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CKD B2HE2EBDODIvEVR 201 =3

1.

CKD (BitElE®m) &i& BREOBE (BERKELE), HULIE GFR GREKMFEE
8) 60 mL/53/1.73m? RBDOEHHE TN 3 hAL LT 56D, THD.

P

HE GFR (eGFR) I TOImEY L7 F = O#tE (eGFRcreat) TEIHT 3.
DVESFERE THRUMERE OHREOTIHICATWESICRIEVASYF > C
(eGFRcys) O#EXHKIDETHS.

St
eGFRcreat(mL/43/1.73m2)=194 X Cr~1-094 x £ f470-287
eGFRcys(mL/43/1 .73m?)_(1 o4><Cys -C1019% 0.996 *¥) —8

Eog s
eGFRcreat(mL/43/1.73m?)= 1 94 x Cr 1.094 3 ££#5-0-287x 0.739

eGFReys(mL/43/1.73m?)=(1 04X Cys-C018% 0.996 F# X0, 929) —8

CKD OEFEEGER (Cause : C), BE#ss (GFR: G), BAR (FILTIVR:
A) L&D CGA H¥ETEHET 5.

CKD (&, CVD (DMIEHRER) HKXU ESKD CREIETRR) REDEELURXIT7
O5—THD.

CKD BEDZEICIE, MDD DI ELEBREEFIEOZEEENEETHD.

NFOWT DB EEREPIENEN T BT £ UL
““a&ﬁtﬁﬁaz+u¢

1) R&H 0.50 g/gCr BlE %
2) %Eﬁtﬂﬂﬁb\tﬂakﬁﬂ
3) 40 ki nl/%3/1. 73m2ﬁe‘ﬁ
408 E TOBRTE G 3/1.73m2 K5
TORE GFR;'A; mU/H/.T3m K

CKD igiRIcH iz o TlE, FTEEBBEOWE (BRE, ®E EROWERLE) =
15.

CKD ZZEOmEDEEHEFE 130/80 mmHg LT TH%.

R




CKD gEZEOI vz 2012

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

EEEICBVTIE 140/90 mmHg ZBEICREL, BHEEEL PR DEMER
HHSNEVNC EZEEL. 130/80 mmHg UTFICEEICEET . Fic, IHEH
MAE 110mmHg RENDREEZEITS.

BERREED LU 0.15g/gCr LI E (PIVT =R 30 mg/gCr LI L) OBHKR%EHE
THREEICBVT, E—BIROBEEIZ ACEEERE 7 VIAF Uy USHEEER
# (ARB) T® 5.

EBRD 0.15 g/gCr RinDIFMERREBEEDORECE, BEZDBRZEDEL.

BEEHR (0.50 g/gCr Ll L) =27 5%EF - PEOFEETIF, KREHO0.50 g/
gCr KimZBEEE UTC RAS BBEEZER UL TRET 5.

ACE BEEZY ARB &5KIClE, MBI L 7FZ/ED LS (eGFR DET) PEK
IMEICERT D.

PERA ClFIMAEZ HbA1cB.9% (NGSP) KalICEBET .

CKD Tl& CVD OFRhZZH T LDL LA O—)Uid 120 mg/dL KEIC IV b
a—-ILg 3.

CKD BEDAIMTIE, EEEHMEEZRRAL, TTUF 100 ng/mL BIERT:
(& TSAT20% LU ETHHREL TVWEWT LZFEEET D.

BMARNICWT DIRMmESIMAMEAFRAE (erythropoiesis stimulating agent:
ESA) ZFEARAUCBEOBEEIR, Hb10~12 g/dL TH 3.

CKD RF—¥ G3a &b, MiEP, Ca, PTH, ALP OEZ&—7={7L), E¥EEN(CHE
F9aLD, BUIERAERZETD.

CKD XF—Y G3a &b, B KM, K#EF Y R—YACHT DEPNEREZ
15.

CKD BEICEBESHOEMRSZERITS, BHHEEORESIBEREECINU THE®
BREEROLERZITS.

S EBHEAEDEITIE 18 ML THS.




‘JDCKD%% ﬁCDI“J'lZ 12012

. BRNNROEESRACKDMBEI U7 F = (Cr) OBEBHWERSN, TN=ZFEH
UCEHEEEZOFMITRETHSD. BENTHHDD%RTD eGFR [EEtHEH
e CHD, FIRE2mUL 11 MUTONEICDWVTHE,

eGFR (%) = (0.3x&& (m)/FEZFODIE Cr{E) X100

TREND.

. BRRRICBVCES AL EIRORBS COEMEBNELEZUTDOESD
THD.

SREESLORES - JUFPFIVH (g/gCr) HEnzEn

f2E.  0.2~0.4 9/gCrlF, 6~12 HERETHEN

2. 0.5~0.9 g/gCr (&, 3~6 HERETEN

HEE,  1.0~1.99/9Cr 1§, 1~3 NARETEN

U, EREBLSHENBEDSHT, TRO 2~6 KRR - HHT
BHICHPIECEREIHBNTD.

,%Wmmﬁ( DERENMFEESD)

| Emr MmE7ILI= 3mwmxﬁ

o 0N WD

. INEDETUTe CKD O L [FFEXRMEBRIEEE (CAKUT) THDOERAMRRTIEH
B&Ehic<u.

. CAKUT OERICIE, LMBEHODRIU—-ZVIhWhBETHD, IBREBRRIETFD
—imEE > T3,

. CAKUT D155, BRETRICREZSADRBEE (FICTHREBRSE) OBER
INFERBERERRIER S 177 U TREMERICAT 5.

. EFHRE, BEY D ENEBREICASHORFRED S TBEERETDIL.
[EEARRDINT (2012)] OIFHIC, INEDEFBERES N REINTLS.




/R CKD BEBEOT v 2 2012

10.

11.

INETIHREIE UTTe AMIES BRIBRZTDIEV. INEDOREEEIL, REDHRICE
EIHEZERBICBVTCIT S CENERTHD. FHICIENZETROBNOERR
WARICE, —RNICGEHNTREREDSUEEEERDERET D.

INEOMEDBAESZFHRTRESD. FEHDO N0 N—V5 I ZBADEES
MEEHEY 2. BRNMAZEY D/INEORMERZXRIETHD EHBLEH, &
BHWREBDGFRZEZATCHEET .

INROIEEMEAEZ{TSHICE, FREDBFEICELEBEYYY T v hDE
ROWETHD.

