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| microRNA ;&8

9. 2-OME RNA ZFUDJZBEEE U
- WO ZRIBEZ H ORI microRNA FBEEH]

S-TuD

RO & - REXRX

bhbhid, ThF CITETD microRNA (miRNA) #FEE 7 % decoy RNA, TuD RNA (tough
decoy RNA) 275 X3 RRITZ—RIANANT2—Hho5RBEEIREEBLTE L,
DX =3 FNETOmMRNAREE RNA RN 4 — SR THES TEVWEEBEESE L
TWBZEPDL, H2LE mMBNABICHEWTHWShTE A, bhbhidZBAEL2H S L,
CORBOZRIBEESHDTUD RNADIBEEHE LA 2-OMERNAF UDdE&8/K L, SV
EFMEDUAWRENEERII LA, ZUT, ZOFHE mRNABREE % [S-TuD {(synthetic
TuD)] &BEBLE. ABICHENT, ZOS-TuDICDWTIEM LAV,

[FUIC

FEETHENMI N TS LS I microRNA
(miRNA) 1384 ZEGBRICDL L Z EHHHS
P00 H N, BEFPHITEETROSSH
ELTETCUELHRFENELTHEEHEZED
BLOTWD, &9 LA 5%ED miRNA
EETLHEME, BIEY — Ve LTEGTHREZ
{, mRNAZEREL L-BEEOEEEME L
THHER>TER, TR TIChbLbhiZFE
@ miRNA DS % 8B#% L CFOEHEZBEET S
decoy RNA (TuD RNA : tough decoy RNA) %%
L, SH%RNA FE) A5 —-FMIZIHBH LY
BRIEDZIZy PEERLATSIAIFRS S
—R VLYV FTANANT T -2 AR LT
&7, TuD RNAZFEMZZREEZHE LT
T, HEHD decoy RNAIZHRTELLEVHEER)

RERMYTZ22ED5, miRNAR RS E Lo
WWEICBTERL2Y — Ve LT miRNA DE
BIDWIE D, HPAFROMEY 2D ELL
BEWAE» CHEASNTWS, LAL, TuD
RNAFB T A VANY & — 2 HFICHEEERT S
T DI BEFEROLENS BN, Bkl
WENIZIZ R, DPETIIRENZ VOIHIR
Thhb, 2 THEbNDONIZZ OEBEH O
BEH{LEDE LT, TuD RNADRHEEZHL
72 27K @ 2-OME RNAMVIZEE 4 1) T CTHREK S h
L55F#&RK L, S-TuD (synthetic TuD) &%t
T, TORBOBREETHREL TEL. RIED
TRIFREREBIIENTELOT?, KRBT
12, ZOFH miRNA FEHR S-TuD Dk, 3,
FIRELREEBNAT 5,

ey words:

miRNA 77 2 1) —, ZEB1

miRNA, miRNA BAEH], TuD RNA,

miR-21, miR-200¢, miR-16, seed,
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#2E microRNA &

I. #H miRNABBEH S-TuD DRETE

1. S-TuD OEAEE
DRDONH T TIIHEIL L 72 TuD RNA O FERHE
HEEQ@AILR L7, 15F D TuD RNAZ 18bp
DAT LHEHE T, E/ miRNA ICHH 2 EC5) MBS
(miRNA binding site) % 22, 8bp DA T AfEET
EHDATLINV—T, 2DO MBS L 2DDAT A
HEEZNFNREZEFET S 3D 7 B4
OPLERENTVE Y, ITHLHOHERERE
h, %HLE%, fEN mIRNANDE S, RNase®
miRNA-RISCHEAKIZ X 5 5 H~OM P, MBS &
miRNA D#EE LT & (accessibility) DF| FICE
5. LT TuD RNA OEN 724289 miRNA FRE G4 %
FATWBLDEEZ bND, T I Thivbili,
Z @ TuD RNA OHUF DO R F L2 41) X
VAT FEEHT 52 & & L7z (S-TuD, synthetic
TuD) o TuD RNA I 1200t FEE DK 30 1720 RNA
THHYN, TORESORNA 2 FHHECEMZE
By eI EidRETH L. TOLDE@BIIRT
L9142, S-TuD ! 60ntIFDE S D 220 RNASH %
FT=—=NTA5ZEILEDEHEL, RNasellnd 5
HEETEOELDIZTRTDY K- % 2-OMe
ks dizliz

@ TuD RNA & LU°S-TuD D& (ko L)

2. MBSEFIDRST

miRNA & MBS OB, b 55 AT
THHIHANRDBLL DI EPFHESIND, L
AL, TuD RNA I MBSEFI & L TIEAH® miRNA
RSB LESNO I HE»5 1058 L HEFBD
BT andf A L7CEH) (S Y) 250 Tnb,
DIFFER T RISCHE & D Ago2 5 A mRNA
UMM TBY ©, Z04amiEA
{2 X Y TuD RNA i& RISCE A & % LI0F % |8
TAHIENTED, —F, S-TuDid 2-OME RNA
FYITTCHREENTWDEDTRISCEEEIZL D
TR VbDEEILNG, FITCE
9 miR-21 #ZRY & L 72 $-TuD & MBS ECFIIZ D W
T, B miRNA ZSESARH LRSI CH S pf’, &
By miRNAD 550 5 10FB OEEIZT L TOA
IRAT FEFEALL "10mut”, FEFRD 4ntdS)V
TEFA LR 4ntin” O 3BEIZOWTHRE L
720 miR-21 & E2AHHEFI% 3-UTRICH D LR
— 5 —HREHALET vEeA T, miR21EHOR
E3EI S-TuD-miR21-10mut, S-TuD-miR21-4ntin,
S-TuD-miR21-pf DIFICE Do 72 (HO A) o — 5,
miR-200c % {Z#Y9 & L7 §-TuD % v TR OHET
FL72EZH, HEMEOR ST S-TuD-miR200c-
pf, S-TuD-miR200c-10mut, S-TuD-miR200c-4ntin )

-
—

A MBS
I i
NNNNNNNNNNNNNNNNNNNNNNNNN
5"  GACGGCGCUAGGAUCAUC AAC CA2euauucus &
Mnnnn i g
3'- UUCUGCCGCGAUCCUAGUAG , , canCAURAGAC
. - BAC N NN NNNNNENNNNN NS CAR :
AT AL | l MBS AT AU
JyoAh— Jyoh—
B
MBS

T

5'- GACGGCGCUAGGAUCAUC
P ettt
3'- CUGCCGCGAUCCUAGUAG

[ - 1

anc NNNNNNNNNNNNNNNNRNNNNNNNN o p

ARC NNNNNNNNNNNNNNNNNNSNNNNNT can |

GUAUUCUGGU -3' -
trreeeennr
CAUAAGACCA -5

—l

AT 4]
Yoh—

A. TuD RNA OiffE, 47 1200t D—A4E RNA 22572 5,
B. S-TuD M. 60nt 55D 24K 2.OME-RNA # 7 =— )V L CIER¥ %, MBS {2 miRNA FHA T2 E T,

A7 40
)

MBS

“~

Yy
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9, 2-OMERNA # Y 8388 & L 73§ 0 kditg % b o818 microRNA FEH) S-TuD

& MBS EFIOBRE (o &Y))

A QO.Untargct Reporter [} miR-21 target Reporter c 12 M Untarget Reporter [ miR-16 tacget Reporter
# #
80
i 10
60 8 ;
| | ¢
mm i»
H 30 H 4
on I: ,
A S S L NS S YN
5 & \yb S § FONR IS 4 @b vf g & bys. &
& Fo sy &FSTH & F YN F
o F & O o F &Y g L F & YYD
& 9 o < o & F 9 & o
RS TS P SRS
& e & & % o Y
1M 3aM 1nM 3nM
B A. §-TuD-miR21 ¢ MBS B %l O # #f, miR-21 & 58
14.Untm-ge( Reporter [ImiR-200c target Reporter LEHHBENE 3 UTRICL DY IS A ¥ N7
# G =Bl R=F -k ANTT v  EfTok
#2212 (n=3) (REMAVLTxF—HRayba—k
B LCHIE)e 8 (WD-NC) X7 ¥ —% b5 2
& TxyYayLBOmiR2 LR—F - OMHEIS
w 8 L TERELTES, ,
H !
| % B. S$-TuD-miR200c > MBS BL%| > #i5T. miR-200c & |
UN SRS % 3-UTRISD 29 IV 487V |
r*j 4 T2 —HLHR—-F—FBOTT v A 2T
N =3) KWWY 725—¥xarro—ik
2 LTHIE) o #E (TuD-NC) N7 % —% k5
0 JxyTa vy LIzFEO miR200c VAR— Y —01E
O & & ¥ L & .8 'Y
F&FFSFFESE Wt LCIERAEL TR T
SFFLEFLFE C. S-TuD-miR16 ® MBS BL 5l O ## §fo miR-16 & 58
§ § & - SARMES & 3-UTR D2V IS4 55 VT T
é}t’ g Q§ “g@ 9 Q$° zT—ELR—-F—FHNTT v A 2T/
o & A (n=3) RNV T=5—¥harbu—pnk
LCHIIE)o 3B (TuD-NC) N2 ¥ —% p T X
TJxyvay LiBEOmR-16 VR~ 7 —OfHEIC
0.03nM 0.1nM
i " L TEBLLTHET.

