_173653.1 1912986031 269 X 107° SLCIA9 Solute carrier family 9 (sodium/hydrogen exchanger), member 9
NM_002228.3 1.872688976 3.02 x 107° JUN V-jun sarcoma virus 17 oncogene homologue (avian)
X07549.1 1852416069 151 x 1077 CISH Cathepsin H
L05779.1 1.835437702 7.24 X 1078 EPHX2 Epoxide hydrolase 2, cytoplasmic
BC012037.1 1.832746195 502 x 107° NBLI Neuroblastoma, suppression of tumorigenicity 1
1.13288.1 1830209324 163 x 1078 VIPRI1 Vasoactive intestinal peptide receptor 1
NM_004842.2 1.817118309 701 X 107 AKAP7 A kinase (PRKA) anchor protein 7
NM_016573.2. 1.813774769 1.80 x 107" GMIP GEM interacting protein
AF237813.1 1.811745708 159 x 1078 ABAT . 4-Aminobulyrate aminolransferase
U47025.1 1.752036006 321 x 1078 PYGB Phosphorylase, glycogen; brain
NM_005080.2 1.745150156 113 x 1078 XBPI X-box binding protein 1
BQ182018.1 1709983737 127 X 1077 SSU72 S8U72 RNA polymerase Il CTD phosphatase omologue
AK129574.1 1.702855987 132 x 1075 DOCKS Dedicator of cytokinesis 5 )
AK026400.1 1691754511 1.85 X 1077 FL]42562 Similar to echinoderm microtubule associated protein like 5
X51345.1 1.688349706 1.63 x 107° JUNB Jun B proto-oncogene
NM_014010.3 166324122 653 X 107° ASTN2 Astrotactin 2
NM_000527.2 1647252497 135 X 107° LDLR Low density lipoprotein receptor (familial hypercholesterolemia)
NM_014174.2 1.645153682 113 x 107° THYNI Thymocyte nuclear protein 1
AA523303.1 163829997 270 x 1078 ' DEF6 Differentially expressed in FDCP 6 homologue (mouse)
(Continued on the following page)
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Table 2. Down-regulated genes in the progression to HRPC (Cont’d) :

Accession no. Difference P value Symbol Gene name

X12548.1 1620216872 161 x 107% ACP2 Acid phosphatase 2, lysosomal

BX648582,1 1.611126501 556 x 107° SPRY2 Sprouty homologue 2 (Drosophila)
NM_005951.1 1.598742883 562 X 1078 MTIH Metallothionein 1H

NM_014553.1 1.594509479 836 X 107° TFCP2L1 Transcription factor CP2-like 1

M96824.1 1.593941987 1.88 X 107° NUCB1 Nucleobindin 1

U79240.1 1.567475917 560 X 1078 PASK PAS domain containing serine/threonine kinase
NM_006633.1 1.564791961 7.99 x 107° IQGAP2 1Q motif containing GTPase activating protein 2
NM_017679.2 1547638171 530 x 107° BCAS3 Breast carcinoma amplified sequence 3
NM_000295.3 1.545151445 649 x 107° SERPINA1 Serpin peptidase inhibitor; clade A, member 1
AL390079.1 152908521 432 x 1078 LOC58489 Hypothetical protein from EUROIMAGE 588495
NM_000282.2 1.527984534 377 x 107 PCCA Propionyl CoA carboxylase, o polypeptide

NOTE: Difference: the average fold difference in expression level between HRPCs and HSPCs.

stained with 0.1% of crystal violet-H,0 for colony formation assay. In 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay, cell
viability was measured using Cell Counting Kit-8 (Dojindo) at 10 days after
the transfection. Absorbance was measured at 490 nm, and at 630 nm as
reference, with a Microplate Reader 550 (Bio-Rad). Preliminarily, knockdown
effects of these siRNA expression vectors on the endogenous expression of the
target genes were validated 7 days after the transfection by reverse
transcription-PCR (RT-PCR) using the primers described above.

