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AHR : Aryl Hydrocarbon Receptor

AJs : Adherens junctions

BBB : blood brain barrier

CDH : Cadherin

ChiP : Chromatin immunoprecipitation assay
CLDN : Claudin

CLDND1 : Claudin domain containing 1

DMEM : Dulbecco's modified Eagle medium
DMSO : Dimethyl sulfoxide

EMSA : Electrophoresis mobility shift assay
HBEC : human brain endothelial cell

HEK293 : human embryonic kidney 293 cell
Hela : human cervix malignant epithelial cell
HepG2 : human hepatoma cell

HMG-CoA : hydroxymethylglutaryl-CoA

MPD : Mevalonate Pyrophosphate Decarboxylase
MZF1 : Myeloid Zinc finger 1

OCLN : Occludin

gRT-PCR : Quantitative reverse transcription-PCR
RORa : Retinoic acid receptor-related orphan receptor a
RORE : ROR response element

SP1 : Specificity protein 1

TJs : Tight junctions

TSS : Transcription start site

Z0-1 : Zonula occludens proteins






o A

fbi 22 o (A I B D PAZE (AMAEEE « INZEPEBEFDR 76%LLE) TR (Bt
M : BEFBEFOH 18%. HLETHM : NEDEZEDN 7%) ICKYRHEE
HEEOCHEERTETIRETHD, F-. KM EDBGIHUPCEEEICKY.
FiE. EEEE. SRMEREETLREDREEEZRET 5. KEFDEKRAFEL
T.=ME. #R%E. BERBE. DEMBGEDERRENHESINATND 1, H
TH. BMERFBH TRWVEREFTHS, F-. EZRAEOHKR. MPaLRATO
—ILOEMEIMETIH. T ETAREESIVORRNEDOREICEASEL TS
ERRESIN TN 25,

BARICE TAMEDDRTRIL, EREMOESOBEFOREICHFMET
LTER: O LWL, AFBERCEARELERZEDEMIZMA ., MERE L
EYHEEAODEMIIRY. KEDPREERESRIBENTLEBZSNATNS
10, NZEA L, B-ZYORMEREDNRERELLTEEEFRBON 25%E LV
20%E DTS "2, NEDOBROREEICIIRIAMLAEONEI.
2017 EDRZEFICEET IEREEE (X1 8000 EALLLETH - 3, ThHdD
ZEMD, WERDORIEF. BEL T RECPEOMB-BFICHLTELEE
NREVNVEETHSEEZOND,

I % A BP9 (blood brain barrier : BBB) I, fx#H#A 0 mizAEAIAS ., MER
RHRa, RS A, TAROY ALY BREEN, MREMBEBEREICHS TEMER
FZ5&E (2 HIEL TLNVS (Figure 1), BBB DBEFE(X. IMZEFDRES LUV EILIC
RS LTLS 5, HiReE &L, iR NS ELES (Tight junctions : TJs) .
E#E4& (Adherens junctions : AJs) . T AEY—L, Ty TS (Gap junction)
S¥ESN%,BBB DMERNEMAIZH T Ts & Ads &, MEBBHEDFIEHZSY
(SN 7HBEICEELRZREZES> TS 1518, TUs BXU Ads &, ThENEED
FTHHUB—T 1> (Claudin : CLDN) . 2 JLT 1> (Occludin : OCLN) 8 &U AR
A1) (Cadherin : CDH) [C&Y RSN TLVS, CLDN & OCLN KU CDH [, #
NFh 2O B /3498 (Zonula occludens proteins : ZO-1) B LU HT=UFNHLT
TOFoLEEE LRSS Z1E®R L TL S (Figure 2) , CLDN (&, #IfaERIIZ 7/
KiFENIWARF KRG, AN 20D —T42ET 54 REEERIV/VETH
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Y. #RENE 1 L—T1290—T 4 £ BEF—7 (W-GLW-C-C) BMRESN TS
(Figure 3)19-21, EMZFHLVT CLDN (& 27 FBEERIE SN THY . TDFEEICK YRR
DG REHEILRELD 22, CLDN25(B14 : Claudin domain containing 1
[CLDND1]) [&. > CLDN &EULMERIMEZ AL, BREIFEIRICKY TIs HLUHA
BIZRBETAHENHEINTINS 2, KRAREDKAELIL, 357 F—ERE(
KUNMEMAFFRIE -V RDORKE MERIIZHE LT CLDND1 22 /N JELARILD
ETASUICErDE A E#MAR (human brain endothelial cells : HBECs) 1 M
CLDND1 /w28 (BT ICKEMEFEBHEDTEEREL TLVS 23, Ff-, A
51 CLDND1 OFERINFIZE£EL S <10 RNA(MIR-124) D&M ZE o 5 FIE
Zwk (SHRSP) D/MxHMEAEFIZEAE LTSI LZHE LTz 4, SHIT. TIs D
BIEICKIMENRMBBEOME S B TEINEFELZSITEIL, NErdhEH
ET HRIREMEA TRENTLVS 6, £>T, CLDND1 {ETFIZk5 TJs DAESHIEIE. M
EBBMTEES ISR, KEDEELDIIENHRSIND, TOM. AT=-/
7oL RHRE (EpH14) &Y ELAHREEH D CLDN3 EaLRATA—ILDOET
[F. ILRTO—ILDRMIZEKY., TIs OFEAEREL (EE-BE) Shiz 2°, OF
Y, aALRXTA—/LIE CLDN &L TJs OFIEHICBEEL TSI EMREEINT -, L
ML, TJs BEEEFICRIFETIAILATA—ILOEEIZ DOV TIEIFRBALEAELT
V%, CLDND1 DHIRFAH#EZHASHICL, MEEBEDOFIEIFRATENRE.
R MOABECERFHICRIDILNEZLND,

ZI T AHMEIZHLTIE CLDND1 O HBRAE IO S FRAN=X L DfERE
AA.F 1 ETR WEAREICEEZSZALBRELE. BEERBER, E
THFEINIMEFELGEICEHEL TS EAZEAE Retinoic acid receptor-
related orphan receptor a (RORa)IZ&% CLDND1 DEREFREIZ DL THEETL =,
% 2 ETIX.RORa UAVRTHAHIALRATO—)LIZKS CLDND1 FIZFHEEIZDULY
TALRTA—)LETETHSIONRIFUOEZHAWVWTHEE Lz, 8 3 ETIE.
CLDND1 OHRBALICEHZE 1 41> +OVIZEBL. &5EF Myeloid Zinc
finger 1(MZF1) DB SIZDLVTHEIL Tz, 5 4 ETIL. CLDND1 JOE—4—L i
fBI =& B L. MZF1 & Specificity protein 1(SP1) DB ERIZ DL THRELT=,
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Figure 1. Cellular constituents of the Blood Brain Barrier.
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Figure 2. Molecular composition of TJs and AJs of endothelial cells.



NH,
ECL1 i
~ First extracellular loop (ECL1)
\ consists of 49-52 amino acids
l ® Barrier function
® Polar amino acid
(Aspr, Glu-, Lys*, Arg*)
ECL2
N Second extracellular loop (ECL2)
/ consists of 16-33 amino acids
® Trans-interaction of claudins
coo ® Hydrophobic amino acid
(Phe, Tyr)
Cytoplasm '(Izlcﬁﬂn)smembrane Extracellular
inside TM1
Human CLDND1 MGGDRLENKTSVSVASWSSLNARMDNRFATAFVIACVLSLISTIYMAASIGTDFWYEYRSPVQENSSDLNKSIW 74
Rat Cldndl -----------————————— - MDNRFATAFVIACVLSLISTIYMAAFIGTDFWYEYQSPAQENSSDANRIAW 51
Human CLDN1 ----—-—-————————————m] MAN--AGLQLLGFILAFLGWIGAIVSTALPQWRIYSYAGDN---—--—--— 49
Human CLDN5 —-—--=-—=-—————-mmmmmm e MGS--AALEILGLVLCLVGWGGLILACGLPMWQVTAFLDHN---—---—--— 49
* * S . * .
| ECL1 |
outside Claudin common motif (W-GLW-C-C) outside

Human CLDND1 DEFISDEADEKTYNDALFRYNGTVGLWRRCITIPKNMHWYSPPERTESFDVVTXKCVSFTLTEQFMEKFVDPGNH 148
Rat Cldndl EDFMGDEADEKTYNDALFRYNGNLGLWRRCITIPKNTHWYAPPERTESFEVVTKCMSFTLNEQFMEKYVDPGNH 125

Human CLDN1 —--———-———-- IVTAQAMYE - ~GLWMSCVSQST——————————————— GOIQCKVFDSLLNLSST-———-—- 89
Human CLDN5 ---------—-- IVTAQTTHX - - ~GLAMSCVVQST—————————=—=——— GHMQCKVYDSVLALSTE--—-—-~— 89
* . xxkk k. Lk . .
TM2 inside TM3

Human CLDND1 NSGIDLLRTYLWRCQFLLPFVSLGLMCFGALIGLCACIC--RSLYPTIATGILEHLLAGLCTLGSVSCYVAGIEL 222
Rat Cldndl NSGIDLLRTYLWRCQFLLPFVSLGLMCFGALIGLCACVC--RSLYPTIATGILHLLAGLCTLGSVSCYVAGIEL 199

Human CLDN1 ---LQATR-ALMVVGILLGVIAIFVATVGMKCMKCLEDDEVQKMRMAVIGGAIFLLAGLAILVATAWYGNRIVQ 146
Human CLDN5 ---VQAAR-ALTVSAVLLAFVALFVTLAGAQCTTCVAPG-PAKARVALTGGVLYLFCGLLALVPLCWFANIVVR 146
* & R sr o * * . i ko k. Kk k| . .
ECL2
outside TM4 inside PDZ domain motif
Human CLDND1 LHQKLELPDNVSGEFGWSFCLACVSAPLOFMASALFIWAA--HTNRKEYTLMKAYRVA- === === =m==m==m=== 276
Rat Cldndl LHQKLGLPKNVSGEFGWSFCLACVSAPLQFMASALFIWAA--HTNRKEYTLMKAYRVA--—--=--—-===—=== 253

Human CLDN1 EFYDPMTPVNARYEFGQALFTGWAAASLCLLGGALLCCS---CP-RKTTSYPTPRPYPKPAPSSG----KDYV 211
Human CLDN5 EFYDPSVPVSQKYELGAALYIGWAATALLMVGGCLLCCGAWVCTGRPDLSFPVKYSAPRRPTATGDYDKKNYV 218
* .

A - s.% 33 * L . . *

Figure 3. Structure of claudin family. (A) Schematic representation of claudins. (B) Comparison of

amino acid sequences between human CLDND1 and rat Cldnd1, human CLDN1 and human CLDNS5.



F1E #ii3EE 9 F CLDND1 OEERAE 5T 585 EF RORa DFEIE

E18  Fim

RORa (& BRZBEARR—/IN—T7I)—D A N—THY . A/ T ) FEEHIZHE
{RGGTCARR : AFIF G Davt Y REFIMNLEEEINS ROR IEEIL AV
F(RORE) IZE/7Y—&LTHRAL., BB FDEEZHREL TLVS %, RORa (&,
FHig. B4&an. RIS, i, BB, B, MRS IUNGESDMEBTRIELT
V%, RORa BIEFDUAUKEERAMVERKRSIERLEEYVATIEH.EE
RORa MHEMZEL T, /MUDEELGHREZSISECL, MEKEREET. REREE.
AXRE. BHLOESIUREFRE7 TO— LM EIRELELGEDRERERE
L% 2778, TNFETIC RORo DEMEGEFELT. BERBICEAE T H57RIKRE
21N E (ApoAl, ApoC3 H&U ApoAS) rid 4 ILa—XDFIEIZEE 59 ¥
4 12:%EE% 3% (Phosphoenolpyruvate Carboxykinase & Glucose-6-phosphatase) A%
HESN TS 2938, —F BIAREIE DESTIZKY . Mifa#EE 52 F CLDND1 [Tx
HPAREMAPICENTEMT 5 ENATINTIND 34 BIBILZ ST EEL K
& EIZF1 % RORa [% CLDND1 DEEREHICELTHEAEL TS AREMEAH S,
ZIT. REICELTIX CLDND1 DEEREHEEZBHALMNIZT 578 RORa D
B 5 IZDULVTHRETL Tz, #16(Z. CLDND1 HhIZ#F# 945 RORE DREIEZEIToT= K
[Z. CLDND1 & RORa @2k ifdH LU EMEEMAZIZHT2H mRNA EDFERE M
ZEffiL 7=, A T. RORa BEIFFMAZMKE L UL /v I F O IZH1+%H CLDND1
MRNA LARJLDELZFEFf LTz, 512, RORa & RORE D#FEEMHSLVLEHNE
FHEL 7=,



F11E EREY

9-10 :B&RD WKY / Izm ISV BRKEBET L HEBRARBELIYAFLE E
BI7ORLIE, BURERRLLHEEZES (IPERTLMEIR) [CL>TH
I, XHHFEICLIBMOEREFERICET A MRS AUITERL TITo 1=,
AF 3 BEDTYMI, RUR/NLER—)L (100 mg/kg) ZRERERE ST L B % . M.
AP, B0 BRAR . B, DS KU RE R -,

215 HfaEE

£ TOHMAIL. American Type Culture Collection M5 AF LTz, EFKIME RN E
#BA8 (human brain endothelial cell : HBEC) . ErA&!R B#AA8 (human embryonic
kidney 293 cell : HEK293) . E M2 E#if@ (human hepatoma cell : HepG2) &
KU FE % B A8 (human cervix malignant epithelial cell : HelLa) &, 10%
DLRRIRME (MiF) & 100 pg/imL R=SY-RMLTRIAT Y GEME) & RN
Lz LR yaRZEA—5 Ligth (DMEM) . 37°C. CO2 B [E 5% CHE&EL =,

MRNA £ 04ERI % EEfIZ L Vf= HBEC. HEK293. HepG2 &1 Hela I,
1x10°%cell/well THEIEL . 48 BFfEIIEELT-,

/7 VLNLER (BEBUEBE R &) 281175 mRNA LA L O FFfi I AL V= HBEC (3,
1x105cell/well THEFEL . 24 FFfEIEEL- MBELMEYMEZ SO HLL DMEM [
RHak, 300 uM B/ JLRESHML, 0, 6. 12 XUV 18 BFRIEELT-,

%31 RORa R EFEBRMAAK (ZTERBK) DIEREXTBEER
RXFIRADOEA L UMMEERFEET RORa HFHAV4— (pRORa-zeo) [F.
psiRNA-h7SK GFPzeo (InvivoGen) % Hindll kU Alw44 I THLE#, RORa
IWAY42—(pRORa) D Pvu I ERHLIZ T4 DNA JH—+ (Takara Bio) ZFALNTHEA
FHZEITKYEARLT-, HBEC # 1x105cell/well TIBFEL . —BiiEH% . MEFLAE
MEESTLHLLYDMEM IZZ#:LT=, pPRORa-zeo [F Lipofectamine 2000 (Thermo
Fisher Scientific) ZFALNThS XT3V Lz, D 100 uyg/imL €42 %S
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{> DMEM Ti&&EL RORa #&EHH 95 HBEC(ROR0-St1, RORa-St2) # #1145
L7=o MRNA ORIREFMI2=-OICANE-REXRIREEXT Bk (HBEC) IX.
1x105cell/well TIEFEL . 48 BRI ELT-,

