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HTLV-1 Tax and NF-IL6 synergistically activate
transcription of the IL-6 gene

KEEKFMBBEAR TR v & — i R MBI 7e50 5

Division of Immunology, Institute for Molecular and Cellular Biology,
Osaka Univ.

7w o E®
Matsusaka Taiji

Normal unstimulated T-cells do not produce IL-6, but T-cells infected with
human T-cell leukemia virus-1 (HTLV-1) constitutively express IL-6. To
understand the mechanism of this IL.-6 gene disregulation, I investigated the
effects of Tax on the cellular transcription factors, NF-IL6 and NF-xB, both of
which are important for the IL-6 gene induction. By transient cotransfection
assays, it was demonstrated that NF-IL6 and NF-xB act synergistically to
transactivate the IL-6 gene. NF-kB binding site, but not NF-IL6 binding site,
was indispensable for this synergism. It was also elucidated that NF-IL6 and
Tax synergistically transactivate the IL-6 gene. Mutations in NF-xB binding
site remarkably diminished this synergism, suggesting that both NF-IL6 and
NF-kB family member(s) are involved in Tax activation of the IL-6 gene.

Key Words : Human T-cell leukemia virus-1 (HTLV-1), Tax, IL-6,
NF-kB, NF-IL6
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IL-6DEFHRBIEL, BHEGmY Yy ~F, LRUEHE. v RXVA
JESKE 4 B ORECKRERICE(EMboTwa Y, 20k %
IL-6NDRBRE 2E /72T HAD— 212, Human T cell leukemia virus-1
(HTLV-1)J& ¥ JiE % 3 5 o HTLV-1i2 . Adult T cell leukemia®® HTLV-1
associated myelopathy (HAM) / tropical spastic paresis (TSP) DK~ 1 IV
ATH5HH, EHETHEIZ, BEALYL-620WL 2vollxdL T,
HTLV-1 TR B U 72 THIRS I, IL6%BEMICREBLTWSY ,
7-THIRR LA T S HTLV-12 & MHERR A 7 05y THIICERE S &
BIENTE, TR Lo TIL-6DEAIWRTLZ EOMEINT
W53 HTILV-1DRESIC & DIL-6 OWASTLET 5 Rtk Zakid
LR THRVA, HILV-UR B A LN 25 R 2B H K. HILV-1
associated arthropathy (HAA)DJRRE#TEEL L 72 ) . HAMIZ 81} 5 FifERa
EIES LT AL D B,

HILV-1it, fid L oo 4 VAR 2 WEREOHIBEEEZEF2 b b,
ZNDHHO—Dtaxid, 0KANEH (Tax)% I— F T 5, Taxidw AV R
HE® LTROEE # 1ML+ % & & b2, IL-6, IL-2, IL-2R,
GM-CSF, TNF-a . PTH related peptide, c-fos% f& 4 OHl fafll 0 BIEF
DEEDEMALT 2 Y . TaxBEH CIIDNAGA BRI 2wz, M
BRAOEBERFICERTAI LI, SR L0EEOELL RS
TLIDEEZLNTWS,

IL-6: 815 F D-73% & -53DGGGATTTTCCIZ IZNF-xBH 4 A1 fE T,
IL-6NRBCEETH LI EPMEINT VWS, F 721585 5 -145
DACATTGCACAATCTIZ, IL-1IC & AIL-6RBFHEICEE T, 22K
HETAEERTFE LT, NRIL6H 20—V 78779 IL68E
FOEBICR, CO220EERFIFIEETHS, LAz»d > TTaxid
INLDMODDOVTNIADRFIMEHT LI &0 Lo T, IL-6DEE%
EHLTsbDEBbnb,

