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MN/CAIX is a carbonic anhydrase (CA) isoenzyme expressed in normal alimentary tract in a
tissue-specific manner. This antigen is activated in the majority of renal cell carcinomas (RCC) but
not in normal kidney tissues. Although the exact role of CA activity in carcinogenesis and metastasis
has not been established, MN/CA9 has been suggested to be implicated in acidification of extracellular
milieu surrounding the cancer cells and thus create a microenvironment conductive to tumor growth
and spread. Mutations in the von Hippel-Lindau (VHL) gene cause the familial syndrome and are
also found in the majority of sporadic RCC. Wild-type VHL was recently described to down-regulate
MN/CA9 in RCC cell lines, and the molecular mechanism of MN/CA9 and VHL in renal

- carcinogenesis is of interest. To investigate the mechanism of MN/CA9 activation in RCC, we
examined the methylation status of this gene in RCC cell lines and human tissue samples and found
that hypomethylation in the promoter region may play an important role in the expression of MN/CAS.
RT-PCR analysis of blood samples from RCC patients revealed the presence of circulating MN-positive
cells in the blood. This antigen may be a potential therapeutic target as well as diagnostic marker for
RCC. Therefore, we are currently investigating whether or not MN/CA IX peptide could be an
appropriate molecule for use antigen specific immunotherapy on RCC patients.

(Acta Urol. Jpn. 47: 809-814, 2001)
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B B K B23% carbonic anhydrase (CA) ®7 7 3 ) —
KEINBLDELTHAELBEATH DY
MN/CA9 HLEUSHIIAIE & B IS T 5 54 kD OBE
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1. MN/CA9 D3Z L promoter FEIRDME A F V1L

Z L DMBHERWRIZT OREBALEIZ, promoter
A D DNA 2 F VLG L TWwaB I EAREN
TWwa, BIZBWTIEAFIVEICE B Rb, VHL 7
EDOHEMHBEFOREMEL, B F itk s
myc, MEGA-1 7% L OIEBIZF DIEHLIHE S h T
W5, bibhid MN/CA9 SHEBHFRENERETTH
AT LiZEHBE L, MN/CA9 BIZFHHR L DNA X 5
WML E DERIZOWT, promoter FIHDRE %17 o
7z.

MN/CA9 BB A L ) Liicid TATA box *

1158 20014

CpG island 7% {, AP1, AP2 % p53 % LOEER
FHEEELTWAY. I OHFEIRIC promoter TEHEDDH
BrwbhTsh, EEBEHEA LY LT 160bp
BIZHET B 6 A FTD CpG site (22T bisulfite
genomic sequencing protocol EFEWTAF MK
REE .

MBHIC BV T, MN/CA9 OREBELTWwiaWw
SKRC-12, 4B L U2y ha—V3# Y 7IVTH, 6
FHTRTD CpG site HSX FMLRETH o7z —
% MN gk B Cid SKRC-1, 10, 4D 3
¥C 6 BT ~T D CpG site 259 2 FMLKEETH
D, o 2% (SKRC-6, 59) TidEALlEd CpG
site DE X FIALRETH 572 KIS, x FULBE
# 5-Aza-2-Deoxycytidine & A #E##® 2T MN B
AR M Radk SKRC-12 B LU -14 % 7 HEXE
T5E, Wb MN/CAY ORBFFES N2~ 4
8D CpG site THAFMELTWAEZ EHRBHOLN
7. BLEX ) MN/CA9 DREHIT 5 FIBMDEX FIV
fLEAms D% L EL LN

EHIZ, 6 WD) bREED CpG site DX F IV
L BEELZEHYH-TBEER, & CpG site D
X F it & MN/CA9 DEBDBERIZDOWTERE L
72. Cosmid library & ) MN/CA9 EZF 5 HEIK
(—1246pb 7* & +42bp) ¥ T % Subcloning &,
Luciferase reporter vector (Z# A L, Exo Mung
beans Ex W THEA DREEREZERL/Z. MN
PUEBM e  BHlaER EMiatk (SK-RC-44) 2%
R&EEME transfection L, Luciferase &1 % #lE
35T LT —158bp 25 +42bp ¥ TIZ promoter
EIRAH B Z & MR L. KRIZ, promoter X F T
BREERKE CpG X F T —EIZ L h 2FMLL,
Luciferase M MEL7/2& 25, —74bp ® CpG
site DL A FWALIZE H MN/CA9 BHEAIERT 5 &
Zaioh, 36l MEMBEEAKISH LAV
bisulfite genomic sequencing protocol # TORE T
b, —74bp ® CpG site DK X F V1L MN/CA9
RINEH DI0% I BWTED L.