418 RNA Ot

% 1 ETEIRUEE (10 mg) (&, /3147y v— (Nippi) ZBULNTHL.
ISOGEN &£2E (Nippon Gene) =&Y total RNA Z3IH L=, £2HB L UWSETHEEL
f-&H#RIL. PBS(-) T2 [E#%%L. ISOGEN HZEZHL\T total RNA Z#itHL 7=,
BELMEIL, SmartSpec Plus A4S kO 4k A—%4—(Bio-Rad Laboratories) [Z
FYUEHLT,

¥5I18 TFEMPEE PCR % (Quantitative reverse transcription-PCR : qRT-
PCR)

cDNA #& -9 571=IZ. 300 ng total RNA Z& L RIGE (RIZEE : 25 mM
Tris-HCI[pH 7.8]. 37.5 mM KCI, 1.5 mM MgClz, 5 pmol/mL #1)3I dT 754~ —
[Takara Bio]. 0.5 mM dNTP [Applied Biosystems]. 10 mM DTT, 0.4 U RNase
fE = %l [ Takara Biol & & U 6 U Moloney murine leukemia virus ¥ 855 B &
[Thermo Fisher Scientific]) % 25°CT 10 %/, 37°CT 90 4fE. 70°CT 5 xR
6t 71=, qRT-PCR [Z. SYBR Green Real-Time PCR Y X4—3v-J X (TOYOBO)
&1 UM F5Av—FAVTRE (12 pl) 1=, PCR Kt 1&. Roche LightCycler
(Roche) ZRLNT. 95°CT 2 DML MR, 3 BB RIL (RAEME [95°CT 10
R, 7=—Y>% [56°CT 10 #E]. MRRIE [72°CT 15 #fE1) % 40 Y14
JLiTo1=, Table 1 IZ7r9 & 512, RORa, CLDND1. Aryl Hydrocarbon Receptor
(AHR) 8L U B-actin BIEF DTS/ Y—IE. EFESLUSYLEEBOI Y58
[ZERETL. RAbO v 023030808 1(TIP1, Bl : ZO-1)  E-ARAYY
(CDH1) . #9742 (OCLN) LU 18S rRNA BIZFDT5A4Y—IL. EFD IS
YUMBBEEIZERE LTz, RELI=TS/4<—EF|(X. UCSC ¥/ LTS —LED
BLAT [Z&YUBRERL 35, BMDEBEGFIHT ARG ESI THH XML,
BIEFHREOMIEIL., B-actin KU 18S rRNA B FHFHNIFIZELLTHL.
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LightCycler Y 7+ 7 (Roche) IZ&YEEILLT=,

%618 mRNA EDAIE (Xt E=%)

FybElE SV EMEEREMICE TS EEEFD mMRNA £1E, qRT-PCR %17
L, #EIELT- PCR EMZHENEZ REREIERLER L. qRT-PCR X, £ 5L
BIHRDIZIETITL., BIELT- PCR EWE & % . SmartSpec Plus AR7kO7+k
A—4—(Bio-Rad Laboratories) IZkUBEZHEHL. 10 EHFRRIY > TIL(10-
0.0001 pg/u) AL R & LT, IBEHBE ALV qRT-PCR 1245 Cp BEEH T
IVREZTOYMLEIREREZRDIETREREERML -,

% 5 IBTA ML= cDNA 1 pi(total RNA 10 ng) LV T qRT-PCR %470\, &5&
ZFD mRNA EXRERNISEHLIz, Z0%. VMBS LU EMEEMEOD
mRNA E&. ZhZFh#HE 1 mg HKU total RNA 1 ug =YD mRNA £ (ug) &
LTELT,

F7E LIS —ELR—E—RHF5—DIEE

ERZEIFT5S CLDND1 E{=F DT OE—42—4FE18 (GenBank accession no.
NM_001040181 : EcERAIRm (TSS)Z&+1 &L T, £ifR-303 M Tif+1720) IZFF
9% RORE OHARBSIUVERBEZELLHR—F—TFXIF (pCLDND1-wt &
& U pCLDND1-mt) [&. HBEC M 4°/ Ls DNA hvi5 Table 1 [ZTRTTS54<—Z AL
T PCR [k Y#EIELT=, 20 PCR E#% Miu1/Sal I THMEL, pGVB2 Ry 4—
(Toyo InNK) DL 7x5—EEERFLRD Miul/Xho I EGIICHEATHEITKY
Bz, F-. HER RORE @ 1-3 EREYRLEINEZELLHR—F—NI5—
(PROREX1, x2 F1=[& x3-wt) 5 LU ZERE RORE O 3 E#YRLEFIFET LK
— 82— R58—(pROREx3-mt) [Z. RORE D+t RWELUTUF o RWELT
Table 1 2R H#HRILZA) T XYL A FR% T4 Polynucleotide Kinase (Takara Bio)
TIYVERIEL, 7=—1)>J . SV40 TOE—2—% &L pGVP2 RY4—D Sma I
HELITHATAIEICKYRAR L, Bonf-FELKR—4—U452—(F, pGCB2-
FW & pGVB2-RV 7543 —% AL V= DNA &—4 I >4 —ABI PRISM 3130x!
Genetic Analyzer (Applied Biosystems) IZ&Y TS AIFADE ARSI EFERE.
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QIAGEN Plasmid Mini Kit(Qiagen) [Z&YFEH L=,

B8IE FIURITIVIVIAVELVLLTIS—EEMRAE

HEK293 % 0.5x105cell/well T&EFEL . —BRiEE&. Lipofectamine 2000 % FAL>
T100 ng B-HFVPIF—ELR—EF—RYE—%EEL 100 ng LIR—F—R9y5—
(pCLDND1-wt E7=1& pCLDND1-mt) & 100 ng RORa FIE~- 42— (pRORa) 1=
[FarkA—LARYA—(pSGE) DERKREANSVRTT I3 Lz, B-5I5
—ELR—F—RYF—[F NI TI5—E DSV RT3V EEY— LT 51
HIZALV=, 12-16 FfE&. MAFEMAEYMEZELHLLY DMEM [ZRHEL, E6(<
24-32 BREEEL -, LI 7z5—EEHEX. EvhP—2F S+ vk (Toyo Ink) & H
LT, Luminescencer-PSN AB-2200 (Atto) IZ&YBIE L 1=,

$FOIE 4 ILIThiE (Electrophoresis mobility shift assay : EMSA)

RORa mRNA (& in vitro transcription T7 kit(Takara Bio) [C&YERLL . 748
KIFRMEKS A 2—b> X T L (Promega) Z AL = in vitro B1ERIZ&KY RORa #2739
BERABLIZ, EMSA [, EROHAMELI-FEICELTIToz 6, BEHITO—T L.
T4 Polynucleotide kinase (Takara Bio) & & U [y-32P]JATP (Perkin-Elmer) [Z &Y
ZUL71- CLDND1 B{EFNEAEE RORE #')I XYL A4 FK (CLDND1-ROREwWt) %
ALz, BaBEERELTHERLEFFERTO—T L, CLDND1 BEIzFOLEER
RORE #1)3 XYL #FK (CLDND1-ROREmt) £ XU |-kb &I FDEEA RORE 7+
I XYL AFK (I-kb-RORE) # U =, I-kb-RORE [ RO FT47arba—JLELT
FAL f=, Table 1 IZERAL-7O0—T OEEHIZETRT . DNA-ZU NI E#EEIL. 20 mM
HEPES (pH7.0). 50 mM KCI,. 1 mM DTT. 5% #%'Jta—)L. 20 ug/mL dl/dC.
0.025% NP-40 & U RORa #ARMZE. 0.02 pmol 2P W& HERTO—T
(CLDND1-ROREwWt) &#1Z 30°C 20 ffEiRIESE =, COIE, AV RT42—ELT
0.1.0.2, 0.4 F7=I¥ 0.8 pmol MIFEH T O—T (I-kB-RORE #F71zI& CLDND1-
ROREmt) ERIZRIES BTz, R—/IN—L Db TytAIl&, TO—TZHMT SHEHn
RORa (H-65) #i4& (Santa Cruz Biotechnology)# RORa #EM#ERESE 1=,
DNA-BU VBB RIGEIE. 4% R T IVILTIRTIILERKE THEEL., 4 A—



UG TU—MIBENE . B4 T—2 L AT L (GE Healthcare) IZ& YR H LT-,

%1018 siRNA /voR Y

RORa #1Z#1E 9 5 siRNA(siRORa) . RORa Z3FZMETHRISUTILERR
siRNA (siRORa-mt) B KU B #H A2 /O BRI siRNA(SiIGFP) [, in vitro
transcription T7 kit(Takara Bio) IC&WFHE L=, siGFP (. *ATsTabA—)L
ELTHL=z, Table 12 siRNA DE2FIZERY , HBEC % 1.0x105cell/well THEFEL .
—HMeiEE#% | Lipofectamine 2000 #ALVT siRNA #h52RX 7933 LT =, 12-16
%, MAELREYEEESOH L DMEM 2L, 512 48 FEEIIE &%, total
RNAZHHLT-, TN, FEEEH KLU qRT-PCR #1T21=, SiRNA S X7 O
AVICKAMREFEDOELE (T, HiaFMHEE v PLUS (Roche) Z A LVi-
Microplate Reader model-550 (Bio-Rad Laboratories) ® 490 nm TRIE S =%
BTEROY S —+ (LDH) EHICK Y@L =,

E11IE REtFRMRENT

T—REFHELAZ AR E (SE) TRLIz(n = 3-5), 2 B#RE D LLEL. Student’s t-
test Z1To7-. ZHEMDLLERIL, —TEE 787 #7 (one-way ANOVA) &Iz, R
JrO—RICKUIRTEZEIT o1z, P EAS 0.05 REDHZEEZHEEEZHYELTHEFL
=5

SyMEfS FUEMMEEMAERM O mRNA HITEDOHEEAM(E. Correl Z1707=,
RTE R (coefficient of determination : r2) A% 0.5 LI EDIHZEFHEEHY LL TR
L7

10



F3E  #ER

Ek CLDND1 70E—5—Eisih Dt RORE DFEE

CLDND1 QEsE &I IZxt 95 RORa DG FEASMNIZT 516, CLDND1 7
AE—42—HIZHFET S RORE DEIEZ in silico E#TICLYiEEtLT=, UCSC
Genome Browser [Z#i& &N 7= ENCODE T—#%#(Z&Y CLDND1 7RE—4—%E1H
@ DNase I BEZMEEE LY H3K27Ac(27 BEE D) NT7EFILIELT=- H3
EXLY) D ChiP-seq [Z&AREINEIA EGEERFDFEES LT ULVERG) ZFREL
F=#&R. -297 h5-286 7EHEHIZ RORE Z4FELT=(Figure 4A.B), ERET AT HFIL
M RORE H&UTYRETTRD RORE [F, TNENEVE L EVNMRERZERL
1= (Figure 4C) ,

IO ARHEMARIZE TS CLDND1 EsEFREIZH LT, AHR OB S A REEINT
V% 3, CLDND1 DEsEFREICx TS AHR OBEEZHALMNIZT H=HIZ,
CLDND1 FIZ#F#E T 5 AHR #EEEBELDRIEZ in silico fE#TIZKYIREI LT, 85
FIE R T —32X—XTHS DBTSS IZ&Y 38, CLDND1 FOE—2—%EH (-1000 H
5+200)[2H175 AHR $EE &ML 5 - T/G NGCGTGA/ICG/ICA -3 (NIX. A T.G
F=E C)ERRLE-FER . AHR BE LT RENGEN o= (T—2KIEH) .

Sy MME#IZ#(+5 CLDND1 £ LU RORa mRNA (48R

SwE#EZ#17% RORa $ &1 CLDND1 mRNA 2044 % qRT-PCR [2&
Y#RETL 1=, RORa & & U CLDND1 RHIZE LN TIELVER 1 (r2 = 0.801) A RERSH
fzo ZHNITHKIL . 0D CLDN 773 —T#HS CLDN1 KU RORa IZ#H LV TR
t# (r2 = 0.059) (FHEFEE N E Mo 7= (Figure 5) . AHR IZDUWVTHEHEL F=#ER . Svb
#5113 AHR SEU CLDNDT M=V THRBI [FRRES N D 1= (T—4
KB

ErEEMIEIZE+5 CLDND1 £&U RORa mRNA M ERS 4
ErEE#AE (HBEC., HEK293, HepG2 H&U Hela)lZ#H1+% RORa H&U
CLDND1 mRNA En#EE4% qRT-PCR IZ&YHREILT-, IETM RORa H&EU
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CLDND1 mRNA EN&1HZ UL VHliE(X. HEK293 T#H->1=(Figure 6A-D), ENEE
HEIZHELTE RORa & CLDND1 [EIZH W TIRWVBR M (r2 = 0.762) A FEER
SNtz (Figure 6E), Z4LIZx L. CLDND1 &V AHR fEIZHLNTHEBEM (r2 =
0.479) IXFER SNz h 1= (Figure 6F) , EFEEMALIL., Sy B ERH%IZ RORa
H&U CLDN1 FIZH W THEMIFERIN G o= (T—2KBH) .

