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MN/CA IX is considered as a carbonic anhydrase isoenzyme expressed in the normal alimentary
tract in a tissue-specific manner. This antigen is activated in the majority of renal cell carcinomas
(RCC) but not in the normal kidney tissues. Our previous study revealed that increase of malignant
potential is related to down-regulation of MN/CA9. To investigate the mechanism of MN activation in
RCC, we examined the methylation status of this gene (MN/CA9) in RCC cell lines (SKRC-1, 6, 10, 12,
14, 44, 59). Moreover, we analyzed the circulating blood of patients for the presence of RCC cells by
RT-PCR, to determine whether detection of circulating RCC cells could be useful as a biomarker.

CpG methylation was investigated at 7 CpG sites in the MN/CA9 5 region. Clear mRNA signals
were observed in 5 cell lines (SKRC-1, 6, 10, 44, 59), e.g., MN/CA9 positive. These 5 MN-positive cell
lines showed hypomethylation in the 5  region. In contrast, all CpG sites were methylated in the
remaining 2 lines and 3 normal kidney tissue samples. These results suggest that hypomethylation in
the 5’ region may play an important role in the expression of MN/CA9 in RCC. RT-PCR analysis of
blood samples from RCC patients revealed the presence of circulating MN-positive cancer cells in the
blood. Although a significant correlation with tumor stage and grade was not observed, the analysis of
blood samples from patients with metastases resulted in a high detection rate of 82%. These findings
suggest the usefulness of MN/CA IX as a potential diagnostic marker for detection of RCC.
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BHfLRE (RCC) (SMREFFEDOF T FHHEEE R
WCERZEBREIEIRNEV S THOBETIER V. &
F, PWHEMOES I, RERER, BHERINL
DIEGIDSEEIL, WEREEO BRI ELZE VRS,
L L7e2ss, AEBERCHRER 2 EOEITERR
BEAELHMBTAILIITELR, T/, RCC M
%8R T2 5L O spontaneous regression X 104F Ll L% @
L CHRE#E T % long dormancy 7% KB ERIEFEIC
E B4R L7 unique ZAEYENFEE L LT
BY

RiE, SFEWENFEDOREIEY, BEFOR
DEYZMEEIRLAICTEHEVHEHAS DD H
5. Bl ISBEOERERCOVWTENHEEZTFOR
%, ERIZTORED, #ESTF D down regulation
7 &HS, FEMLO malignant potential DR IZHF S
LTwBDTRZVWALEZLNTWA. RCCIZB

[

WTh, BIFEHAERO LOH @i &k ) S:IT#E
GFEEIROON, LHhTH VHL gene ZEE R
tumor suppressor gene & & x b M, sporadic
clear cell type RCC EEVEFRIZH B E VR Y =
NEFTIZbdroTwsb VHL (wt) EBE DR
target BIZF DEEMEEE, mRNA OFRZELR
M ESH» L OB®BTH Y, target gene & LT
VEGF, HGF-a gene 70 EH% 5. it VHL &ZF
ERIHES RCC HRICEA SNAEE VHL (wt)
B MN/CA9 DEB T 5 L i SN, MN/
CAY gene b VHL EH® target Bz FTH5H T &
AR ENSY

MN/CA IX R I3 HINER B L URICHFET LHEE
HT, KMBKEBEERD isoenzyme £ E X 5N TH
DY, RCC IZBLTHEBICEHL TV 2 EHEFRR
Thab. T, COMBEZEFERKICEVTEHELE
FEETREMICERLTEY), EFETABECIIRER
LTy, MN/CA IX O#fES L URBROBFIC
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DNT, INETHEIAHITEALHEINTYWE
V>, mAbG250 iX MN/CA IX HfiE ¥R+ A~
2T/ 7O+ —VHHT, bbb hsURnicT - 720
Y D KR T, cear cell type ? 13 1T 4 fl
(99%) 2B T MN/CA IX FBEHLTEY,
VHL OE%E % b % > granular cell type 128 T
IR (48%) TRIELTVAEI Libiro 7Y

ZhHZr X, RCCIZBWT VHL gene DEE % 4
SV MN/CA9 DFEBEHEDSFLET 5 I LW RIRS
.

