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Functional analysis of the left-right determinant inv(inversion of embryonic turning) gene

Satsuki SHIROTA*, Takumi YOSHIDA**, Hidekazu SUGIURA*, Ken TSUCHIYA, and Hiroshi NIHEI

*Department of Medicine IV, **Department of Blood Purification,

Tokyo Women’s Medical University, Tokyo, Japan

We identified the inv gene that encodes left and right asymmetry and regulates kidney development
based on the information of the inv mutant mouse. However, functional properties and the modulator of
gene expression of inv have been unclear. We used the tissue injury model for assessing the functional roles
of inv in ischemia reperfusion injury (IRI). The kidney tissue taken from rats with IRI showed reciprocal
changes in mRNA expression of inv . a 0.25-fold decrease at 6 hours and then a gradual increase to a
maximum [.8-fold rise at 10 days of reperfusion. Next, oxidative stress was induced by exposing mouse
inner medullary collecting duct(mIMCD-3) cells to hydrogen peroxide (H,0,) in the medium. Real-time
PCR showed that mRNA expression of inv decreased 0.52-fold at 3 hours with 0.2 mM H,O, in the
medium, and then increased 3.1-fold at 24 hours with 0.1 mM H,0O, in the medium.

RNA interference (RNAI) is a powerful tool to inhibit gene expression in experimental model systems.
We knocked down inv gene expression in mIMCD-3 cells using RNAIi to investigate the function of the
inv gene. We designed a small interfering RNA (siRNA) to target the coding region of inv(inv-siRNA) and
random-sequence scrambled siRNA (control siRNA). mIMCD-3 cells transfected with either the inv-
siRNA or control siRNA were observed by microscopy. The cells transfected with inv-siRNA progressive-
ly lost cell-to-cell contact and the cell population significantly diminished approximately 48 hours post-
transfection. The changes in gene expression profile were observed at time points (36 hours) using real-time
PCR-based gene screening with categorized primer sets. Several genes related to structural protein of the
matrix were downregulated. In contrast, repairing related genes were upregulated.

In conclusion, gene expression of inv was modulated under oxidative stress and the inv gene may play
a role in repairing and regenerating renal epithelial cells.
Jpn J Nephrol 2004 ; 46 : 676-684.
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TERIE—IC 2 B O A TIIFATE 3, FEAEEcED
BT ORED, BEixofFic kD EE4: U 20468
Wb 2, &SI &l OBSEIC DL T, <
7 ADBARFIEERITZEL T 7V OFRNEH & Sh b polar-
is? %, polycystin 2% 7% ¥ OB ICEIITEE & & b E G E
W EAMO SIS TR S L, £z inv e b TOTERIME
BOREELEFO—DOThHS I EXWEINY, REBETF
EFREBIUBORRERERICBT 2L BEHSNS,
L2Lads, mBEREFELIVZORKHAELTH S
inversin OZENZ DWW CIE AL H23Z 0,

TERDEW £ DM, inv i3 Z DR FERICBLTT >~
FVUUREEET 2720, MIAOFKICBES S 2 AREMEL
bb, AWFETIE, BALA bV R & 2 HBEE % B
BRBETVCEOFHFEL, inv OFREERE LTz,
7z, W bAEMH0)ICL 2MIEA NV ATOY Y A
BEAE LEEEMIIC B T 5 inv OFEBZL EBES Lz,
& 512, RNA interference (RNAI) 12 T inv FEH % B H 1
WHIHI L 7o~ o ABEGE FEEEC S WT, #ET
DFH profile DZZL % real-time PCR % Fv THGET L
72o

X & HE I

1. v FELBEHRE (ischemia reperfusion injury :
IRD) (28T % inv DFIR & BHkhe

SHEE U CHRE 200~250g, 12EESHED v 4 R ¥ —
v MERHWE, XY PNV E Y —)L (50 mg/kg, HEEEN
#e5) CRHARSEE (), RE) M T ChE L, MEFIER
R INE 2 2> 7% v CHEIO B EIR 2 60 435
SAZES R EHMKL, BlfZHERL 26z IRITEE &
L7z BBEDO HfTo B2y bu— O sham B L
7o FHERVRHEG, 26, 12, 24, 48, 72, 96, 120, 144 75\
L 240 RFRIRICERIM 21T\, 27 v 7 F = > (Cr) 2 #l
i, Bl e fih LR L, —80°C THRTFEL mRNA
2R L7z,