BRLUEBMR RIS LU RORaBF FTRI<ESH CLDND1 mRNA DEE

RORa DHRIMITEIFEMREFH T CIIESEIINLIIEANHESNTINS 3640,
Z T, SUEEE SR (O/\ LML) &4 T HBEC 128174 RORa & &1 CLDND1
MRNA LARJLZEEHEIL =, 2/ VLNMLEE 12 BEEZOMEIZE TS RORa H&LU
CLDND1 mRNA LARJL(E, ROLEDMEELEAST, EhEh 185 BHE KU 1.9 %
DAHEEMERLT= (Figure 7A.B), £1IZxtL. AHR &&TU CLDN1 mRNA L
RN, BELELFRSEM 1= (Figure 7C. D), &51Z, RORa D& E F IRk
(RORa-St1 &V RORa-St2) 128174 CLDND1 mRNA LAJLIE, avka—)L
HBEC &EERT, #91.5 EOBHELIEMERLT=(Figure 7TE. F),

CLDND1-RORE [Z*19"% RORa D&%

CLDND1 QEzE x5 RORa DRSS AREINI=f=. CLDND1 #3E
RORE [Z%f9 % RORa &M ICDWTILY IxS5—FELiR—2— @ ICkURETL
t=o HEK293 1D ZERE R RORE #&$ L R—%—(pCLDND1-mt) DG &4 (L. %
4% RORE & LR—4— (pCLDND1-wt) EEER T, # 50%DEELIETETR
L7=(Figure 8A), RORa #IFXU42— (pRORa) LEF4E! RORE D155 3 [E#EY
RLEESZE L LR—F— (PROREX1., x2, F£f=1& x3-wt) DEFKBRIZH(FHIHEHE
(F. a2 bA—)LRYS—(pGVP2) DHEFIMELLST. ThEHh 1.6 {5.3.2 BFH &
Y122 EDEMZERL-, ThlxL. ZEE RORE @ 3 @Y RLESIZELL
R—42— (pROREX3-mt) D&t &, BELELE RS A >z (Figure 8B),

CLDND1-RORE [Z*19 % RORa D&
CLDND1-RORE [Z%13 % RORa DA HEBALMNIZT 5=, EMSA k(Z&
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YU#RET LT, EMSA [ZFL\/= RORE MEEFI(E. Figure 9A [Z7R9, CLDND1 D Er4

I RORE #& ¢ 20 bp 70— (CLDND1-ROREwWt) % 32P TR IHIZEEL | in vitro

ISR T8z RORa ERIGEE =, BEAND RORE & ¢ |1-kB D IFEH TO—T B E

#FNIZ&Y CLDND1-ROREwt (2% % RORa DfEEHIZIAE SN, ZNIZHL.
CLDND1 MZEEE RORE #&# JFEH# 70— (CLDND1-ROREmt) [, RORa

DiaEHICBAFTZRIGMN o1z, 512, H1 RORa HADFHMIE. DNA-22 /U E

LHRARDE S ERRIZLY R—/— TRAREN 1= (Figure 9B) ,

CLDND1 mRNA [Zx3% RORa /Y950 DEE

CLDND1 DEsBE R IZxtd % RORa DA EIZDWNTESITIFT 51=0I12. HEA
£ RORa /v94™I2k% CLDND1 B&U TJs BEELRFD mRNA LR )LE
siRNA B A2k qRT-PCR IZ&Y#kET L1z, RORa Z1Z#EF % siRNA (siRORa)
2k RORa #&U CLDND1 mRNA LARJLIE, avkA—)L(siGFP) LR T, %
nNETh 283%H &Y 64.5%MElSNtz, FEMRISUTILEER siRNA
(siRORa-mt) [, RORa & &1 CLDND1 mRNA LA JLIZ82E % R &M o1, Ts
BEBEIZR84>% CLDN1, ZO-1, CDH & U OCLN mRNA LR )LEFEEL-#ER.
NoDBEEFERBIZHNT S RORa /o580 DEEIIFERINEMo1=(Figure
10A) . SIRNA bSR30 2 M EFRDEZE L. siRNA LEFEF-(F
FRUEBHRAS LU EEH D LDH EERIE T 5T EICKYEHTEL -, SIRNA LR
BOEMIZE TS LDH FEEDE|S (siGFP : 14.2%. siRORa : 13.9% & & U
SiRORa-mt : 13.1%) [&. R D Ei#h (12.8%) LRFEE TH o1, &> T,
CLDND1 &1 RORa mRNA LAJLDEA &, HlaHHICKEFETENIEN
ran = (Figure 10B),
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Table 1. Primers used in this study.

Primer Sequence (5' - 3")

qRT-PCR (“‘Common” indicates the sequence is conserved between human and rat)
rtCLDND1-FW(common) GCATTCTCCATCTCCTTGCAG
rtCLDND1-RV(common)  GCCTTCATTAAGGTGTACTC

rtRORA-FW(common) TCCATGCAAGATCTGTGGAG

rtRORA-RV(common) ACAGCATCTCGAGACATCCC
rtAHR-FW(common) TAGCTACTCCACTTCAGCCAC
rtAHR-RV(common) GCCACTTTCTCCAGTCTTAATC
rtCLDNI1-FW(rat) CTAAACGAACAGTTCATGGAG
rtCLDNI1-FW(human) CTAACTGAGCAGTTCATGGAG
rtCLDNI1-RV(common) CTGCAAGGAGATGGAGAATGC
rtACTB-FW(common) GCACCACACCTTCTACAATG
rtACTB-RV(common) CTCAAACATGATCTGGGTCATC
rtZO1-FW(human) TCGCAGTATGCCCAGCCATC
rtZO1-RV(human) CCTGAGCAGTATCTTCTCGG
rtCDH1-FW (human) GTCTGTCATGGAAGGTGCTC
rtCDH1-RV (human) GGTGACCACACTGATGACTC
rtOCLN-FW (human) AGTCCACCTCCTTACAGGCC
rtOCLN-RV (human) GAGCATAGACAGGATCCGAATC

rt18S rRNA-FW(human) CGATAACGAACGAGACTCTGG

rt18S rRNA-RV(human) TAGGGTAGGCACACGCTGAGC

Luciferase reporter cloning (Mutated sequences are underlined)
pCLDNDI1-ROREwt-FW  ATTCTACGCGTGGGAAATAAAATGGGTCAACG
pCLDND1-ROREmt-FW  ATTCTACGCGTGGGAAATAGGATCCGTCAACG
pCLDNDI1-RV CCAGAAGTCGACGCCAATGGAGGCTGCCATGTAGATG
CLDNDI1-ROREwt-sense =~ GGAAATAAAATGGGTCAACGTT
CLDND1-ROREwt-antisense AACGTTGACCCATTTTATTTCC
CLDNDI1-ROREmt-sense =~ GGAAATAGGATCCGTCAACGTT
CLDND1-ROREmt-antisense AACGTTGACGGATCCTATTTCC

PGVB2-FW CAAGTGCAGGTGCCAGAAC

PGVB2-RV CACCTCGATATGTGCATCTG

EMSA (Mutated sequences are underlined)

CLDNDI1-ROREwt-sense =~ GGAAATAAAATGGGTCAACGTT
CLDND1-ROREwt-antisense AACGTTGACCCATTTTATTTCC
CLDNDI1-ROREmt-sense =~ GGAAATAGGATCCGTCAACGTT

14



CLDND1-ROREmt-antisense AACGTTGACGGATCCTATTTCC

Ikb-RORE-sense GATCCAATGTAGGTCACATG

Ikb-RORE-antisense CATGTGACCTACATTGGATC

siRNNA experiments (Synthesized siRNA sequences are underlined)

siRORA1388-S-u  GATCACTAATACGACTCACTATAGGGCTAATGGCATTTAAAGCAATT
siRORA1388-S-d AATTGCTTTAAATGCCATTAGCCCTATAGTGAGTCGTATTAGTGATC
siRORA1388-AS-u GATCACTAATACGACTCACTATAGGGTTGCTTTAAATGCCATTAGTT
siRORA1388-AS-d AACTAATGGCATTTAAAGCAACCCTATAGTGAGTCGTATTAGTGATC

siGFP-S-u GATCACTAATACGACTCACTATAGGGCAAGCTGACCCTGAAGTTCTT
siGFP-S-d AAGAACTTCAGGGTCAGCTTGCCCTATAGTGAGTCGTATTAGTGATC
siGFP-AS-u GATCACTAATACGACTCACTATAGGGGAACTTCAGGGTCAGCTTGTT
siGFP-AS-d AACAAGCTGACCCTGAAGTTCCCCTATAGTGAGTCGTATTAGTGATC

siRORAmMt-S-u = GATCACTAATACGACTCACTATAGGGGATTACAACGAATCTAAGTTT
siRORAmMt-S-d  AAACTTAGATTCGTTGTAATCCCCTATAGTGAGTCGTATTAGTGATC
siRORAmMt-AS-u  GATCACTAATACGACTCACTATAGGGACTTAGATTCGTTGTAATCTT
siRORAmMt-AS-d AAGATTACAACGAATCTAAGTCCCTATAGTGAGTCGTATTAGTGATC
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UCSC Genes (RefSea, GenBank, CCDS, Rfam, tRNAs & Comparat ive Genomics)
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CLDND1

CLOND1

CLDND1
CLDND1
CLDND1
CLDND1

RefSeq Genes

«II! I

RefSeq Genes

Publications: Sequences in Scientific Articles
sequences 1

SNPE

Human mRNAS from GenBank
Human mRNAS
188 H3K27Ac Mark (Often Found Near Active Regulatory Elements) on 7 cellff1ines from ENCODE

Laverea vazrne - H3K27Ac by ChIP-seq —»

0

DNasel Hupersensitivity Clusters in 125 cell tupes from ENJDOE (V3)
[—

enase custers . DNasel hypersensitivity site —
RV(+1720)=-------------------—-"—"—-—-"—"——"-—-"—-"--—-"—-- - -~ 4= FW(-303)

RORE

400 tgatggatactgtctgccaggtcacatacttcttagcctaaacttatgca

B

ataaaaccagaaggatgctctgctccaatgggagggattctgggagaggg
RORE
-300 aaaftaaaatgggtcalacgtttcacaagtagaatcccatttttgttcattt

atacttagatctagaggcagggtggtgtgatagggaaagcacaggcctaa
200 aagtcagatctaagttatacaagtcacggtcattgactcgagatgaccgg
aaacaggcccgctttactttctggaccattectecccttecctececctaaaatg
100 caagaatccaacagcctagacttcccttctgegtaccggettgeccctgag

gagctgaactacatctcccacaatgegecgegegeggegecaggaatgee
TSS

+1 !&TCGCCGCCTCAGACAGCTTTCAGTCTGTCCCTCCTACAACTCCCACAA
GGCCCCTCGGCCCCGGGCCGCGGEGCCCGGCCCGGAGTGGGGGCGGGCGGAG
+101 GCGCGGGAGTTATGGAGGGGGCGGGCTCTGCAGGGAAGTGCGTCAGAGGA

GGCGCGGGGAGAGTAGGGTGCTGTGGTCTGAGCTAGAGGGTGARGCTGGC

Met
+201 GGAGCAGGAGGATG|GGCGTATGCAGGTGATAGACTAGAGAACAAGACCTC

C

Human_CLDND1 : -297 TAAAATGGGTCA -286
Rhesus_Cldnd1: -314 TAAAATGGGTCA -303
Rat_Cldnd1: -309 AAATAAAGTTCA -298
Mouse_Cldnd1: -323 CATTAAAGTTCA -312

Figure 4. RORE in the promoter region of human CLDNDI1. (A) The ENCODE project data
integrated in the UCSC Genome Browser (http://genome.ucsc.edu/) were used to identify a distal,
conserved putative RORE in the CLDND1 5’ region containing the promoter, located within a DNase |
hypersensitivity site and a ChIP-seq assay indicated H3K27Ac to be possibly involved in enhancement of
transcription. Luciferase reporter constructs of the human CLDNDI1 promoter region amplified by PCR
using RV (+1720) and FW (-303) primers. (B) Schematic representation of the human CLDND1 promoter.
Sequence analysis revealed the presence of putative RORE located at positions -297 to -286 of the
CLDNDI1 transcription start site (TSS,+1 to position). The exon region of CLDNDI transcripts is
underlined. Met, translational start codon. (C) Alignment of putative ROREs in human, rhesus monkey
(positions -314 to -303, GenBank accession no. NM_001265740), rat (positions -309 to -298, GenBank
accession no. NM 001006955), and mouse (positions -323 to -312, GenBank accession no.
NM 001252451) CLDNDI1 genes. The sequences of the putative response elements are shown, with the

conserved regions underlined.
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Figure 5. Association between CLDND1 and RORa expression across various tissues in rat.
The mRNA levels of Rora, Cldndl and Cldnl from various rat tissues were determined simultaneously to
obtain a regression line. Correlation coefficients were obtained after simple curve-fit analysis of the relative

expression of Rora and Cldndl genes (A), and Rora and Cldnl genes (B).
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Figure 6. Comparison of endogenously expressed genes in human cells. Relative mRNA levels of
RORa (A), CLDNDI1 (B), AHR (C), and CLDN1 (D) in 1pg of total RNA of HBEC, HEK293, HepG2,
Hela cells as quantified by qRT-PCR. All data are the means + S.E. of three independent experiments.
Relationships between CLDND1 and RORa expression (E) and between CLDND1 and AHR expression

(F) were determined simultaneously by drawing the regression line.
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Figure 7. Hypoxic stimulation and overexpression of RORa leads to elevated CLDND1 gene
expression. HBEC were treated with 300 uM CoCl, to mimic hypoxia for the indicated times. mRNA
expression of RORa (A), CLDNDI1 (B), AHR (C) and CLDNI1 (D) was analyzed by qRT-PCR and
normalized to B-actin. HBEC (Control) and HBEC stably expressing RORa (RORa-Stl and RORa-St2)
were incubated for 48 hours. mRNA expression of RORa (E) and CLDNDI (F) was analyzed by qRT-PCR

and normalized to B-actin. All data are the means + S.E. of four independent experiments. *P<0.05.
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Figure 8. The ROR response element (RORE) of CLDNDL1 is directly activated by RORa (A)
Transactivation of the RORE of the CLDNDI1 promoter by the RORa. The reporter plasmids pPCLDND1-
wt containing the wild-type RORE (TAAAATGGGTCA) and pCLDND1-mt containing the mutated-type
RORE (TAggATccGTCA, mutated region lowercase) were engineered to contain a fragment of the human
CLDNDI1 promoter region from -303 to +1720 bp. HEK293 were transfected with luciferase under the
control of the CLDND1 promoter. Data shown represent fold transactivation over basal activity and are
reported as the means = S.E. (n =4). *P<0.05. (B) HBEC were transfected with the RORa expression vector
(closed bars) or empty vector pSGS5 (opened bars) along with luciferase driven by 1 to 3 direct repeats of
wild-type (pROREx1, x2 and x3-wt) or mutated (p)ROREx3-mt) RORE in the CLDND1 promoters. Data
are the means + S.E. (n = 4). *P<0.05.
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CLDND1-ROREwt : GGAAATAAAATGGGTCAACGTT

CLDND1-ROREmt : GGAAATAggATccGTCAACGTT

I-kb-RORE : GATCCAATGTAGGTCACATG

RORE consensus : HWAWNTRGGTCA
B
1 2 3 4 5 6 7 8 9 10 11 12
>| none I-kb-RORE ROREmt )
S| - -|s 10 20 a0 |5 10 20 a0l - | ComPetitor
Sl . - - -|. - - _-|+|antiRORa
o
gl = %]«