BHEENTERD 1/2 (GFR : 60mL/%/1.73m2 ki) &f5ofes, INEERER
ENCFSFHAECTRL TEEL, IMROBRBELESHEE - RIKELE
DA A—VEHETB.

INEBRIERE, BHHSBIT (transition) ZEMU TN ATDIHENSGD, BE/H
VJURHABEERBDCEEZBEICTAO0-7 v TT5.




OCKD [CBIF DEEDEREIL, CKDIETOWIH, SKU CVDRIEWIETOYRI DERICHD.

OBEEBEFER=ME 130/80 mmHg LIF&ET 3.
OMAESEE, REMEY 24 REEHRTEH TME (ABPM) OAIEICKDMEARZEEBERL

g =~

Ti75.

O151C 65 B FOE#RE CKD T, BECHEU CERERBEEERL, MEFAREHOEELE

F—S5—X— ROBEFLEEITS.

OREREATIE, FTEEZBEONE, BFICHIE (3g/BLE 6 g/HER) HEECTHD.

OFERREH CKD BE, SLUBRELNLOZEBR (REQ=Z0.158/8Crl L) ZE9 HBRR
JESH CKD BETIE, BEZRE RASHEE (ARB, ACERRER) ZF—FEIRELTS.

OIEEERR (RER=E 0.15 g/8Cr ki) ORERFIESH CKD BE TR, BEEOEEZEHD
BLDT, BEDRECADOETRERERINT 3.

ORAS PEEEE, FIREORSHBEZE eGFR, MBEK EZEZYIUITD. ZOEeGFRICDW
Tl&, #5643 HBABFETORETHED 30%FRGDETFE, EEHRELTZOEFRS
R LT LL.

©—75, eGFR @ 30%LEDETHHENDES, IiE K H 5.5 mEa/L BLEIC ERTZBAIC
FEZHDOBERZERES DVETIEUTERE - sSmESMECIVYIL TS, e, FICSE
ETEFRAIE UTIEEHAME 110 mmHg KiE~OBEEELHFSNDEECIE, ZHOBRE
ZEREBSDVEFIE L TREEHRT D.

ORBRERZRADDEET, BEERHNTERL, BHLTWS, TAZLTWD, HDHLIHER
HERKICIEDEENH D EEICE, SUBEE (AKD FHOBRNS, TNSOREREZGH
IEUTERPHICERT DL SICEEICIEET D.

J

1. CKD [CBIFREEOES TB.

fEEECAIFER CVD OFIE - ERIGICES

® ST CKD DIRREED, BIFD CKD Z2&
ftEEd. BIC, CKD [FSMEDRRELD,

i

2. CKD E8IraEERE

BEOBMEZELIES. COLIICEME @ A YA CIF2REMECT 130/80 mmHg

& CKD [FBERZEEM T 5. BEFTREEEUMEBEMEWVEE GFRD
& CKD [CBIFDBEDE 1 DESHIF. CKD D BTEENBLFDTENRINTVD (H

T2 U, ESKD CREABA D) "DER%ZE 30).

BAlESDWVEEIESED T ETHD. @ HAXADEURIVBMEBREENRE LN
® CKD [CBITDRBREDSE 2 DEEIE, DBEE AHZROY @ TlE, CKD B% (RERTEM

[C&D CVD (DIBHER) DFIE - ERZEHIH] 1+LE HHIVEMBEILV7ZFZU>1.3

TBDTETHD. mg/dL) [CBWVTIFEHERFIRIh DT R T DU

© SI[E(E CVD ORI BREF TH DIz,

HMEST CKD &HfEMEFREDESH CKD




104 -

118(mmHg)

] ] 4 o
(mL/ﬁ/ﬂE)

Bl 30/80 140/90

E30 GFR wﬁTEFtﬂEb ta&%zm&fémﬁaﬁ- (X 21E2HT)
SNEEEENGE LABRRR, o CIIKARENEREICS 2 FHERE & GFREEE

EDRFRICH T BHEREERL TV 3.

(Bakris GL, et al. Am ] Kidney Dis 2000 : 36 : 646-661. & 0 5[/, ®Z)

— CKD#®b
CKD7EL

Interaction p=0.009

EADMEANRY -

B fERANYMURD
& iENERE

= 31 :)$g1m a):x/M:l JI/ZIJCDCVD% yzy

EEHSMEBRELDD CVDREEDUAIN
=< (R 31a), BHADCVD BURIBEZX
& UM AEDO Y TN ClIRBER DIGE
AAMAE 130 mmHgImBH CVD FERED U X I M
ROEM o (E31b).
© 7 U NFRKENDBBLIEZREZENRE U
NAMRICBVTIF, EEREHIES (FRER/
OUFPFZH>0.22 g/gCr, RERE >

(a) Ogihara T, et al. Hypertens Res 2009 ; 32 : 248-254. (b) Sleight P, et al. ] Hypertens 2009 ; 27 : 1360-1369. X V5|, %%

0.30 g/BICHEY) TRESERESE (BEYS
BRE 92 mmHg K& (125/75 mmHg K&
[CHEH)) DIF S HUEREER (BERY58RE
107 mmHg &3 (140/90 mmHg R 5% ([C 48
)] £bH CKD DETIFIARD SNz, U
H U, EERIFEHEITIT BB LR SBRRE
EREEEETH .

& COMRZEZH T, WRIFFEGH CKD BE%=



13-1. [MEEE A

HWRE UTe 3 DDA AR ZE DRI A ST
Tl&F, ERROEEL =T CKD OEFTHIHIC
DWT, BEEERE(BEME 125~130/75~
80 mmHg ki) DEFRBER (HEME
140/90 mmHg K@) (CXH T DEAEIFERD S
N ofe.

® Lo T CKD ICBWVWTCERENMFEF, ERRE
it CKD BEB KURBRFIFEH CKD BEDM
EHICBEWT, 130/80 mmHg ITZBEEEZE
ETD.

@ 1c1E L. EE CKDICBIIDEEEEDIET
VAUFTHTIHFL, BirE CKD [CBITDREH
FEEEEEZED 130/80 mmHg LIFETBH,
BICEBRMEBICBVTIRIBIRDKLSIC CKD LB
(F 5B/ L BEIRSEES N SR THD

- CEPRESNTHD, BEEEME, BEEXR
EOEDSHODERNRETHD.