DI CHEREINTY S STuDIZIIERE L Tw
Wi, T2 THERE U MBSES % b D TuD
RNA D UAEE LA E LTFH L7z 2ORE,
9FESFH D S-TuD D 9 B, S-TuD-miR21-pf, $-TuD-
miR200c-4ntin 12 BW T MBSHE LA ST 5
ZEWhhrol, ;

JETHot: (FIBB). £S5 miR-16 ZEAE L
T LR 3FE3E @ S-TuD-miR16 /EE L TRET %
7o/ (G C). BEEFEIL S-TuD-miR16-pf,
S-TuD-miR16-10mut, S-TuD-miR 16-4ntin P JE 27 4>
2726 ‘ '
A miRNA T & (2B MBSECFI SR 2o
& U A miRNA

Tw/iZ EizonT, bhbhid S-TuDD K
BECERPSLIOTIE2wWhEEZT, Th
b O S-TuD @ ik ## 1& % CentroidFold |2 & B F
#ll L7z, CentroidFold {¥ 24 ® 2’ -OME RNA 7
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ZD & BIERP LK,
& DESBAMMENE V MBSEFIDIFS 5L W %)

R THBHH, S-TuDHFPITH MBS B O#EEH
RWIEA T S-TuD AR KELSBBETEH 0L
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% 2E microRNA B

@ S-TuD O mRNAREMEDREREESSUBFERTEOLE ko &)

A
== S3-TuD-miR21-10mut == miRIDIAN-miR21

== S-TuD-NC
~ 140
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BE @M

A. S-TuD-miR21-10mut DHEEHKIEME, 0.04nM-0.2nM-10M-50M-25nM DB T miRIDIAN-miR21 & BARE L7z,
miR-21 & FLMHERN % 3 UTRIZO DI I VA I NI 725 —F LRI -5 HTT v &L 2{To7
(n=3) (FINMNS 72T =¥ bO—N& LTHIE). miR-21 & OBFHEFIZ 3-UTR IS 2wy I
155 WY T 2T —E LR —F—DEICHTIESRILTET.

B. S-TuD-miR200c-pf @ i BEKTE Mo 0.003nM-0.03nM-0.3nM-30M @ § B ¢ miRCURY-miR200c & LECHRET L 72,
miR-200c & ELMMET % 3 -UTRICD 2V I VA4 945 Wi T2 59—FLBE—F -3 BV TT v 2fFo i
(n=3) Ry WNVY 7x25—F¥%a¥ bo—bE LTHIE). miR-200c & OHAMETI% 3-UTR ICd ALY 3
YATHENY T2 G5B LR —~DEIINT I EFTRIETET,

B
=@~ S-TuD-miR200c-pf 0= miRCURY-miR200c

=¢= S-TuD-NC e L NA-NC
\f; 90

=

g s

£ 70

H

= 60

=3
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[

2 40

s

& 30

i —J

] 20

(2]

2 10

=

@

0
= 0.001 0.0 0.1 1 10
BE (nM)

E2z bbb, £IT, bivbhld MBSEFIFRE
HBELT, FFRAEORLH,S pf, “10mut’,
“antin” DJEICHERHE L, ZRBEFEICBNT
MBS Ml & 2B VIGA IR, ROMBEH % EIRT
LFER Lo Twh,

I. S-TuD® miRNAEEEYE

1. 8-TuD® MIRNABEFHOREKREFHECBE
 FORSAC DR

S-TuD @ miRNA FEFEEOBRERFEIZED X
I BHbDOTHA) D T miR2ZEHELT,
T8 & H 58 & N7z S-TuD-miR21-10mut {2 W TR
Ll SHIEHED mRNABEERIOS B, 2
-OMERNA # ) T TH, & 1 % miRIDIAN (Thermo
Scientifictt) & DHEKETo7z (EO A) . S-TuD-
miR21-10mut i 020M TERERE VAL S NG T
&, SIMTHEDR IR EIEL T, —
7, miRIDIAN-miR21 it InM CREREAA LR
U, 25aM THENEFBRILRIKELL K
{2 miR-200c 2 8ZRY & LT, S-TuD-miR200c-pf 2D
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WTRRE Lo £ LCHEF D miRNABEH @ H
%, DNA & LNAPP:DF XS4 ) I THRELS
miRCURY (Exiqon#t) & D% 1T -7 (KO B) o
S-TuD-miR200c-pf 1 0.003nM TRLEZI RH A b1
L&, 03aM THERNRAFHIIRICE L, —
7%, miRCURY-miR200c & 3nM 12 BT  FHEFR
PEMAIEL 2P ol DL EOERE, S-TuD
BRI & B TRV IRETEVIREDSE
FPRIETHIEFRLTND, SSTuDOHEE %S
BTN miRNA Z LR L 5 Z L bho7zds,
ZhidEE L TEN mRNADBHEENS IThE
LOHEBAPERENLAZEFFEMLTVWELD
EEZLND,
2. ZEMmMRNAD T 7 T U—RBICHBITDIERE
BREEFMT 272000, 28 miRNA &L F—0
seed BCF (S1RA 5 2-8F B 0iE) % 1O miRNA
773 =R LT S-TuD A EDEE miRNAE
EEZETIDPIIOVTHRE L7z E9 miRNA
773 =k L TE ¥ miR-200c/-429 & EIR L,
S-TuD-miR200c-pf & S-TuD-miR429-pf @ miR-200c



9. 2-OMERNA 74 ) T4 264 & LIS o 2 kilE % & 28 microRNA BER S-TuD

O miRNA 7 7 3 J~[C3d % S TuD OIEEME (e &)

) C B Untarget Reporter
miR-200c 5'- UAAUACUGCCGGGUAAUGAUGGA -3' ] miR-200c m‘:get Reporter

AERER R DN RN | 18
iR~ . UAAUACUGUCUGGUAARBCCGU .3’
miR-429 § 3 # y
Seed B 5 H
B rol b
S-TuD-miR200c-pf gn
oy 10
MBS 5 UCCAUCAUUACCCEGGCAGUAUYA -3' | 8
miR-200¢ 3'- AGGUAGUAAUGGGCCGUCAUAAD -§' ™
6
H
. n 4
S-TuD-miR429-pf N 2
S
ACGGUU AR =
MBS s'- UUACC G CAGUAUUA -3' 0 F £ & R
miR-200¢ 3- ARUGG C GUCAUAAU -5' & ¢ &g @
AGGUAGU G C & L ox
< § Q;S‘
S £
&
D E 0.3nM
miR-~195 5'- UAGCAGCACAGARAUAUUGGC -3'
THEELEREY  THLERLLTT B Untarget Reporter  [] miR-16 target Reporter
miR-16 5'- URGCAGCACGUAAAUAUUGGLG -3' 4 16
INRSRAER 1 =
MiR-497 5- CAGCAGCACACUGUGGUUUGU -3' #l 1y
[ oy
SecdBr 51 12
E . S 10
S-TuD-miR16-pf LI
|
MBS 5'- C6CCRAURUUUACGUGCUGCUA -3' N 6
miR-16 3'- GCGGUUAUARAUGCACGACGAU -5 H
4
» r\
S-TuD-miR195-pf S
KN
MBS 5- GCCAAUAUUUC(.JGUGCUGCUA -3 ™ 0 = Y -
miR-16 3- GCGEUUAUAAA GCACGACGAU -5' F £ & & &
v £ § §F & 8
. & & & gf
S-TuD-miR497-pf 9 £ §
& & &
of e
‘MBS 5= ACAAACCACAQ;JGUGCUGCUQ -3
MiR-16 3= - iass USCACGACGAU -5 1nM

miR-200¢c, miR-429 BDABFEMEEZR T,

S-TuD-miR200c-pf, S-TuD-miR429-pf €€ MBS & miR-200c D AHN %R T,

miR-200c & SELHMET % S UTRICL DT I VAT NI T 25— B LR —F—2HTT vy %7

(n=3) Ck¥WNT725—¥ETy O LTHIE). #HE (TuD-NC) R/ ¥ —%2 T XA T2 ¥

¥ L7285 miR-200c LR — % — I L CIE#HA L TET,

D. miR-16, miR-195, miR-497 [MOAAEE*RT.

E. S-TuD-miR16-pf, S-TuD-miR195-pf, S-TuD-miR497-pf #2110 MBS & miR-16 DFEEHNER T, Fv M
G-URT7 2RT,

F. miR-16 &L EE&HHBINE 3F-UTRICD DOV I LA Wi 725 —H¥ L R—F—%FHVTT7 v 1 %fTor:

n=3) (FFNNTT72F5—-E%ay bu—VELTHIE). HEB (TuD-NC) R ¥ —% Sy ATy ¥ a7

YLD miR-16 LR — & —OEIZH L CIFEHEIL L TFE Y,
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¥, 2F microRNA RE

Xt AHEREZAELS: (MG A BC)e 7 v
A HCT-16 Mg % v izas, Zofilalm T
13 miR-200c D FEF | HDE { miR-429 DFHEHE I
Wird, ST vE4 Tid miR-429 DEEL T &
AEZT LWL DL EZ LS, $-TuD-miR200c-
pfid miR-200c % BHE L 722, S-TuD-miR429-pfid
miR-200c Z HE L & 2o 720 &KICER miRNA 7
7 31 — & LC miR-16/-195/-497 % %R L, S-TuD-
miR16-pf, S-TuD-miR195-pf, S-TuD-miR497-pf D
miR-16 4253 2 REfRZHE L/ (IO D,E,F)o
HCT-116 Hi1d miR-16 DRI E A H { miR-195/-
AWTDORFEIZENLD, TO7 vEA Tk miR-
195497 DB R IFEAEZIT VLD EEZ D
N5, S-TuD-miR16-pf, S-TuD-miR195-pfid miR-16
% BHE L7, S-TuD-miR497-pfid miR-16 % fHE
Lol REDZ &5, S-TuD DIERYERH
(24 seed BEFI 72V THEART4CH o T, miRNAD
FESK L TCHBWAHBEILETH D, S-TuD
PECENEREEF T I AR EN,