+ + + |+ + + +|+ | RORa protein

»= <« DNA-RORa-antiRORa

i - <]DNA-RORa complex

-, e e WS e W e e W% = < non-specific

<& free DNA

Figure 9. RORa binds to a putative response element in CLDNDI1. (A) Sequence of the putative
RORE (underlined) in human CLDND1. The probe mt is equivalent to this motif, except that the lowercase
nucleotides have been mutated. The I-kB probe contains the known RORa response element in NF-«kB
inhibitor a. The RORE consensus sequence is HWAWNTRGGTCA (H; A, Cor T, W; Aor T, N; A, C, G
or T, R; A or G). (B) EMSA was used to test the ability of *?P-radiolabeled wild-type and unlabeled I-xB or
mutated probes at 5-, 10-, 20- and 40-fold excess to inhibit the binding of RORa to the putative response
element (open arrowhead; DNA-RORa complex). The positions of free probe (free DNA) and the
nonspecific probe of RORa for crude protein (non-specific) are shown. The RORa antibody (antiRORa)
was pre-incubated with the RORa crude product before adding the oligonucleotide probe for the formation
of the supershift band (filled arrowhead; DNA-RORa-antiRORa). Each of the probes indicated was mixed
with the RORa crude product (lanes 3-12) or without RORa protein (2nd lane), or with probe only (1st

lane).
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Figure 10. Effect of RORa deficiency on CLDND1 expression. (A) Suppression of endogenous
RORa by siRNA significantly decreased CLDND1 mRNA in HBEC. HBEC were transfected with 50nM
siRNA and analyzed by qRT-PCR to quantify the expression of RORa, CLDND1, CLDN1, ZO-1, CDHI
and OCLN. Opened bars represent cells treated with siRNA targeting green fluorescent protein (siGFP) as
negative control. Closed bars are for cells treated with siRNA targeting a sequence around 1388 bp
downstream of the RORa start codon (siRORa). Hatched bars represent cells treated with non-targeting
scramble siRNA (siRORa-mt). Data are means + S.E. of three experiments, and are normalized to 18S
rRNA. *P<0.05. (B) Effects of siRNA transfections on cell viability were estimated by measuring LDH
activity in the culture media of siRNA-treated (siGFP, siRORa and siRORo-mt) and non-treated (none)
cells. LDH activity in the medium (open bars) and cells (closed bars) were measured and expressed as a

percentage of the total. Data are means + S.E. of four experiments.
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Eaf  BE

EBEILZEL 2B EHRGEREICEDS RORa (&, CLDND1 MEEREIZE
59520 EZLND, TTTAREITELTIE, CLDND1 OEEREEICKT
% RORa DG DLVTHRETLT =,

UCSC Genome Browser IZfi&&h = ENCODE T—%4IZ4&% DNase [ @514
SREREBLUTEFILIEER R D ChiP-seq IZ&YIAZELI-#=E . CLDND1 FOE—
2—maEig (-297 H5-286) [ RORE Z4F%E L T-(Figure 4A.B). EF®D RORE #H[H]
WETHTHFIL. Svb, IORBTHELIEER. 7H7 )LD RORE B EIZR
FEIhTW =, LML, SYrETDRD RORE [FIEVWVRFHEHETH Tz, &0 T,
CLDND1 MExEFHEIIZxd 5 RORa DEE (. ERET AT HILIZHBLTHAEL
BT HIENTREENT= (Figure 4C),

ZyhiEH LU MARERRIZEHE VT CLDND1 & RORa mRNA E DRI TIEDHH
B M REN = (Figure 5. 6), F£f=. CLDND1 mRNA LAJLIE, RORa REHKH
¥ (RORa BEIFBHMAE) S LURLUEER RS A4 (RORa D) ICXYFEESNT-
RORa IT&KFLTEMT MRS nt=(Figure 7). B FDEEREITEHD
BERFICEAIHEEERANRENTINS, £oT. CLDND1 DEEEFHREHICxLT
RORa UNDEERFICLLBEEMNEZLNS, AHR [T, YO RFHEHZICHE T
CLDND1 QOEsEREICEEL TSI ENRESNTLNS 37, LA L. EF CLDND1
DOTOE—S—EEFICHE T AHR #EEMLEHEFELFER. AHR OEEMLE
BlIEREINGEMN 2Tz, L2 T2T7—ELR—F—FTOHERLY. RORa (&,
CLDND1-RORE (%9 %IG& MM RENT=(Figure 8), INA T, EMSA ED#ER
&Y. RORa A CLDND1-RORE IZE#fEE T S RSN (Figure 9) , 51,
siRNA [2&% RORa mRNA L AL D] IE CLDND1 mRNA LR JLEREITED
IEBHIEMTRENT=(Figure 10) , CNHDEER A5, CLDND1 [ RORa DEEH]
TRHEGF THAIENRSNT=,
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58T /ME

AEIZBFTAREFHICEYUTORMENGEONT=,

1. CLDND17RE—4—4BE(0D-297 M 5-286 /= RORa i &I L A2k (RORE)
MRS,

2. SYMARE U ENARIZEHLT RORa & CLDND1 mRNA EDREITIENHE
BN RSN,

3. RORa BE|IFEEL LU siRNA #rL1z RORa /Y8 IUICEWT. EhEh
CLDND1 mRNA LR )LDEMB LMBE T EELEIENTSNT =,

4. RORa [& CLDND1 7AE—42—%Eigi ) RORE [CEEHEETH&ITELY. &
BERAMICEASL TSI ENTSNT=,

L ED#EEREMNS, RORa [FEF CLDND1 FAE—42—4E1H D RORE (-297 -
286) ICEIEHE ST HIEITLY . CLDND1 DEE R ICxtLIBEMIZ/ERL TS
ZEMBAS M ERST= (Figure 1),

FOFA—5—
‘L. CLOND1:E 2 %
-297 * -286
_—
TNy
- L
promoter exon1 intron1

Figure 11. #lfa#E%E 4 F CLDND1 IZx19 % RORa DIZE A #iE
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$£2F RORa %719 % CLDND1 OHEBREICRIZFIONREIFUOOERE

E1E KW

% 1 E(|ZEEikLf=&S51Z,. RORa [ CLDND1 F7OE—4%—%8#E D RORE ~E#
#ETHILITKY CLDND1 DEEREICHUIREMICIERT LM RENT-,
RORa (&, BEMIDUA U REFHLEVA—I70 R BEREEZONTE L AE, OL
ATA—LELVZDFEERTHAAF L RATA—IILGEEDIALRTO— )LEERZE
A RORa DUAVFELTHEINTNS 41492, 352, 7-AF P XT7A—/ILE LV
24S-EROXSaLRTO—)LAEEIL, RORa DA /A\—R7I =AM (HNEHIER) &
LTH##EEL RORa EZMEGFERAMTHILAIMESNTLVS 44, LA L. RORa
EZHEEFTHSH CLDND1 DEEHREICH T HIALATA—)LEOEZEILHSH
[ZENTULVELY,

FREESEDABRELLTAVLNERIF UK, ALATO—/LESRRIROE
EBERTHD 3-EFOFI-3-AF LY LAY LAY AL A(HMG-CoA) LE 4
—tEEEET D, EIC RFFUIFREDRRED TSR THSZEM GRS
NTULVD 4546, LML, BaOLXTO—/)LOET IR E D) R 71 e 0B :EM TR
SNTLVS 4748, CLDND1 OFIFETIE., ZEHRDOHTLINE MO RETHS BBB
DERRICEEL TSI EARENTLVS 23, Ff=. CLDND1 (& RORa ZHIEEF
THDHEMS, CLDND1 DHIRFE(IZ RORa YA VRELTIALATO—ILEDE
EnEZOND, FZT. AEICELTIE RORa Z4rL1= CLDND1 O FIR A I<xt
$H5ILATA—ILOEZICDOVWTHEE LT, F1OIC, EEMEZRAL-O/\X2F
VAEBHAAEIZ#(75 CLDND1-RORE 2%t % RORa #E&MH U IS %S
Lizo &5I12, ANRAFUALIEHIE D RORa & CLDND1 mRNA 8&U4A /Y
BLALEFHEL -,
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F1H HEE

HepG2 DIBFEIL. 1 EDE 2 #1. F 1 HERRDBEETITof=. ANRETFY
ALIBIZ ALV HepG2 (& 1.0-5.0x10%cell/well THEIEL . —MpiEE®R . MBS EY
BEES0HLLY DMEM [Z5#L 1=, 10-20 uM O/ RAF> (Merck) £f=1Za k0
— )L &L T Dimethyl sulfoxide (DMSO ; Nacali tesque) ZRML (A/NR2F 2 L]
B).EhI224-72 BEEEL-, ONRAFUERMLE-MBIEE. EYVEDHZS
£ DMEM ZHRl =,

¥21H HOTFURELE (Chromatin immunoprecipitation assay : ChiP)

HepG2 % 90 mm > ¥—LIZ&FEL. 90%a> TV IV RICH B ET—REEE K,
MEESMEMEEZSTHLL DMEM [TXR#LT=, 10 uM BNRZFUF(Favk
A—JLELT DMSO R ML(ANRAFULRIR) . E6IC 72 BFEEEL -, AR
AFUEHMLE-MRIE. EMEDAHEEL DMEM /A=, VO3 F 0% 1%
IVLZILTERS | FRT 10 HEEBESE.25M 72 0.5 mL EINZ 4°CT 10
SHEFFEL. RIGEFILESET-, #2E. PBS(-) T2E%E%L. BEE D EIZKY
IR& % . OneDay ChIP kit(Diagenode) WL\ TR ELRERIGEIT o =, IuikIL. 1
ug 1 RORa (C-16) #ifk (Santa Cruz Biotechnology) £f-[&#xHFs7avra—)L
ELTIERE IgG AZ AL, B—F—4—(2&Y 4°CT—BRIBELT=, k-2 /8
HE-DNA &KX, 774> AE—X(Diagenode) & 4°CT 1 BERIEAL. 10 %
R D& 73 B (1000%g) [Tk Y R ikfE S8 1=, #itH L= DNA (&, Table 2 [Z5RY
CLDND1 7RE—4—%E1 M RORE IZHEMLGT 547 —I2&Y PCR THEMELT=,
PCR E¥% 3% 7HO—R7ILTHEL. TFOVLTARANEER . CSTFHI4
H—(Atto) [CKYRBEL 1=,

$¥3EH FURIIVLAVELIVLLTIIS—EFRAIE
HepG2 % 0.5x10°cell/well TEFEL . —BRIEZE £ . Lipofectamine 2000 ZA LT
100 ng B-ATILIHT—ELR—EF—RU2—%EL 100 ng LIR—F—R 45—
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(PROREx3-wt) . 100 ng RORa A Y4 — (pRORa) Ft=[EavkA—ILRyE—

(pSG5) MEEREN SV AT av Ltz 12-16 K&k MEMEDOHESTH

LLYDMEM [Z3#EL. 20 uM BNRZFUDH, 20 yM ANREAFUEET 50 nM

ALRATA—ILERME, S5I12 24-32 BEBEL -, Ff=, a2 O—)LHERkaIE, M

AEMEMEEEOHLL DMEM (2324, DMSO ##HML (ANRAFULRE) .
AR E R OB EL, LY II5—EFHIE. E1 EDE 2 8. 5 7 HERK

DRETHEL,

¥4I RNA O#H
F1IETIEELEABIX. E1EZ0FE 2 8. F 4 IBERRDIEET RNA i
L7-=.

%518 qRT-PCR
HEEE R EE LU QRT-PCR (L. Table 2 2R FSAY—2ALNTE 1 EDE 2
B, 5 5 IHERIRDEMETITO=,

FO6IH HIRFVTOVRNE

M, REDSHR—F/ Ny I7— (50 mM Tris-HCI[pH 7.0]1, 200 mM XY O0—X,
1 mM EDTA, 1 mg/mL BARTF2 1 mgimL RTREF2, 0.5 mM Tz JLAF
IWRILRZJLIILAIRE LD 1% SDS) THRIEL. Fo/\VEZHEL=. YT
BDRAINIEE 12% SDSRYT VUL TIRFIILESRKBIZ LY D FETHEER.
Immobilon-P A2 7L > (Merck Millipore) IZERE L1z, A2 TL UL, 1 RIWEKTHS
i CLDND1 #ifk 2, fii RORa(H-65) fntkFE =3 B-7VF ik (Proteintech
Group) IZ&kY., ZNEN 4°CT—BRA>VFa_—hkLT1z, RIZ. 2 RIATHSTEETD
HERWVAFIA—ETEBLIV Y X FEIETDUR I9G Hifk (GE Healthcare)
[2&kY., FhEFh 90 PREA>Fa_—kL1=tk. ECL prime D TRALTOvTA42Y
R 2 (GE Healthcare) # ALV TRE L LTz, NV FREF CS 74—
(Atto) ToHr#fTLT=,
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F71H TR

T—RTFHEHRERE (SE) TRLF=(n = 3-5), 2 B D LK. Student’s t-
test #1701, ZLERI D LLEX (X, one-way ANOVA #I[Z Tukey’s test 247U\, P {EAY
0.05 RiGDGEEEZAEEHYELTHEMLI-,
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F3E  #ER

CLDND1-RORE & RORa &I T HANREFU DR

RORa Z4rL7= CLDND1 OFIFRALH I3 H5aLRATO—ILDESZERLMNIC
5102, ANREFUIZEYALRATO—)LEETEE-#a+r D CLDND1-
RORE [Z%f9 % RORa #&MIZ DT ChIP SRICKYIRE L =, ONREF UKL
BHELUCNEMEICE TS0 RORa Az ALV -RZEREE (L. FERE 196G ik
LERT, ZRFNEMELIPETL TSI EARENT= (Figure 12),

RORa &I T 5L ATA—ILED R

CLDND1-RORE ~® RORa #E&ICxF 5L ATO—LOESARIE SN
126 ANREFUICKYIALRATE—/LEE TS E-#ifahd CLDND1-RORE [Z
9% RORa [GEMICDWTILY Too7—ELR—2—fITICKUIEE LTz, A/\R
AFUNEHRICE TS A—)LAYA—(pSG5) LEFAE R RORE O 3 EI#EYiR
LEZSIE ST LR—42— (pROREX3-wt) DG X, O/NREF U RNEMAEL L
RNTC.AELGETZRL -, COREEDOETIE. ALATO—IILORMICEYEE
[CHEMLTz, LAL. ANREAFURULEBHAFETOLEEDBERILRIEMN o1,
RORa #IEA4Y4—(pRORa)ZfAL = RORa #HEBICHEWLTERBFIZA/NREF
VRMBIZEYETLEGEMRIX, ALRATO—)LORMIZ&Y EEZERLT= (Figure
13), LHL. ONREFUNEMAEZIZ &S RORa HHEBTIZHE(HHICE ML, 3>k
—ILELRT, BEIZETLTWAIENREIN (T —2KBE : *p<0.05.),

CLDND1 mRNA 8&UAV/VBELARILICHTHANRIFUDOEE

CLDND1 HIBELAN)LIZH T HANREFUDEEEHLMNZIT H=HIZ. mRNA
BERUOFVIRVELARIIZDONT, FNEN qRT-PCR LUV IRATOYNEIC
KUREI LTz, ONREFUNEBHRRICETEA/\00 8 Z ) B iR kB EE %= (MPD) .
RORa &1 CLDND1 mRNA LA L% gRT-PCR [Z&YFFf LTz, A/NRAF D
YERZERERT 51012, RFFUICKYRBENFESNS MPDALRTA—ILERK
BERD 1 D)IZDLT O mRNA LARJLEFHELT=, ZDFER. AR F LR
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falZ#1+%5 MPD mRNA LAJLIE, RALEHRELERT, #9 6 EOFELEME R
Li=o SHITEKY . ONREAFU DB HER SN, ONREFUREMBIZE TS
RORa mRNA LA LI, RUEBHEALLEANT BELGEILEZRILGN ST, IS
%xfL. CLDND1 mRNA LRJLIE, 27.6%DEELGETZRLT=(Figure 14), RIZ.
RORa #& U CLDND1 Z2/8JBELAILEDTRALTOYMIKYEHEL =, B/3X
AFUNEMAIZETSH RORa 2V /NVELAN)LIE, ROBHRRELERT, FEL
ELERSIEMN o1z, THIZKEL. CLDND1 DAV /SIBL AL, 24.4%DEEL
{E T % ~L7=(Figure 15),

Table 2. Primers used in this study.