Results

Sample collecting and hierarchical clustering analysis of
expression profiles. For this study, we collected 77 frozen
specimens from 43 HRPC patients through prostatic needle biopsy,
bone biopsy, TUR-P, or “warm” autopsy. Nearly two thirds of
specimens were not qualified for LMM and microarray analysis
through the pathologic evaluation by H&E staining or after
evaluation of their RNA quality, and finally, RNAs of 25 HRPC
specimens from 18 HRPC patients were available for further
microarray analysis. All of these 18 patients had been treated with
maximum androgen blockade with LH-RH agonist treatment or
surgical castration as shown in Supplementary Table S1. Tissue
procurements from six autopsies were done immediately after
patient death. Twenty-five HRPC specimens from 18 patients
included 13 HRPCs at the primary site (prostate}, 8 bone metastases,
3 lymph node metastases, and 1 liver metastasis. Simultaneously,
HSPC cells were also microdissected from 10 untreated operable
patients undergoing radical prostatectomy, and NP epithelial celis
were also microdissected from five non-prostate cancer patients.
These NP cells from five males were used as a normal mixture
control for our cDNA microarray analysis. We successfully micro-
dissected HRPC cells, HSPC cells, and NP cells from each clinical
sample to exclude the contamination of stromal cells and host organ
cells at the metastatic sites, such as bone marrow cells, lymphocytes,
and hepatocytes (Supplementary Fig.).

An unsupervised hierarchical clustering analysis using expres-
sion patterns of 254 genes that we selected based on strict
conditions (i.e,, valid data obtained in 80% of the experiments and
expression ratios that varied by >1.75 SDs) clearly classified the 35
tumors into two major groups, the HRPC and HSPC groups
(Fig. 14). This unsupervised hierarchical clustering analysis also

classified multiple tumors from the same individuals to small
subgroups regardless to the metastatic organs (Fig. 14, black
boxes), suggesting little influence on expression patterns by host
organs of their metastatic sites due to the precise microdissection
technique in our laboratory.

Identification of deregulated genes in the progression from
HSPC to HRPC. To extract genes that showed significantly
differential expression levels in HRPCs and HSPCs, we carried
out a random permutation test using the expression profiles of 13
HRPCs at the prostate and 10 HSPCs. We selected 13 HRPCs at the
primary site (prostate) among 25 HRPC specimens for this random
permutation test because multiple HRPC samples from one
individual showed quite similar patterns in the unsupervised
hierarchical clustering analysis (Fig. 14) and also because potential
microenvironmental influence from host organs should be
excluded as much as possible. The supervised analysis and this
random permutation test (average fold difference > 1.5; P < 0.0001)
identified 36 up-regulated genes and 70 down-regulated genes in
HRPCs compared with HSPCs, which were considered to be
involved in the presumably HRPC progression, that is to say, their
androgen-independent growth and more aggressive or malignant
phenotype (Fig. 1B). Table 1 listed 36 up-regulated genes in HRPC,
including AR, small nuclear ribonucleoprotein peptide E (SNRPE),
and anillin, actin binding protein (ANLN). Notably, the expression
level of AR in HRPC cells was much higher than that in HSPCs,
which was concordant with several previous reports studying the
cell line models (9-11) and clinical samples (9). As shown in Fig, 2,
semiquantitative RT-PCR validated overexpression of 11 genes in
HRPC cells. On the other hand, Table 2 listed 70 down-regulated
genes in the progression to HRPCs, including NR4A1, CYP27A1, and
HILA-A.