T RTCOHYFERI AL FERRFHYERGHEEZA
£ OAR 1T T KZFHS 03-07), NIH O EERE Y O 1
HA R T4 NP THETT L 72,

2. v ABESE RS (mouse inner medullary

collecting duct cell : mIMCD-3 cell)

SR E LT mIMCD-3 #fl fg (ATCC  Number : CRL-
2123) % H v 720, mIMCD-3 ffl fg @ £% % 2 1%, FBS

(Invitrogen® ) (fx #X &% & 10 %), penicillin-streptmycin

(Invitrogen® ) (FAEEE 100 units/m/ penicillin, 100 g g/
m/ streptmycin) Z ¥l L 72 DMEM/F12 (Invitrogen) ¥ {4
Bz % v, 37°C, 5% CO, D&BTTEFE L2, /Sy
— 18-22 Offfifld 2 KB L 720

3. H,0, BTz & % mIMCD-3 #fa TN inv DFEIR

H,O, #IHT H I 60 mm EOEEHE T 4 v ¥ 212 2.6 X 10°
fifl > mIMCD-3 i ig 2 8 =, 37°C, 5% CO, &M T T
VFaR—bMLTZ, 80~90%a > 7 ) b D mIMCD-3
T HyO, (AR IR 0.1 mM, 02 mM) Z¥inL, #%#E
MfEZ 0, 3, 6 35 & O 24 REfEER I BRI L 72, B MM D
UL, 74 vy aNOWREEH 2 %5[BREL, PBST
Yeits, TRIzol (Invitrogen® ) ZhNZ THIR L /28T 2 —
ZICEIR L, mRNA 29 % &£ & £ T—80°C TREFEL
720

4. RNAiIZ & % inv FIFHDE T > mIMCD-3 fAfa

FRRLERTFRRIO7 +—

A, siRNA D& X UHIIEPEA

RNAIIZ FH W 2 218 O K RNA T H % small
interference RNAs(siRNAs) 2#Et L7z, 5 EO RNAiI O
BT CThH2 inv DAY — 3 F s 100 FHELLE
TIOEPID AA ZFIRL, AA K< 19 HEE % FlsR,
GCEHEEHENSORRHTH S 2 L #HER LTz, HIRL 7
21 5 % NCBI © BLAST 8% 12 ¢, W28 inv il s T
WXL TR TH 5 & iR, IRIm d(TT) 247
Uhnz, &> A$EsiRNA ##%EHL, inv-siRNA & L7z,
% 7z, inv-siRNA QFEFERTNOEEMK % 7 > & Ak
U 2, NCBI @ BLAST 8312 T inv i fm1 L M2
Bl nwZ L 2HERL, Ihk invsiRNA DI > b o—
NVTH25aY hua—)LsiRNA & Lz, EBOEK I
Dharmacon Research £} (Lafayette, CO) IZf&KIE L 72,

=B mRNA %] : AUG --- AAGAGAUGACAC-
CUUUGCACC:--

inv-siRNA ¥ > 2¢4 : -GAG AUG ACA CCU UUG
CAC CTT-3, 75t A 5-GGT GCA AAG
GUG UCA UCU CTT-3

o> b —)VsiRNA £ 284 1 55-AUC GAU GCA
CGG CAC AUC UTT-3, 7rFtErA$H:5-AGA
UGU GCC GUG CAU CGA UTT-3

EETFEARTHIC 60 mm FOEFET 4 v ¥ 212 1.8X10°
il mIMCD-3 fliffg 2 #5 =, 37°C, 5%CO, & FTA >~
F 2X— b L 72,siRNAs O T A 1 Lipofectamine®
2000 (Invitrogen® ) 2 w7z, inv-siRNA £ 2> b a—)u
siRNA © &%, 1,000 pmo/ @ siRNAs % 500 u/ @
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Table 1. Gene profiles . apoptosis, cytoskeleton and cell adhesion molecules