Primer Sequence (5' - 3")

ChIP
hCLDND1-RORE FW GGATACTGTCTGCCAGGTCAC
hCLDND1-RORE RV CGGTCATCTCGAGTCAATGAC

qRT-PCR

rtCLDND1-FW TAACTGAGCAGTTCATGGAG
rtCLDNDI-RV TAAGCTTCGGCAAATGCAAG
rtRORA-FW TCCATGCAAGATCTGTGGAG
rtRORA -RV ACAGCATCTCGAGACATCCC
rtMPD-FW CTCTTACCTCAATGCCATCTC
rtMPD-RV CACAAACTCAGCCACAGTGTC
rt18SrRNA-FW CGATAACGAACGAGACTCTGG
rt18SrRNA-RV TAGGGTAGGCACACGCTGAGC
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CLDND1-RORE

input IgG RORa

Lovastatin - + = + - 4

Figure 12. Binding of RORe and RORa response element in CLDND1 promoter region
suppressed by lovastatin. Binding between RORa and the RORa response element in the CLDND1
promoter by lovastatin using ChIP-PCR. HepG?2 cells were treated with lovastatin or vehicle for 72 hours.
Cross-linked chromatin was isolated. Non-immune IgG or anti-RORo antibodies were used for

immunoprecipitation.
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Figure 13. RORa responsiveness to RORa responsive elements by cholesterol level. HepG?2 cells
were co-transfected with an empty vector (pSGS5) or RORa expression plasmids (pRORa) and the luciferase
reporter plasmid containing three copies of the RORE (pROREx3). The results show the relative luciferase
activity of each condition, with and without lovastatin or cholesterol treatment. Results also compare
luciferase activity after lovastatin treatment with and without cholesterol. Data are mean + S.E. (n = 4).

*P<0.05.
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(MPD / 18SrRNA)
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Vehicle Lovastatin

RORa mRNA expression
(RORa / 18S rRNA)
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-

Vehicle Lovastatin

N
]

CLDND1 mRNA expression
(CLDND1/18S rRNA)
—
—— -

o

Vehicle Lovastatin
Figure 14. Expression level of CLDND1 mRNA with lovastatin addition in HepG2. HepG2 cells

were treated with lovastatin or vehicle for 24 hours. mRNA expression of MPD, RORa and CLDND1 were

analyzed by qRT-PCR and normalized to 18S rRNA. Data are mean + S.E. (n = 3). *P<0.05.

33



Lovastatin — +
RORa - 60 kDa

CLDND1 [ s | -29 kDa
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Figure 15. Expression level of CLDNDI1 protein with lovastatin addition in HepG2. (A)
Representative blots of RORa and CLDNDI protein expression in the HepG2 cells. (B) HepG2 cells were
treated with lovastatin or vehicle for 72 hours. Protein expression of RORo and CLDNDI1 was analyzed by

immunoblotting and normalized to B-actin. Protein expression was quantified using the Intelligent

Quantifier. Data are mean = S.E. (n = 3). *P<0.05.
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g4t EBEE

RORa (&, BERIDUA U REFLEWA—D7 0 RBREBZZAONTE - B,
RORa (YA VR THAHALRATE—IILEBIIKEL TEREERAML T DI LM HES
nTL3 424 KETIE RORa 4 L71= CLDND1 OHIEA IS HaLRT0
— LEDEEIZ D\ TANRAFUEZRANTEREL,

ChIP EB LUV TF7—ELR—F—@BITIZLY. AONREFULEHRBAHD
RORE [Zx{9 % RORa DEEMHESLUIGEMEE. RLEMEE LT, FIZHH]
Stz (Figure 12, 13), CNLDFER ML, ONREAFULE(ZLHILRATHE—)L
DERBEEIE. RORa YAVKRTHSIALRATO—)LEDFEADIZKY CLDND1-
RORE [ZxL T RORa & L VISE M ZHFIL . CLDND1 OIS E LD
FILTWBIENREEINTz, ANRAFUIZLS RORa MEMHDOMEEIE. ALAT
A—/LAMIC&Y—EEEL=CEND, AL ATO—)LIF RORa N LI-EE R
[CE#EBELTWSIENTEEINT-, LAL. RORa DIEEMEIEZELICIZEEET .
ANZREFURNEBHBICE T EHEEE LT EWVMEZRLZ, ANREFUIL,
ALRATA—IILEBRERO LERICHET S HMG-CoA LA VF—EEHETHIL
NoZDRBEOTRIZHHALATA—/LUN D DERBEIYPaL R TO0—)L4K 3
MizEDEAELEZLND, ANREFULEHIZHTH RORa mRNA H&U4
DINGBELARNIE, BNRFFUORDEBHIREELERT, BELGELERSGEMN O L
ML.CLDND1 mRNA BXU AV /\IBLARN)LIE, HBEGIETERLI= (Figure 14,
15) , CNHDFERMN S, ALRATA—)LEEE, RORa HRBLANILEREFLTLNDDT
[%7:< CLDND1-RORE [Z%}9% RORa #£&1EI#EFAL. CLDND1 DIEE %A
FTHIEMNTRESINT,

BEERAEOHR. HNEFHEDOARAEAFELTIALATO—ILEDOE LA RSN
TS 05T EL[2, AL RATA—I/LEDETIE. AH MO EMEREL TLNS %2,
AR DIMEEAMEDRERMAS, RIFUDBEIERICKYILRATO—/LEBFET
SEEHICHENT, MEES FOEREMHZELSE. TIs DHRIRICKYHEEE
DHEEILEBL T, N MES I T RIS RENT -, EZERDOHRIZIEH
W55 SHRSP (F. EEDSMIMEZLZRL. 100%KEDEHKET HETIILEMTH
% 53, SHRSP A 5IEFEZIIINH MO KREA T KINTHY (—EBILALERED) . /MK T
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(XFEEICIHTHS >, SHRSPDIMFEILRATA—/LELUIZHANIALATA—LD

BEE. HBIYN I RE—TESVE : WKY)ELER T, S<LDOERARL (KA. FE1fix
BEIUER) ICEWTAELZETERLTLS S, LAL. SHRSP O/MRIZHT5
ALRATO—)LEHREL CLDND1 OFEREIL, HEICEML TV 4%, K0T
SHRSP M /MMiilgk, aLRXFHA—)LIZ&Y RORa #4L71- CLDND1 HIRE{EHL.

SRE: TJs 2R T A LICKY/MNE A MHI L TL B ATEEME A RSN =,
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SE0HET  /ME
AEIZBFTAREFHICEYUTORMENGEONT=,

1. CLDND1 7RE—4—4EiEHMN-297 Mi5-286 HZFREFSNT- RORa EIL A
~F(RORE) IZ%9 % RORa D#EEMH LWIHEMIX. ONREFUICKYIET
THIEMNTREINT,

2. ANREAFUNEHBIZEONTETLZ RORa DIGE KX, ALRATA—ILE R
myHlElckY—EEET HIEMARENT,

3. ONREFUNEBHIREIZH TS RORa 8KV CLDND1 H#IBLAJLIL, KUE
HRALLERT. TN ENERESLITETEELSIEMNRENT =,

LUEDFERMNS, ANREFUIZEDHALRATE—/LIEDE TI(E, CLDND1 FRE
—A—4BIEIZ7FET % RORE ~M RORa #E&MHH KU CLDND1 IR ETIZxiL
TINFBIERT 5 LA AL A &AL oT= (Figure 16) .

RORaYH UK
@ALRTFA—LIE)

f>\7 V — anzREFY

RORa< | 1 _ 2 * QLRFO—LO#EM)
CLONDI®ES yngy § (aLzFO—LOET)

-297 * -286
IUNIY II
promoter exon1 intron1

Figure 16. O/SX4F(Z&3 RORa %4rL71- CLDND1 O IR FAHTHHE
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E3E #ifRiEESF CLDND1 ORBRHICEH S5 THEFEHF MZF1 OFE

FE1E i

% 1 E(CEkL1=&>5IZ. RORa [¥E+ CLDND1 FAE—4—45E15 D RORE (-297
Mi5-286) ICEEESTHEIZKY ., CLDND1 DEERAMICHUIREMICERL
TWBIEMRSNTZ, SHIT.F 2 EITERIRLIZLIIZ, ANREFUIZKDALRT
A—/L$ENIE T X, CLDND1-RORE IZxt9 % RORa #E&HH KU CLDND1 D F
RAMICEAE TSI LM RSNTz, LML, BEEFOXRBRAH L. EROEGESRAF
[C&BHEEEREZTHIENHRESINTIND ¥, ZZ T AEITBLVTIE RORa &
KU AL RATA—ILIEKRFHIZ CLDND1 AU NI BLANIILECTEEERIFTT HRE
BERFIZDONTHE L=, #1612, CLDND1 #FETOE—42—fEEEREMICR L
§HIEICKYIEERIZFFML-. AEL-ESREMERIICHEET SHRGEER
FEIFERLI=FER. Myeloid Zinc Finger 1(MZF1) BRIESN =, RIZ. EREFAEES
FZxtd B MZF1 DIGEESSTHEEMEZFEL-, MR T. MZF1 BEIRERS &
U/ v9F 9228115 CLDND1 mRNA B8KUAURUBLANIILDOZELEETEL =,
EBIT MZF1 /9o FovIZB T AR OME ZEBHEIC DL THEHEL -,
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B1H  MiagE
HBEC MIF&EIX. F 1 EDE 2 i, 5 1 HERRDEETIT O =,

21 LIR—3—RIZ—DHEE

Ek CLDND1 7OE—4—$EHD-308 M i5+891 #HEELL, REEMAR KB LU
ZERID DNA B 1L, Table 3 ISR TS5/ <Y—%HULT PCR [ZKYIEIEL =, 7
@M PCR E#% Miu1/Sal I TALEL, pGVB2 R54—0 Miu I /Xho I #BHI(<#EA
Lz TIRIRDO—YIVRBHME LV, £ 1EDE 2 £, F 6 BERKD
1R{ETIToT=0

$¥IIE FIURTVLAVELVILS TS —EEEBRIE

HBEC % 0.5x10%cell/well THEEL . —BRiEER . Lipofectamine 2000 AL T
200 ng LIR—2—~R548—E LU 200 ng B-HIIrF—ELHR—E—RH5—D
BAREN VRT3 LTz, BEIREIL. 100 ng MZF1 HIERU2— (pMZF1)
FrFaobA—ILRHYE—(pSG5) #abT R T av Ltz siRNA /v o5
[X.50 nM siMZF1 FEfzI& siGFP #2352 RT3 av Lz, 12-16 BEfE&IC. M
BEMEYEZESOHLL DMEM (2R, 51T 24-32 BREEEL -, LT
S—EEMHE. FE 1 EDE 2 8., F 6 HERBRDREIETITO .

%5418 ChIP &

HBEC % 90 mm v —LIZ#fEL., 90% IV TIL IV RIS FET— L ER. 3
g LS 7TS5—HLR—A—~54—(CLDND1 M-308 A >+891 4EliE &) 5&
U pMZF1 ZakSU RT3 1=, 14 BERICMEEMEYEEZSTH LN
DMEM [ZX#afk, S5I2 72 BREEEL-, REXBERIGIE. i MZF1 $Hifk (Santa
Cruz Biotechnology) F¥7=I&JERE IgGC AZHAWNT. B2 ENE 2 §i. F 2 HE
FERRDIRIETIT oo MZF1 FEEE I~ DX MIFEEAEL Table 3 TR T4
<—% LT, Roche Light Cycler(Roche) L. SYBRGreen Real-time PCR
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Y RH—2Y X (Toyobo) ZALN-EEM PCRICEYUEH LT,

%518 qRT-PCR
FEEE H &V qRT-PCR IE Table 3 ISR T TSAV—EBLT. £ 1 ZDE 2 &,
% 5 HERBDIRIETITO -,

$6IE WIRAVTOYNE

BUNYBEDOHE . SDS-PAGE. A2 TLUADEE  fiRRARGE I UK
SREDEIE.E 2 E0FE 2 i, F 6 HERKOEETTof: 1 RinkELTH
MZF1 $ifk. $iu CLDND1 fnfkF =3 B-7 O F k& AL =,

F71H BRERR

HBEC % 1.0-2.0x10°cell/well THEEL . —BIBEER. Lipofectamine 2000 % F
L\T 300 ng MZF1 REARS4— (PMZF1 £721% pC-MZF1) F=Eav ka—L_%
A—(pSG5 F£f=I& pCl-neo) b5 R T3> Lz, 12-16 FFfEIRIC. MiF&nE
MEZSTHLL DMEM [k, T5(2 48-72 BFEBEELT -,

HE8IE siRNA /o5y

MZF1 #1281& 9 % siRNA(SIMZF1) OFREIE, 55 1 ZEDOSE 2 £, 5 9 HERK
DIEETITo1=. sSIRNA DE2FI(E Table 3 [Z5R Y, HBEC % 1.0x105cell/well T&
fEL. —BEEER. Lipofectamine 2000 #ALV\T siRNA £+ X723 LT,
12-16 BEE&IC. MAFALREMEEZECHLL DMEM (T3, I5(C 48 B
#E1k. total RNA 2 L1z, Total RNA Ot (. 5 1 ZEDE 2 &, 5 4 HERFR
DEETITOI=

$9IE FBtEER

24 D )LTL—HMIY LIz EBEA Y —k (Milicell N\ F2 T HRaEEA
H—k[Merck]) £ ® HBEC (2.0x105cell/well) [Z Lipofectamine 2000 % ALY T
siRNA ZJN—RRSRTxo0a0 Lz, —BREBEER. ToIC siRNA 520271
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9iavl, 24 BEEEL-, B@EREO LB (AU —rRAD B LV TER (/LA
EFETNZTN0AMLEKLV 0.6 ML DIMEFELRENEZELHLL DMEM (i,
S5IZ 48 BERIEELT=. 1 mg/mL FITC ZEHT XA (EHHFE : 4,000;
Sigma-Aldrich) ZFE:@ED L& IZFAIML. 30 43,60 73,90 #E LY 120 FA2+
AR—h R BBEO TN YU TILETNETNERL, FiBLf- FITC O#EXE
BEITILF o)L TL—k)—4 —(Molecular Devices) TRIFELT= (B2 : 485 nm,
3 : 535nm),

$101H fRETFHIRMT

T—REFHELAZHEIRE (SE) TRLIz(n = 3-6) , 2 BE D LLEL. Student’s t-
test #17o1=, LR D LLEIL. one-way ANOVA #IZ Tukey’s test 170, P {EAS
0.05 RiGDIGEEEZAEEHYELTHEMLI-,
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F3E  #ER

