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VHL gene-mutant cell lines of renal cell carcinoma (RCC), SMKT-R2 and SMKT-R3
had stable overexpression of PHD3. In Caki-1, a VHL-wild type RCC cell line, PHD3
expression was induced in the non—confluent state. In Caki—1, in the nonconfluent state,
the PI3K/Akt/mTOR pathway was activated, and inhibition of the pathway with LY294002
reduced PHD3 expression. Even in HIF-1a/2a double—knockdown Caki-1, activation of the
PI3k/Akt/mTOR pathway induced overexpression of PHD3. In addition, PHD3 siRNA promoted
cell proliferation compared with control siRNA in Caki-1 without induction of HIF protein
expression. Even in VHL-mutant SMKT-R2 and SMKT-R3, PHD3 siRNA showed the same effect
On the other hand, PHD3-expressing plasmid transfection into ACHN, a RCC cell line with
no expression of PHD3 under normoxia, reduced cell proliferation compared with empty
vector transfection.

In 22 patients with RCC, preoperative serum anti—PHD3 Ab titers were
significantly higher in RCC patients than in healthy volunteers. Both pre— and
postoperative serum samples were obtained from 17 patients at least 1 month after tumor
removal. In all 17 patients, titers of serum anti—-PHD3 were decreased after the surgical
resection compared with those before operation. The result suggests that the anti—PHD3
Ab may be a novel serological marker for RCC, and the titer may reflect the tumor burden
in each individual.



(BREHAT 2 1)

B DEETEE & &t
201 04 1, 500, 000 450, 000 1,950, 000
201 19E 1,100, 000 330, 000 1,430, 000
FIE
FIE
FE
it 2, 600, 000 780, 000 3, 380, 000

WFgesy B« [E 3

B O3F - fE - ARSRERIRIES: « WIRGFFE

X —U— K (1) BMiE
B) 7 iniE  (6) g~ — 0 —
1. WFERHAA YW DTS &

W ¥ s O BF %8 T . Hypoxia—inducible
factor prolyl hydroxylase —3 (PHD3) 23
FEIZ B RICHBLLTEY . 2 2had @it
e LTSN, Y7 T U EIEORER &
52 LR E L7z, PHD3 XA B R HIF
DOKEELIER TH D0, Bz BT 5%
HoOWr, BEFRITIHAL LTIV,

2. WHEOHEM

BUHIAYE IS 351 T D PHD3 S8EL O T O fEAT
R, £7- PHD3 OMMHEFEIC 5
VER DOWFI %179 Z & TZ D PHD3 DOREREA
M9 %, 512, PHD3 AIEEHR E L TH
CICHIRRBENTWDE Z E DR LLETOFR ~
DIFFETRENTZZ D, MiEHT PHD3 #i
K ofEgE~—h—& L TOEHELTERT
Do

3. WDk

(1) B3 g A ARk SMKT-R2 SMKT-R3,
Caki-1, ACHN Zff A L. PHD3 3T ORI %
RT-PCR 2 CRHM L 7=,

(2) VHL B A= R85 Aa s f B ik Caki—1 12T
Al L & PHD3 28 BLOBE, 38 LY
PT3K/Akt/mTOR #R & ¥5 & UNMAPK #R#8 DG D
BEZmat Lz, Iz T, HIF-1a /HIF-2 o
BTN v I BT ETVEERL, Z0OF
T TN T PISK/Akt #&H OIGHEARIZ &
Y PHD3 D BLNGHE I 415 0 ERE L7,

(3) PHD3 & 78 Bl 2 58 6D 2 BNl e A ek

SMKT-R2, SMKT-R3, Caki-1 1233\ T, PHD3
) 7B ET L% siRNA I THERR L.
JABEHRNC L 0 O b Z B L7z, &5
(2. PHD3 ZEBLD /L5 10700 B HI s Al A ik
ACHN |28\ T, BI5 18 AIZ X Y PHD3 ]
BT VAR L, MIaHETE O 2 2 AN

(2) M5 LW

() 4+ EWE (4 R EE

L7,

M) GBI E TITBMIIRRE IS TR 2 b
ITLIZREDORT 7 ¢ e AR A A,
PHD3 % > /X7 DR HL % oy e o\ 2 CRIm L,
F 1% DOEMRIZOW TR L=,

(5) B M BE 22 i, A 26 1o i i
% Fvy ELISA ¥£1C X v ifigHt PHD3 Huiidf
ZRE U, B R 22 . i 26
B DG 2 VRS L7z,