Acc. NO. Symbol Acc. NO. Symbol Acc. NO. Symbol Acc. NO. Symbol
AF058797 14-3-3 beta | AF126056 FKHR AF052492 Al5 AK089523 Mmp12
NM 009652 Aktl X12801 FODA M12233 a-Actin NM 008608 Mmp 14
NM 009684 APAF | L28177 GADDA45 X59990 a-Catenin NM 008610 Mmp2
AB006787 ASKI M21828 GAS NM_007462 Apc NM_010809 Mmp3
NM_007498 ATF3 NM_019827 Gsk3b NM_007393 b-Actin NM 010810 Mmp7
M94087 ATF4 NM 010431 Hifla XM 127857 Bmpl NM_008611 Mmp8
NM 007522 Bad AB009375 ICAD-L NM 007553 Bmp2 NM 013599 Mmp9
NM 007527 Bax NM 019777 Ikbke NM_ 173404 Bmp3 ABO00881 | n-Cadherin
NM_009741 Bcl2 AF026524 IKKbeta NM_007555 Bmp5 AF 168466 Nephrin
NM_007537 Bcel-w AB005663 JINKI NM_007557 Bmp7 X14480 Nidogen
NM_009743 Bcl-XL J04064 LAMINNA NM 007614 b-Catenin NM_008756 Occludin
NM 007544 Bid XM 110688 Mafb MMU251594 CD44 AF515708 Osteopontin
NM 007545 Bid3 U35623 MCL-1 BC042459 Cingulin 717804 pl20
AF032459 BimEL Uu47934 Mdm?2 NM_007743 Colla2 M33960 PAI-1I
M64429 B-Raf 02526 MEK M 15832 Coldal NM_ 133915 Paxillin
AB009377 CAD U93030 MKK7 NM_ 138686 Cystinl NM_008305 Perlecan
NM 009808 Caspl2 NM 008689 NFKBI NM 007584 Ddrl MMU70209 Pkd|
NM 009810 Casp3 U8g9s4 NIK NM 022563 Ddr2 AF27138l1 PkdL
NM_009811 Caspb NM_009877 p6INK4 NM_007833 Decorin M90365 Plakoglobin
NM 00761 | Casp7 U20497 pl9 NM 013504 Desmocollinl | Y13278 Polycystin
XM 129752 Casp8 uz24173 p2l NM 013505 Desmocollin2 | M87862 Selectin E
NM 015733 Casp9 NM 009875 p27kip NM 007882 Desmocollin3 | U97059 Slug
NM 007631 Cendl M13872 p53 BC033467 Desmoplakin XM_ 140321 Symplekin
X16461 CcDhC2 XM_ 123003 p90RSK XM_ 147262 DvI3 X15487 Syndecan
Uz27323 CDC25A AF072521 PARP X06115 E-cadherin NM 011602 Talin
NM 016756 CDK2 AF086625 PDKI NM 009510 Ezrin NM 010703 Tcf/lef
AF016583 CHKI AB008792 PI3K L.33726 Fascin NM 011607 Tnc
AF086905 CHK2 M2581 | PKC-alpha NM 021457 Fzdl NM 022312 Tnr
AK033026 c-Maf AJ224738 RAIDD XM_ 133269 Gsk-3 M87276 Tnbs|
NM_009950 Cradd NM_009029 Rbl NM_010493 ICAMI NM 011593 Timpl
M95106 CREB NM_009068 Ripk| Y00769 Integrin, beta | NM 011653 Tubal
X75888 CYCE NM 009283 Statl NM 008396 Integrin, alpha2 | NM 011693 VCAMI
726580 CYCLA BCOI9168 Stat3 NM 010575 Integrin, alpha 2b | NM_009502 Vinculin
X58708 CYycLB .35303 TRAF2 NM 010577 Integrin, alpha5 | NM_011707 Vitronectin
NM_007808 Cycs NM_009516 Weel XM_ 126747 Jup NM_009523 Wnt4
X72310 DPI NM 011029 Laminin receptor | D14340 Z0-1
L21973 E2FIA D89813 Laminin, alpha4 | AF113005 20-2
214249 ERKI M60474 MARCKS AF 157006 Z0-3
u43184 FADD NM 019471 Mmp 10
M83649 FASANT NM_008606 Mmpl |

DMEM/FI12 yEREE I A ML, 20 u/ @ Lipofectamine®
2000 % 500 4/ @ DMEM/F12 bk 1o v L,

ho

BTTAH vFax—1 L,

12 16 5 42 12 FBS (f% 4% 34 i
10 %), penicillin-streptomycin (F#&¥E A 100 units/m/ peni-