CLDND1 JOE—4%—1815 (-308 1 5+891) DR ELKR—F—(x T SIiEEE

CLDND1 DFIREBEHREMBLEHOMNZTH=OIZ, EFRZBF|% in silico
T H LU CLDND1 7AE—F— BB D BREHIR KL R—F—Z AL TS
— L R—2— BT LY EMEF#RETL -, UCSC Genome Browser [Zfi&ah
= ENCODE 7—4%#ERAL. 7EFIILERN D/ORFURBEREES LV
DNase | B ZMHREBDER.E 1 12 rAVESE-308 NH+891 DFEHEHZE
CLDND1 FOE—4—4f# T S & E L 1= (Figure 17A), CLDND1 #ETOE—
R—MEI DL, -308 M 5+891 DMEFEREELLIZEBEHIRELR—F—XY
F—ZRAWLYII5—ELR—2—@iTICKYHEL =, TOE—52— 7R +686
FTORKIE, RERBID+891 ELERT, 2.0 EOHELLBZEOEMERL =, &
(2. +491 ETORK(T. REKFID+686 LLLRT, 2.0 EOFELLEEOEME
RLUT=. LWL, +192 FTOREKIEREKFID+491 LLEART, BEELGELEZRSGEH
>f=(Figure 17B) , 512 BEMRZ R HEEEZRYRAT-HIC, RERDATETRD
ISESEMNRENT--308 N 5+491 DR ZRELL-BEHRELR—F—R045—
ZRAWTEH@L 7=, +609 FTORKIE. REFID+686 LLLRT, 1.5 EOFELIE
EHEOEMERLIz, ZNIZHL. +568 FTORKIL. RERBID+609 LLERT. FH
EHTIEERIEL Oz, SHIT, +529 FTHRKIL, REBTD+568 &EERT, 3.2
EOEELGEEDOEMETRL Iz, +491 FTORKIEL, REFD+529 LLART,
0.6 EDHEELREMDIE TERLT=(Figure 17C), LI LD #ER KLY, CLDND1 £
1 A2 rAVHFMD+529 MH+568 FEE ICEE NGRS (ALY —) DFEENRS
nit=,

MZF1 & &I T 5 MZF1 [EEES LUREEH

ALY —BIBICHEE T HEBEERFEHLNZT SH10HIZ. in silico BITE LU
TFBIND YI7rz7IC&YRREILTz, ZDHER. ALY —45EEIE myeloid zinc
finger 1 (MZF ) #EEEINTHHZ LD HEESN T, EF(NM_001040181) . Fhi 4
JL(NM_001265740) , ¥™2 X (NM_001252451) £ US5v+ (NM_001006955) ()
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MZF1 &8 EIF LB LIER. COBRINMERDEDEICEVTEEIZREFSN
TWWBIEM RSN Tz (Figure 18A) , #EFE MZF1 #EEEHIIZx 5 MZF1 DEEHE
AT EOIC. HERBIUVEERD MZF1 #EEINEESTLR—E2— 94
— (PMZF1-Wt XU pMZF1-Mt) 2= T2 5—FELR—2— BT & YET
fiL7=o pMZF1-Mt [X. pMZF1-Wt ELER T, $9 1.2 EDBELRIEESHEDEMERL
1= (Figure 18B) ., MZF1 & ESIICxd 5D MZF1 HEEMERITT 57=-0HIZ, MZF1
ZRFIFKE Sz HBEC ZAUL V= ChIP AIZ&YRET LTz, it MZF1 HiuiAZ AL
RFABEE (X, FERIE 19G RELERT, $9 2.8 (EDHEEMERLT= (Figure 18C),

CLDND1 BxEIIx Y % MZF1 OBESEISITHHM D510, H#E MZF1 #5
BEII~D MZF1 BEMHEIL L IS5 —ELR—2—@TIZ&YREI LTz, pMZF1-
Wt & MZF1 IRV 52— (pMZF1) DHFEBRICE THEEX. v bO—ILRI S
— (pSG5) LLERT. 2.0 BEOEELEMERLT= (Figure 19A) , THITHL.
pPMZF1-Wt & MZF1 Z1Z8&F 5 siRNA(SIMZF1) D #HERIZH T ZI6EHE. O
> hA—)L(siGFP) ELER T, 30% D H E XK FTZ KL= (Figure 19B),

MZF1 BRI RBRE LV /v IF2IZ&%H CLDND1 DHEBLR)L

CLDND1 DOEE(Z MZF1 QG A TRENI=1z . MZF1 BEIRIRE/vIF I
(28175 CLDND1 mRNA B KU AU RYBLAN L EZFNEN qQRT-PCR BLU DT
RETAYNEICKYEEML =, pMZF1 ZRWVBRIFKRIZE TS MZF1 LU
CLDND1 mRNA LAJLIE, 2> kA—/L(pCl-neo) ELER T, FhEFh 120 fEEH &
U 24 EOHELEME R LT (Figure 20A) , MZF1 £ &1 CLDND1 DA/ 98
LARILIZENTE mRNA LARJLERFRIZ, OV bA—)L (pSG5) ELER T, #FNEFh
2.0 fEH LU 25 FOHELEMA RSNz (Figure 20B. C), &5IZ. siRNA %4t
Ltz MZF1 /9959 1Z81+% MZF1 &1 CLDND1 mRNA LA LI, avka—
JL(SIGFP) ELERT, ZNEN 79.8% B LU 67.0%DEELZIE T %KL= (Figure
21A) s MZF1 &1 CLDND1 DAY BELARJLIZELTEH mRNA AL EFHR
(2.3 kA—)L(SIGFP) ELER T, ENEMN 39.4%E KUV 50.4%DEELIET AR
1= (Figure 21B. C),
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MZF1 /v F oI K5 HlRE O M E Ei&

MZF1 Z4rL7= CLDND1 HIRRH DR EEHET 5761, HBEC Z AL =#
e OMESEEMEZE in vitro F@M4RERICKYRETI LT, sIMZF1 [C&KHRNEHE
MZF1/vy9& ™ ik, avba—)L (siGFP) ELER T, FITC-THF RS %K% 30
53.60 73,90 #ELV 120 FITHNT, ENTN 24 E N5 B 1.2 BHEKV 1.3
EOMEEBMDFTEZEZRLT- (Figure 22A) , 512, BB HBRRIZE (TS
MZF1 &1 CLDND1 mRNA LR JLEFFEL IR, 2> hA—)L (siGFP) &L~
T.ZTNTN 31.4%B LU 23.2%DFHEGTET A RSz (Figure 22B),
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Table 3. Primers used in this study.

Primer

Sequence (5' - 3")

Luciferase reporter cloning (Mutated sequences are underlined)

pCLDND1-FW(-308) ATTCTACGCGTGGGAAATAAAATGGGTCAACG
pCLDNDI-RV(+192) AGCTGTCGACTCTAGCTCAGACCACAGCAC
pCLDNDI-RV(+491) GTTCGTCGACGCCGGACGCCTGCAGCAGCC
pCLDNDI-RV(+686) CCTTGTCGACGTTCATGAAAACAGACTCGC
pCLDNDI-RV(+891) TCTCGTCGACTCCTCAGTGCAACATACGTC
pCLDNDI-RV(+529) CTCAGTCGACCTTAAAGGGTCCCAGCACTG
pCLDNDI-RV(+609) TAAGGTCGACGACAACGAAAACTCAAAAAG
PMZF1-Wt-RV(+568) TTTTGTCGACTTAAAAATCCCCCCTTCATC
pMZF1-Mt-RV(+568) TTTTGTCGACTTAAAAATCCAACCTTCATC
pGVB2-FW CAAGTGCAGGTGCCAGAAC

pGVB2-RV CACCTCGATATGTGCATCTG

ChIP

CLDNDI-MZF1-FW CAGTGCTGGGACCCTTTAAG
CLDNDI-MZF1-RV GACCGCACCAAACACCTTAC

siRNA experiments (Synthesized siRNA sequences are underlined)

siMZF1-56-S-u
siMZF1-56-S-d
siMZF1-56-AS-u
siMZF1-56-AS-d
siGFP-S-u
siGFP-S-d
siGFP-AS-u
siGFP-AS-d
qRT-PCR
rtCLDND1-FW
rtCLDND1-RV
rtMZF1-FW
rtMZF1-RV

rt]1 8SrRNA-FW
rt]1 8SrRNA-RV

GATCACTAATACGACTCACTATAGGGCTGTCATGGTGAAGCTAGATT
AATCTAGCTTCACCATGACAGCCCTATAGTGAGTCGTATTAGTGATC
GATCACTAATACGACTCACTATAGGGTCTAGCTTCACCATGACAGTT
AACTGTCATGGTGAAGCTAGACCCTATAGTGAGTCGTATTAGTGATC
GATCACTAATACGACTCACTATAGGGCAAGCTGACCCTGAAGTTCTT
AAGAACTTCAGGGTCAGCTTGCCCTATAGTGAGTCGTATTAGTGATC
GATCACTAATACGACTCACTATAGGGGAACTTCAGGGTCAGCTTGTT
AACAAGCTGACCCTGAAGTTCCCCTATAGTGAGTCGTATTAGTGATC

CTAACTGAGCAGTTCATGGAG
TAAGCTTCGGCAAATGCAAG
CCCGGAGATGGGTCACAGTC
GCATAGTCCTAGGAGGTGTC
CGATAACGAACGAGACTCTGG
TAGGGTAGGCACACGCTGAGC
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Figure 17. Evaluation of reporter activity using deletion mutants of the CLDND1 promoter
region. (A) The putative promoter region of human CLDND1. The ENCODE project data in the UCSC
Genome Browser were used to identify a distal site located within a DNase I hypersensitivity site
(sensitivity: black boxes > grey box). A ChIP-seq assay (in which each color represents a different cell type,
and the stronger the binding to the transcription factor is, the closer the color is to black) suggested that
H3K27Ac is possibly involved in the enhancement of transcription. A luciferase reporter construct of the
human CLDNDI promoter region amplified by PCR using the primers FW (=308) and RV (+192, +491,
+529, +568, +609, +686, +891) is also shown. The construct contains the first exon (E1), including the
transcription start site (TSS, position +1), and the first intron of CLDNDI (starting at +218). (B) Deletion
mutants of +192 to +891 regions based on —308 to +891. (C) Deletion mutants of +491 to +686 regions
based on —308 to +686. HBECs were transfected with a luciferase vector in which the CLDND1 promoter

region was stepwise deleted, and the reporter activity was evaluated. Data are mean + S.E. (n=15). *P<0.01.
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A Exon 1 Met  +218 Intron 1
+201 GGAGCAGGAGERTGGGCHgtgagtgage/ /ctgggacect
+529 MZF1 binding site
+521 ttaaggtca|tttgagagcaccaggatgagggggga ttt

+568
+561 taaaaaatjcaaaatacaaatccaactttttgagttttcgt

Human CLDND1: +549 AGGGGGGA +556
Rhesus_Cldndl: +535 AGGGGGGA +542
Mouse Cldndl: +472 GGACGAGA +479
Rat_Cldndl: +455 GGACGAGA +462

MZF1 consensus: NGNGGGGA

B Relative luciferase activity
(fold of control)
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Figure 18. MZF1 responsiveness to the MZF1 binding site. (A) Schematic representation of the
human CLDNDI promoter. Sequence analysis revealed the presence of a putative MZF1 binding site
located at position +549 to +556 of the CLDNDI transcription start site (TSS,+1 to position). The exon
region of human CLDNDI is capitalized, whereas the intron region is lowercased (Met, translational start
codon). Alignment of the putative MZF1 binding sites in the human, rhesus monkey, mouse, and rat
CLDNDI1 genes: the sequences of the putative MZF1 response elements are shown, with the conserved
region of the MZF 1-binding consensus sequence being underlined. (B) The reporter plasmids pMZF1-Wt,
containing the wild-type (AGGGGGGA), and pMZF1-Mt, containing the mutated-type (AGGTTGGA,
mutated region is underlined), were engineered to contain a fragment of the human CLDNDI1 promoter
region from —308 to +568. HBECs were transfected with luciferase under the control of the CLDNDI1
promoter. Data are mean + S.E. (n =5). ¥*P<0.01. (C) Binding between MZF1 and the MZF1 binding region
of CLDNDI using ChIP-PCR (left). Results were quantified by PCR (right). HBECs were transfected with
an MZF1 expression vector and a CLDNDI promoter (—308 to +891) containing an MZF1 binding region.
Non-immune IgG and anti-MZF1 antibodies were used for immunoprecipitation. DNA occupancy levels

are indicated as a percentage (%) of input. Data are mean + S.E. (n = 5). *P<0.05.
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Figure 19. Responsiveness of MZF1 and MZF1 binding sites to MZF1 expression level. (A)
HBECs were transfected with an empty vector (pSG5) or an MZF1 expression vector (pMZF1) along with
the reporter plasmid pMZF1-Wt. Data are mean + S.E. (n = 5). *P<0.01. (B) HBECs were transfected with
50 nM siRNA along with the reporter plasmid pMZF1-Wt. siRNA transfections were performed using
siRNAs targeting coding regions of MZF1 (siMZF1). siRNA targeting green fluorescent protein (siGFP)

was used as a negative control. Data are mean = S.E. (n = 3). *P<0.01.
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Figure 20. Expression level of CLDND1 with MZF1 overexpression in HBECs. (A) HBECs were
transfected with an empty vector (pCl-neo) or an MZF1 expression vector (pCl-MZF1) for 72 hours. The
expression levels of MZF1 and CLDND1 mRNA were analyzed by qRT-PCR and normalized to that of
18S rRNA. Data are mean + S.E. (n=15). *P<0.01. (B) Representative immunoblots of MZF1 and CLDND1
protein expression in the HBECs. (C) HBECs were transfected with an empty vector (pSG5) or an MZF1
expression vector (pMZF1) for 48 hours. Protein expression of MZF1 and CLDNDI was analyzed by
immunoblotting and normalized to that of B-actin. Protein expression was quantified using the Intelligent

Quantifier. Data are mean + S.E. (n = 3). *P<0.01.
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Figure 21. CLDNDI1 expression level upon MZF1 knockdown using siRNA in HBECs. HBECs
were transfected with siGFP or siMZF1 for 48 hours. (A) The expression levels of MZF1 and CLDNDI1
mRNA were analyzed with qRT-PCR and normalized to that of 18S rRNA. Data are mean + S.E. (n = 5).
*P<0.01. (B) Representative immunoblots of MZF1 and CLDND1 protein expression in the HBECs. (C)
Protein expression of MZF1 and CLDND1 was analyzed with immunoblotting and normalized to that of
B-actin. Protein expression was quantified using the Intelligent Quantifier. Data are mean + S.E. (n = 3).