@ BEDREFBHREZEILIBDTEEND
D, KIC 65 ML LDOEEE CIFZREMEICT
UNSEEANDE 110 mmHg RENDOREEEET .

errElL, BEERR (REHEZ 0.50 g/gCr 1
L) ZE2ETBDTENSVERDESF - PEDR
ETlF, REASZEEZESEUT, RAS BEERZE
FE—RIREEUBEREZITD. ZUT, IE
BERAR~BEERR (FREHE 0.50 g/9Cr
i) HEEE UT, FRELS RAS (HERRE
EUTVLKEICIE, ATUDIMGAIME 110
mmHg KiG7% 8 I D HEIFIEL.

3. RIEDEE

@ CKD [C& > TREBERBRERNETIED SO,
2~3 WA TRBZHERULENS, BEH
BEZER T DKL OEREBEAEZEE UL
(FAUSTES IR,

& NEEPNE - DBEELEEDCVD Z9 T
CEHLUTWVWDEETEH, BEDRBREICKD
CVDEBESYE, DA > CHRLELENFFDE
PEIIND.

i

& B IERE CIIRNTRET B ERL ST
PBBNSD. BEBETlE CKD BED 5~
22% N BRI LI B BRI E AT B &
|EINTD.

© =/ SR E Tl BT LI B ERIRAREE DT A
MBI BI=HIC, RAS FEZRDIEIISED
5B L. 4 BR~3 DB DRBTER—ED T
TEETS. Z L TERED CKD BE TIRER
ROEECHHDS T 140/90 mmHg #EFE
BEMmES LT, BEAEDELLESRORME
ROH STUENC & E TR BRI EEE%E
130/80 mmHg LT & U TIESICEET .

4. nEERTESNHOSEEE

& RESMEPCEHSMELSEDIMERRNZEEID
EE(E, CKD ZE{LTESERRERTTHD. Z
DEWICE. REMEDDWIE 24 REEHTT
EFIE (ABPM) DEIENREETHD. FIe.
WIC, CKD IFMEHREZEFHDEREDFERE L
2. IDOLSICEMELCSITDMEERZENID
HEE CKD FBEREER T D. [HICCKDE
HICBHL HONDRESMEIF CKD ETDH
F59 CVD DUROZBINEES.

@ BE(CFFRO 2 DOREMEZRE U TR
U, FEREICEBLTHEDS. BOREMEE
T2ER% 1 BSBLIN, HER%, BRI 1~2 DR
Bit, IRERAI, BRAEIE9D. Ffe, BRORE
MMEFFERRD, AL 1~2 DDEEFRET D.
BIEO#EENZEN1~38&TD. TUTCE
REMEEREME, SSCEAETHNUS
ABPM Z&E(C, MEHRZEHZERLT, &
FEZRORBREDOREZEZZDC, MEOEES
RUTAEDETEZNTD.

© FRIRISEITIAEEEE (sleep apnea syndrome

I SAS) mEETCREIREsNE FEHsE0EE
2T DHEENSVNC ENTHESINTSD, SAS
DRAOU—JEEED CKD [CHITDIME
HARZENEDCHICERTHD.




5. ERBEOUELRIE

@ TMTAECTIF, EEBBOUENNETHD
(% 24).

@ HiEISICEETHD. | HBIGIEmER 3 o/
ALE6 o/BkBICT DL (CIEBT D, HiE
[Ck D RAS FEEZEDRENRMERTND.

@ EHE ICBITDBEFENHIREBMER TS
B, Bk SBHEEBLIERIENGS.

® BIFHBRNEE L & F(CITRIREE DB SH
BULTHEL. YA PHA REFIRE (CKD X
F—3 G1~G3) L EHEEEREL—JFIRE
(CKD 25— G4~G5) BEHATHTET,
BISHEEBETED. ULHL, BIEEET,
& K MELSREMEE, ¥ - BEERAHER, B
KICHT BEENNDETHD.

T )

6. RAS [HEZDOEREUR

@ RAS FEEZE(FfbD U S ADBEERICHHR LT
RERFADRICENTED, RASEERICK
LDEREBEDREIRIKASMEDOEEHRBVIE
&, DEDRER - PIVTZVEEHENSZ WG
EHIFCED.

® BAANDBY R VBMEEEZNRE UM A
RO IEFTH, CKDEEDSBEAT—Y
G4 W DRELTEM 1+ EOBEHICBNT
D+, RAS FBEZRSHEHODIF DN Ca EHZE
53 LDH CVD HIEDDED o

® REHEDFMIEICH - TlE, 7ILIZVUESE
BEAE (RBEPIVIZV/IRPOUVFPFY
. mg/gCr) [CDWTORTOHFEBERIE,
BRRBECHUT, ERRFIICIEFHANER
REBESBE CTH O THEFV IV I = VIRZERED
HOD FERFEEES 1 HEEEE 2 oD
[CRRD) [CRUTIT-Iam&Ic, 3AAIC 1T [
[CBRODBETED|ETNTVD. UIeho T,
ERIRE G CKD TORERRIEEES 3 AER
MEERTH) IS LURERRIESH CKD T

F24 £ETEOBEER

HEZLBEBOEAMNEBLERLVSRENTH 3.
*EELTEREAFOBE TCUEKMEL2E AT
JZRIBHDDOT, H¥ - RYOBEEHERILH
FTLE.

BADOZVWRYOBR GERUL, FICIEHEORE
REGZEDOHOY —FEEILELEBETILEH S
hiu,

(BEBONEEZSE. £EEEOBIE. SMEHRES
4 ¥5 42009 31-36. £ YBIE, XZE)

&, REATE (REB/Crit, g/9Cr) Z1T

3.

@ 2 BIERF Cld, NARRICEWVWTEIERTH (
H)DIERPIVITZVREEICHT D RAS BE
RIGSHRHEE WEFPIVIZ VR ~DiE
BaIH T EbMETN(R32). Lichio
THRREH CKD T, PIL T VROBHEIC
B 59 RAS FEEEZE—RIRELTD.

@rzreL, IV VR - ERRMEBHSNEW,
BED CKD X7 —3 G3a LI OERRS 6
CKD 8B#TI(&, RASBHEZRIRSICL D BHEE
BENEBETDIENDDDTIERTD.