2 5OLINIICIEAL, FHRICTISSMA v Fax—1 L,
siRNAs & Lipofectamine® 2000 0 % & & % {E#L L 72,
50%3 > 7 VLY kT %ot mIMCD-3 8 g 0 £ 3%
T4y yaroRERERSIREL, WK PBS THifd %
Yer, siRNAs & Lipofectamine® 2000 D&k % ¥5—12
ST B LWL, BIEFEALR, 37°C, 5%CO, 5

cillin, 100 gg/m/ streptomycin) % %5l L 72 DMEM/F12
WARRTHNCATHLL 72, DA, JEFWAMERC TREIFIICRE 22
MROFEEBIZ L, M FEAL 2, BETHEA»S
12, 24 35 & UF 36 IFRHIER I B Ze MG 2 BRI L 72, BEEEMENE
DOERIUL, 74 v ¥ 2 ORI 2 K 5BRZ%E L PBS T
H#%, TRIzol(Invitrogen® ) Z iz THILL /28 F 2 —7
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Creatinine s
(mgidl} 25

WEIX L, mRNA zHfii 3 % & & & T—80C TREL
72

B. siRNA IZ X 3 FHEBEETF 70 7 1 — vzt

inv-siRNA OEEFEAI L Y FEEEF O 2K
29 72912 real-time PCR 2 ffifT L 72, ZDEIZ, H5
N ® Table | © &5 Liffifgdt~ bV v 7 A, 7R —¥
A 7% EBib 2 BRI OB FHED real-time PCR (D primer
v b REEIL T2,

5. mRNA (g

Z v b OBEMS L 0 mIMCD-3 Ok3M1k 1 TRIzol %
v, 7a b3 =¥ 10 T mRNA O 21T, bk
WCHW3 £ T—20C THREL 7,

6 . Primer O{ESY

inv. mRNA FHHOFH DIz D~ T AB LT v + O inv
cDNA OIEEFF» & primer 235 L 72,

~ 7 A inv primer, forward(Fw) ; 5-AGGTGCCCT-
CAGAGACTCA-3", reverse(Rv) ; 5-TCCACTCTGT-
CTGCCAACAC-3

Z v b iny Fw; 5-CCTGTGAGATGG-
GACACAAA-3, Rv;5-CTGGCAGACATCAG-
CATTTC-3

Mgt~ bV 7 A, 7R b=y R b 2 BEAIOD
i& 1= 7 D real-time PCR [ @ primer 1%, ~ 7 212 C
ERDET—7 2RIFEL TS HAOEERY X D, K
LIRS 5 & 5 Sl & 3 primer 285 L 72, F 72
internal control & L C GAPDH primer ZF[F L 7z,

7 . Real-time PCR 3%|Z & 24 H

Z v b OBig# X O mIMCD-3 a0 total RNA (2 ug)
B Y L, Superscript IT (Invitrogen® ) % v C 55 5.
R G (RT) 217wy, ¢cDNA %2 &k L7z, Superscript 11
D7 ha—VIZHELTIDCDNA 2R LT, KV

primer,

Fig. 1.
fusion of the kidney in the Wistar rat

Changes in serum creatinine after re-per-

Values are expressed as the means £ SEM in each group.
n=>5. **p<0.0l, *p<0.05 vs. sham group.

A 7 =X iz (PCR)IZ & % cDNA &R &1T 5 72,

Real-time PCR 384 @ cDNA 2§58 » |, SYBR green
PCR &% (PE Applied Biosystems, Foster City, CA) %
W, one step #12TC, PRISM 7700 sequence detection
system (PE Applied Biosystems, Foster City, CA) THifT L
72 MRNA @O Vv~V iZ GAPDH % v THEHE(L L 72,

8. ELZN/INT A= DBIE

M > 7N &, &0 L (5,000 rpm. 10 73f), I %2
FREL U 7z, IMl 3 creatinine (Cr) 3 B 1, B B 7 1 8%
(SRL, FH) I THIE L 72,

9. # &t

B S R CPEE AREERAE TR U7z, #EatHigET I3
StatView ver 5.0(SAS Institute Inc., NC) Zf#HEH L, EERD
25413 un-paired Student’s f-test THEI L 7z, p<0.05 %
METFCEEZD D & Lz, real-time PCR OffER X
p<0.05 DIEEF &R L7z,

R

1. v FIRLIZETS inv DRIR & BHEENZE(L

A, IRI 7 v s OE#REDZ (Fig. 1)