3. miRNAEZEREDRE

S-TuD @ miRNA fAEREDFRIEIZ DOV TIRET L

KO S-Tub @ miRNA [EERIROFFEM IR o &)

7 STUDAS MG VAT 2y aryE&nt=#ae
ShhdoMiEE XS 5772012, S-TuD 2 #
B B2RD2-OMERNAFZ Y ITD 5L, FHD
5 HIC S-FAMISEE % i L /- 5-FAM-S-TuD (5-FAM-
S-TuD-NC, 5-FAM-S$-TuD-miR200c-pf) % B8 L7z,
FLTCHCTII6HRI T v A7 203 a LT
2 H# IS S-FAM B M % FACS 12 T HLL THE
BEET. FLTINF VATV arhb2,
7, 11 BRI mR200c VY7 25 —FLR—F —
FROTT veAd #{Tob2s (BOQA), 7H
BETCHBCHEENELZHERL T, EBIZ,
Z OB OMIE T, miR-200c DEHD | DTH
% ZEBI ORBF LR LT3 (MO B), Nk
o, MESEEZEYRTHRICBNTY 7H
BEHENREIERTLS EDNbd ol KT v
t A I HCT- 116 3B I BN B 2% 16~ 18 B

THY, S-TuDmiR200c-pf DAL & - THEFE

BRRELB SO0, HEFEEEOERVHET
HhHD, FOLHET v IIBWTIIAIESE
Lo TS TuDEDPR)FRSRTLELT S
bbb THEEEENRESFE L L

A =0~ 10nM 5-FAM-S-TuD-NC
> =& 10nM 5-FAM-S-TuD-miR200c-pf
=
70
o
b
8 60
£ s
g’ i
< a0
Q
2
= 30
&
<3
g 20
(o}

2 10 e
b=

=

o 0

=4 2 7 11

D'ays after transfection

RO B LEHDLR—F—T vt f 2iTols

A. S-TuD-miR200c-pf D FFFiMe 5-FAM 127 L 72 S-TuD-miR200¢-pf & S-TuD-NC % HCT-116 #fE~ T ¥ 27 = &
YaYLT2HBEROBLABDOLR—F -7 oA 2T 270 EHICINERABIIC—EOMIS S FACS
sorting < & 1) 5-FAM IBHEMIR 2 AL 720 CNOOMIBOREREZHT, VS A 7200 aryi6 7, 11 B

B, 25}, ZhALOFEMEIIBIT S miR-200c BB ETTHE ZEBI OREREYX VA 70y Mokl
MEL B-TorFvhU—F1ryZarbo—A& LTHW

Tdays 11days

N 200 N 200
ZEB1 [3iy éSnees dons
[B-actin [ s s s

N : 5-FAM-S-TuD-NC

200 : 5-FAM-S-TuD-miR200c¢-pf
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o, THRAFOBVH I ZIZEALSEL
BRI BV T S-TuD OB EIZ S SICEWE
BiEETAOTIR Gk EEZOLRS,

BhbIC

AR TRALAL IS, S-TuDIZEEfF® miRNA
FEX EHEBLTCOBEWHERTAF LTS,
miRNATHENRZ # —TdH % TuD RNA & BYIZIE
CTHEWAITAEI LWL, FFE I { miRNAD
BB EDLIENTELEELONS, T

1. Z-OME RNA: ) F—AEHD2{ichH b OHZE
A F AALIERT S 7o RNA 35§, FEMEHi RNA
EHAR, RNA L DFEABAMERR 7 L7 — ¥l
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9. 2-OMERNA # U a8 U/ &A% b D83 microRNA FHEH S-TuD

AR THBAINTVWS X I 12, FFED miRNA
B, DA - RIERE - BEEL EORERVE Mg
BiZBWT, BIEENL LTHEEID503
Ho Gtk Nbhid S-TuD % miRNA #HZa5 & L
THREBEELTHEZLTYERZV, 20OXH5h
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Double Plant Homeodomain (PHD) Finger Proteins DPF3a
and -3b Are Required as Transcriptional Co-activators in SWI/
SNF Complex-dependent Activation of NF-kB RelA/p50

Heterodimer™
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Background: The NF-«B dimer, RelA/p50, often requires the SWI/SNF complex for its transactivation function, but its

molecular mechanisms remain elusive.

Results: The NF-«B canonical pathway induced by TNF-« is DPF3a/b- and SWI/SNF-dependent for some promoters.
Conclusion: DPF3a and DPF3b are effective linkers for the SWI1/SNF complex and RelA/p50.
Significance: The NF-«B-DPF3a/b-SWI/SNF complex would be an effective platform for promoter-specific transactivation.

We have previously shown that DPF2 (requiem/REQ) func-
tions as a linker protein between the SWI/SNF complex and
RelB/p52 NF-xB heterodimer and plays important roles in
NF-«B transactivation via its noncanonical pathway. Using sen-
sitive 293FT reporter cell clones that had integrated a SW1/
SNF-dependent NF-kB reporter gene, we find in this study that
the overexpression of DPF1, DPF2, DPF3a, DPF3b, and PHF10
significantly potentiates the transactivating activity of typical
NE-kB dimers. Knockdown analysis using 293FT reporter cells
that endogenously express these five proteins at low levels
clearly showed that DPF3a and DPF3b, which are produced
from the DPF3 gene by alternative splicing, are the most critical
for the RelA/p50 NF-kB heterodimer transactivation induced
by TNF-« stimulation. Our data further show that this transac-
tivation requires the SWI/SNF complex. DPF3a and DPF3b are
additionally shown to interact directly with RelA, p50, and sev-
eral subunits of the SWI/SNF complex in vitro and to be co-
immunoprecipitated with RelA/p50 and the SWI/SNF complex
from the nuclear fractions of cells treated with TNF-c. In ChIP
experiments, we further found that endogenous DPF3a/b and
the SWI/SNF complex are continuously present on HIV-1 LTR,
whereas the kinetics of RelA/p50 recruitment after TNF-«
treatment correlate well with the viral transcriptional activation
levels. Additionally, re-ChIP experiments showed DPF3a/b and

* This work was supported by Grants-in-aid for Scientific Research on Priority
Areas 17016015 and for Scientific Research (B) 22300318 and (C) 21590507
from the Ministry of Education, Culture, Sports, Science and Technology,
Japan, and by a grant from the Japan Society for the Promotion of Science.

ElThis article contains supplemental Figs. $1-S9, Table $1, and experimental
procedures.

' Research Fellow of the Japan Society for the Promotion of Science.

2To whom correspondence should be addressed: Division of Host-Parasite
Interaction, Dept. of Microbiology and Immunology, Institute of Medical
Science, University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-
8639, Japan. Tel.: 81-3-5449-5730; Fax: 81-3-5449-5449; E-mail: iba@ims.u-
tokyo.ac.jp.

11924 JOURNAL OF BIOLOGICAL CHEMISTRY

the SWI/SNF complex associate with RelA on the endogenous
IL-6 promoter after TNF-« treatment. In conclusion, our pres-
ent data indicate that by linking RelA/p50 to the SWI/SNF com-
plex, DPF3a/b induces the transactivation of NF-kB target gene
promoters in relatively inactive chromatin contexts.

NF-«B? is a key transcription factor that regulates many bio-
logical processes, such as immune, inflammatory, and virus
responses, development, cellular growth, and apoptosis. The
regulation by NF-«B is achieved through the transactivation of
a large number of its target genes in a cell type-specific and/or
stimulus-specific manner (1-4). NF-«B is itself composed of
homo- or heterodimeric complexes of members of the NF-«B
family of proteins, which include RelA (p65), RelB, c-Rel, p50,
and p52 in humans. NF-«B dimers remain inactive in the cyto-
plasm until specific stimulation activates their signaling path-
ways (5). One of the main NF-«B pathways, the canonical path-
way, is triggered by stimulation with factors such as tumor
necrosis factor-a (TNF-a) and lipopolysaccharide (LPS). The
induction of this pathway results in the activation of the RelA/
p50 heterodimer by transporting it to the nucleus after phos-
phorylation and also the proteasomal degradation of inhibitor
of NF-kB (IkB), which retains RelA/p50 in the cytoplasm under
unstimulated conditions (6). However, RelB/p52, which is pres-
entin the cytoplasm as inactive RelB/p100 (NF-«B1) until stim-
ulated, is activated through the noncanonical pathway (7). This
pathway is triggered by stimuli such as lymphotoxin exposure,
and it induces the cleavage of cytosolic p100 to produce p52,
which subsequently translocates into the nucleus as a RelB/p52
dimer.

3 The abbreviations used are: NF-«B, nuclear factor-«B; PHD, plant homeodo-
main; Lug, luciferase.

VOLUME 287 -NUMBER 15-APRIL 6, 2012

167

Z10Z ‘6l Judy uo ‘Aseiqi 0Ao ] Jo ANsisalun 1B 610 0qf mmm wouy papeojumoq



DPF3 Enhances RelA/p50 Transactivation via SWI/SNF

The mechanism by which each NF-«B dimer is recruited to a
certain set of promoters and specifically transactivates their
transcription in a cell type-dependent manner is an important
question. Such processes would likely involve chromatin con-
text-dependent regulation. Indeed, NF-«kB transactivation is
known to often require the SWI/SNF complex, a representative
chromatin remodeling factor involved in epigenetic regulation
in humans, but no clear and direct interaction between NF-kB
components and the SWI/SNF complex has been reported. The
SWI/SNF complex has two alternative ATPases, Brahma (Brm)
or Brahma-related gene 1 (BRG1) as the catalytic subunits, and
other subunits such as BAF155, Inil/SNF5, BAF170, BAF60a,
and B-actin (8 —10). The SWI/SNF complex is recruited to tar-
get genes via association with transcription regulators such as
¢-Myc (11), C/EBPB (12), AP-1 (13), neuron-restrictive silencer
factor (14), and Cdx2 (15). In addition to cellular targets, we
have shown that integrated LTRs of murine leukemia virus (16,
17) and HIV-1 (human immunodeficiency virus-1) (18) require
the Brm-type SWI/SNF complex to maintain their gene
expression.