© 2 BIERR TCIFaMENE L &5, RAS FHEE
ZEEAY D ETEIBERDFIRNMEOND
THREMED B D DY, —MR(IC 130/80 mmHg KD



13-1. ODFFEEIE : REA

(%)
22 4
204 1BNERE=0.77,
, ARBEEE vs IS iGRER,
181 p=0.01
16

- 141
5 121

B ) RN SN
COEEIVIINS NS
P

i
i
ISt |

ARBREE:

32 RAS HEZRUEERFERHMBENOETEZNHT S

(Haller H, et al. N Engl ] Med 2011 ; 364 : 907-917. & 51/, &%)

IERMETEHRREZESE U TERHSNTULEL.
@—75. BERWIFEH CKD Tk, HHIEEDE
BRZERDHDIHEIC, RASFEERICLDERE
HROEAFEND (B 33). LichoT, BE
B EDZEBR (REAE 0.15 9/gCr L) &
HHEMEESITIX, RAS BBEREZE—EIREL
UCEENICERAITRETHD.

7. BEBEEENT SO ORERE
EHREE

© BIRTSREEZER T SIcHIC 3~5 BIDRFEE
DOHADDEIFGEDHD.

@ CKD [CHITHREERIE, AKX ST, #ERK
&G CKD BEICHBVTIE, PIVITZVROA
HEICHDDOS5T, RASHERZSE —EIRELT
3. —7. FERRIEGH CKD BH(CHBWVTE
BEL EOZEAR (REB/OUVF7FUH

—

65

0.15 g/gCr DU k) #5288 DH15E(C RAS BEEE
EEEREETD (K34).

@ FEEHR (FREAE 0.15 g/gCr ki) D%

RIRFEE B CKD BEICHVTIE, RASPHEE
DOBAMIGEIASNTHE ST, BERDERZ
BOEWVDT, BEOREICEDECREREZ
ERTD (K 34).

@ £ EREZEAL. BEEENERTELFN

EECRFHAREDLETHS. HIRIFRAS
FEERZE—BIREL UV TCREBRI/ENTE
BWEECE, BTEREE U CRIREERE
CafBHiZ, YA 7oA RRARE(CKD RT—
Y G1~G3), REBSEIEREIL—TFIREE(CKD
AT —Y G4~GCh) [CKDHABEEZEET D
(& 34).

@ MEOFHICKDEBICEHIRL., BESDEH

REE, ZFORBRETRHIEVRDIC, BEED




JERASPEESEC K BREEAE
y=—0.059+0.224x—0.010x?

ACEEEZEIC L BREAE
y=0.0142+0.162x>—0.012x?

: F;iﬁg_(g/Ei)

X 33 Fﬁﬁ??"‘ﬁf— CKD %%L%‘(T ) RAS Bﬂiﬁfbwj%t;ﬁ’\ 251 DR&E

BHEICKFT S

REA1g/BULEEET3HRRIESH CKD EZEE#H{RE LEMBICSEWT, X—XF
1DREBEDEE LEFRDOEREICL S GFROEFRE £ZHE L £.

HpD 2 DOFERIE, X—IXSZ1CDREABDEEZ LICKBEER (FAE ACE
GFREETEE# 70Oy L, Zh5 &0k

RREZ, FRAEIFRASHEZEERT) AD

FHIEERLTWA.

(Ruggenenti P, et al. Nat Rev Nephrol 2009 : 5 : 436-437. & W &%, 51/)

ARETS CEOHNETHD.
1) REFEMERAE Ca B
ERFRE(ERAE Ca BV, BIRE(EHET L
TIEZEFDAZEWCVD /\A U RTEFIP®, IE
BIE E—EBRERSHIOIUEERERS
BEA% ICHBWVLWTIUERAMME 180 mmHg Ml E, &
DWVIEIEFRAAIE 110 mmHg BLE) fER(CH#EE
TN BEEEERE Ca BMBDOHAICKD,
eGFR Z X N E 2 T &< BB E S MEZE
EDUFEIHEIBES 15D, — 58D LB Ca F v RJLUFR
EEAICHINIZ T NENY TR Ca F v RUBEEER
FEBHEDORKEIEAR CaBMETIE. R
ERRAMERDEROSND T EHERESINTULD.
2) Y1 7HA FRFERE (CKD XF—2 G1~
G3), REFEERENL—-TFIRE (CKD X
F—3 G4~G5)
HAT7TA RRFIREIR, FEZETHEER

BRI DEFCHERIND. CKDAT—I G1~
G3 ICBIFDTAFPHA FRARBOHBE, R
EEEANRZIERTD. L, HATDES
[CIF eGFRDETICTNTFET DHENDD.
CKD 25— G4~GH5 LBV T R EERE
Jo—THRIREGARSICIE, DRATIEBAICIE
REBERRL—TFIRBE T A PUA RRFR
BEOBmEDHEDRDONDN, eGFR DETP
K KIECIET9FRT D2UENDD.
3) ARB & ACE BBEZOHHE

BEE7IVTZ VR - 8EEREREMNICBNT
ARB & ACE BEEENHRATSNSHEENSDD, R
hPIVT=Z - REQRDYRICEND T EHER
HINTWLWD. UL, AT SEEICIE eGFR
DETY, MEK LR, BLUBRBEIC+2F
BE924BNSHD, MEOHBIRSEFRAELT
Bl - SIEEPIEICK D THEINDINETHD.



13-1. MIEFEEE mA

TRBAHCKD,
E‘EM@EE&EEE'%%@W?%‘%A{#CKD

%—E?Rﬁ
; RASIAES: (ARB, ACEIEE: )
- @ TRTDOCKDRF—JICHBLTHRSTRE

- e JzfZL, CKDRFT—IG4, G5, HiECKD

L TR, FNICRSHBRICRIRICEREEDE
{EUleb, BKIMEICREDEMEDSDDT,
PIHRE A ED SBRT B.

e DRSS, BHERDTGLROELEIS.

i.‘..._«...w

,;;E:th/\fr Uz,
o EE

L E=

| mmmgmn sorvocmaRs
Calsinz | ¢ BRICKDZ5—VUG1
. e YNTMCKDRAF— = ~G3(CKDRF—Y |
L YRBVTRSERE | G4~G5TRIL—TR |
e EEmEAMEDs  FERCOHHA)

|| # CKDZF—IGA~G5
BCafiErEl  SREHERRIL—TARS

| @ CKDRF—IG4~

34 CKD A’f#mlﬂl

4) PIVKRFOHEHRE
REBENSVERITTY U RAT O VBTN
HASINDIBEHDDN, HHETDIBECIERFIC
B KIEOBBENEINT 5. ZDHICHER
SHEEINDBAEICE BiF - saMESMEIC
KT, ELHTEEIFINDINETHD

| EmE Eﬁf@%ﬁﬁﬁaﬁﬂﬁcm i

BEEROBEEELEVDT,

EBENEECADETCREEREER
; RASKEES: (ARB, ACEIRERE)
. @ TRTDCKDRF— IV [CHNTRSTHE
. e IcIFL, CKDRAF—IG4, G5, afhE
. CKDTIF, FNUCERSEHMEICESRCE
BEEDEIL Ul b, BKINEICHEDERER
HHBHZDT, PHEBELED SEKT
o