AR expression and activity in clinical HRPC cells. We further
analyzed AR protein expression in clinical HRPCs by immunohis-
tochemistry and the transcriptional level of AR-regulated genes by
real-time quantitative PCR, which should reflect the actual AR
activity as a transcriptional factor in the nucleus. Immunohisto-
chemical analysis for AR using 6 HRPCs and 16 HSPCs showed the
positive staining in the nuclei of all HRPC, HSPC, and normal
prostate. The staining intensity or patterns in HRPC cells (Fig. 34)
were similar to those in HSPC (Fig. 3B) and NP cells (Fig. 3B),
although the transcript levels of AR in HRPC cells were much
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higher that in HSPC and NP cells, which were analyzed by
semiquantitative PCR (Fig, 2) and also quantified by real-time PCR
(Fig. 3D). Furthermore, real-time quantitative PCR showed that
transcriptional levels of AR-regulated or downstream genes, PSA
and NKX31 (24), in HRPC cells were also similar to those
in HSPC and NP cells (Fig. 3D), in spite of >10 times overexpression
of the AR transcript in HRPC cells. These findings implicated that
clinical HRPC cells are likely to maintain AR activity in the cell by
overexpressing AR mRNA, under very low level of circulating
testicular androgen, but the stabilized AR protein and the actual
AR activity levels as a transcriptional factor in the nuclei of HRPC
cells were similar to that in HSPC cells and NP cells.
Knockdown effect of ANLN and SNRPE on HRPC cell growth.
To investigate the contribution of non-AR pathways or genes to
HRPC phenotype, we selected ANLN and SNRPE, whose expres-
sions were most significantly high in HRPCs (Fig. 2; Table 1). We
constructed several vectors, designed to express siRNA specifically
to ANLN (siANLN) and SNRPE (sil-3), and transfected each of them
into prostate cancer cell line 22Rv]l, which expressed ANLN and
SNRPE at high level. The transfection with siANLN showed the
significant knockdown effect on the ANLN transcript (Fig. 44) and
resulted in drastic reduction of the numbers of colonies
(Fig, 4B, left) as well as those of the viable cells measured by
MTT assay (Fig. 4B, right), whereas the transfection of a negative

control (siEGFP) did not show any effect. Among three siRNA
constructs to SNRPE, SNRPE-sil and SNRPE-si3 significantly
knocked down SNRPE expression (Fig. 4C) and caused drastic
reduction of the mumnbers of colonies (Fig. 4D, left) as well as those
of the viable cells measured by MTT assay (Fig. 4D, right), whereas
the transfection of the other plasmid (si2) or a negative control
(siEGFP) showed no or little knockdown effect on SNRPE
expression and did not affect prostate cancer cell viability. These
findings suggested that non-AR pathways represented by over-
expressing genes in HRPC, such as SNRPE and ANLN, could play
some important roles in the prostate cancer cell viability as well as
the AR pathway.

Discussion

Most of the patients with relapsed or advanced prostate cancer
respond well to androgen ablation therapy. However, the tumors
eventually acquire androgen-independent and more aggressive
phenotype for which most anticancer drugs or therapies are not
effective, finally leading prostate cancer patients to death, (8). In
this study, we approached to the molecular mechanism of
acquirement of this more aggressive phenotype by analyzing
human HRPC clinical samples but not by the use of cell lines or
mouse models, The gene expression studies for clinical HRPCs have
been very limited thus far, largely due to difficulties to obtain
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Figure 3. Immunohistochemical analysis of prostate cancer tissues by anti-AR mAb. Immunoreactivity with anti-AR antibody exhibited positive staining in the nuclei
of HRPC cells (A), HSPG cells (B), and NP epithelial cells (C). Thelr staining intensity or pattefns in HRPC cells is similar to those in HSPG and NP cells,

although the mRNA leve! of AR in HRPC cells was much higher than in HSPC and NP cells (Figs. 2 and 3D). D, left, real-time quantitative PCR showed >10 times
overexpression of AR transcript in HRPC cells (samples 2-8) comparing with that of HSPC cells (samples 9~15) and NP cells (sample 7). On the other hand,
transcriptional levels of PSA (middle) and NKX3.1 (right) of HRPC cells, which reflect AR activity, were similar to those of HSPC cells and NP cells. ACTS was used to
quaniify each of the cDNA contents, and the relative quantity (Y-axis) was calculated so that the expression in NP cells was one. Real-time PCR was done duplicated
for each sample (white and black columns).
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