We have recently shown that DPF2 (REQ/BAF45d) func-
tions as an efficient adaptor protein between the SWI/SNF
complex and RelB/p52 and plays important roles in NF-kB
transcriptional activation at the most downstream part of the
NF-kB noncanonical pathway (19). DPF2 belongs to the d4
family of proteins, the members of which are characterized by
an N-terminal 2/3 domain containing a nuclear localization
signal, a central C2H2-type Kriippel-like zinc finger motif, and
a C-terminal d4 domain consisting of a tandem repeat of the
PHD zinc finger (20 -22). It was previously shown that another
member of the d4 family, DPF3 (Cerd4/BAF45c), associates
with the SWI/SNF complex and further that the DPF3 gene has
two splicing variants, the products of which differ at their
C-terminal regions. The DPF3b protein shows all of the char-
acteristics of a d4 family member, including binding activity to
either methylated or acetylated lysine residues at histones H3
and H4 through the PHD fingers. However, DPF3a lacks these
binding activities as it harbors a truncated d4 domain within its
first PHD (23). Interestingly, two d4 family members, DPF1
(Neud4/BAF45b) and DPF3, and an additional protein, PHF10
(BAF45a), which also possesses double PHD fingers within its C
terminus, have been reported to associate with the SWI/SNF com-
plex in neural cells in a differentiation-specific manner (24). In
mouse neural progenitors, the complex contains PHF10, but this
component is substituted by DPF1 or DPF3 when the cells become
differentiated into post-mitotic neurons.

Considering our previous finding that DPF2 is required for
RelB/p52 transactivation via the SWI/SNF complex, we specu-
late that the five proteins DPF1, DPF2, DPF3a, DPF3b, and
PHF10 are candidate co-activators of the typical NF-«B het-
erodimer, RelA/p50, as well as two other NF-«B dimers, RelB/
p52 and c-Rel/p50. We show in our current analysis that each of
these proteins can enhance the different NF-«B heterodimers
to transactivate their targets efficiently when both they and the
NF-«B components are exogenously expressed. We further
show from our analysis that among these five proteins DPF3a
and DPF3b are the most effective cofactors for RelA/p50 acti-
vation in 293FT cells treated with TNF-o. Our current data
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further indicate that these two proteins directly bind to RelA,
P50, and at least four subunits of the SWI/SNF complex in vitro.
We additionally show that endogenous DPF3a/b and the SW1/
SNF complex are continuously co-localized at the HIV-1 LTR
throughout the period of TNF-a stimulation and that RelA/p50
is promptly recruited to the typical NF-kB-binding sites within
the HIV-1 LTR or endogenous IL-6 promoter upon stimula-
tion. Finally, we show that the viral transcripts are synthesized
with similar kinetics to those of RelA/p50 recruitment.

EXPERIMENTAL PROCEDURES

Cell Culture and Retro- and Lentiviral Vectors—293FT cells
(Invitrogen) were maintained in Dulbecco’s modified Eagle’s
medium (Wako Chemicals, Tokyo) containing 10% fetal calf
serum at 37 °C and 5% CQO,,. For TNF-« stimulation, the cells
were treated with 10 ng/ml TNF-a (R&D Systems, Minneapo-
lis, MN). Vesicular stomatitis virus G protein (VSV-G)-pseu-
dotyped retro- or lentiviral vectors were prepared as described
previously (17, 19). For transduction, cells were incubated with
the virus vector stocks in the presence of 8 pg/ml Sequa-
brene™ (Sigma).

Antibodies—Rabbit polyclonal antibodies against human
DPF3 were raised against a synthetic peptide corresponding to
amino acid residues 230-251 of the protein (NP_036206) by
Medical and Biological Laboratories (MBL, Nagovya, Japan).
Other antibodies used in this research are as follows: normal
rabbit IgG (PMO035) (MBL), a-RelA (C-20), «-BRG-1 (H-88),
a-BAF155 (H-76) (Santa Cruz Biotechnology, Santa Cruz, CA),
a-p105/p50 (ab7971), a-Brm (ab15597) (Abcam, Cambridge,
MA), a-FLAG (M2) (Sigma), a-BAF60a (611728), and a-Inil
(612110) (BD Transduction Laboratories, San Jose, CA). Most
of these specific antibodies are rabbit polyclonal, except
a-FLAG, a-BAF60a, and a-Inil which are mouse monoclonal.

GST Fusion Protein Pulldown Assays—GST fusion proteins
were expressed in Escherichia coli Rosetta 2 (Novagen, Madi-
son, WI) via incubation of the cells with 0.1 mm isopropyl
1-thio-B-p-galactopyranoside overnight at 15 °C and then pre-
pared using His tag Binding/Wash Buffer (20 mM Tris-HCl (pH
8.0), 600 mm NaCl, 1 mm MgCl,, 10% glycerol, 0.1% Nonidet
P-40, 20 mM imidazole, and phosphatase inhibitors). Purifica-
tion of GST-His-tagged proteins was performed sequentially
using Profinity IMAC nickel-charged resin (Bio-Rad) and glu-
tathione-Sepharose 4B (GE Healthcare). The target proteins
were eluted from these columns with His tag Elution Buffer (20
mM Tris-HCI (pH 8.0), 600 mm NaCl, 1 mm MgCl,, 10% glyc-
erol, 0.1% Nonidet P-40, 250 mm imidazole, and phosphatase
inhibitors) and GST Elution Buffer (100 mm Tris-HCl (pH 8.0),
12 mm NaCl, 20 mu glutathione, and phosphatase inhibitors),
respectively. In vitro transcription and translation were then
performed as described previously (19). In vitro synthesized
proteins were incubated with respective GST fusion proteins
for 2 h at 4°C on a rotating platform. The complexes were
washed for five times with TNE buffer (10 mm Tris-HCI (pH
7.8),150 mm NaCl, 1 mm EDTA, 1% Nonidet P-40, and protease
inhibitors) and analyzed by SDS-PAGE followed by autoradiog-
raphy using FLA-5100 (Fujifilm). Cellular lysates, prepared in
TN buffer (10 mm Tris-HCI (pH 7.8), 150 mm NaCl, 1% Nonidet
P-40, protease inhibitors, and phosphatase inhibitors) were
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treated with 100 units/ml benzonase endonuclease (Novagen)
and precleared by incubation with GST protein immobilized on
beads for 1 h. The lysate was then incubated with respective
GST fusion proteins for 4 h at 4 °C on a rotating platform. The
complexes were subsequently washed three times with Buffer D
(20 mm HEPES-KOH (pH 7.9), 20% glycerol, 0.1 m KCl, 0.2 mm
EDTA, 0.1% Nonidet P-40, and protease inhibitors) and ana-
lyzed by immunoblotting.

Chromatin Immunoprecipitation (ChiP) and Sequential
ChiP Assays—Cells were cross-linked with 1% formaldehyde at
37 °C for 8 min. Cross-linking reactions were stopped by the
addition ofa 0.1 volume of 1.5 M glycine and incubation at room
temperature for 5 min. The cells were then washed with PBS,
collected, and incubated in lysis buffer 1 (50 mm HEPES (pH
7.5), 140 mm NaCl, 1 mm EDTA, 10% glycerol, 0.5% Nonidet
P-40, 0.25% Triton X-100, and protease inhibitors). Cell lysates
were sequentially replaced with lysis buffer 2 (10 mm Tris-HCI
(pH 8.0), 200 mm NaCl, 1 mm EDTA, 0.5 mMm EGTA, and pro-
tease inhibitors), and lysis buffer 3 (10 mm Tris-HCI (pH 8.0),
300 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 0.1% sodium deoxy-
cholate, 0.5% N-lauroylsarcosine, and protease inhibitors). The
lysates were then sonicated using Elestein Ryuseikai (Elekon
Science. Corp., Chiba, Japan) on ice so that the DNA would be
sheared into small fragments with an average length of less than
0.5 kb. After the addition of a 0.1 volume of 10% Triton X-100,
the lysates were centrifuged to remove cellular debris and incu-
bated overnight on a rotating platform at 4 °C with the respec-
tive antibodies (10 ug of each), which were previously bound to
Dynabeads protein G (Invitrogen). The beads were washed
once in low salt buffer (20 mm Tris-HCI (pH 8.0), 150 mm NaCl,
2 mm EDTA, 0.1% SDS, 1% Triton X-100, and protease inhibi-
tors), twice in high salt buffer (20 mm Tris-HCI (pH 8.0), 400
mMm NaCl, 2 mM EDTA, 0.1% SDS, 1% Triton X-100, and prote-
ase inhibitors), five times in RIPA buffer (50 mm HEPES (pH
7.6),500mm LiCl, 1 mM EDTA, 0.1% SDS, 1% Triton X-100, and
protease inhibitors), and once in a TE, 50 mm NaCl buffer. The
immune complexes were harvested in elution buffer (10 mm
Tris-HCI (pH 7.5), 1 mM EDTA, 1% SDS and 100 mm DTT). For
re-ChlIP assays, the eluted complexes were diluted 1:10 with
dilution buffer (10 mm Tris-HCl (pH 7.5), 150 mm NacCl, 1 mm
EDTA, 0.5% sodium deoxycholate, 1% Nonidet P-40, and pro-
tease inhibitors), and the steps of ChIP assay were repeated.
Cross-linking was reversed by incubation overnight at 65 °C
with a 0.04 volume of 5 M NaCl. After treatment with proteinase
K (Wako), the DNA was purified using Nucleospin Extract II
(Macherey-Nagel, Diren, Germany) and quantified by real
time PCR on a 7300 Real Time PCR System (Applied Biosys-
tems, Bedford, MA) using Premix Ex Taq (Probe qPCR) or
SYBR Premix Ex Taq (Takara Bio, Shiga, Japan). The specific
primer pairs and probes used in this study are listed in supple-
mental Table S1.