— MM 2 BEFORBARGEED 1 212V hO 5T
OE— ¥ 51 3517 5 DNA X F AL LS 5.
% OMBIFENRET ORBALHICES L5
EASRENTEY, FOEEE LTAF AL CpG A*
EERNT O DNA NOBEER*HETLHI L, HoHW
7 u~vF rEETEERNEE A MEICT S I LE
ABNTWA, EBIZBWTE, #FHEESO x 7k
£ % Rb, pl6, VHL, 7 FAY ¥ 7% EOFIEIEE
T, EEHHRETFOREE L, REHEIBOR A 7V
{Liz & % fos, myc, MEGE-1 7% & D& T, #&H
HERETFOFEMILSMONTWS, 2T, bhbh
X MN/CA9 BIZTHHABIHFENTHH I LIZEE
L, RCC IZBIT5H MN/CAY &IxT 5B & DNA A
FMEDBRIZOWTKRE T 5 Z & T RCC DERE
IS L CERT L LIz, BRMTET D MN/CAI
BB OKRE % A, EEEROFARTLLTD
eI DV THRET L 72,

HEELUFHE

1. M . B3 RCC MA & LT SKRC-1,
-6, -10, -12, -14, 44, 59 O 7HEFH, 23~ |
O— & LT/hE% RCC DEFRMRM CH o 7235
MEFETME I~ IV iRV BRERT, S5
1537 R KSR R B X OB E MR I BV TRk
M HEIT L7z RCC BE L D& LN/ EMaE, EF
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WAL OB EA B L I 7V ERREL
7z.

2. MEH ¥ 7 : R HLEE R % v T 10 ml
47\, 10ml PBS &AM E L7z, Y v INER G BETE
WE BT, 307 ME.LA#ET 5. Buffy coat T EE
% (IR LTS PBS % hN 2 #L50MEd 5. pellet &
PBS |2 T 2/ # # 7%, quanidine thiocyanate Iz
resuspend L, 7% ® RNA extraction @7z 12 1.5
ml @ micro-centrifuge tube (2T —80°C THRFLT
B<.

3. PCR amplification : Total RNA (X SV Total
RNA Isolation System (2 & W i ii L, RNA @
cDNA ~0#itEE 13 cDNA synthesis kit & V272,
amplification (% Fig. 1 (ZRTTEL T TA v - &
L, A% ¥— F PCR i¥35% 1 7 VT, nested
RT-PCR X outer 309 A # )b, inner 254 4 7 Vil
THAT L7z,

4 DNA x5 )it : % 7 . DNA (& DNA fiiti
Kit % fVC & 5552 St L, Clark 5% 0%
i (Bisulfite genomic sequencing protocol) (Z# U,
4" ) 2 DNA % il REEF EcoRI TYIHT R, metabi-
sulfite TLOMERILEE L 72, iV T MN/CAY BI5F 5
$Hi% % nested PCR £ CHi1E L, direct sequencing
DL, 1HEERFIZHRT HFDO CpG D X FIVALIKE
ZHE L7z (Fig. 2).

Exon 1 2 3 4

genomic DNA d/—ﬁw
cDNA U i ]
Primer-S Primer—AS
Outer primer 495bp — —
Inner primer 246bp — —
Outer primer

PrimerS 5’-ACTGCTGCTTCTGATGCCTGT
Primer—AS 5-AGTTCTGGGAGCGGCGGGA

Fig. 1. Primer sets of RT-PCR analysis.

-146 AGCTTTGGTA TGGGGGAGAG GGCACAGGGC CAGACAAACC TGTGAGACTT TGGATCCATC|

Inr

-86 [TCYGCAAAAG GGCGCTCTGT GAGTCAGCCT GCTCCCCTCC [AGGCTTGCTC| [CTCCCCCACC |
1

AP1

p53 AP2

-26 [QAGCTCTCGT TTCCAATGCA CGTACAGCCC GTACACACCG TGTGCTGGGA CACCCCACAG

2 3

4 5

* kK
+35 TCAGCCGCAT GGCTCCCCTG TGCCCCAGCC CCTGGCTCCC TCTGTTGATC CCGGCCCCTG

6

7
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Fig. 2. 5 region of the MN/CA9 gene.
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MN/CA9 BIZFRB

A% % —F RT-PCR (304 1 # V) 12T RCC
R EHMAL 7 B 5 %k (SKRC-1, 6, 10, 44, 59) 2
MN/CAY DFEBRHPHRO Sz, SKRC-12 8 & o°
SKRC-14 IZBVT MN/CA9 3R L TWirdo 7.
I PO VOEEE I TN RBEEAD L
Motz (Fig. 3).