EIMETO Cr it sham FE L IRIEECTHHS D ZE 2D 7t
Mmootz BIMFEETE 24 KEFICB T 5 Cr i, sham 0
0.21+0.02 mg/d/ & M L ¢ IRTEET 2.20+1.03 mg/d/ &
BEWCZEAF L (p<0.05), IRTEETIE, BIMFERE 24
RifficB W T Cr i d BH L, DBRIEIHRLCED Lz,
2 I T 55 3 £ 240 EEfE T 1 sham £ T 0.2040.02 mg/d/,
IRI BTl 0.2740.02 mg/d/ & IRIFET Cr ORENTD
5Tz,

B. IRIIZHB I} % inv mRNA OFFZ1L (Fig. 2)

BB 2 inv mRNA QKO Z LK L 7z, IRI
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Inv/GAPDH
3
25| [Dsham
wRI *
2
1.5
; Fig.2. Changes in expression of inv mRNA in the
kidney
0.5 Expression of inv mRNA was analyzed by semi-quantita-
0 tive real-time PCR, as described in the method.
1 3 10 Values are means=®SEM percentage changes in expres-
day sion of mRNA. n=5. *p<0.05 vs. sham group.
Inv relative ratio
*
5
4l {0 control L
& 0.1mM H202
3 e I10.2mM H202
* % Fig.3. Changes in expression of inv mRNA in mIMCD-3
2 cell
i Expression of inv mRNA was analyzed by semi-quantitative real
-time PCR, as described in the method.
0 Values are means*SEM percentage changes in expression of
3hr 6hr 24hr mRNA. n=4. *p<0.05 vs. control group.
# 6T, shamFEE R L CIRIFTHERCHREADE  EETFEALKL 12K 2 BHE CHEO ZEE OHE I

T##® 72 (sham vs. IRI : 0.71+0.26 vs. 0.28+0.15, p<
0.05), IRI Tl IR £ 6 i< mRNA OFHH b i
B L7, #DBBLICIEBEE L, 240 Ei T 1.86
+0.58 X FEEHHETR L T iz,

2. mIMCD-3 {fifaiZ &7 % H,0, BT inv mRNA

DFEIFZEIL (Fig. 3)

H,O, & T mIMCD-3 ffifldic 51} % inv mRNA OF
RO 2RE Lz, H0, ffitk 3R, 6T a v
Pu— L T 02mM @ H,0, B TENR TN
0.52+0.26 (p<0.05), 0.73+0.03(p<0.05) L HEIZFKH D
EF %287, H0, AT 24 B TI3 0.2 mM @ H,0,
BRI & L 7245, 0.1 mM @ H,0, AREET

v b u—)VEEE FEE LT 3.0341.02(p<0.05) L HE

WFEBLSHETR L Tz,

3. RNAI (2 & 3 inv BIRHPH] T 0 mIMCD-3 iz D

Z1t

A, BB R R (Fig. 4A) 5 X O % o 21k
(Fig. 4B)

inv-siRNA B X 'a > b 0 —) U siRNA 2 &L 8T8
A L7z mIMCD-3 fiiffd DI RE % S22 BEiEE \« TEEBE U 7z,

Wiginolz, BIRTFHARL B RHICB W TIda >~
JUsiRNA % 3 A L 7- mIMCD-3 i a1z fhik L ¢, inv-
siRNA Tl3fifia-#ifaf o g »HA L, Mok,

BETE DR TBREZE S Lz (Fig. 4A ¢, ), SEHEIL 724k
BCh, BETHARK 48 BT B T inv-siRNA THlifig
BOWA D & h iz (Fig. 4B),

B. mIMCD-3fl }g 12 8 J % siRNA EH A & O inv
mRNA OFIZAL (Fig. 5)

inv-siRNA B8 L 82 > b 0 — )L siRNA %» &L E8{5FE
A L7z mIMCD-3 #ifaC® inv mRNA OFIHDZEAL % H
LT, EETEAR 2EM,»S 3> bo—ictbig L
T inv-siRNA S AFET 0.55 L HHENMET L, HEETFEH
A 36 BT D o > b o — Iz B L C 50 BEATF O FIT
H -7z (p<0.05),

C. RNAi 2 X % inv FBHIHEIT O mIMCD-3 #ifidic &
U AEETORK T 7 4 —vDZEAL

inv-siRNA B8 L 02 > b 0 — ) siRNA 2 &2 85FE
At 36 B[] mIMCD-3 ffifd T, real-time PCR #: % F
WCERRK L7z, BERFEROZLED &5 e BIET
Ffh Table2 B LU 31Tm LTz, FKIHOTUEERRO IHC

bo—
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(a) (b)

©

Fig. 4A. Light microscopic findings of mIMCD-3 cell after transfection with siRNA

(a) at 12 hours, (b) at 24 hours, (c) at 48 hours after transfection with control siRNA, (d) at
12 hours, (e) at 24 hours, (f) at 48 hours after transfection with inv—-siRNA.