2. BEHIHIEIET VHL & MN/CA9 %3

-146 AGCTTTGGTA TGGGGGAGAG GGCACAGGGC CAGACAAACC TGTGAGACTT TGGCCCATC]

Inr
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6
Fig. 2.

The 5 region of the human MN/CA9 gene.

Consensus sequences

for initiator (Inr) and transcription factor (AP1, AP2, and p53)

are surrounded with boxes.
tion start site.

The asterisk indicates the transcrip-
Three dots indicate the translation start site.
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Table 1. Methylation status of promoter re-
gion and expression of the MN/CA9
gene in human RCC cell lines

CpG sites (bp)
Samples P P MN/CA9
=74 —19 —6 +4 +13 +40 SXPrESSIOn
SK-RC-1 - - - - - = Yes
SK-RC-6 - - - + - + Yes
SK-RC-10 - - - = - Yes
SK-RC-12  + + + + + + No
SK-RC-14 + + + + + + No
SK-RC-#4 - — — - - - Yes
SK-RC59 —- - + — - 4+ Yes
Normal 1 + + + + + + No
Normal 2 + + + + +  + No
Normal 3 + + + + + + No
+ : methylated, — : unmethylated, % : partially methy-
lated.
-416 Luc
-244 Luc m
-158 Luc H
-58 Luc
L i
0 10 20
Luciferase activity (% Positive control)
Fig. 3. Deletion analysis of the promoter re-

gion of MN/CA9 gene. Deletion con-
structs are identified by nucleotide
numbers with respect to the transcrip-
tion start. The activity of each dele-
tion construct in transient transfection
format is expressed as a percentage of
the luciferase activity. Each of the
bars represents the mean value £S$.D.
of the luciferase activity.

Table 2. Expression of MN/CA9 gene and
frequency of hypomethylation in hu-
man renal cell carcinoma

Frequency of hypomethyla-
310:1 at CpG sites (%)

—74 —6 +4 +13 +40

MN positive RCC (n=10) 90 20 40 40 O
MN negative RCC n=3) 0 0 0 0 O
Normal kidney (n=3) 0o 0 o0 o0 0

VHL #1ZF & von Hippel-Lindau JF DR K & 7%
LK BEFTHY,  MESHEAER Gp
95-96) X by BiBE - FE Shiz. BFHREOHNS0% %
5L BEEOKRAMBEFAREICBNT £0
50~60% - VHL BIZFNERED, $724820% 12 2
F VAL & ARIEFORE I BRESNE 2 E, Tl

MENRBEICHMLCEELEEFTH5Y o
VHL ZEH (pVHL) i3 elongin B, C % cul-2 2 &' &
BA&MK% T L, hypoxia-inducible factor-1 (HIF-
1) IZ{Ef$ 5 B25% proteasome ¥ E»¢T HIF &5
ByhlEZOLNTWA., 0O VHL EH DR
BEEMNELLH L, HIF ML, DI & T vascu-
lar endothelial growth factor (VEGF) % glucose
transporter 1 (GLUT-1) 7% & DEKBRFERETHE S
NABEEBORBAIWMT 5 LEZ N TV