FITTaxiC L BIL6RBFED A D = AL BEH D20, Taxid
NF-kBB &L O'NF-IIL6DVEHIC WA L 5 2B 5250, V¥ 7 29—
7 vt THCTHRE L7,
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TIAIF . YR—-y —BEFEL LT, & ML-6EBETD-1752 6
+128 VY7 29— EOMEBRETFEHAV. I/, AEAYY ITX2
VAF FEFRALZZATEREARKIC L o T, NF-xB# & HBAL
GGGATTTTCC#% AATATTTTCCIZ . NF-IL6# & # ff A
CATTGCACAATCT # ACACTACAAACTCTIC # R FNER S g2 ) R
— ¥ —BEFOVER L 27229 —BEFLELT, WTFRLHCMV
FOE—F¥ —TFI4 7 EN5NF-xB p50. NF-xB p65, NF-IL6, Tax
DERENRZ ¥ —%FH LT 20 bTaxDRE AR ¥ —pCG-Taxid
WARERFEFHELEBEE L D, NFXB p6SORENZ ¥ —izay s 7
I - KRFEBEHEERL L V5 ST

ML VY 725 —¥7 v+A . Embryonic carcinoma Mifg kP19 % |
6cm7 L — M B D 1X10MH T &, o« MEM+10%FCS. 5%CO, 37T
THFEEL 720 4B RV R — 5 —BETFSugs ., 4 flAGhbED
7225 —BEFHOSugE. VI URT s a vy DAy ba—
Ve L CTHW2BOS-lacZ0.1pgs &b, V VBRIV T AKTH S
VAT Y MLTe NIV RAT2Y T a v DASEEREIR, MIBLEEHRL,
V7 29— Bt #Pica Gene¥ v P 2FH L THIE L 726
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1 .NF-xB & NF-IL6 7 [ DM 5esh &

TR U DIT, TaxdFE Lk e EDONF-xB & NF-IL6?D M H 1 H
* BEt L 72 (Figure 1A)o BAEML R — 5 —BEFOADNY 72T —
YiEM®L 1 &£ 35 &, NF-xB pSOEMTix 1.2, p65HMTIX1.9. p50
Ep65ELITRA L2 DTIE1.6. NFILOHEM TX220 vy 725
— ElEM %R L72e NF-xBpSO+NF-IL6 Ti32.7 &, T & OEH x40
BT @ o 72 A%, NF-kB p50-p65+NF-IL6 % % \» iZ NF-xB p65+NE-IL6 T
X, 9.6, 265, EHWNY T2 —-EiEHERL, FhF344E, 8.5
R DHFNYRHIED b Tz,

RIS OMERNRED, U R— 7 —BIETFDNF-IL6 ¥ AL H 5
VIINF-kBRE AT OERIZE Y, E0 L) 2B T2 hRE L
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720 NF-IL6KEEERL 2R & TH, p50-p65 ENF-IL6, p65 & NF-IL6
OO FVER X, 3215, 395, BAERMOBE LI WETT550
OB & »IFEFE L 72 Figure 1B), < 1LIZA LT, NF-xBREEERM & %
R85k, p50-p65& NF-IL6, p65 & NF-IL6D O FEEH X &L H
4 L 7z (Figure 1C)o

2 Tax & NF-IL6 7 F DA Fesh

RIZTax ENF-xBB & UNF-IL6D IO AH BAE A % #& 5 L 7= (Figure 2)
o TXHMMITONY 725 —EEWOHINI1E A EY . F /2Tax
& NF-xB p50. p50-p65. p65& i, ZNENAHINE 28 L AR S %
Dofht, TaxENFIL6 RIS NG VA 727 P LA2EEDA, 2.7
Fe DR L BEINAERD b iz,

F /2NF-xB+NF-IL6{ZTax % il 2. 72 & & DEY R %M EF L 7= Figure 3)o
TaxiZp50+NF-IL6 % 2.7 5 11.0~ L3 il &, Tax &£ p50+NF-IL6 & D
FMOMEHRIZ4ETH 572, LH L p50-p65+NF-IL6H 5 \» i
P6S+NF-IL6 Tix, T TRENZTTHEWIL Y 725 —EEMERL.
FZITaxZMATH12~1 33BN PR E &b o o0