4. WFFERRE

(WVHL & Fv—2 v 72T,
SMKT-R2, SMKT-R3 7° VHL &+ EEKTH 5
TN LT,

VHL #Efs 7+ A ZEBMmMaatkcbdb s
SMKT-R2, SMKT-R3 TIZIEREEHE T T, W
DOFMEEEE TS PHD3 2NZEE L TR LTV
72o —77. VHL BpAEAURR Caki-1 TILIEH WEF
T C PHD3 DIETANREE TH -7,

(2) Caki~1 (FHIFEES FE DMEV VIRRE T O A FE B
NINELTEY, a7y FORETIX
FEHLDMET LTV /=, ACHN T PHD3 DIEHL
DRI T2,

SMKT-R2 SMKT-R3
confluence 50% 80% 100% 50% 80% 100%

PHD3

G3PDH

Caki-1 ACHN
confluence  50% 80% 100% 50% 80% 100%

PHD3 LN

G3PDH



Caki-1 (23T 5 PHD3 D3 EIL P13k PHERIT
»H5 LX294002 ¥ L Y mTOR miﬂaﬁle&>%
rapamycm SIVHEINE, 202 Enb,
Caki-1 | j‘é PHD3 %1% PI3k/Akt/mTOR
PR wrbfma & WAy T2, MAPK %
%@E‘éjf_—} 1358 &)7275)/)7’;0

Caki-1 ACHN
confluence 50% 80% 100% 50% 80% 100%
LY204002 + - + — + - + -+ -+ -
Akt . - - wae
p-Akt - - @~ -
Ol — - = - — — ]

Caki-1 ACHN
Confluence 50% 80% 100% 50% 80% 100%
u0126 + - o+ - + - + - + - + -
K eme— ]
PERK - - e

p-actin - E———— ——

[ S —

G3PDH

Tl v RAE T a T 4 27T PHD3
DFBUITHIF & 37 OIBLALE - T
WIENRBINTZ, TNERIET 5720
siRNA Z V>, Caki-1 2 C HIF-1/HIF-2 # 7
NI I B BT IVEER LTI, ZOET

JUIZEWT S PHD3 DIEHL Wmﬁ<mb6

htouiﬁw>cw11 B+ % PHD3 3¢5
VL HIF Z U XV IKF LW E NG ho Tz,
HIF-1a si #1 #2 #3
HIF-2a si #1 #1 #1 control

PHD3

G3PDH
(3)Caki-1 1T siRNA TPHD3 &/ v 7 X'
A LIZX Y, invitro THIFELTE N HY
W 5HENHL N E R o 7-, SMKT-R2,
SMKT-R3 128 W T b [RERDFE R3S 5Tz,
PHD3 (Z VA Bt s NS R N o 5 2 & D3R
Wi, VHL BT AEROFEIEF LW
e, T OREREN HIF & R 7 \ZIEKAF
MTHDHIENEBEZLNT-, &HIZEE PHD3
DFEHANF 53720 ACHN (2T PHD3 5 fI & 5L
FR A& VERR UIREE L7228, ARSI A A B IR
TLTCW=, LLEAS PHD3 X HIF (ZFEMETFE
PRI AEER 2632 2 E NS
METr o=, TESR PHD3 13 HIF OFERE % 4
THKEBIESZ L LT LN TE N, A

ZEIZ XV HIF OFERESIHE & v 5 BEEE DML
- REBRRE, BLOWREL AT LN
B MMWE o7,

~PHD3si

Time (vs)

HIR B B AEHT Tl Caki—1 @ PHD3 / v 7 &
7 AT K o T, GO/GL BRI, S B
HADEENNAIFRD S A7z, PHD3 [0 e & W= 1k

ERZFTDHEEZ BN,

E G0/G1 : 66.94%
E s :18.19%
Control G2/M :14.87%

0 200 400 600 800 1000

H

G0/G1:59.94%

3 S :24.70%
si-PHD3 3 G2/M :15.36%
0 200 400 600 800 1000

FL2-A

(4) YR AR 133 BlCk 1T D et s
B oz, 92 H1(69. 2%) TR R LT,
HIF-1 o, HIF-2 a ®FBUZ DN T [RIFFIZEE
L=, ZNFNDIFHLE PHD3 DOFILOD
R IX A BE 28 B & 4 72 2> - 72 (p=0. 0738,
0.0971), PHD3 JEHL>A M CHE R A LR
TITE B EIL R Do 7278 (p=0. 895) | HEFFE
AETFERITAEIC PHD3 REVERI CRIFTH -
7= (p=0. 0032) ,

Probability

02+ CSS, P=0.895
00 4
T
0 20 40 60 80 100 120
Time (months)
Number at risk
PHD3 (+) 92 80 73 55 23 7 0
PHD3(-) 41 32 31 24 7 2 0
1.0 —#
1[?‘-4—&—\_*—"'-%—#0': h PHD3 (
H s s—r
084 _14—\_;—4H.|
2 06
2 PHD3 (-)
©
8
]
@ 04
02 - PFS, P=0.0032
0.0 +
T T T T T
0 20 40 60 80 100
Tme (months)
Number at risk
PHD3(+) 82 73 70 52 21 0
PHD3(-) 34 23 21 14 2 5