ENEERECHETE
e IRTDCKDAT—I{CHWNTHESOTEE

| eCVDI\MURY, IEBMEEHICES

FURZE

7::.¢ﬁﬁﬂeﬂ@ﬁwm%§

(BA 7Y A FERRE)

| o FHICKDAF—YG1~G3

(CKDRF—JGA~G5 Tl —TFIRE
& DPFEE) f
(EBSRR{ERR L — TAIRE)

DENDEEFTEE

o BUEHASE, OEMREE, RN SRR
kA &

BEZOREMFESDVESHETOH
FAESAICTREEDRS SN, BHERLE
LIBRD LT S.

BEEL = MEEE (DR, KLU DRI &
@ RAS PHEZE (ARB, ACE PHEZ) EO6EH
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Background: Regulation of angiotensin II type 1 receptor-interacting and inhibitory protein (ATRAP/Agtrap) is important

in pathophysiology.

Results: Gene knockdown in cells and unilateral ureteral obstruction in mice indicate that Usfl decreases and Usf2 increases
Agtrap expression.

Conclusion: Interplay between E-box and Usf1/Usf2 is important for Agtrap regulation.

Significance: A strategy of modulating the E-box-Usf1/Usf2 interaction may have novel therapeutic potential.

The angiotensin II type 1 receptor (AT1R)-associated protéin i
(ATRAP/Agtrap) promotes constitutive internalization of the =

ATIR so as to specifically inhibit the pathological activation of
its downstream signaling yet preserve the base-line physiologi-
cal signaling activity of the AT1R. Thus, tissue-specific regula-
tion of Agtrap expression is relevant to the pathophysiology of
cardiovascular and renal disease. However, the regulatory
mechanism of Agfrap gene expression has not yet been fully
elucidated. In this study, we show that the proximal promoter

region from —150 to +72 of the mouse Agtrap promoter, whxchV

contains the X-box; E-box, and GC-box consensus motifs, is:
to elicit substantial transcription of the,Agtmp gene. Among
these binding motifs, we showed that the E-box specific
binds upstream stlmulatory factor (Ust) 1-and Usf2, which are

known E-box-binding transcription factors. It is indicated that

the E-box-Usf1/Usf2 binding regulates Agtrap expression
because of the following: 1) mutation of the E-box to prevent
Usf1/Usf2 binding reduces Agtrap promoter activity; 2) knock-
down of Usfl or Usf2 affects both endogenous Agtrap mRNA
and Agtrap protein expression, and 3) the decrease in Agtrap
mRNA expression in the afflicted kidney by unilateral ureteral
obstruction is accompanied by changes in Usfl and Usf2 mRNA.
Furthermore, the results of siRNA transfection in mouse distal
convoluted tubule cells and those of unilateral ureteral obstruc-
tion in the afflicted mouse kidney suggest that Usfl decreases
but Usf2 increases the Agtrap gene expression by binding to the
E-box. The results also demonstrate a functional E-box-USF1/
USF2 interaction in the human AGTRAP promoter, thereby
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suggestmg that a strategy of modulatmg the E-box-USF1/USF2
bmdmg has novel therapeutic potential, -

Evidence has been accumulating that the activation of an-
giotensin II (Ang IT)? type 1 receptor (AT1R) through the tissue
renin-angiotensin system plays a pivotal role in the pathogene-
sis-of cardiovascular remodeling and renal injury (1, 2). The
intrarenal activation of AT1R has also been proposed to play a
role in the regulation of sodium and water reabsorption

'through constriction of the glcmerular arteries, hence a direct
f‘effect on renal tubular transport function, and to evoke exces-
sive sodium retention, resulting in hypertensnon, when thus
[inappropriately stimulated (3, 4). The C-terminal portion of the

IR is involved in the control of AT1R internalization inde-
pendent of G protein coupling, and it plays an important role in
linking receptor-mediated signal transduction with the specific
biological response to Ang II (5, 6). The AT1R-associated pro-
tein (ATRAP/Agtrap) was identified as an interacting molecule
with the C-terminal domain of ATIR (7, 8), and previous in
vitro and in vivo studies showed that Agtrap promotes consti-
tutive internalization of the AT1R so as to specifically inhibit
the pathological activation of its downstream signaling and yet
preserve base-line physiological signaling activity (2, 9-17).
Although Agtrap is abundantly expressed in the renal
nephron tubules, it is also widely expressed in many other cell
types and tissues in addition to the kidney. Thus, it is important
to elucidate the molecular mechanism of the cell type- and tis-
sue-specific regulation of Agirap gene expression to determine
the regulatory machinery for the tissue Agtrap level and/or

2 The abbreviations used are: Ang li, angiotensin Il; AT1R, angiotensin Il type 1
receptor; ATRAP/Agtrap angiotensin ll type 1 receptor-associated protein;
mDCT, mouse distal convoluted tubule; USF/Usf, upstream stimulatory
factor; UUO, unilateral ureteral obstruction; ODN, oligonucleotide.
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Agtrap activity under both physiological and pathological con-
ditions. The balance of the endogenous expression of Agtrap
and ATIR in local tissues is important for the regulation of
tissue ATIR signaling. Down-regulation of Agtrap and/or up-
regulation of AT1R at local tissue sites together with the result-
ant pathological activation of the tissue renin-angiotensin sys-
tem are pathogenetic mechanisms that may be responsible for
cardiovascular and renal disease. For example, in Ang II-in-
fused mice and genetically hypertensive rats, the development
of hypertension and organ injury, such as cardiac hypertrophy
and renal fibrosis, was reportedly accompanied by a decrease in
the tissue Agtrap expression without altered AT1R expression
(2, 15-19). In addition, we previously showed that serum star-
vation stimulates Agfrap gene expression in mouse distal con-
voluted tubule cells (mDCT cells) and that Runx3, one of the
Runt-related transcription factors, is involved in the transcrip-
tional activation of Agtrap gene expression (20). However, the
regulatory mechanism of Agtrap gene expression in relation to
organ injury needs further investigation to elucidate the rela-
tionship of the regulation of Agtrap expression with the patho-
physiology of cardiovascular and renal disease at the molecular
level.