Other Procedures—Details of the materials and methods used
in this study can be found in the supplemental experimental
procedures.

RESULTS

High Expression of Each Member of the d4 Family and PHF10
Enhances the Transactivating Activity of RelA/p50, RelB/pS2,

11926 JOURNAL OF BIOLOGICAL CHEMISTRY

and c-Rel/p50—We previously generated a 293FT cell line sta-
bly harboring an exogenous expression unit composed of tan-
dem NF-«kB-responsive elements, a minimum promoter
(MinP), and the downstream luciferase (Luc) reporter gene
(293FT-NF-«kB-MinP-Luc) (Fig. 14) (Ref 19), in which the
NF-kB-binding sites were derived from HIV-1 LTR (Fig. 1B).
Whereas this reporter cell system was useful in evaluating chro-
mosome structure-dependent NF-kB transactivation, it was
found not to be as sensitive in responding to the exogenous
introduction of NF-kB. We thus isolated several additional cel-
lular clones from this parental reporter cell population and
tested each for Luc inducibility following TNF-« treatment. A
clone, which we designated as 293FT-NF-kB-MinP-Luc-A3,
(abbreviated as NF-«B-MinP-Luc-A3 hereafter), showed one of
the highest levels of Luc inducibility by TNF-« and was selected
for further analysis (supplemental Fig. S1).

Expression vectors for the five co-activator candidate pro-
teins, four d4 family proteins and PHF10 (supplemental Fig.
S$2), as well as the empty vector (CV-1) as a control were trans-
fected into NF-«kB-MinP-Luc-A3 together with each pair of
plasmids expressing the NF-«B dimer, RelA/p50, RelB/p52, or
c-Rel/p50, as well as the control vector for NF-kB expression
(CV-2). The expression of these five candidate proteins that
were tagged with FLAG at their N termini were confirmed by
immunoblotting (supplemental Fig. S3A). As shown in Fig. 1C,
the basal Luc activity in cells transfected with CV-2 was not
significantly affected by the introduction of any of the candidate
proteins (lanes 2— 6 compared with lane I). Compared with the
Luc activity of cells transfected with CV-1, the introduction of
RelA/p50, RelB/p52, and c-Rel/p50 increased these reporter
expression levels by 42-, 6-, and 3-fold, respectively (Fig. 1C,
lanes 13, 19, and 7 compared with lane I). These results indi-
cated that NF-«B-MinP-Luc-A3 has very low basal NF-«B
activity and that none of the candidates have any effects alone
under these conditions, even if expressed at high levels. Impor-
tantly, transactivation mediated through RelA/p50 (Fig. 1C,
lanes 1418 compared with lane 13), RelB/p52 (lanes 2024
compared with lane 19), and c-Rel/p50 (lanes 8 —12 compared
with lane 7) was enhanced by the endogenous expression of any
of the five candidate proteins (lanes 7-24). No significant dif-
ferences were found among these five proteins in terms of the
enhancement of any of the three NF-«B dimers, suggesting that
all potentially function as co-activators of NF-«B in any con-
text, at least when expressed at high levels.

Both DPF3a and DPF3b Are Required for SWI/SNF-depen-
dent Transcriptional Activation through the NF-kB Canonical
Pathway—We concluded that transfection experiments involv-
ing NF-kB expression vectors would not fully reflect NF-xB
activation induced by naturally occurring signal transduction
pathways and that the transient expression of candidate pro-
teins by plasmid vectors is very high and thus far from physio-
logical (supplemental Fig. S4). Hence, the experimental condi-
tions used above would most likely not reflect the functional
specificity of these proteins correctly. We thus examined the
requirement for each candidate protein in the activation of
NEF-kB by TNF-« treatment, which strongly and almost exclu-
sively activates the endogenous RelA/p50 dimer. Because
293FT cells express all of the transcripts coding these five can-
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FIGURE 1. d4 family members are potentially involved in both the canonical and noncanonical NF-«B transactivation of SWI/SNF-dependent promoters. A
and B, schematic representation of the constructs used in this study: NF-«xB-MinP (A) and HIV-1 LTR (B). The binding sites for NF-xB and the TATA boxes are highlighted
by black and white bars, respectively. Transcriptional start sites are designated as +1. Positions detected by real time PCR are indicated by black arrows and gray bars.
The splicing donor and the acceptors are indicated by white and black circles. C, NF-xB-MinP-Luc-A3 cells were cotransfected with 10 ng of vectors expressing NF-xB
subunits and 490 ng of candidate protein expressing or respective control vectors in different combinations. Luciferase activity was measured 48 h after transfection
and normalization using control plasmid transfectants. D, NF-xB-MinP-Luc-A3 cells were transfected with 500 ng of vectors expressing short hairpin RNAs against each
candidate protein and also Brm or BRG1. At 42 h post-transfection, cells were treated with 10 ng/ml TNF-a for 6 h, which led to a 1500-fold activation of luciferase
activity compared with the control vector {(CV-3) transfectants (data not shown). Luciferase activities were normalized to the CV-3 control transfectants. The corre-
sponding target sites of the shRNAs against each of the candidates analyzed in this experiment are shown in supplemental Fig. S1. Lane 2, shDPF1-cds-1; lane 3,
shDPF1-utr-1; lane 4, shREQ#1; lane 5, shREQ#2; lane 6, shDPF3-cds-1; lane 7, shDPF3a-utr-2; lane 8, shDPF3b-cds-3; lane 9, shPHF10-cds-1; and lane 10, shPHF10-utr-1.
The results presented here are the average of at least three independent experiments, and the bars indicate the standard deviation.

didate proteins, as judged by semi-quantitative RT-PCR (sup- Luc-A3. The efficiency and specificity of each of the designed
plemental Fig. S3B and data not shown), we performed knock- shRNAs were confirmed by semi-quantitative RT-PCR or
down experiments using the same assay cell line, NF-kB-MinP-  immunoblotting using 293FT cells (supplemental Fig. S3, B and
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C). The NF-«kB-MinP-Luc-A3 cell line was transfected with a
vector that expresses shRNA targeting each candidate protein
and the catalytic subunits of the SWI/SNF complex as well as a
control shRNA vector (CV-3). At 42 h after transfection, cul-
tures were treated with or without TNF-« for an additional 6 h.

Upon TNF-a stimulation, Luc activity increased by 1400-
fold when the cells were transfected with CV-3. The knock-
down of Brm and BRG], the alternative catalytic subunits of the
SWI/SNF complex, caused a significant reduction in transacti-
vation by 82 and 66%, respectively (Fig. 1D, lanes 11 and 12),
indicating that NF-«B-MinP in the reporter cell line requires
the SWI/SNF complex to be activated through the NF-«B
canonical pathway. The depletion of DPF2 (Fig. 1D, lanes 4 and
5) and PHF-10 (Fig. 1D, lanes 9 and 10) lowered the ability of
TNF-« to activate this promoter by 60 and 40% respectively,
and the knockdown of DPF1 (Fig. 1D, lanes 2 and 3) marginally
but clearly reduced the Luc promoter activity. These results are
consistent with the notion deriving from the results of the over-
expression experiments (Fig. 1C) that DPF1, DPF2, and PHF10
contribute to transactivation via the endogenous RelA/p50
dimer and the difference among the effects of each knockdown
might be somehow reflecting their endogenous levels. Interest-
ingly, the simultaneous depletion of DPF3a and DPF3b by a
single shRNA, whose targeting site is within the shared region
for these proteins, was shown to reduce TNF-a-dependent
activation by 84% (Fig. 1D, lane 6). Furthermore, a single knock-
down of either DPF3a or DPF3b also caused a comparative
reduction in promoter activation (Fig. 1D, lanes 7 and 8). These
results suggest that in these cells, among the tested candidates,
either DPF3a or DPF3b have the most crucial role in the canon-
ical NF-«B pathway, which cannot be efficiently compensated
for by the other candidate proteins. The overall results shown in
Fig. 1D were almost identically obtained using another 293FT
clone K5 (supplemental Fig. S5). Taken together, these data
support the idea that in 293FT cells DPF3a and DPF3b are the
most critical factors required for RelA/p50 to activate this
NF-«B-containing promoters in an SWI/SNF-dependent man-
ner, and we therefore decided to further concentrate our anal-
ysis on DPF3a and DPF3b.

Both DPF3a and DPF3b Directly Bind to RelA and p50 as
Well as Several Subunits of the SWI/SNF Complex in Vitro—Be-
cause DPF3a and DPF3b were found to be required for SW1/
SNF complex-dependent RelA/p50 transactivation, we next
evaluated the proteins with which DPF3a and DPF3b can asso-
ciate in vitro. We first performed glutathione S-transferase
pulldown assays using purified GST alone, GST-DPF3a, and
-DPF3b and several subunits of the SWI/SNF complex trans-
lated in vitro in the presence of [**S]methionine (supplemental
Fig. S6). Both DPF3a and DPF3b directly bound to Brm, BRG1,
Inil, and BAF60a but not to B-actin, which are similar binding
properties to those of DPF2 that we have previously reported
(19).