MN/CA9 B&fEF CpG * F M1k

MN/CA9 BB Rt L ) Eifi2id TATA box %
CpG island 1372 <, API, AP2 % p53 % L' Di#EER
FHFEEL T (Fig. 2). ZOMESICTOE—4iE
BrBHDEbNTEY, EEEBSEL ) LT
160bp FIICHEET 57 7T D CpG site 122 T
bisulfite genomic sequencing protocol %2 T 2 F )V
LR % F <72 (Table 1). MN/CA9 DFE L Tw»
%V SKRC-12, U BXUaybru—n34o 7
Tk, 7HFTXTD CpG site 25X F VALIRET
Ho7z. —7 MN BHMBHIC BTk SKRC-1,
10, 4 D 34RT 7 HETT T D site HSFE A F ALK
BThh, o 24k (SKRC-6, 59) Tt 5Ll ED
CpG site 73FE X FIVALIKEETH o 7= (Table 1). %k
12, A FWVILHEZEH 5-Aza-2-Deoxycytidine & 4 5
FWIZT MN &t RCC # SKR-12 8L 0 -14 % 7
HEEETAHE, WThd MN/CAI DRBIFE S
N2~4MED CpG site THEAFMELTWVDZ LAt
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Fig. 3. MN/CA9 expression of human renal
cell carcinoma cell lines.

Table 1. Methylation status of 5 region and
expression of MN/CA9 gene

CPG sites

MN %3
1 2 3 4 5

SKRC0l - - — — — — -— H
SKRC06 — — — + — £ + H
SKRC-10 — — — — — — ~— H
SKRC-12 + + + + + + + 3
SKRC-14 + + + + + + + Fi3
SKRC44 — — - — — — = A
SKRC59 — — + — — + + "
Normall + + + + + + + i
Normal2 + + + + + + + i
Normal3 + + + + + + + Fi3
+ AFMMEBY, — AFLRL

W 5 N7 (data not shown). Ll E X ) MN/CA9
DOEBIT S FHEOBEAF VL EHEVDHLEEZD
n-.

TEBRIM AL MN/CA9 BB DR

BB IRRED RCC B & 7650 7 484163 % i 1L 7K
MN BRI A S 7z, BRHBIIZ DV T Stage,
grade DB % BET L7278, —EOBEMIZFED L H -
7z (Table 2). RiZ, BIBESI11HIH 9 F182% i1
F MN B sst S h, WMEEABREFIZER
OB L7z 4 5T 3611 MN By MR A R & h
o, UESSEBOTFHRTFELTEEZTHHLERD
nz.

% £

FHRE (RCC) LEEDBERMIEIED routine
1£% CT RZE D popular fLIZ L D4 4 XD/ E %18
REVERBLVESCBBEND LIITLY, £FF
BRRWEL. L LeWoEREE 4cm L EDE
BITIE 4em ST OEFICH LEHICTFENEL, £
DEEECBHGTELZ V. T TORKRFRHEEN
ZEATIZE Y, ER, BRONST X5 & LCESY
1 X, growing type, IRERBOFELR EXHE SR
Twa". HFEWEHZL VTR, 53 RebdE
BiZehTd VHL DERPEBETHLEEZZI bR
%% Sporadic 7 clear cell type RCC D331 Fic
VHL DEEFBRESNTHEDRBENOTEL TH
4. VHL &R elongin %2 &L HEEAKERHL, &
BRFOGHBIMEHTHLEVDRTEY, REOHE
TRRL AN A LOBRESHEAINED, —
IIGRIZFERICL 5 VHL BHDORIEMEILAS RCC
DEEBLVERICLELBARBEOEMERI LT
WHLDEEZLNTWA, BEENTLEAL L
Tix VEGF, PDGF-B, TGF-a % & ® growth fac-
tor RREREHE MN/CA IX L &2h b, T 72581
BB TE2LDELTIEICDY, # FA1) -6
REDEERTFREBINGEBETEEIZONTWS
nm-23 72 EH3%H %P MN/CA IX it RCC ¥ #E &
L TEE S L7238 mAbG250 DFRET 2 HIfIE B
LUK T 5HEER (54KD) T, FEE, #Hit
R EBADETEAL TV A2 BEERETH 5.