The transcription factors upstream stimulatory factor (USF/
Usf) 1 and USF2/Usf2 were originally identified in HeLa cells by
biochemical analysis (21, 22). The human ¢DNA cloning of
Usf1 and Usf2 revealed that the Usfs belong to the c-Myc-re-
lated family of DNA-binding proteins, which have a helix-loop-
helix motif and a leucine repeat, and that USE interacts with its
target DNA as a dimer (23). Previous examination of the tissue
and cell type distribution of Usfl and Usf2 revealed that
although both are ubiquitously expressed, different ratios of
USF homo- and heterodimers are found in different tissues and
cell types (24): The results of mouse Usfl ¢cDNA cloning
showed a high level of sequence homology between the mouse
and human USF1 genes (25). Previous studies that were under-
taken to assign a physiological role to the Usfs in vivo, including
the disruption of Usfl and Usf2 genes in Vmi‘cfg,' revealed that
Usf1 and Usf2 play a role in the modulation of glucose and lipid
metabolism by modulation of their trans-activating efficiency
(26 —29). Subsequent studies also showed that Usfl and Usf2
are involved in the pathophysiology of several metabolic disor-
ders, including familial hypercholesterolemia and diabetic
nephropathy (30 —33). In this study, we show that the proximal
promoter region (—72 to —43) of the mouse Agtrap gene con-
tains an “E-box (CANNTG)” sequence, which is a putative
binding site for Usfl and Usf2 that interacts with these tran-
scription factors. It is shown both iz vitro and in vivo that Usf1
decreases and Usf2 increases the Agfrap gene expression
through their binding to the E-box.

EXPERIMENTAL PROCEDURES

Cell Culture—The mDCT cells were kindly provided by Dr.
Peter A. Friedman (University of Pittsburgh School of Medi-
cine). These cells have been shown to have a phenotype of a
polarized tight junction epithelium along with both morpho-
logical and functional features retained from the parental cells
(14, 34-36). The mDCT cells also express the endogenous
ATIR and Agtrap (14). Human embryonic kidney-derived 293

2 JOURNAL OF BIOLOGICAL CHEMISTRY

(HEK?293) cells were cultured according to the American Type
Culture Collection (ATCC) protocol, as described previously
(37, 38). '

Animals and Treatment—Adult C57BL/6 mice were pur-
chased from Oriental Yeast Kogyo (Tokyo, Japan). The proce-
dure of unilateral ureteral obstruction (UUO) was performed
using C57BL/6 mice, as described previously (20, 39). Briefly,
with the mice under anesthesia, the left ureter was ligated with
4-0 sitk at two locations and then cut between the ligatures to
prevent retrograde urinary tract infection. Mice that were oper-
ated on were sacrificed under anesthesia 7 days after UUO.
Sham operation was also performed in which the ureters were
manipulated but not ligated. Seven days after the sham opera-
tion, mice were sacrificed to obtain control kidneys. The pro-
cedures were performed in accordance with the National Insti-
tutes of Health guidelines for the use of experimental animals.
All of the animal studies were reviewed and approved by the
Animal Studies Committee of Yokohama City University.

Plasmid Construction and Transcriptional Mouse Agtrap
and Human AGTRAP Promoter Assay—For the analysis of the
mouse Agtrap promoter, 5022-, 2943-, 2090-, 1272-,972-,613-,
453-, 374-, and 222-bp mouse Agtrap promoter fragments
{—4950, —2871, —2018, —1200, —900, —541, —381, —302, and
—150 to +72 of the putative transcriptional start site, respec-
tively) were amplified from C57BL/6] genomic DNA, using the
pair of primers indicated in Table 1, and then subcloned into
the multicloning sites of pBluescript. A 613-bp Agtrap pro-
moter fragment (—541 to +72 of the putative transcriptional
start site)-containing plasmid was used as a template to con-
struct mutations in the X-box, E-box, and GC-box by oligonu-
cleotide (OHN)-directed mutagenesis (40 —42). The sequences
of the oligonucleotide used to create the mutated X-box (X-box
mt), mutated E-box (E-box mt), mutated GC-box (GC-box mt,
and mutatéd'X- and E-boxes (X/E-qu mt) are also shown in
Table 1. To normalize transfection efficiency, we employed the
Dual-Luciferase Assay System (Promega) for the transcrip-
tional Agtrap promoter assay using pGL3-basic plasmid-based
luciferase constructs, as described previously (20, 36).

For analysis of the human AGTRAP promoter, 575-bp
AGTRAP promoter fragments (—480 to +95 of the putative
transcriptional start site, NC_000001.9) containing two adja-
cent wild-type or mutated E-box motifs, were gene-synthesized
(Eurofins MWG Operon). The human AGTRAP promoter
assay using the Dual-Luciferase Assay System (Promega) was
performed using pGL3- and pGL4.1-basic plasmid-based lucif-
erase constructs (20, 36).

Real Time Quantitative RT-PCR Analysis—Total RNA was
extracted and purified using the RNeasy kit (Qiagen), and the
c¢DNA was synthesized using SuperScript VILO (Invitrogen).
Real time quantitative RT-PCR was performed by incubating
the RT product with the TagMan Universal PCR Master Mix
and designed TagMan FAM™ dye-labeled probes for Usfl,
Usf2, and Agtrap (Applied Biosystems), and a TagMan VIC
dye-labeled probe as the internal control (18 S rRNA Endoge-
nous Control, Applied Biosystems) in the same reaction mix-
ture (CFX96 system, BIO-RAD), essentially as described previ-
ously (20).

VOLUME 288-NUMBER 77:2222 77, 2013
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Immunoblot Analysis—A 14-amino acid synthetic peptide
corresponding to amino acids 148 —161 of the C-terminal tail of
mouse (DBA/2J) ATRAP was used for the generation of a poly-
clonal anti-ATRAP antibody (7), and the characterization and
specificity of the anti-ATRAP antibody were described previ-
ously (9, 15, 43). Antibodies for USF1 (C-20 sc-229, Santa Cruz
Biotechnology), USF2 (ab32616, Abcam), TATA-binding pro-
tein (ab818[{1TBP18], Abcam), and a-tubulin (ab40742 Abcam)
were also used. Immunoblot analysis was performed as de-
scribed previously (9, 15, 43), and the images were analyzed
using a FUJI LAS3000mini Image Analyzer (FUJI Film,
Tokyo, Japan).