RIZ S DTax ENF-IL6D 5 ™ iINF-IL6+p50 & O F DTSN R A%,
Y R — & —BIETF ONF-IL6AE A EAL S 5V IINF-xBREAIMOERIC
LD BREEZTEPRI Lo NFIL6HAHMLE2ERS ¥
TH, HAEROPBELIVETT2HDD, NF-IL6 & TaxD i3 1.66%
?. NF-IL6+p50 & TaxD I 2 2850 M X RV Z h ENIRAF L 72
(Figure 4A)o CHIZHTL T, NF-kBRE AN 2 LR 8¢5 &, Taxk
NF-IL6, & %\ {ITax & NF-IL6+p50 I ix, T o ALl _E oghn
PR LN b ODOMFEIEHIZE L <IETF L 72 (Figure 4B)o

# =

AWFSE Tk, F— ICIL-681E T D EIC B1F 5 NF-IL6 £ NF-kBD
FeshR A, B ICNFIL6 L Tx DM ES R 2R L 720

IL-6:B1EF @ -73% 5 -53D GGGATTTTCCIZ IL-6 D M EE T,
IL-1, TNF-a. PMATHE L L ANF-xB DEHA DS TSI LIUR
ENTW3Y , /29 2 ¥+ 2 b ONF-kB pSOEM L. FERATIC 4
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AT EETH B, p50kE ¥ A < —iF, MHC classlBAE T D& & 5L
GGGATTCCCC A TH L& L, S 7Y YxHEBETOHE
LR GGGACTTTCCI A TH L& L, BHD IV 7+ — A —Ya v
PRLZ), WECHLTOREEFEEL2b 2L WOIHELH2 7,
IL-6;B{% T O NF-xB&E &AL kB IZF o2 icmO THELL L., p50
REY A 7 —RIL-6BETFOEELEBILL 2 wETFHREN S, p50iX
NF-IL6D & 2 7% LIZhPb b FHVEEFEEL RS BV E V) RE
BOERE, #FLIC—FT 5, 8> SFRTE, IL-6BIET
DNE-kBREAEBALIZ, p50-p65SAT I ¥ 4 T —bp65HEF AL T —H W
ThIHETEDLLEIOND, p65SFEF [ v —DEBICAEKHT
HFHETHHEI Pid. 4T TRECHVWOLNR/-DNALPES K EF A <
—DEFEPENC L b H o THL DL TR R WAL, FOFEERET
2EILHELHBY , LI BB pSOp6SNT T Y AT —IZ L Ap65
REF AT —IZLAEN TR, POTRIL-6BEZFORBAICBY
TEVIEEHREL 278 23, IL-603 1 2 5B IINF-IL6 & DMF/E
RAPLETH o 12. EBORERELZRThIE, NF-xB 2SHllaE »
SBAICBITTS L & HIT, NFIL6DA AL . WD NF-IL6
DENERKT S, COWMEIFHRMIERT LI LICLoT, 8h%
IL-6BIETORRAVEI L LEZ LIS,

NF-xkB p50, p65idrel7 7 3 J —IZBL ., NF-IL6iXbZipfhiE% b b
CEBP77 IV —IlEBT A, TNEFNDT7I) —DAUN—F, 7
7IV-HNTERIAT—FERL) 2P, Z207 73 —3HEEN
WA RZ2 o TwW%, NFIL6 & NF-kBOMFESN R, NF-IL6#E &AL
RERZIETCHROLAZI P L, WMEOEABCEEOEEY
BT EWRBEINDS, EBpSODrel Rk ET Y — FX A ¥ ENFIL6D 1
AV VI INR—FF - TREHBIZESLI S NI TIIHEINRT
Vw39 p65ENF-IL6DARSES) Fid, NFILGKS SE 2 BRS¢ T
BHOoNBIENS, NFIL6Ep6SOMICbEEDEHAMOKEETH
LT EBRTFRING,

Zo0HERFOEAHOMEMERD, EEICEEE 52 5880w
(OPWMEENTWE, Z/iinSp-1k D 5 &, HEEH DSp-1
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EAPBROI TV 7 AR L, —7roSp-1E5HME b 2
BEOKTEOEEERALERTC EMEShTwE Y, /-,
GR(Glucocorticoid Recepter) & AP-1(c-Jun/c-Fos)id EV: LB % FHE L
IS, M REEREESTEILNRINTVS 'Y, FHEICMyoDE
cunlEEVWIREH LD I, COMENHICEEDEENHHI LM
RENTWS 'Y | 722 & el acid glycoprotein R IITHB W T,
NFE-IL6 & GRIZAHFFEMICEENEMLL . WHE OERAMICEHEOK &
HBHIEWPRINTVES, T DA, NFIL6DFREFHMAM. H5 Wil
GROEEWMMDO EL L P—H 2 BIE LB E S, MEDRIIEBAFT
'Y IL-6BIZEFOBE. ZENFILES 2 ERL ¢ THNFIL6E
NF-xBOMFERF 1I5ZHF T2 DT, NFxBEA TN LRI E5 LM
FREPECHELTLE) Ok, 4BRICEBEN/-FETH S,