S8 BT I TR AE AT RITHOW T, i,
Fuhrman grade & & OiEF L7225, PHD3 Btk
IFAEICRA 2 T#% KT > 72 (p=0. 0380,
HR 0. 354, 95%CI 0. 132-0. 944) , = DOftHI%,
PHD3 |Z AR AE BN HIER 2" & 5 &5 in
vitro DFEER L FE LR NVEDTH o7,

P HR

value | (95% CI)
PHD3 0. 354
positive 0.0380 (0. 132-0.944)
Fuhrman 3.475
grade 3 0. 0296 (1.131-10. 677)
Stage

5. 366

LT or 1 0.0019 | ) "g55-15. 499)
more

(5) IIEPL PHD3 HUAALIZDWTIE, Bhila
i R 22 I O TR ILIE O H1 PHD3 HyAAlh 16
WEIZIE LARBICEM TH - 72 (p=0. 0001) ,
ROC-AUC fi#AT Tl W BE 0. 599 TREE 86. 4%,
FESLRE 57. 7%, BHPERIHR 63. 3% CTdh > 7=

Fig. 1A

0.750

0.700

0.650

© @850 o

0.600

& -

0.550

Titer of Anti-PHD3 antibody

0.500

0.450

0.400

RCC patients Healthy volunteers

Cutolt point 0.599 p

o Cutoff: 0.599

- Sensitivity:  86.4%

i Specficity:  57.7%
2 S Positive predictive value: 63.3%
2 s
% o
3 24

02 ,»‘/

0 02 04 06 08 1
1-specificity

IR A 1T BT ORI O i Tl 4
5] ¢ HL PHD3 HL K AL D W % B O 7=
(p=0. 0003) , PHD3 (FAEEHUR & L CRHfuE
BEGERIGER SN TEBY . T oHiikihix
[l —fE AR B THEBEREZ KB L TV D
FREMEN DV . MiGEE~— T — & 725 a6
PEDSRE I i, Fig. 1C

0.700

0,600

Titer of anti-PHD3 antibody

0500

Preoperative Postoperative

5. ERRERLE
(BFFEARGEE . WFSE 003 M ONHLEERFZE 12
X TR

UEssam ) (FH144)
Tanaka T, Kitamuta H, Torigoe T, Hirohashi
Y, Sato E, Masumori N, Sato N, Tsukamoto T.
Autoantibody against hypoxia—inducible
factor prolylhydroxylase-3 is a potential
serological markerfor renal cell carcinoma.
J Cancer Res Clin Oncol.
2011, 137(5) :789-94 (& HA)
DOI 10.1007/s00432-010-0940-6

(Fa%ER) Grah)

@ Tanaka T, Kitamura H, Torigoe T,
Hirohashi Y, Masumori N, Sato N,
Tsukamoto T. PHD3 expression is a
predictor of progression—free
survival in renal cell carcinoma. 27th
European Association of Urology
Congress. Feb. 24-28, 2012, Paris

@ Tanaka T, Torigoe T, Hirohashi Y,
Kitamura H, Masumori N, Tsukamoto T,
Sato N. PHD3 has a
HIF-independent—antiproliferative
function in renal cell carcinoma. %
690 0 A F 2. 20108E9 A 22H. K
P

® Tanaka T, Torigoe T, Hirohashi Y,
Kitamura H, Masumori N, Tsukamoto T,
Sato N. PHD3 is expressed
independently of HIF protein and has
a HIF-independent anti—proliferative
function in renal cell carcinoma: the
novel expression mechanism and
function. 21st European Association
for Cancer Research. June 29, 2010
Oslo.

@ Tanaka T, Torigoe T, Hirohashi Y, Sato
E, Honma I, Kitamura H, Masumori N,
Sato N, Tsukamoto T. American Urology
Association 2010. PHD3 has a
HIF-independent—antiproliferative
function in renal cell carcinoma
American Urological Association
Annual Meeting 2010. May 30, 2010. San
Francisco.



(X&) (Gt o)

(PEE R EEAE)
OiRdL Gt o 1)

LAY

S LR
MR
T -
Ha
HFEEHAH -
EWNS DR

OfusikdL Gt 0 1)

HFR
FEEAE
HEFIZ -
T -
&
BASEA A
EWNS D5

(Z Dfth)
R B U

6. WFIEE
(D) W iERE

HH {285 (TANAKA TOSHIAKI)
FLIRERL R - BEFES - B
78 %5 - 50398327

(2) WFFE55 14