BIEDOWZE TR EMEEICERICERT 5 MN/
CA9 &, pVHL/HIF-1 ##iZ X ) VEGF 2 &L [H
BICRBET S EELLRTVAY MN/CA9 DHEH
3IE% VHL BIEFEAICI Y OND L OB®RE
b»h'?, VHL BEFE¥ L MN/CA9 B IH
BErBERSROLNA. LML, VHL EED gliob-
lastoma 2BV TH MN/CA9 BEIREDOLNAZ &
X, VHL BEFEEI 2 & HEBEREBICL -
T VHL ZHO#EEIMET LT, HIF-1 EHZBE
BH&¥5Z LT MN/CAY 2 BHRHIELDTE RV
EEXLNTVDEY ZDZ kid dear cell type I238
¥ VHL OBZFEE OHEEL LI MN/CA9 #*
ZHELTWAHI R, VHL DEEFEE R EDEW
granular cell type I25 WV TH MN/CA9 PEFL T
WwanrZ ek, BMREEIZBWTY VHL &I&
FRERMN SV MN/CAY DRBEBEIEET L
LasEm s hs® ok VHL & MN/CA9 DR
FBRIZOWT S LICFEHICKRET T 572012, bhvbhud
BEOEWMREMRREKICBVT VHL OBRIETFEE
¢ MN/CA9 & B L U'E¥ VHL BEFEAL
X5 MN/CA9 ODFEROBALIZ DOV THE 2T o T
5.
3. MN/CAY EHORR L EHE

IS T A BREFICERET L EIREET
Y, SEREMIZENS DBETFICESERT S
ZEN, BORELV LEMIOBRRE 25, Tk
JEICBWTlX, VHL BEFEEFLCALGNRTSE
D, FOMTIEEL %3 GEEEH (3p 14.2) 12
& HFHIT &1ZF® LOH OHEEINEW T L 2HE
ENTVRINESICBERAENTNS LIZV R,

SHEIZ BT H MN/CA9 DZENZD VT, Hela
MR T E ST 5 & MN/CA9 DFEBRL
BB &R, MN/CA9 cDNA % # #E3F 4 fa
NIH3TS I BEFEATHZ & & RE kR UM
B RET 5 & & COREMBTOHREY 2, K
ISR O MRS FE D RS A 72 B T D MN/CA9 7555
REPCTHHI LW LY, MN/CAI BER DML
FEANDOEGATRBENS. ZDZ &id, EKBRRET
Fil s Nnb VEGF ® GLUT-1 Z & DERAEE L3I,
MN/CA9 OB 4 pVHL/HIF-1 ##I2 X 5 L E 2
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BNBIENS BRI, S5 ICBMIEO ST
FIER(LFEE T BIEHMEICDOVT S MN/CA9
EARBEOERIIOWVWTEIEREVADNS L.

HGEICH1T 5 MN/CA9 DEE

FHREORREEODIIIZRICESR L, EHRR
X BEEDREIAE LD DD, REEEEDIEHE
EFRLEREFADFRIZIIEA LT b TRV, L
oo T, BBBBOMBL, FRICEDW Tk
RUEFEORREE, BORRICLERTRTH S L#E
ZoND. EREORIICIIMIaEE, WEHE, B
FHE~NORHE, BRENORA, BRRENTOA
r, BEMNEREE~NDORE, SERERBIEL~DOR
A, BEICOREEZL S WNZMEHELR ED, HENS
A DEFELI2RT v TEEETHULENDL. T
bh, BRIIBWTHRERE LRKIISEREORRE
FEADERMSLETH ), RLTE—DBEETOH
BEZL DT XTHFATE S DIFTIE RN

THRREOEBEICESTART L LT, HERE
12835+ % TGFa, EGF, bFGF, EGF L £ 7% —,
WREESTELTHIIEANY Y, 7=V, CDH4 %
EWbHYy, F-MRELOBRESFTHLIA LTI
V., A= rridLoETrfifasie ) v s L
FNODNREFETHSH MMP-2, MMP-9 & ZDfg
#RT (MTI-MMP), BHERF (TIMP-2) 7% 5%.
mEHERFE LT VEGF, bFGF 2 E08H Y, &
BEEET & LC nm23 BEF 1S IF5h 5!