Table 2. Detection of circulating MN-positive
cells according to tumor stage and

grade
pT1 pT2 pT3 pT4 Total
Gl 4 8 4 0 16
G2 2 8 8 3 21
G3 0 4 4 3 11
6 20 16 6 48
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Fig. 4. Hypothesis of disease progression and
MN/CA9 in renal cell carcinoma.

HBRiobhbhOBREt L ), RCCIZBWTIZFEFEHR
DHI0% THEHAL TH ) EFEMBTIEIRR RO %
vy, F 7 clear cell type Tid96614956] (99%) &1
EAEDEFTHEERL Tz WL LUEHEL
DEE % A& 5 &, high stage, high grade (27 5% (F
Y, 3 7% b H malignant potential A7 1 ff v
MN/CA IX O ZEBMXEEGTT HMEM 2 R D72 (p<
0.001). MN/CA IX ZEHOHHES VHL Bz T+ LD
BEIZDWTRFBICERENE A TH D, iRt
VHL DZEE %5 RCC ¥EMALIZ VHL wild type
YBEATAHIEIZLY MN/CA9 @ down regulation
BBEIBLVIHEDFH ), MN/CAI b L7z VHL
O target WIZFD 1 DTH 5T LATRE S 7z

% DHBIFEWBEZFORBREG I, TuEt—9%
THIHD DNA X FIUALDEALHBIG LT B Z &AF
RENTVA. BIIBWTIEAFIIZL S RS,
VHL 7% & DR EF OREEAL, Bx Fr1ic
& % myc, MEGE-1 % & D% (&) EETFOER
L& Sh T b, 40, MN/CAY HHimss £y
BIZFTHAHILIZEBL, RCC DMN/CAI EILF
ZHE DNA X FVALDOBRICOWTHRET L2& &
%, RCC 28T 5 MN/CA9 &Iz FH#BIZ 5 HIE
(7uE— 58 DEXFVAHKETLTNEER
b/, T/, BEEEOEW RCC Tt MN/CA9
gene DEBNTHED DV ILWETTHZ L6, Fig. 4
IZRF T & € hypothesis BEz bhb. $4bb,
MN/CA9 gene DFEHIZ RCC DFEHEHEE TIE VHL
gene, DNA &KX FUILABEELTHB Y, #REERE
(malignant potential up) Tid DNA x F){t, MN/
CA9 DBIZFEEL EVERAFE R B L ETICHES
LTWABDTIR W ERBEINS.

&, PCR X AV CHEEIMEL S FOHFEN
BWTEDLLIIRY, HEERY 7IVTOHFED
Wi e SWRBHOBKICBVWTHEBKL TV 5.
MN/CA IX #tlEit RCC IZBWTIHEEIIEERIIRR
LTHY, EFEHABTIRBHRL VW REVWI 2L,
ZTHBLUOBEOENSFL L TERTHALELD
Nb. £ZTEEE RT-PCR EE2EEL, BRIMIME
RO MN/CA9 B EMA ORI ATRE L % - 727
SEDREFTTIE, PCR £HBREVHFLBHENTH
b, stage % grade L DEFRE A BMRY, AR 7% pro-
gnostic factor £ I3E R V. LA L, WikEBoH
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B L7BAT MN Bl st shie 2 & &0,
disease progression @ indicator & L CDH DT
WEhb, 4%, TETEEL PCR AHREICLY,
WROE=5—) ¥ 7 EREBHICHFF L) 2D
EHIREL 72w,

o

&
B AR O L R MR (T B L C B BIE ST MN/CA
IX HERBIZO VT L7 Bl oER L 3
(2 MN/CA9 DREBOBIGERHEDOH, € DFEHE
LLTTaE— ¥ —4$EHD DNA * F VL MN/
CA9 BIEFOEROMEATRIE S Wiz, BHllaED
FHEF & L CERI T MN/CA9 FHEMRL O i
IS HBAETHL LEDbNT.

ROz, IBEHFEHERERHILC 09671643,
10671490, 11670224, 11671576) 2 & o TfThhI:.
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