Cell count ratio

4
35 =
3 O control-siRNA
25 B inv—siRNA
2
15 1
L[
0.5
. N
12hr 24hr 48hr
Fig. 4B. Changes in cell count ratio after transfection
with siRNA

%, metalloproteinase(Mmp)8, tenascin R (Tnr), selectin
E 3 X 1F bone morphogenetic protein (Bmp)5 7% £33 4 5
Nize Fiz, FHEPIH S N-FICIE, talin, B-catenine,
N-cadherin, type IV collagen(col 4 al) 35 & F actin 7% £ D
EEEARSEEN TV, 7R b — v ABEOBEEFH
TlE, BEERIOZACEZD I » 5Tz,

EVOFHEF RIS BT, DO TRE XD 5 DEMET
HOW AT —RICEoTRENZIEVHLLIIINTE

0.8
@ inv—siRNA/control
0.6
04
*

0.2

0

12hr 24hr 36hr
Fig.5. Effect of RNAi on the expression of inv

mRNA in mIMCD-3 cells
Expression of inv mRNA was analyzed by semi-quantita-
tive real-time PCR, as described in method.
Values are means+ SEM percentage changes in expres-
sion of mMRNA. n=4. **p<0.0l, *p<0.05 vs. the control
siRNA group.

D2 nodal X lefty 75 ¥% { DETGFENEE T 5, inv
FEZDOAAT—FOLEREAIET 2 2 EPHISNTEDY,
YUABLOE P TOBERBTFES bbb OHRE %2 ED
THSLIZENT WL,

ek, EETFEIIPRESNTY, ZOFRHET 2EHD
BEENEBH SN D DI, SHICROBBENLEL S
%0 /w77 b ADFRERKBER L ED, SFE
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Table 2.
control siRNA in mIMCD-3 cell

Genes up-regulated at 36 hours in response to transfection with inv-siRNA when compared to transfection with

Symbol Accession No. Definition Forward Primer Reverse Primer Ratio
Mmp8 NM 00861 I Mus musculus matrix metalloproteinase 8 aattccggtcttcgaggaat agcgctgcatctctttaage 4.6
Tnr NM 022312 Mus musculus tenascin R cagcgatgtgacgtccttta actcctccccaggtttcagt 3.9
Selectin E M87862 Mus musculus E-selectin protein aacgccagaacaacaattcc tttcatccaggcegctagact 3.1
Bmp5 NM 007555 Mus musculus bone morphogenetic protein 5 aaggctacggaaccatgaga ctgtgaggcaaacccaaaat 2.6
Mmp3 NM 010809 Mus musculus matrix metalloproteinase 3 ctecttcacacccctttgte ttegtgtteccactttctca 2.3
Mmp2 NM 008610 Mus musculus matrix metalloproteinase 2 ccagatacctgcaccacctt tgcagtggagtggaaaactg 2.1
Bmp7 NM 007557 Mus musculus bone morphogenetic protein 7 aagacgccaaagaaccaaga tctggtcactgctgctgttt .9

Values of ratio are means of four individual experiments.

Table 3.
with control siRNA in mIMCD-3 cell

Genes down-regulated at 36 hours in response to transfection with inv-siRNA when compared to transfection