Electrophoretic Mobility Shift Assay (EMSA)—Nuclear
extracts from mDCT cells (70 - 80% confluent, a 15-cm diam-
eter dish) were prepared with a modification of the protocols of
Dignam et al. (44) and Swick et al. (45). The final protein con-
centration was adjusted to 1 mg/ml. EMSA was performed
essentially as described previously (46, 47). Briefly, single-
stranded ODN sequences were biotin-labeled at 3'-ends by the
manufacturer, annealed to each other, and used as the probe.
The ODN sequences for the E-box and mutated E-box (E-box
mt) are shown in Table 1. Nuclear extracts (2 pg) were incu-
bated on ice in a 20-ul EMSA binding reaction mixture con-
taining 10 mum Tris-HCI, pH 7.5, 50 mm NaCl, 1 mm EDTA, pH
8.0, 4% glycerol, 1 pg of BSA, and 1 ug of double-stranded
poly(di-dC) in the presence or absence of a specific double-
stranded competitor DNA and biotin-labeled DNA probe. The
incubation mixture was loaded onto a 5% polyacrylamide mini
(7.5 X 9.0 cm) gel in 0.5X TBE and electrophoresed at 350 V for
25 min, followed by transfer of DNA from the gel onto nylon
membranes (Hybond-N+, GE) by cross-linking the transferred
DNA to the membrane and rinsing with the TN buffer (100 mm

Tris-HCI, pH 7.5, 150 mM NaCl). After blocking the incubation

with Blocking Reagent (FPlOZO, PerkinElmer Life Sciences),
incubating with streptawdm—horseradlsh peroxidase (HRP)
conjugate (NEL750, PerkinElmer Life Sciences), and washing
(incubation) to remove unreacted excess reagent with PBST
(0.05% Tween 20/PBS), the biotin-labeled DNA was visualized
by chemiluminescence (Immobilon Western Detection Rea-
gent, Millipore) and analyzed using an LAS3000mini Image
Analyzer (FUJI Film, Japan).

Streptavidin-Biotin Complex Assay—Streptavidin-biotin
complex assay was performed using 3’-biotin-labeled oligonu-
cleotides corresponding to the Agtrap E-box and X-box (Table
1), essentially as described previously (28, 48, 49). The strepta-
vidin that was immobilized on agarose CL-4B (85881, Sigma)
was pretreated with TN buffer containing 1% BSA and incu-
bated with 50 ug of nuclear extracts from mDCT cells on ice in
a 200-ul EMSA binding buffer for 20 min. After five washing
steps with EMSA binding buffer, the streptavidin-biotin-DNA
complex was eluted with SDS buffer, and a one-fifth volume
was used for immunoblot analysis.

Chromatin Immunoprecipitation (ChIP) Assay—ChlIP assay
was performed essentially according to the manufacturer’s pro-
tocol (Active Maotif) (50, 51). Briefly, mDCT or HEK293 cells
were treated with formalin to cross-link the protein-DNA com-
plexes, and glycine was added to stop the reaction. The cells
were lysed with 300 ul of lysis buffer (50 mm Tris-HCl, pH 8.0,

A CEVEN

10 mm EDTA, pH 8.0, 1% SDS, protease inhibitor mixture;
P8340, Sigma), and the lysates were sonicated using the Biorup-
tor Sonication System (250 watts, 30 s on and 30 s off/30 cycle;
Bioruptor UCD-250, COSMO BIQ, Tokyo, Japan) to reduce the
DNA fragments. Subsequently, the sonicated lysates were
divided into three equal aliquots for immunoprecipitation with
specific antibodies, immunoprecipitation with control IgG
(rabbit anti-HA antibody; 561, MBL, Japan), and input refer-
ence. After immunoprecipitation with an anti-USF1 antibody
(C-20 5¢-229, Santa Cruz Biotechnology), anti-USF2 antibody
(C-20 sc-862, Santa Cruz Biotechnology), anti-SREBP1 anti-
body (H-160 sc-8984, Santa Cruz Biotechnology), anti-BMAL1
antibody (ab3350, Abcam), or control IgG, DNA was purified
from the antibody-bound and unbound input fractions. The
anti-USF1 antibody and anti-USF2 antibody used in the ChIP
assay were characterized in detail in a previous study (28).
Enrichment of the mouse Agtrap promoter sequences in the
respective bound fractions was estimated by quantitative PCR
with the SsoFast EvaGreen system (Bio-Rad) using the primers
shown in Table 1 to detect the 134-bp fragment (—65 to +69 of
the transcriptional start site).

For the ChIP analysis of human AGTRAP, HEK293 cells were

treated with formalin to cross-link the protein-DNA com-

plexes, and then the cells were lysed with lysis buffer and
sonicated to reduce the DNA fragments. After immunoprecipi-
tation with an anti-USF1 antibody, anti-USF2 antibody, anti-
SREBP1 antibody, anti-BMAL1 antibody or control IgG, DNA
was purified from the antibody-bound and unbound input
fractions. Enrichment of the AGTRAP promoter or exon3
sequences in the bound fractions was estimated by quantitative
PCR using the primers in Table 1 to detect 161- or 102-bp
fragments, respectively. The target proteins in the co-immuno-
precipitates were also subjected to immunoblot analysxs and
were visualized by TrueBlot (Affymetrix).

Statistical Analysxs—All the quantitative data are expressed
as the means = S.E. For comparisons between groups, Student’s

't test was employed Differences were considered to be statisti-
~cally significant at p < 0.05.