ZDRHT MN/CA9 BHDERICBITAZEE L
Tid, MIREBEIEINT A LRBBAIBL DI LR,
FERBHEORB I 2 EARE L OMEIcE <
BELTWAZ L LY, HMigEETOMBEFEICHE
ELTwa I Epsmlsnst Dbl Miass
BB LT 5 L 0ES D 2 BHlfaEORMEIC
BT 5 LOHE® L H Y, MN/CA ORI
KBWTEELZREZRI-LTWALDLHENSNS
A, FOFMIZE O MITIER o T2,

MN/CA9 DERERISHAN DR A

1. M marker & LTH MN/CA9

BB WTRAEN L 25 KRB 2K
marker (3T, BHZULH#T % D monitoring 12
RBEERERL ¥ M URER EOBRZRIES
LW OPEIRTH L. bbb iIBHEICEER
KRB LTWwA MN/CAI ftRIZ% B L, RT-PCR
I A BEMABF O MN/CA9 FLEE LML ORI
I2& D, RHZHRFEREFOMBE marker I275 )15
RWPRE EITo 7.

T3, EERERAI L DERILL 7ZIMH 10 ml 12 MN/
CA9 fgtEfila% 0, 1, 10', 10% 10° 10% 10°, 10°

115 20014

Table 8. Detection of circulating MN/CA IX
positive cell

MN+ MN— Total
RCC 48 (63.2%) 28 (36.8%) 76
Normal 10 (32.3%) 21 (67.7%) 31

B%IA 729~ 7V T RT-PCR #fTWEEIZDWVT
BET L7, SRICFEMHET L2 B HbE R E OMABESR
12 RT-PCR & mAbG250 2 & 5 gk imic X
) MN/CA9 DEBEOFEZHRTH L LI, Ml
1> MN/CA9 HERBHEEMR ORI ZHAAL. X
7o, BEBRALVERLAm#EEr Iy ba—vE LT
vzt

RT-PCR (2 1 ml #i2 189D MN/CA9 GHEH
Ba % BT X 72, MN/CA9 HLR 1 BRIz EE 76
Birh486163 % (i MN/CA9 BEffass it S h
7o, BB DT stage, grade DB L RET L7
AS, —EDMERIZAD SN h ol RIZ, FERIE
B 14505 9 5182 % (2 i MN/CA9 BEtEMfads it &
h, HEEABEFICEBORB L4815 35
MN/CA9 MR s /. DEX hsEH D
MN/CA9 M ORI A, FHEOERE 2 Tl
BEFLELTCHRATHALEZLN, BES HITHER
e LT marker & L TOFEHEIZOWTIR
FHEfToTwa,

2. BERICBIT S MN/CA9 D%l

1989 ICF D CTEMBGERE~DRIZF—F >
TERRFFFE, 19904 1213 R #) O BIZFIHEERREFFEAS
EhE S TSk, HRFPTESE  OFEETHEERRD
EPEDOLNTBY, ZOLEITEEFLLRE L
bDER STV A, BHBEIHE LT H/- bk
L LT, YIRAEERIC BV CRIZFIEEORIT T
bhTwa, BB 2 8ETFRERKRZE
i, RIEBEFIEEL L CHCHEHARADEETFEA
ZiToTnB300% L, XIFIZBWTH, GM-
CSF BIZF 2 EA L-ACHBHEEH W/ RERIE
FWEBRPFRALN TS, FORHEELEELLEMEIZOVT
i, BEMEIED SN TWER, FOMOEREE
LT bhbridBMEICEERICREET S MN/
CAY MUFOBIEMILE E LTCHERABICERET AL E
b2, ZOHMAE mAbG250 DY Iy ¥F v ik E
YET % 2 & TRIBRIZTHEBICDATE 2R
FToTn 5,

1) RPF ¥ 75>
HEEOEBRFEFOEKICE T, 191422 5
==& CTL DEM LR IHESFIZa— FT 5
MAGE #&EFAFEE SN, BIEERROEE L RE
PERRBRE DR SAFEL Sz, ThE8BELT, b
FEHEENFRUELSE L FE Sh, EREE OB
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ZHBE LTEBEREZRWEY 7 F Y REDR
REBRDAAHLND &2k 7. BB 2
BRKTOYT 7 F VFEOBEREISBE, IL-2 % inter-
feron (IFN)-a, 3, v & * GM-CSF %2 0¥ A4

FEA v EBTEMRY 25 2. b L R
BEAERTH LY 7, BHIEOBERIE &
LT, BERFLEHEMEO cDNA L YRS
SART-12V, SART-3% HiEBHAHE S h, B
RREDT o F V BENDOTHEM 2R L T 5.