Symbol Accession No. Definition Forward Primer Reverse Primer Ratio
Talin NM 011602 Mus musculus talin tgtcagatgatgaccccaaa cccatttcggagcatgtagt 0.15
b-Catenin NM 007614 Mus musculus catenin beta cttggctgaaccatcacaga tgtcagctcaggaattgcac 0.15
b-Actin NM 007393 Mus musculus actin, beta, cytoplasmic ccctgaagtaccccattgaa cttttcacggttggccttag 0.21
a-Catenin X59990 M. musculus alpha-catenin gene cgcaggcaacataaacttca tcaacagatgcagccaaaac 0.22
n-Cadherin  AB0088I | Mus musculus mRNA for N-cadherin caggaaaagtggcaggtagc  cactggtcttggcaagttgt 0.22
Coldal M15832 Mouse alpha-1 collagen type IV cgcctcaaggaacgactact aaccgcacacctgctaatg 0.26
a-Actin M12233 Mouse skeletal muscle alpha-actin aagtgcgacatcgacatcag atccacatctgctggaaggt 0.34
Thbs| M87276 Mouse thrombospondin | ctttgctggtgccaagtgta atgccatttccactgtagee 0.36

Values of ratio are means of four individual experiments.

W LOFETHHEA SN DNETHD, 77 a—
FEND, inviX, &KFZFDFHEH insertional mutation (2
EIVRELITADS 70— TSNl ), KRERXR
H~ Y ADOFRBEANC BT, situs inversus 12 T, Ll
CIGOEREE, HEHASE, &, WO % M0 B
REDBEINTI, 2D B, inv OE)E DIEAE DR
EDHE O TR OGS 5 L 2RRT2HDT
Botz, inv EEHTELRT ETHEHTH % inversin X2
DHEEIZBWT, 7YF VY EF—TEEFL TS, 7TV
¥V 2, A7 b > binding domain ZF L, #ff
fERg & LT & EN% 0w, inversin 137 > F ) > E
F—T DEVRLD IS~16fHE D73, AT MY >
binding domain % 72343, C KD Z DOREE DR,
¥ 72, W A®D in situ hybridization Tl%, KE» & HE
T TIRME B X ESEOMIE To v 7 F VHFEE
INTW B HCRFERT — %) s CHifaE#cBEb 2 "Rk
DL, Uos LA S, inv ORIFSEY)FI 758 = 1213
AR & U TR % 0,

AW TIE, inv ORBUSEE = RIZTHT LBEET 2
BEFEHOMBZT ST, inv DBIKIC BT 5 /HEICET

BEE RIS R0, iy DR ERIY Y AICB T K
oo, BARMES X CESE BT 2R TH S
Niziz b, in vitro DFEERIC B Tk mIMCD-3 #ifd %
FAUJze E7z, BMAERGEBIC L 2 2 BEEERALIS AR
MO S3EANLThH 20, HOIRME B L CESE~NDBE
bH D70, inv DFRBLEZME T 5 in vivo DFEERE LT
Tolee £, inv OFRBIFHICEDL 2R FICOVTORK
ST, BIMFERTE TO inv mRNA OREIEFKFEE % 8
KT, I 6RO FIH» S HERICHKBIFETL, 3
HEE CIR TR S, XKEICEEL T 10 HRICiEa
Yhu—vheEkE L CEREIFER & o7z, in vitro DRRGT
WKBWTH, BILA PV ADOARNIC LD 3K, 6 KefEik
WHERW inv OFBMET L, 24FHBICEa Y -
VEER L CREIFRE L 52 LRSI, ZDOZ L
X0, i iFBIEA bV R X BHRE MfgoEE L
TS ARFKENMET T 50, TOBRFEHRLTEL TE
D, BERRCES L Tw A RS & s,

in vivo lZBWTIE, /v 2777 7 ZADOEEIZ*D
HR T OREMITICER R TR TH 52, fildv~rTo
MRENIZIZ RNAI R RGREH ST w b, Rk, ZAH
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RNA %3 trigger & 72 > THESIFFRAYIC mRNA 233 &
ZHEFICE T, HNE T 2EEFORBIE LG T 5 7%
®, BIRTF OREITICERITH 29, KETIE, T0H
ABIET VA XD/NE N P, FEHFID L S DR~
DFEEPDLRNEINTEY, L VAEHPRE T TOME
MZEBEITs M A8 H 5, ERICEA LMl TcoiE
FOZETIE, 48 BRI H W T inv-siRNA ZEA L 72
MR T ISMIERE D 2L & B B X OB DR T 538
% s 7z (Fig. 4A, 4B), WHE D inv. mRNA O S Bl %
real-time PCR CTHEFR T 2 Lt HEWET L TH Y (Fig
5), SEBEO RNA OFBLIGFISNWIRETH S EH 2 5
iz,