We next performed a similar assay using in vitro translated
RelA and p50 and GST-fused DPF3a and DPF3b as well as
DPF2. As shownin Fig. 24, either RelA or p50 aloneas well asin
combination with both proteins synthesized in the same trans-
lating mixture were found to directly associate with DPF3a and
DPF3b. We also found that RelA or p50 alone also binds to
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DPF2 to a lesser extent. These binding properties of DPF2 are
fully consistent with our previous report (19). In the current
experiments, these two GST proteins were tagged with His at
their C termini to enable higher purification and the perform-
ance of a more sensitive binding assay (supplemental Fig. S7).
We performed further GST pulldown assays using the same
purified GST proteins and 293FT whole cell extracts obtained
from cells stimulated with or without TNF-« as the input pro-
teins. The extracts were treated with benzonase endonuclease
to avoid detecting interactions mediated through DNA or RNA
fragments. The pulled down cellular proteins were analyzed by
immunoblotting, and as shown in Fig. 2B, both DPF3a and
DPE3b were found to associate with endogenous RelA and
BRG1. Importantly, the binding affinities for DPF3a and DPF3b
in these cases were not significantly increased by TNF-« stim-
ulation. It should be pointed out here that in the total protein
preparations subcellular localization of natural NF-«B is dis-
rupted. These results therefore suggest that the binding poten-
tial of RelA to DPF3a and DPF3b is not significantly enhanced
by post-translational modifications of RelA triggered by TNF-«
stimulation (25-28). Taken together, our findings indicate that
both DPF3a and DPF3b have the potential to directly associate
with RelA/p50 and the SWI/SNF complex and further that the
binding potential is not enhanced by post-translational modifi-
cations of NF-kB or the SWI/SNF complex triggered by TNF-a.

DPF3 Interacts with the SWI/SNF Complexes and RelA/pS0
in the Nucleus—We prepared 293FT cells stably expressing
either FLAG-tagged DPF3a or DPF3b through the introduction
of retrovirus vectors (293FT-FLAG-DPF3a and 293FT-FLAG-
DPF3Db) and isolated nuclear fractions from each cell type with
or without TNF-« treatment. We then performed a co-immu-
noprecipitation assay using a-FLAG antibodies (Fig. 2C). The
subunits of the SWI/SNF complex, Brm, BRG1, and BAF155,
were found to be co-immunoprecipitated with either DPF3a or
DPE3b, independently of TNF-« stimulation. In the immuno-
precipitates with FLAG-DPF3b, both RelA and p50 were
detected specifically in TNF-a-stimulated cells, indicating that
DPE3Db efficiently associates with both RelA and p50, which are
recruited to the nucleus. In the immunoprecipitates with
FLAG-DPF3a from TNF-q-stimulated cells, p50 was detected,
whereas only marginal levels of RelA were detectable, suggest-
ing that DPF3a binds RelA/p50 at a lower affinity than DPF3bin
the nucleus. Our observations therefore suggest that the asso-
ciation between DPF3a/b and RelA/p50 occurs following RelA/
p50 translocation to the nucleus where DPF3a or -3b consis-
tently interacts with the SWI/SNF complex. When similar
analyses were performed on the other candidate proteins, DPF1
and DPF2 showed similar binding properties to DPF3a and -3b
for the associations with the SWI/SNF complex and RelA/p50
(supplemental Fig. S8).

To further analyze the DPF3 interaction with the RelA/p50
and SWI/SNF complex, we prepared whole cell extracts from
293FT-FLAG-DPF3a and 293FT-FLAG-DPF3b with or with-
out TNF-a treatment (Fig. 2D). Each cellular extract was again
treated with benzonase endonuclease and then subjected to a
co-immunoprecipitation assay using a-FLAG antibodies. Brm,
BRG1, BAF155, and BAF60a were all successfully co-immuno-
precipitated from the total cellular lysates of both 293FT-
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FIGURE 2. DPF3a and -3b associate with both RelA/p50 and the SWI/SNF complex. 4, [**Slmethionine-labeled RelA and p50 were translated using a wheat
germ extract system in vitro and incubated with GST alone and GST-His-tagged DPF2, DPF3a, or DPF3b. These interactions were analyzed by SDS-PAGE
followed by autoradiography. B, 293FT cells were stimulated with or without 10 ng/ml TNF-a for 10 min, and whole cell lysates were then obtained and
subjected to benzonase endonuclease treatment. The lysate was incubated with GST alone, GST-His-tagged DPF2, DPF3a, or DPF3b, and pulled down materials
were analyzed by immunoblotting. G, 293FT cells were stimulated with or without 10 ng/ml TNF-a for 10 min, and whole cell lysates were obtained and treated
with endonuclease. Immunoprecipitation (IP) assays were performed using a-FLAG antibodies, and precipitated materials were eluted with free FLAG peptide
and analyzed by immunoblotting (B). D, 293FT cells stably expressing FLAG, FLAG-DPF3a, or FLAG-DPF3b were stimulated with or without 10 ng/ml TNF-« for
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using a-DPF3 antibody, and precipitated materials were analyzed by immunoblotting.

FLAG-DPF3a and -DPF3b independently of TNF-a. RelA was
found to be co-immunoprecipitated with DPF3b and to a lesser
extent with DPF3a. DPF3a and DPF3b would associate with
RelA after the preparation of the whole cell extracts from
unstimulated cells, where the natural NF-«B subcellular local-
izations are disrupted. These data again support that the RelA
binding potential to DPF3a or DPF3b was not significantly
affected by TNF-a treatment, consistent with the results shown
in Fig. 2B.

To finally show our observations that DPF3a/b associates
with RelA/p50 or the SWI/SNF complex is valid even in non-
manipulated cells, we treated 293FT cells with TNF-a for 20

APRIL 6,2012+VOLUME 287-NUMBER 15

min and immunoprecipitated endogenous DPF3a and DPF3b
with antibody against DPF3, which does not discriminate
between DPF3a and DPF3b. The immunoprecipitates were
analyzed, and endogenous DPF3a/b was shown to associate
with RelA, BRGI1, and BAF155, just like exogenously intro-
duced DPF3 proteins (Fig. 2E).

Kinetics of RelA Recruitment upon TNF-a Stimulation Cor-
relate with Those of Primary Transcript Production from Both
Artificial and Natural Promoters—To understand molecular
mechanisms involved in transcriptional activation after TNF-«
stimulation, we next analyzed the kinetics of RelA recruitment
and transactivation. Following cellular exposure to TNF-g, it
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FIGURE 3. Kinetics of RelA recruitment upon TNF-a stimulation correlate with the primary transcript production levels from both artificial and native
promoters. A, B, and E, kinetics of RelA recruitment to NF-«xB-MinP (A), HIV-1 LTR (B), and the endogenous IL-6 promoter (E) upon TNF-a stimulation. Cells were
treated with 10 ng/ml TNF-« for the indicated times and were harvested and precipitated by antibodies against RelA or with a normal rabbit IgG control. The
immunoprecipitated DNA was quantified by real time PCR and normalized relative to the input. Cand F, real time RT-PCR analysis of transcripts of HIV-1 LTR (C)
and the endogenous IL-6 promoter (F). Cells were treated with 10 ng/ml TNF-« for the indicated times, and mRNA was prepared. Spliced and unspliced mRNAs
were quantified, and these levels were normalized to individual untreated samples. D, schematic representation of the IL-6 promoter region. The binding site
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was previously reported at a single cell resolution that RelA  Kkinetics of these promoters. By quantifying the HIV-1 LTR
oscillates dynamically between the nucleus and the cytoplasm  transcript levels at the indicated time points by real time RT-
and that this oscillation cycle is about 1 h (29). To analyze the PCR, we found that the kinetics of the de novo synthesized
primary effects of TNF-a stimulation on RelA/p50 transactiva-  primary unspliced mRNAs were very similar to those of RelA
tion, we performed ChIP analysis of the promoters of the recruitment, whereas those of the mature spliced mRNAs kept
reporter genes after stimulation within 1 h. In NF-kB-MinP- increasing (Fig. 3C). Because the primary transcript of NF-«B-
Luc-A3 cells, the results showed that the stimulation-depen- MinP does not contain introns, it cannot be distinguished from
dent recruitment of RelA achieved a peak at 30 min post-treat- the mature mRNA. Interestingly, using a promoter of an endog-
ment and drastically reduced to marginal levels within 60 min  enous TNF-«-inducible gene, IL-6 (Fig. 3D), which requires the
(Fig. 34). Next, by using 293FT cells harboring an HIV-1-based ~ SWI/SNF complex for activation (14), we observed a good cor-
reporter provirus (293FT-LTR-Luc-5; Fig. 1B) instead, we per-  relation in kinetics between RelA recruitment and primary
formed the same set of analyses (Fig. 3B). Interestingly, RelA  transcript synthesis after TNF-« stimulation (Fig. 3, E and F,
recruitment to the NF-kB-responsive elements within the and the induction kinetics is more prompt than those observed
HIV-1LTR kept increasing during the first 60 min after TNF-a  for HIV-1 LTR in the same cells (Fig. 3B). In addition, the kinet-
stimulation with small leakage of the signal detected in the ics of the recruitment of RelA to the /Z-6 promoter are similar
nucleosome 1 (nuc-1) region. Considering that the nucleotide to those of NF-«kB-MinP, achieving a peak at 30 min after stim-
sequences of the NF-«kB elements are identical in both of these  ulation and decreasing at 60 min. Our present observations
promoters, it is noteworthy that distinct kinetics of RelA  thus suggest that HIV-1 LTR retains RelA longer against the
recruitment were observed, i.e. the wild type HIV-1 LTRretains  oscillation cycle of RelA between the nucleus and the cyto-
RelA longer. plasm. HIV-1 LTR contains many binding sites for other tran-

We next analyzed whether there was any association scription factors, some of which would associate with RelA
between the recruitment levels of RelA and the transactivation  (30-32). This might cause differences in the kinetics of the
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artificial MinP, which is simply under the control of NF-«B.
However, the endogenous IL-6 promoter is also regulated by
other transcription regulators but showed no retention of RelA.
This observation might be reflecting that, unlike HIV-1 LTR,
this gene is expected to be strictly down-regulated after the
stimulation for proper inflammatory response.