RESULTS

Determination of the Minimal Mouse Agtrap Promoter—To
determine the minimal region required for basal activity of the
core promoter of the Agirap gene, the 5-kb promoter region
upstream of its transcriptional start site was isolated. Then, we
generated a series of luciferase reporter plasmids containing the
various Agtrap proximal promoter regions, which are illus-
trated in Fig. 14. To determinate the minimal Agtrap promoter,
we transfected these plasmids into mDCT cells, and luciferase
activity was measured. Although the luciferase activity was
gradually increased by the deletion from —4950 to —541, fur-
ther deletion, i.e. from —381 to —150, resulted in a decrease in
the luciferase activity of the Agirap reporter constructs (Fig.
1A). Consistent with this finding, this region contains two
important Agfrap regulatory elements, the SMAD-binding ele-
ment (—261 to —257) and the Runt-binding element (—246 to
—241) (20). Intriguingly, the promoter region from —150 to
+72 maintained the luciferase activity of the Agtrap reporter
constructs. This suggested that this region contains important
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FIGURE 1. Identification of mouse Agtrap promoter region. A, functional analysis of the mouse Agtrap promoter in mDCT cells. The Agtrap promoter-
luciferase constructs were transiently transfected into mDCT cells, and luciferase assay was performed. The relative luciferase activities were calculated refative
to those achieved with the promoterless control plasmid (pGL3-basic). Data are expressed as the means * S.E. (n = 4). B, nucleotide sequence of the mouse
Agtrap promoter region and putative transcription factor-binding motifs. The nucleotides are numbered at the left with the putative initiation site of transcrip-
tion designated as + 1. The untranslated and translated nucleotides of exon 1 are designated by the bold letters and the bold italic letters, respectively. The

nucleotides in a portion of intron 1 are indicated by the small letters.

regulatory elements for Agtrap gene transcription. To identify
the candidate transcription factors involved in Agtrap gene
transcription, we next performed a computational sequence
analysis of the Agtrap proximal promoter region using
TFSEARCH: Searching Transcription Factor-binding Sites
software and identified the consensus binding motifs for several
transcription factors (Fig. 1B).

Functional Involvement of X-box, E-box, and GC-box in the
Proximal Mouse Agtrap Promoter Activity—Among the con-
sensus binding motifs of the transcription factors listed in Fig.
1B, there are highly homologous sequences of the X-box (5'-
GTCCCTAGCAAC-3') (52), E-box (5'-CATGTG-3' or
5'-CANNTG-3’), and GC-box (5'-GGAGGGGGG(A/C)GG-
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3’) (563), which are highly conserved in mammals (Fig. 24). To
examine the functional role of these conserved elements in the
regulation of Agtrap gene transcription, we mutated the core
binding sequences of the X-box, E-box, and GC-box in the
Agtrap promoter, X-box mt, E-box mt, and GC-box mt (Fig.
2B). Although the promoter region from —541 to +72 of the
putative transcriptional start site of the Agtrap gene exhibited
substantial luciferase activity in mDCT cells, site-directed
mutations of the X-box, E-box, or GC-box decreased the lucif-
erase activity to 39.7 = 2.5% (X-box mt), 48.2 * 4.1% (E-box
mt), and 51.2 = 3.0% (GC-box mt) of that achieved with the
wild-type promoter, respectively (Fig. 2C). Mutations of any
two of the three consensus motifs further decreased the lucif-
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FIGURE 2. Involvement of the X-box, E-box, and GC-box regions in the transcriptional activation of the mouse Agtrap promoter in mDCT cells.
A, alignment of the proximal regions of the human (Homo sapiens), cow (Bos taurus), rat (Rattus norvegicus), and mouse (Mus musculus) Agtrap genes. The
nucleotides are numbered at the left with the putative initiation site of transcription designated as +1. The putative transcription factor binding motifs
are indicated with underlines. B, construction of site-directed mutations in the X-box, E-box, and GC-box in the mouse Agtrap promoter sequence. ‘Wild-type
sequences (wt) and mutated sequences (mt) are shown. C, effects of mutations in the X-box, E-box, and GC-box on the transcriptional activity of the mouse
Agtrap promoter (—541 to +72 of the transcriptional start site)-luciferase hybrid gene in mDCT cells. The relatlve luciferase activities were calculated relatlve
to those achieved wuth the promoteriess control p!asmld Data.are expressed asthe means = S E (n = 4) - .

erase activity (E-box/GC-box mt, 25.3 = 1.4%; X-box/GC-box
mt, 24.7 * 1.3%; X-box/E-box mt, 28.6 * 2.4%) relative to that
achieved with the wild-type promoter, whereas mutation of all
three motifs reduced the luciferase activity almost to the back-
ground reference level (X-box/E-box/GC-box mt, 7.2 = 0.3%).
These results indicate that the three binding motifs of the
X-box, E-box, and GC-box are important for the basal tran-
scriptional activity directed by the minimal Agtrap promoter
and suggest that these binding motifs independently modulate
the promoter activity of the Agtrap gene.

Identification of the E-box as a Transcription Factor-binding
Site in the Mouse Agtrap Promoter—Among the X-box, E-box,
and GC-box in the Agtrap proximal promoter, the canonical
E-box is a target for many genes involved in pathophysiological
conditions such as diabetic nephropathy and fibrotic disease
(33, 54, 55). Therefore, we focused on the functional character-
ization of the E-box in the regulation of the Agtrap promoter.
To determine whether the E-box is capable of binding tran-
scription factors, nuclear extracts were prepared from mDCT
cells (Fig. 34), and EMSA analysis was performed with an
Agtrap promoter fragment (—72 to —43) probe containing the
E-box but not the X-box or GC-box (Table 1). The E-box probe
formed a DNA-protein complex (Fig. 3B, lanes 8 and 12), and
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the formation of the complex was completely impaired by the
addition of an excess amount of the unlabeled probe with a
wild-type sequence (Fig. 3B, lanes 5-7), but not by a mutated
probe (Fig. 3B, lanes 9—11). These results indicate that there are
nuclear factors that bind to the E-box sequence of the Agtrap
promoter.

Specific Binding of Usf1 and Usf2 to the E-box of the Mouse
Agirap Promoter—Several candidate transcription factors,
including Usfl, Usf2, BMAL1/Arntl, and Srebfl, are reported
to be capable of binding to the E-box sequence. Among these
factors, Usfl, Usf2, and BMAL1L/Arntl, but not Srebfl mRNA,
were detectably expressed on RT-PCR and immunoblot analy-
ses in mDCT cells (data not shown). We then examined
whether Usfl1, Usf2, and/or BMALL1 interact with the E-box of
the Agtrap promoter using a biotin-labeled E-box probe and
X-box probe. These biotin-labeled probes were individually
mixed with the nuclear extracts of mDCT cells and pulled down
using streptavidin-Sepharose. The results showed that substan-
tial amounts of Usf1 (43 kDa) and Usf2 (44 kDa) proteins from
nuclear extracts were pulled down with the biotin-labeled
E-box, but not the X-box, of the Agtrap promoter (Fig. 44).
However, no binding of BMALLI to the biotin-labeled E-box or
X-box in the Agirap promoter was observed.
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