*P<0.05.
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Figure 22. Permeability of FITC-dextran in MZF1 knockdown. HBECs were transfected with
siGFP or siMZF1 for 48 hours. (A) Effect of MZF1 knockdown on FITC-dextran permeability. Data are
mean = S.E. (n = 6). ¥P<0.05. **P<0.01. (B) The expression of levels of MZF1 and CLDND1 mRNA were
analyzed with qRT-PCR and normalized to that of 18S rRNA. Data are mean + S.E. (n = 6). *P<0.05.
**p<0.01.
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Eaf  BE

F 1 E(ZFEHL7=& 52, RORa (& CLDND1-RORE(-297 Hi5-286) IZ#E&L.
CLDND1 OEsEHREICEAEL TSI EMRENT=, LA, B FDEFTERE L.
BHROGERFICKYBEEREZIT5IEAREINTINS 5, ZSTEREIZEL
TI. CLDND1 OB HREHBIC T 2R ESRFOE SISOV TRE L=,

ENCODE 7—AZ#RW=7EFILLER N DIAIFURERBRES LV
DNase I B2 MHHEBOERKY. F 1 10 OVEFET-308 hh5+891 DFEEZEE
CLDND1 7OE—42—fBE TH S EHELT= (Figure 17A), LA L. CLDND1 1>+
A EEICx 3 2EEERFOFZEITHESMISNTULVEWL, ZZ T8 1 />bAY
I DEBHGERAERIZEDIL S TF—ELR—E—BITICLY . [EEEERE
Lize ZORER.FE 1 4A2bOVIZUODDBEMNLGY AL —EEEEELT,
FTH+529 Mi5+568 $EHE L. CLDND1 DEE(CxL THREIMFIMICERTHE
MR Ent=, (Figure 17B. C),

in silico fRFTIZ&LY . E 1A AVIZHERET DT AL —(+529 M 5+568) ~fE
BT BEERFELT MZF1 Z4ELT-. MZF1 (£, P94 0 H—REBERFT
HY.2 27203t Y REEH| 5-AGTGGGGA-3 % 1-E 5-CGGGNGAGGGGGAA-
FITHEAL. BIFRBZALG TS %, SHEH.FEL-Y AL —HEEIE MZF1
AVt Y AR EEWERIMEZERL =, £- . EMNOY IO RETEEICREENT
£Y.CLDND1 EEREICHEEZRIFT LAV TH L ATREME A REN 1= (Figure
18A) o W TI5—ELR—2—BTDHEREIY . MZF1 HEEESICEEZBATD
E.RBEHEDEMMARENT- (Figure 18B) , 512, ChIP &IZ&kY MZF1 A
CLDND1 D% 1 /> bA> D MZF1 #EEESIZHEE T 5 RSN = (Figure
18C) . MZF1 (&, HIFBNIRIFICIGL T, SESFREGRFOEEFHILEF (TOF
R—A—) BLVEEIMHIEEF (VT vy —) ELTHEET S, Bl Z (. HEARIETE
PHMEDHIEHIZEEH D AXL, REMBOT—H—72FTHS CD11b $&U CD14
BEDEBFITHLTIETIFAR—2—LLTHEEL 061 c-myc 4> | B/ R Uk
BRERFZERARGEEGFICHLTIE) Ty —LLTHEET I LR ESNT
W5 6288 ChsDEERMS, MZF1 [ CLDND1 OHALoH—[ZxiLTEHITLY
H—LLTHEETHIENEZ NS,
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WO Tr5—ELR—F—@BOFEREY . MZF1 BEIFERIL, ICEEDEMNER
Lizo ZNIZHL. siRNA N LTz MZF1 /9985 L, e EEDIETERLT:
(Figure 19), ChioDFERIE, MZF1 A CLDND1 D 1 1V FAVIZHEET S
ALY —EEICHEEL. FRICRLTTIVFAR—E—ELTERT A I LN RES
N, BEIFEIBIZKSD MZF1 HEEHLARJLDEEMIL, CLDND1 mRNA LU 2 /Y
BLALEEEICIEMEE 5% R (Figure 20), 512, siRNA [2&% MZF1
LARIILDOHNHIIE, CLDND1 mRNA BE&UFUNRIBLARNIILDOFEEGRVERLT:
(Figure 21) , Ch oM &M S, CLDND1 DEB AT IL MZF1 DHIBL RILIZIKTE
LTWBIEN R EINT-, B @EMEHRICE LT MZF1 /ooF D MfalE. avkA
— L#ERE (siGFP) ELER T, MilaR O EZB M D TEZ RLT=(Figure 22) , Th
LDFERMND. MZF1 RBELAN)LDOHNIHIIZEKY CLDND1 (B FMHILZEHIFIL.
CLDND1 LRJLDIETZEELT- TIs DA LEIERIT RN RENT =, L
f=M>T. MZF1 [ CLDND1 QEsEEREIHL T IFA—2—EL THEEL TLVS
EMRENT=, T VA—T AV I73)—ERFRIC Ts AT AIEZ/NVET
H3 N-DEANY U DEFRHICENTE MZF1 OBEENREShTINS %465, L1
MoT. MZF1 DEREEMHIEIE CLDND1 45 N-ARAYUEED TJs RERLIZEEES
BRAVINVEDRBEETTESE ., TIs BEZREICRDOIENEZILND,
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58T /ME

AEIZBFTAREFHICEYUTORMENGEONT=,

1. CLDND1 % 1 /AR D+529 M i5+568 HIZ MZF1 #EEESIZET YA
Lo —mREnr,

2. MZF1 (& CLDND1 % 1 1> bOVREIHR D MZF1 FERESHICHEEL. REMIC
ERT B2 EMRENnT=,

3. MZF1BFE|FIIREIZHLIT, CLDND1 mRNA BELXUVRUN\IBELANILDEMNEE
LATEMNRENT=,

4. siRNAZH L1z MZF1 D/v9 3o (E, CLDNDT1 mRNA BLUV AU/ ELA
IWDETZESIEEIL., MiaF0OMEEBEERTET S ENTINT,

UEDFERMNS, MZF1 [£ CLDND1 % 1 /o AVEEBOYALUY—TH S
MZF1 #&&E25 (+529 M5+568) [C#EE I S &ITkY ., CLDND1 D FEIRFR & (%t
LIRERMICMERL TWS I EN S M ELE o 1= (Figure 23)

FIOFA—5—
@ —BHRR 1
1 R 1 I9o59 B
+ i .
— CLONDIES gy 5 — | wrEal 1
+529 ‘ +568
— ] ALY
promoter exon1 intron1

Figure 23. CLDND1 F 1 /> bOV DY ALY —IZxtT B MZF1 O FIF RS 1848
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% 4 E CLDND1 JOE—4—LiREEICxT S MZF1 LU SP1 OREEA

F18  Fi

% 3 ETitbL=&DIZ. MZF1 [X CLDND1 5§ 1 /o bV FEEBO YA LB —
TH5HMZF1 FFEEH (+529 Mi5+568) [ZHEE L. CLDND1 DEREERE [TX L TR
ERIZERTAIENTRENT -, —IBHISEBEFORBALSIL. EMNBEEFDES
FieREYL EROTOE—2—BEICEREERFAIERALAEH SN TS, X TK
BEIZHLTIL. CLDND1 FRE—4—LEREEHICEAL. 5 2AH T HEERAT
[ZDWVTHRETLTz, #1612, CLDND1 D #E T OE—42— L8 (1017 1 i5+192)
ZERBEMICRARSE BRSOV TEHEL -, ZNICKYEE LI-EE R EED
BT HEERFERRLIFER. MZF1 £ KU Specificity Protein 1(SP1) D
BEMNREN=F20. MZF1 LU SP1 OEEBEESLUVESHEEIHEL-, RIZ.
MZF1 £ & SP1 DBE| FIR(ZH (175 CLDND1 mRNA LARJLEEHEL -, S5I2,
TOE—8—ERDIVNH—ELIUVE 1 1OV HF ALY —ITHT D
MZF1 IS DEEIC DL THLERLT-,
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B1H  MiagE
HBEC MIF&EIX. F 1 EDE 2 i, 5 1 HERRDEETIT O =,

B2 LR—8—~V58—DHEE

Ek CLDND1 7RE—4—4{8ED-1017 h5+192 ZHEELL ., ERBERIE R % DNA
BT 1 Table 4 I25R$ 754 —%FALVT PCR IZ&YIEIELT=, D DNA 5%
Miu I /Sal I THEL, pGVB2 XJ4—®D Miul/Xho I EHLIZHEALTz, TS5 RIR
Do—YIVABHBFIVERIL. F1EDE 2 i, 5 6 HERBZRDIEETITO -,
Ftf=. TOT—A—fEEFE-TE 1 1O OB O MZF1 #EAE 5|0 3 [E#EYRL
B3 LR—4—~RH4— (pMZF1x3-promoter £ &1 pMZF1x3-intron) [,
MZF1 #EEEND U REH LUV ToFEU XEEHEL T Table 4 (TR BHHLEA)
TIXYLAFRICEY . FE 1 EDE 2 8, 5 6 HERKDIRIETHREL -,

¥3IE FIURTIVLAVELVILSTS—EEEBRIE

FSURTzO2avBELIWILIT5—EERBIEIX. EIEDE 2 8. F 31EE
FHEDIRETIT o=, BEIFIRL. 100 ng MZF1 IR 42— (pMZF1 Zf=I% pCl-
MZF1). SP1 EITEAY5—(pSP1) Fizldar bA— LRI A—(pSG5 Ff=lE pCl-
neo)Zxabo X7z 3 L1 =,

%415 ChIP %

HBEC % 4.0x10°cell/well T 6well [Z#&#EL . 90%3aVTILT U R([ZEHET—HE
&%, 500 ng L T5—HELR—F—A_942—(CLDND1 M-1017 M5+192 %
EL) & pMZF1 =1L pSP1 2 FNEFNANSU RT3 L=, 14 BRI, M
BEMEYMEEZECHLL DMEM [Tk, oI 72 BREEEL-, RELER
IS, 31 MZF1 $u4k. $1 SP1 $i4k (Santa Cruz Biotechnology) &1=13 3k 9% 1gG
RAZAVT. E2EDFE 28, £ 2EHEEABROBRIETIT ol BXMEEEEL,
B 3EDE 2 £, 5 4 HERKROBETER LIz, ALNMT54<—I[& Table 4 I
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G

%561 gRT-PCR
HEEH LU qRT-PCR (& Table 4 TR TS5AY—F AT, 1 EDE 2 #i.
5 5 HERHBRDEETITo =,

$6IH BEIRR

HBEC % 2.0x105cell/well THEEL .. —BiEER&. Lipofectamine 2000 ZFAL T
500 ng MZF1 IA%%— (pC-MZF 1), pSP1 Ft=lFar kO—LRY4—(pSG5
F1=& pCl-neo)Zh 52 RTx9230 LT, 12-16 BRERIC. MFEMEMEZED
# LU DMEM [Z3X#L ., S5(2 72 BrfEIEEL =,

B7EH  HREHFRIEN

T—RIIEHEHZAERZE (SE) TRLI=(n = 3-6) . 2 BEREID LLEL. Student’s t-
test Z1TLV. PEN 0.05 RiEDHEEZEEEHY ELTHELT=,
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F3E  #ER

CLDND1 FAE—4—%Hlg (-1017 H5+192) D RELKR—E2—ITx T DB

CLDND1 QEBEHEICxT 5T 0E—4— LREHDEZEERHLNIZT 5120
. EMERTEEZ LI —ELR—3—BITICKUREL-, F1OI. -
1017 Mo+192 DMEEZEELL-BEHARKLR—2—RI8—ZRAWTHES
ZEMEILz. TRAE—F—FEEICHEVNT-734 FTORKIZKDEEMRT. REKBID-
778 LLEAR T, #9 50% DB ELIE T E KL= (Figure 24A) , SHI2, B HE <Y 48
HERY AL T=HIZ, -778 M io+192 DEFERELLI-BEHRELR—F—XY
A—FRAWTEHEL-. TRE—2—MBEIZHVT-734 TTORKIZKDIGEMEIL.
RRRID-742 AT 40%DEERIETZRL = (Figure 24B), LLEDHER
&Y. CLDND1 FOE—4— LB D-742 Hi5-734 FEIHICERBR AL S| (T
NY—) DFEENRENT,

IUNY =23 D MZF1 &Y SP1 DI EELHESHE

TN —BEICEE T HESERFERSHNCT 5101, in silico EHiE LUV
TFBIND Yoz 7IkYikEtLTz, CDFEBIIL. MZF1(TCCCCNCN [N;A (T,
G. Ft=1& C1) LU SP1(WCCCRGCCCRCI[W;A Ft=E T.R;A F-IE G D
AVEVYREHEFNTN 87.5%B &V 70%DHEEMEERLIz, COEEIHEE
9% MZF1 B8&U SP1FEEEIIEL. THTHFIL. IVRBLUSYMMIELTE 50%
LI EDEE TRESA TULV= (Figure 25B) , T /\UH—fBEICxT S MZF1 &
U SP1 DIEEHEERET 21012, TUNUH—FEE (742 HH+192) HABUNE
RESET=(-734 HhH+192) LIR—E—RYF—FFhTh. AV bA— LRI E—
(pSG5) . MZF1 HIRARY5Z— (pMZF1) $H B & SP1 HIRAY2— (pSP1) EHFKIT
L. T5—ELAR—2—BITICEYFFEILI-. TNV —Z 8T (742 K5
+192) HBHNER K S 1= (-734 Hh5+192) FEIFIC* TS MZF1 DIEEHEE, avk
A—JLELERT, FREFNH 2 EE LV 1.5 EOAELEMERL=, =, TN
DY —F B (742 Hho+192) SR DS B I RESET=(-734 HhH+192) 188 &
AT, BELGETERLUIZ(T—42K$BE : Figure 26A;*p<0.05.) , THLIZXTL.
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IUNHY—ZEL-T42 HH+192 FEEICXT S SP1 DIREFEE. avka—)LE
AT # 50%DEELHETERL Iz, SHIT. TNV Y —ZFZRESET--734 o
+192 MBI DICE M FAELEILE RS M >T= (Figure 26C), 2T, T\
—IZx9 % MZF1 £LU SP1 DFEEHERET T 51=HIZ. MZF1 E£fzI& SP1 Zi&
FIFIFHEE - HBEC & ChIP AICKYFHEIL 1=, 1 MZF1 fiifkE LU SP1 $iufkIC
FEREABEEIL. ERE IgG FUIKELLRT, TREN 55 EH LU 3.0 EDHEE
4%~ L71=(Figure 26B,D),

MZF1 8XU SP1 BFIREIZH+5 CLDND1 O mRNA LRJL

MZF1 & U SP1 @BEIFIHIZ#H (5 CLDND1 mRNA LR L% qRT-PCR [2&Y
FHELT-, TDHER. E I EDE 3 HLRAKIC MZF1 BEIFKRIZHITSH MZF1 H&
Uf CLDND1 mRNA LARJL[E, AV bA—JLELERT, FNFh 160 EE KU 1.6 £
DB ELIEMERLTZ (Figure 27A) . — 4. SP1 BEIFBRIZHLVT SP1 mRNA L
N)LIE 6.4 EDOFELGEMERLIZ, TNIZxIL T, CLDND1 mRNA LANJLIEEE
BEALFRS/EM 1= (Figure 27B)

INUY—EY ALY —hD) MZF1 SR ERSIZHT 5 MZF1 OIEE D LB

AETRELLTOE—F—LRBEHEOIUNAH—ELUE 3 ETRELIZE
1AMV EEB O Y ALY —IZx LT, MZF1 2 &P e B D58 S F LB 9 51
HIZ. & MZF1 FEEESID 3 BERRYRLEINZELLHR—F—Ro2—FAL V=)L
75— ELR—F—BMICLYRENETEL-. TOHER. TOE—4—LiRE
BOIUNY—ELUVE 1 /UMAVEEOY ALY —DNEEE. 2vbA—
IWEERT  ENTh 2.2 BELUV 1.7 EOFELIEMERLT- (Figure 28), 70
E—R—LEREHEDOIUN A —DIEBEEIE. E 1 1O PAVEBOF AL —L
HRT M4 BOFERIEMERUZ(T—2KEBE) .
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Table 4. Primers used in this study.