Chromatin Dynamics around the NF-kB-binding Sites in
Both Artificial and Native Promoters after TNF-a Treatment
—We next analyzed the dynamics of endogenous DPF3 and the
SWI/SNF complex as well as RelA/p50 for both NF-xB-MinP
and HIV-1 LTR in response to TNF-« stimuli. Consistent with
Fig. 34, this stimulation caused a dynamic recruitment of RelA
to NF-«kB-MinP at 30 min (left panel of Fig. 4A). Similar
amounts of NF-«B p50 subunit were detected both before and
after TNF-a stimulation, which we think is consistent with pre-
vious observations that low levels of the p50 subunit are present
on specific NF-«kB-responsive promoters in the nucleus of
unstimulated cells as the p50 homodimer, whereas the majority

APRIL 6,2012+VOLUME 287-NUMBER 15

of this subunit is retained in the cytoplasm as RelA/p50 (33—
35). The p50 homodimer itself does not contain transactivation
domains, but it associates with promoter regions of some
NF-kB-dependent genes, including integrated HIV-1 LTR in
the unstimulated conditions (36). However, Brm, BRG1, and
DPF3 were all detected at the promoter even before stimula-
tion, and their recruitment levels were not significantly
changed upon exposure to TNF-q, apart from Brm, which
showed elevated levels at the promoter (right panel of Fig. 4A).
In the case of 293FT-LTR-Luc-5 cells, RelA was recruited to
NF-kB elements in the HIV-1 LTR within 10 min of stimula-
tion, whereas the NF-«B p50 subunit was found to be constitu-
tively present in the LTR (upper panel of Fig. 4B). Brm, BRG1,
and DPF3 were also detected at the promoter prior to TNF-a
treatment, and their recruitment levels were reduced by about
50% after stimulation, suggesting that upon transcriptional
activation, the SWI/SNF complex partially releases from the
promoter with DPF3 (lower panel of Fig. 4B). Because other
subunits of the complex such as BAF60a and Inil behaved in a
similar manner to Brm or BRG1 (supplemental Fig. 59), we
speculate that the changes in the levels of the catalytic subunits
associated with the HIV-LTR promoter were as part of the
SWI/SNF complex.

Whereas the two promoters under analysis showed different
RelA recruitment kinetics, they were found to share two impor-
tant features from our observations. First, endogenous DPF3
together with the SWI/SNF complex is bound to the promoters
prior to TNF-a stimulation. Second, upon stimulation, RelA/
p50, which can directly interact with DPF3 (Fig. 2A4), was found
to be rapidly recruited to the promoters, and this recruitment
was shown to be associated with transcriptional activation, as
judged by the primary transcript levels.

Finally, we analyzed the endogenous /L-6 promoter to check
whether DPF3 links the SWI/SNF complex and RelA/p50 form-
ing a larger complex. ChIP analysis showed that both RelA and
DPF3a/b were recruited to the promoter in a TNF-a-depen-
dent and -independent manner, respectively (Fig. 54). To per-
form sequential ChIP analysis, the immunoprecipitates with
a-RelA antibody were re-immunoprecipitated with antibodies
specific for DPF3a/b and Brm as well as the a-RelA antibody
(positive control) and normal rabbit IgG (negative control),
respectively (Fig. 5B). The second round of immunoprecipi-
tates using «-DPF3 and Brm antibodies indicated that DPF3
and the SWI/SNF complex co-associate with RelA on the IL-6
promoter after the RelA/p50 heterodimer is recruited upon
TNF-a stimulation. In conclusion, all these results support that
DPF3a and -3b link the SWI/SNF complex to NF-«B to trans-
activate the target promoters that require chromatin remodel-
ing for the transcriptional initiation.

DISCUSSION

By extending our previous observation that DPF2 links RelB/
p52 and the SWI/SNF complex for NF-«B transactivation via
its noncanonical pathway, we have here shown that each of the
five proteins, DPF1, DPF2, DPF3a, DPF3b, and PHF10, can
equally function as an efficient co-activator of the RelA/p50
dimer at the most downstream part of the NF-«B canonical
pathway, when they are exogenously expressed at high levels
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FIGURE 5. ChIP and re-ChIP assays at the endogenous /L-6 promoter. A,
ChIP analysis of RelA and DPF3 occupancy levels at the IL-6 promoter. 293FT
cells were treated with or without 10 ng/ml TNF-« for 30 min and harvested
for precipitation by antibodies against RelA and DPF3. B, primary immuno-
precipitated materials concentrated with a-RelA antibody were followed by
secondary rounds of immunoprecipitations with indicated antibodies. Immu-
noprecipitated materials were quantified by real time PCR.

(Fig. 1C). Under these conditions, each of these proteins acti-
vated the other two representative NF-«B dimers, RelB/p52
and c-Rel/p50, with similar efficiencies. When these five pro-
teins were expressed by retrovirus vectors, they are constitu-
tively binding to the SWI/SNF complex in the nucleus and
begin to associate with RelA/p50 upon TNF-« treatment (Fig.
2C and supplemental Fig. S8). From these results, we think each
of these proteins would function as a co-activator of NF-«B in
certain tissues. DPF1 was reported to be neurospecific and play
an important role in developing neurons (20, 24). DPF2, which
is ubiquitously expressed, is known to be involved in the pro-
cesses of apoptosis in mouse myeloid cells following interleukin
3 (IL-3) deprivation (37). In normal cells, DPF3a/b was reported
to be expressed specifically in cardiac and skeletal muscle and
was critical for heart and muscle development (23). Because
NF-«B plays important roles in programmed cell death and
development, these d4 proteins might be involved in these
physiological phenomena through activating some specific
NF-«B dimers. Because DPF1, DPF2, DPF3b and PHF10 con-
tain double PHD fingers, which are not possessed by any of the
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core subunits of the SWI/SNF complex, they are likely to play
some roles in selecting specific species of modified histones in
the nucleosomes at target promoter regions.

In 293FT cells, which express only low levels of endogenous
mRNAs for the five candidate protein co-activators, the knock-
down of either DPF3a or DPF3b suppressed TNF-«-induced
NF-kB transactivation to marginal levels, suggesting that both
proteins are essential for the NF-«B canonical pathway (Fig.
1D). Currently, we cannot fully explain this observation, but
there could be several possibilities. One possibility would be
that the SWI/SNF complex needs to bind both DPF3a and
DPF3b to perform its full function for NF-«B transactivation.
We would, however, prefer another possibility as follows.
DPF3a and DPF3b share roles in NF-«B transactivation proba-
bly through their common N-terminal regions. The endoge-
nous cellular amounts of both proteins in 293FT cells are so low
(supplemental Fig. S3) that depletion of either would drastically
reduce their recruitment frequency to the promoter of the
reporter, where a single molecule of either DPF3a or DPF3b is
sufficient for the SWI/SNF complex to perform full transacti-
vation. Because DPF3a lacks functional PHD fingers, however,
it is also possible that they would show distinct promoter pref-
erences in some cases, as has been shown previously by ChIP
analysis of exogenously expressed DPF3a and DPF3b (23).

We have previously shown that a representative target gene
of the NF-«B canonical pathway, JL-8, is induced in HeLa cells
by TNF-« and that this induction is not affected by the knock-
down of DPF2. We suggested from this that DPF2 does not
significantly contribute to the NF-«kB canonical pathway, at
least in this cell system. Because the endogenous IL-8 gene was
found not to be affected by the knockdown of either catalytic
subunit of the SWI/SNF complex (19), we believe that this pro-
moter is induced independently of SWI/SNF. In immune cells,
some NF-kB target promoters have also been reported not to
require chromatin remodeling for their transcriptional initia-
tion upon LPS stimulation, because they already possess an
open chromosome structure (38).