& 512, RNAIZ X 2 inv @ EFHIHI T TOMOERET
HEOFBHEANDEEZRET LTz, milTlE, gene chip %2 £z
X BRI e FIBE T O R 7 ) — = > 7 DSEAT I AT e
T H 50, MR LIERTFOMb FIR L~ Oty
BEALDHE I 5T LA T kv, SNk, BE
T3 LS n s M ERE, BE, 7R Y ABER Y
OB DB TEHIC D 5 U 2K > T primer set %
FE L, BEETFB % real-time  PCR THRES L 72,
real-time PCR 1%, £i€3k® PCR base ® mRNA F&3H &
OHFEFRCH L TEEE? GG, FLFENCLEL L
Ko Twb, FERICFELIZE D, invBEFHHE T ICE
W, mmp, bmp 7 ERIfEOEBRIC 00 2 BIETFOEE
MY, Hkaats, flgdts b Yy 7 AREEE T
DWW H & 721", Nurnberger & 1%, inversin 23HE D
junction 8, B X OB;, EEFICEET 5 I & 2R
WEoTHELTWE®, X512, B-catenin, N-cadherin
EOMHBEERADERS A TB Y, MENESOBKD L L
EHREENDOBEG PRI S NS, SEIOEETS inv D
FEER TIRFIC f-catenin, N-cadherin Oz FFHEOET
DHERE NIz, THICK LT, IRI TEEZFELZHES 7
R b= 2 DEEER 5 BEER TR 38 Z Lo
720

inv BT LRI A OB b D 12D nTiE, &>
POWMEDRH SN, EAHORECEL TiE, FAEHMD
% node ICTEAET % cilia O [RIHEELH H3HHER TR DA % {2
L, ¥4 bAA CEOFEOEMAOF N oREE S 1,
B AT — RO TFRICFEHERT 3 lefty S nodal 7z ¥ DELF
FKHOLEFANDRENEE I N2 ARSI S L Tw
5, Lo, invD./ vy 277 v <7 ATIEnode O cilia
OEEFEETEH L2, FILELTEST, ZOBIERNR
DOREEED HTITFAS T E 2 Wn120, —7, HigoERE

K EDBEIZOWTIE, t b oinv B2 A nephrono-
phthisis (NPHP) & \» 5 44> i D H Getafk 4514 i D FEfe
B EETHRE Sz, inversin |X S-tubulin, NPHP1 @
T b % nephrocystin® & & b 12 JRAIE LD cilia ©
WS E LTRIELTw S 2 ERNERshTE D,
inversin @ cilia OFERE % -3 2 BRI %~ 0D BA 5. HS H#E )
ENnd, ERCEEMERINIBFICOVWTE, 20
cilia DHERERE 2 5, MIlIN > 7+ VRE, Mlas s L
IFMIEHREOZAE N EH CHAGD S o TR & F 2
200, BAE, ZETHsEeFzo6NTH»EY,
SEOFERTS, invERFOIFENL, HEMY v
THEOEMPRBEEETF 70 7 4 —VREB LT, &
#, inversin OFEREMENT X, ARHHC S B OB O fiFH
DA ST, MR L E Uiy v T ogE R
HASPIZL T bDEFEZ NS,

L

LA NV R & B inv OFRZE LR in vivo BX W in
vitro DR S IRES 21T o 72, FEMFFEFE I B W T iny
OFEBBOIHNET L, HLCHBOBEMEZED /2, [k
DFEEEI 72 inv D FEFZE(L % mIMCD-3 #ifidd H,0, £ fif
BV THRDT, U EDZ Ens, MHilks X CHIlEREE
W& iny OFEBIIEAHIGEI S 223, ZO®kEHL, 5
EANLBOBEBERICB W T S rO%E 21 L T»
LEREMES I S e, ZOBFFICBIL ¢, EEMRT
?®, RNAIiIZ & 3 i {xF mRNA oI T, HEkRE
OEALDFEE S N, REGEET 707 4 — 2T H R
FERMI BRI BS 3 2 B T RO R R B b E
U, invEHOEREERET 2R TH -7,

S

Ei

AT OZRITIZ S IT I P It E R, % TIseish
BIE#H L ET,

WSO E T O—EB 13 H A FE M IR B 2= B 98 B BT 58 (O)
(15590862, +& Ik o7, B, AWMFTRO—FHIET7T AV 2 E
54, San Diego 11/12~17, 2003 12 B\ THHE L 72,
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