Primer Sequence (5' - 3")

Luciferase reporter cloning

pCLDNDI1-FW(-1017) GCATACGCGTATCAGTTTCACCCACTCAGG

pCLDND1-FW(-827) GTCACGCGTTCAGCTTTCTCTGTCGGTTAC
pCLDNDI1-FW(-778) CATACGCGTGTCCCAGGCCACGTTAATAG
pCLDNDI1-FW(-734) GTCACGCGTTCCTGTCCATGAATTTCTGTG
pCLDNDI1-FW(-678) GAAACGCGTTTGCCCCTGTGCCACACATC
pCLDND1-FW(-660) ATCTGCGAGCTCCAATGCTGTCCATGACCTTATCTGCTTG
pCLDNDI1-FW(-762) GCGACGCGTCTCATGTTATTGTTAAGATG
pCLDNDI1-FW(-742) GCGACGCGTTCCCTGCTTCCTGTCCATG
pCLDNDI1-RV(+192) AGCTGTCGACTCTAGCTCAGACCACAGCAC
Promoter-sense TAAGATGTCCCTGCTTCCTGTC
Promoter-antisense GACAGGAAGCAGGGACATCTTA
Intron-sense GGATGAAGGGGGGATTTTTT
Intron-antisense AAAAAATCCCCCCTTCATCC

ChIP

promoter - ChIP-FW CCTCTGGTCCTTGAGTCAGC

promoter - ChIP-RV CAGATAAGGTCATGGACAGC

Intron - ChIP-FW CAGTGCTGGGACCCTTTAAG

Intron -ChIP-RV GACCGCACCAAACACCTTAC

qRT-PCR

rtCLDND1-FW CTAACTGAGCAGTTCATGGAG
rtCLDND1-RV TAAGCTTCGGCAAATGCAAG

tMZF1-FW CCCGGAGATGGGTCACAGTC

rtMZF1-RV GCATAGTCCTAGGAGGTGTC

rtSP1-FW CAGCACAGGCAGTAGCAGCAG

rtSP1-RV GGAGTTGTTGCTGTTCTCATTGG
rt18SrRNA-FW CGATAACGAACGAGACTCTGG
rt18SrRNA-RV TAGGGTAGGCACACGCTGAGC
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Figure 24. Transcriptional activity of the promoter region of human CLDND1. Human brain
endothelial cells (HBECs) were transfected with luciferase vectors carrying stepwise deletion mutants of
CLDNDI1 promoter region and evaluated for reporter activity. (A) Deletion mutants of —1017 to —660
regions from the region spanning —1017 to +192. (B) Deletion mutants of =778 to —734 regions from the

region spanning —778 to +192. Data are expressed as mean =+ standard error (n = 3). *P<0.05.
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MZFA TSS MZFA
742734 +1 +549 | +556
—IH- H &+ I—
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“* by ChiP-seq
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Rhesus Cldnd1: -759 TACCTGCT -752 -759 TACCTGCTTC -750
Mouse Cldnd1: -762 TCTTCTCT -755 762 TCTTCTCTAC -753
Rat Cldnd1: -767 TCTTTGCC -760 -767 TCTTTGCCAC -758

Figure 25. MZF1- and SP1-binding sites in the human CLDND1 promoter region. (A) The
results of the DNase I susceptibility test (sensitivity: black boxes > grey box) and the chromatin
immunoprecipitation sequencing (ChIP-seq) assay for H3K27Ac (each color represents a different cell
type; the stronger the binding to the transcription factor, darker is the color) are shown integrated in the
ENCODE project data in the UCSC Genome Browser. The transcription start point is +1 and the estimated
MZF1-binding sites in the first intron and promoter region are shown. (B) Sequence of human CLDNDI1
promoter region —750 to —720. Alignment of the putative MZF1- and SP1-binding sites on CLDND1 in
humans, rhesus monkeys, mice, and rats. The sequences of the putative response elements are shown, and

the conserved region of the binding consensus sequence is underlined.
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Figure 26. Evaluation of MZF1 and SP1 responsiveness to enhancer sequences in the CLDND1
promoter region. (A, C) Assessment of MZF1 and SP1 responsiveness to enhancer regions. Human brain
endothelial cells (HBECs) were co-transfected with a luciferase reporter vector ligated from —742 to +192
regions or —734 to +192 regions with a MZF1-expressing vector (pMZF1) (A) or a SP1-expressing vector
(pSP1) (C). Empty vectors (pGV-B2 and pSGS5) were used as controls. The responsiveness of each
transcription factor was evaluated by a reporter assay. Data are expressed as mean + standard error (n = 3).
*P<0.05. (B, D) Assessment of MZF1 and SP1 binding to enhancer regions. HBECs were co-transfected
with a plasmid carrying the human CLDND1 promoter region (—1017 to +192) containing the enhancer
with apMZF1 (B) or pSP1 (D) vector. After 48 hours, the binding intensity of each transcription factor was
evaluated by a chromatin immunoprecipitation (ChIP) assay. Anti-MZF1, anti-SP1, and nonimmune IgG
antibodies were used for immunoprecipitation. DNA occupancy levels are indicated as percentage (%) of

input. Data are expressed as mean + standard error (n = 6). *P<0.05.
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Figure27. Human CLDNDI1 expression following overexpression of MZF1 and SP1. (A) Human
brain endothelial cells (HBECs) were transfected with an empty vector (pCl-neo) or an MZF1-expressing
vector (pCI-MZF1) for 72 hours. (B) HBECs were transfected with an empty vector (pSGS5) or an SP1-
expressing vector (pSP1) for 72 hours. The expression of each mRNA was analyzed by quantitative RT-

PCR and normalized to that of 18S rRNA. Data are expressed as mean + standard error (n = 5). *P<0.05.
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Figure28. Comparison of MZF1-binding capacity to the promoter and first intron sites. Human
brain endothelial cells (HBECs) were co-transfected with an empty vector or MZF 1-expressing vector with
a luciferase reporter plasmid containing the MZF1-binding sequence of the promoter site (A) or the first
intron site (B) of CLDNDI. The luciferase reporter plasmid contained three MZF 1-binding sites to directly

increase the responsiveness. Data are expressed as mean + standard error (n = 4-5). *P<(.05.
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g4t EBEE
% 3 E(ZEEakL1=&3IZ. CLDND1 % 1 1> bE> D MZF1 A ELIE Y AL
—EEICHEEL TV, COMEBIEY ALY —THA=6H. @F . £EERRIZEL
TITLyH—DrEELEEEIHIL TSI ENEZOND, LML, MZF1 Z#8F|
RRSEHBR. FAILOY—ITHEELTIVFA—F—ELTERL -, —RERIISE
EFORBRREGL. EHNECFOEEMBRLYLEROTOE—F2—BEICEE
EFHEAL. EEEZFAFL TS, £Z T AEIZHL\TIX CLDND1 OTAE—4
EiRMEEICEBL. BREREEBOMBALTE AT,
TOE—4—LERBEHEDOEEMEF. BEHLERKIZESILSTIT—ELR—4—
RHTICKYREILTz, TDFER. -742 hh5-734 FEEMNT /0P —THY CLDND1
DELEICKELFET HENHEBISNT= (Figure 24) , UCSC 7/ LT S5OH—D
ENCODE 7—ZIZ&B3T7EFILILERM DHYOIFUREIREEZS LUV DNase
BRIZMHRBROFER, L. COBEFICH T IETERFORGHEFENDIEMN TSN
f= (Figure 25A), LML, SEIREL=-742 M5-734 OFEFHIITIV NV H—THY
CLDND1 MERE I L TREMICHER T 2 EMNTHBENT=, in silico fRHTIZKY .
TOE—A2—EREBOIUNDY— (742 HhiH-734) IZFEETHEERFELT
MZF1 8&U SP1 #HELz. Eb. THTHIL IVREBLUSYED I NI Y—
BD MZF1 &YV SP1 AV Y REFIOHERMEELLE LR, EMIBT
MZF1 & U SP1 #E&ESIIE. ELVERMZ KL= (Figure 25B), L2 T715—F
—S—fEHfTH KU ChIP A D#ER KLY, CLDND1 7AE—4—EFBEHO I/
DY —(-742 i5-734) I MZF1 F1=1% SP1 A& 9 5& CLDND1 DEZEIZxL
T, TR ZNREN T ITMFIRICERT AR EINT= (Figure 26) . BEFIF
B2k MZF1 mRNA LR JLDEMIZ. CLDND1 mRNA LRV DA B NET
Lfzo ZRIZHL, BEIFIFICES SP1 mRNA LAR)LOEMIE, AELETILETRS
trhvo1= (Figure 27), SP1 [£. CLDND1 DIEELARNIILETEHELLZNIEMND,
MZF1 OIUNH—ICx T DEEEEHREMICEEEL. MZF1 ([CKEEFDRESE
AZREBEIE TSI ENEZ LN,
W75 —ELR—2—@TOHERLY ., TOE—2—LEREFDIT /N H—
X .8 1 /ArAVEBOY ALY —LHERT MZF1 IZXHT 55 EEEERL

66



f=(Figure 28), &L, TN H—BXUH ALY —IIXTDH MZF1 OfEEH
[CDOVWTARERKUE 3 ED ChIP JEDELEICKYIREI LTz, 31 MZF1 fiufdZ AL
FIVNY—BLVY ALY —DREXBRER. ERE 19G AFELERTEN
Fh 55 EELV 2.8 & THot=(Figure 26) , CNHDEERMN D, BEIFRIFSE1-
MZF1 £ 1 AVFAV DY ALY —EEART, TAE—F—LROIU N Y —
[CRHLTTIFAR—E—ELTERUERAL TSI EN TSN,

CLDND1 % 1 /> bR D MZF1 $EBEBHIE ALY —THY .. EFE.UTLy
H—EEL. IFIMICEIENEZEZOND, LML E 3 ETRRLI-ELIIC,
MZF1 #BFEFRTFIEDHE MZF1 DALY —ITHEL. TIFR—F—LLTHE
B3 5%, Zn(cxfL T, CLDND1 7BE—4—LHE N MZF1 #EEEBIlIEITo /Y
—THY. BEDEKRRNIZCEWT, TOFA—3—THAH MZF1 HsEEL. (BERIC
BEENBZOND LLEDTEREY. BEDFEBRLANILELTHEET S MZF1 1,
CLDND1 7OE—42—EFRD TN Y —(Z58<{#EFHT5H_LT CLDND1 DEE%
REL TSI EMNTREEINT =,
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58T /ME

AEIZBFTAREFHICEYUTORMENGEONT=,

1. CLDND1 FOE—%—EifEEMD-742 H5-734 A2 MZF1 KLU SP1 #4&
BIEST TN\ Y —h RSN,

2. IUNIHY—FEIE(-742 Hh-734)I1ZxtF B MZF1 B&U SP1 [&, ThEn iR
HE (T OFA—E—=) BLUIHE Qo RT42—)MIZERAT I LD RSN,

3. MZF1 8&U SP1 BE|$3H(X. CLDND1 mRNA LARLIZHL T, FRENE
M(TOFAR—E=)BLUVEZELEN (QVRT1E—) TEMNRSNT,

4., MZF1 BEIFEBRICEWTIOE—4—LREZOI N Y—EX E 1 1000
DY ALY—EEART, BEBERT AIENTRENT,

L ED§FEREMS, CLDND1 FOE—42—LEHEEO I /oY —(Z MZF1 & SP1
NEEL. TOFR—E—THS MZF1 ORMEE S LUIEZHIZLY . CLDND1
DEE R I L TREMIZIER T 52 EA AL M E1E>T= (Figure 29)
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Figure 29. CLDND1 F7AE—4—LEHRDITU/N\VY—IZxd 2 MZF1 & SP1 DE ST #E
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MEBEBEDTEESIESHEIL. BBB DRIEFEL TINEREFHKITHIENER
Y (R

ABFE TIE. CLDND1 DO HRBFEHES SR DU TH&RETL 1=, Figure 30
[ZRT K32, 5% 1 EITHLVT,RORa [ CLDND1 FRE—4—fBEHO I /Y
—T#H% RORE [CEEHEEL. 79FA—4—LL T CLDND1 OEERHICEEL
TWAIEEBELMZLIZ, F 2 EIZHULVT,. RORa #4rLf= CLDND1 M FIR R4
[ZxLT RORa YAHVKRTHAIALRATO—ILEDHELRIIL-, FOHKE, ON
RAFUIZ&KBALATA—)LEDOETIL, CLDND1 FRE—42—fEEICHFET S
RORE ~®M RORa #& & &1 CLDND1 MHIBRAE <x L THIHIMIZERT S
CEFHLMIILTz, LWL B TFORBFRHIIEROEERFOHEEERAIZLY
HEEZTHIENHMONT NS, ZETE I REITEVLWT. HIRGEERFOBEIZD
WTHRELI#ER. MZF1 AY CLDND1 5 1 /> rOVEEBO Y ALY —THD
MZF1 #E&BSIHEEL. 7UFAR—4—ELT CLDND1 OFIRFEHIBEESLTL
BHIEEHALMICL Iz, £ MZF1 OHRBRETIE. MM OMEE LT TESE
HIEELHALMNIILEz, COEEIEH ALY —THLHIEMN L. BE. £ERAIZEL
TVILyI—DEENRNEEZOND, —RNISEEFOXRBRAL X, TOE—
A— L RAEFICBEERFAMEAL, AT HIEN D, E 4 ETIE CLDND1 7AE
—a—LEiREEIC OV THEIL-, ZOHR. TOE—4—LERE"OT /N H—
[ZxLT MZF1 & SP1 AHEEERALTIFA—E—TH5H MZF1 OEEIZLY
CLDND1 QHFBEFEMS TSI LEBALM LTI,

ARARICEVWTESR (L. MAEEESF CLDND1 (239 2EEREF RORa &
U MZF1 OBERLUICTaLRATA—LENLEFRERAHEELZMEBEL.
Figure 31 IZ7RT KSIZBEALRTA—/LIYEIL., XM BERNEMEESOIL AT
A—/LEEETERIZEEERF RORa #4rL7z CLDND1DEDIZ&Y., Tds Bk
Ae#F5|ERIL. MABIEFLET HIENTE SN, Tz, BEERF MZF1 D
{ETI&. CLDND1 4> CDH O # £ L ME F@METTH#IZ LS BBB DFRIRESIE
BRIl ALATA—VIERFRREMEFR T L ENBZON T, KARDHR
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