Importantly, with respect to our current investigations, the
results of ChIP analysis using antiserum that we prepared indi-
cated that the endogenous DPF3 proteins (this antiserum does
not discriminate between DPF3a and DPF3b) as well as the
SWI/SNF complex are recruited continuously to the promoters
we examined, NF-«B-MinP and wild type HIV-1 LTR. Consid-
ering that both DPF3a and DPF3b directly bind to p50 in vitro,
we speculate that DPF3a/3b together with the SWI/SNF com-
plex locate near the NF-«B-binding sites through the binding of
the p50 homodimer under unstimulated conditions but
through active RelA/p50 upon stimulation. This dimer substi-
tution would then trigger SWI/SNF-dependent transactiva-
tion. Hence, the SWI/SNF complex would be present at these
target promoters to facilitate the ready recruitment of RelA/
p50 for the prompt remodeling of the surrounding chromatin
structures. Considering our observations that transcriptional
enhancement of HIV-1 LTR occurs just after the SWI/SNF
complex and RelA/p50 get together on the promoter (Figs. 3, B
and C, and 4B), DPF3a/3b is significant for this activation as a
linker protein.
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Extracellular ATP mediates mast
cell-dependent intestinal inflammation
through P2X7 purinoceptors

Yosuke Kurashima'43, Takeaki Amiya'3#, Tomonori Nochi!, Kumiko Fujisawa'3, Takeshi Haraguchi®,
Hideo Iba®, Hiroko Tsutsui®, Shintaro Sato'3, Sachiko Nakajima’, Hideki lijima’, Masato Kubo®?,
Jun Kunisawa'4 & Hiroshi Kiyon«:ﬂ'z'?"4

Mast cells are known effector cells in allergic and inflammatory diseases, but their precise
roles in intestinal inflammation remain unknown. Here we show that activation of mast cells in
intestinal inflammation is mediated by ATP-reactive P2X7 purinoceptors. We find an increase
in the numbers of mast cells expressing P2X7 purinoceptors in the colons of mice with colitis
and of patients with Crohn’s disease. Treatment of mice with a P2X7 purinoceptor-specific
antibody inhibits mast cell activation and subsequentintestinal inflammation. Similarly, intestinal
inflammation is ameliorated in mast cell-deficient Kit"V-sh"W=sh mice, and reconstitution with
wild-type, but not P2x7~/~ mast cells results in susceptibility to inflammation. ATP-P2X7
purinoceptor-mediated activation of mast cells not only induces inflammatory cytokines,
but also chemokines and leukotrienes, to recruit neutrophils and subsequently exacerbate
intestinal inflammation. These findings reveal the role of P2X7 purinoceptor-mediated mast
cell activation in both the initiation and exacerbation of intestinal inflammation.
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oth active and quiescent immunity occur simultaneously to
achieve immunological homoeostasis in the harshest of envi-
ronments—namely, the intestine. Aberrant immune responses
in the gut lead to the development of intestinal immune diseases
such as colitis and food allergies'2. Mast cells (MCs) are generally
recognized as major effector cells of type 1 allergic diseases, as well
as of inflammation, host defenses, innate and adaptive immune
responses and homoeostatic responses®~>. Histological analyses
of patients with, and murine models of, colitis have implicated the
involvement of MCs in intestinal inflammation®8, but the factors
responsible for MC activation are not fully understood.

Several lines of evidence have demonstrated that release of extra-
cellular ATP and ADP from injured, dying or activated cells acts
as a danger signal by modulating various cellular functions via the
activation of P2 purinoceptors”®. P2 purinoceptors comprise P2X
(P2X;_7) and P2Y receptors (P2Y}, 7, 4, ¢, 11-14)- P2X;_7 receptors
are ATP-gated ion channels and specific for ATP, whereas P2Y
receptors are G protein-coupled receptors that are specific for ADP,
UTP and ATP7%,

Stimulation by ATP or ADP through the P2 purinoceptors of
macrophages and dendritic cells (DCs) results in the production of
inflammatory cytokines; this can lead to the development of asthma,
contact hypersensitivity or graft-versus-host disease®"!1. MCs also
express several P2 purinoceptors and release histamine, cytokines
and chemokines upon nucleotide stimulation!?. Although MCs
are thought to be involved in intestinal inflammation, it is unclear
whether extracellular nucleotides are required for this process.

Here, we used a newly established anti-MC monoclonal anti-
body (mAb) to identify activated MCs and found that extracellular
ATP mediates MC activation through P2X7 purinoceptors to initi-
ate and amplify intestinal inflammation. Consequently, obstruction
of the ATP-P2X7 purinoceptor cascade could be used to inhibit gut
inflammatory diseases.

Results
Activated MCs in intestinal inflammation. Using a 2,4,6-
trinitrobenzene sulphonic acid (TNBS)-induced colitis model,
we first examined whether MCs were involved in intestinal
inflammation. To assess MC activation in vivo, we established an
mADb (clone: 5A9) specific for CD63, a marker of activated MCs!3.
We confirmed that our anti-CD63 mAb was reactive specifically to
MCs activated by immunoglobulin (Ig)E plus relevant allergen or
a calcium ionophore, and not to naive and CD63-knocked down
MCs (Supplementary Fig. S1). In the colons of TNBS-treated mice,
increased numbers of CD63 " -activated MCs were noted until
day 3 post administration; the numbers then gradually decreased
and reached a basal level on day 6 (Fig. lab), indicating that
MC activation was associated with the initiation phase of colitis
development, as previously reported in a murine model and in
patients with inflammatory bowel disease®!4. It has generally been
accepted that the mechanistic basis of ulcerative colitis (UC) and
Crohn’s disease (CD) are different. Indeed, the pathogenic cytokines
involved in the development of UC and CD are different? and the
genetic polymorphisms specific for UC and CD are also different!>.
In addition, the cytokines required for the development of MCs
differ between humans (stem cell factor) and mice [interleukin
(IL)-3 and stem cell factor]®. Thus, these different pathological
environments may have led to differences in the requirement for,
and involvement of, MCs in the development of inflammation.
Therefore, we analysed MC numbers in both UD and CD patients,
although we focused on the TNBS-induced colonic inflammation
model. We detected increased numbers of MCs in the colons of
patients with CD or UC (Fig. 1c,d). Thus, increased numbers of
MCs in the colon is a characteristic of intestinal inflammation.

To directly show the involvement of MCs in the development of
intestinal inflammation, we used MC-deficient KitW-"W-s" mice, We

2

confirmed thatimmunological and inflammatory symptoms induced
by TNBS treatment were identical in Kit"W** heterozygous and
Kit*/* homozygous mice; however, inflammatory symptoms, such
as body weight loss, massive inflammatory cell infiltration and colon
shortening, were restored in Kit"-s""W-sh mice but not in KitW"/+
heterozygous and Kit*/* homozygous mice (Fig. le-h). Similarly,
our histological and immunological analyses revealed that destruc-
tion of the colonic epithelial layer and infiltration by inflammatory
cells—especially neutrophils, which were stained neutral pink and
had lobulated nuclei,—were reduced in KitW-"W-sh mice (Fig. 1£h,1).
Moreover, inflammatory signs were ameliorated in KitW-s"/W-sh mijce
when we used other well-known inflammatory bowel disease mod-
els, such as the dextran sodium sulphate (DSS) colitis model (Fig.
2a-c). As the use of KitW-"W-sh mice ag an MC-deficient model is
controversial'®17, we also used the MC-specific enhancer-mediated
toxin receptor-mediated conditional cell knockout (TRECK) system
(Mas-TRECK mice)'®. We confirmed that specific depletion of MCs
ameliorated the inflammation in this DSS-induced colitis model
(Fig. 2d-h). Our data indicate that activated MCs participate in the
aggravation of intestinal inflammation.

Establishment of an inhibitory MC-specific mAb. IgE plus a
relevant allergen induces MC activation; however, Rag-1~/~ and
Terf~/~87/~ mice showed inflammatory responses comparable
to those in TNBS-induced intestinal inflammation (Supplementary
Fig. $2a-d)!? and had increased numbers of CD63 * -activated MCs
in their colons (Supplementary Fig. S2e), suggesting that T and B
cells are not involved in MC activation during colitis. We also
found no increase in CD63 expression on MCs after stimulation
with IL-18 and IL-33, which are known to be involved in colitis
(Supplementary Fig. $2f)20:21,

We next tried to establish an anti-MC mAb that could ameliorate
activated MC-mediated intestinal inflammation. We immunized rats
with purified murine-activated colonic MCs, established hybrido-
mas, performed flow cytometry to select hybridomas that produced
mADbs that preferentially recognized colonic MCs and examined the
hybridomas’ ability to inhibit ovalbumin-induced food allergy®? or
TNBS-induced intestinal inflammation (Supplementary Fig. S3).
Among 2,000 clones, we obtained an anti-MC mAb (designated
clone 1F11; rat IgG2b) that was strongly reactive to colonic MCs
(Fig. 3a; Supplementary Fig. $3). In addition to colonic MCs, 1F11
mAb bound efficiently to peritoneal cavity-, lung- and bone marrow
(BM)-derived MCs, but not to skin MCs (Fig. 3a). When tested with
other immunocompetent cells in the colon, 1F11 mAb was weakly
reactive to some CD3* T cells, CD11c* DCs and F4/80" macro-
phages, but was not reactive to Gr-1* granulocytes, IgA™* plasma
cells or epithelial cells (ECs) (Fig. 3b).

To show the inhibitory function of 1F11 mAb in intestinal
inflammation, mice were given 1F11 mAb (0.5 mgday~! in a single
dose) for 3 days, beginning 1 day before intrarectal administration
of TNBS. 1F11 mAb treatment reduced the intestinal inflammation
(Fig. 3c~g) and decreased the number of CD63 * -activated MCs in
1F11 mAb-treated mice (Fig. 3h).

Targeting P2X7 receptors reduces intestinal inflammation. Mass
spectrometry analyses of immunoprecipitants of MC cell lysates
with 1F11 mAb showed that the P2X7 purinoceptor is recognized
by 1F11 mAb (Supplementary Fig. S4a). The specificity of 1F11
mAb for the P2X7 purinoceptor was confirmed by its specific reac-
tivity to cells transfected with P2X7 receptors but not with other
types of P2X receptor (for example, P2X1 and P2X4; Supplemen-
tary Fig. S4b). MCs derived from P2x7 =/~ mice, however, were not
recognized by 1F11 mAb (Supplementary Fig. S4c). Western blot
and flow cytometric analysis showed that, among the several vari-
ants of P2X7 purinoceptors®3, 1F11 mAb bound to variant a (full-
length; Supplementary Fig. S4d,e). In contrast, variant ¢ (possessing
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