DI B I BRI RBT 5 MN/CA9 #
FOBIERIUE L LTHFLTBY, BEREOED
HBIZDOWTRE 21T o T 4.

MN/CA9 &z T %, HI 2 %— BCMGSNeo
% T BALB/c HE D~ 7 A EEHMABKk RenCa
B X UBHEF MRtk 3T3 (SEIZF#EA L, MN-Ren-
Ca MIBaRR B & UY MN-3T3 Mifark % B2 L7z, M
Fakk AL 12K E LT MN/CA9 )5 & H-2K¢
FRBEL WA I LiE, MHA assay B & ¥ FACS
AW CHESZLTEY, 20 MN-RenCa % BALB/c
TYARBETLIET, REBEIREOLY
MN/CA9 HiERBH e MEMREE T V2 ERTE,
INEFHAWTHBEERN TR E 2o /2.

MN/CA9 LR D 7 I / BRECSIH. BALB/c =7 X
H2Ke D7 v A —FF— 7% L3I IFHERTFF
EBE L. T DOXRTF KR MN-RenCa #ifz %,
BALB/c =7 RAZ%fE$THZ LT CTL * F#ET 55
AEBEIT > T 5.

2) VarEFr MUEOIER

T A B OEAIC L ) <y APk € M
L DELD F X THUADIER, <7 AFAEDETTEE
% (CDR) O#HEIZ X 5 FEULHEK, HEEEE
WD H D SR A single chain Fifk (scFv) OISR &
PIThTBY, <7 AFEOFREREDKT L, b
FUULOMEERELTOA L MYV OER R
Y, BENGES LA ERASRA S LTV

Oosterwijk 51X, MN/CA9 ik % 45 EHIZERRY
% G250 ik % F x 21 L, 'AEESUAIC X AER
ZWB L OEEE BAY L L7 phase I/IT EER% £
L, WA COAESEEZHREL VA, IMESL
LT, MAMRRAPROLNEZE, EHITF X TF1E
LDy AR E LTORBEERFETEEHI L
IR L72AS, Hiew Xk PEPE (HAMA) @
FEAEATEDOND S EEHE LT A

COMES Y IR B 2912 G250 A single
chain $ifk (scFv) DEE % RA TV A, scFv OFIX
& LTARERS D Wiz o RIEREIMEY:, BEE £
DILDIEMBE CORENL 2\, FFEINS N
DIZEBE~DBENEIE . TEOEEELHET
X2, BAGBHITETHLLEFHITONS., £

LTZ® scFv o e LT, scFv ICX BH%EY ~
F T h, scFv Bz A L/ )R —-LIZLBHE
EFEE, HREEEWE L ORBE scFv ICX BEED
B, scFv BB ¥ — L B EETFIHE, (BT
HifgL 7% — (TCR) & scFv & D@4, TCR %
B THREDO CTL ANDOEHALZEXBHITONS.

i B

BHINARE 1251 5 MN/CA9 DFRENIDOWT, 55
LEERE, & HICEHRIGEICOWTHEE L. MN/
CA9 ZBLITIE promoter FHIH DK X F VALATREE S
h, $/: VHL BETFEE L OBRKRIIOVWTIREDS
% AL ETHS. MN/CAI BHDHEREIIDO W
TRESEH SR TlEV Vs, KEEFIREE & DBI%
SRESNTVEZ DD, BRELEBIIBVWTEER
RFE R R-TIOEEL LN, 72, MN/CA9
HEMRE CHEETCREATLAI 2L, BITRERE
WBIIAENSTFE LTEETHL LEZ LN

AREEFECILLY, BELBRER EREV /2727
SEIREDEESEF ERICHG I W P Wit EZER Y v 7
EH LTS
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