NF-IL6 L NF-xBOW ZEDFH BRI S5 L T B E{EZF & LT, IL-6D
13212, IL-8. G-CSF. TNF-o., SAA(serum amyloid A protein) 7z &% %
%o IL-8D3HA, NE-IL6#5 AERAT & NF-«BAS A SR I BEHE L TIFAE L .
W RO ICEE S BT 5. MORIEWY A P4 22K
EHADORBICBVTH, NF-IL6 ENF-xBOMBIER X, EELKRE %
LTCWBHREMNYDH 5,

[AE, Taxd*y 4 VR HHOLTRRMBEM 0 BIZF OS2 EWLT
ZAA = ALRELECRFEHI N T WA, TaxBHF I, B
RIYLDNABSREFZO LN 2 WO T, Mo RTF IR IC/E
ATaZ itk oTwWaEZ b TWh, HILV-1 LTRO#E BEiEMAL
124X, F ITTRE-1(Tax responsive element-1) & FEiZ# 5 21bp? BeF Y H
% T, Z Z T iX CREB(cAMP responsive element binding protein) /
ATF(activating transcription factors) 7 7 3 ') — %% & L 9 %, Taxid.
CREBRE ¥ 4 v —8B L UCREB/ATF-INFOa ¥ A< —LEHEL I BT
ERRE SN TWE Y | F 7 TaxlZ & BefosDBEEIHHEAL IS 13
CArGbox & L IEN BB EET, Txld FZ KA T A EERF
SRF(serum response factor) L #EA L 9 A ¢ HELEI L TW S, IL2R
+ HIVLTR., TNF-a®TaxiZ & 2 EEHHILICIINF-«xBRE A OIEE
Thb, Jukatfifg TiZ, TxD I v A7 22 avic&y, Ly
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TET7 v A CHNICNFxBY7 7 3 —0FEAGEEINE 'Y, L
7285 TTaxid, NF-xB7 7 I V—0AH #EINsE4 0, MBEH»
LENOBITERE LY LT, ENKCENDONFxB7 7 3 —# XK
E¢5%, NF-kB7 7 3 Y —ODNADK SR MRS H L L WHIEK
ZEALDWT N DOBFEIC L ), NF-xBIEEM ICES 2 EMLT 2 b
DEEDLNS,

AERBRIZBWT, VR—7 —BIETONF-xBHAHMEELRSE S
TEWED, FLANY T2 —EERMNETLAS LR, Taxic
& HIL-6UEEIEMALICIE, NFkB7 7 3V — 0BH ZEME AL TW
ZU DB, bLEIF T HIT, TaxiINFxkBZFEL |
NF-kBAINF-IL6 & M 12 ¢ = L 124 ), Tax& NF-IL6DHIEZ R
T LEHBPTEDL, F/NFxBETaxiZHBEH IR L2 do 72
DT, TaxDNF-kBODNAD KA RER MM I €5 & vy BE LI
Lo TIL-6DEE 2 IEHALT 2 L) TEEMEIZELZON RV, T4
NE-«kBFS A EAL 2 ZE R E €T, TaxiZ & A NF-IL6®D Bi5h 25524 1 ik
HEL 2h o720 T, Taxid, NF-kB& B4R % LIC, NF-IL6 & B4
GLEFDVERZBEMT 5 LI & o T, IL-6DEE 2 IHEWILT 5T B

BHbEZOND, L2 LEDL, ZOEFTVIREETHLLLTH,
 NE-kBEABMOLERIZL), VY7 25— FEEEEL CETLE
DT, NF-xB7 7 I V) —VIL-6BIZ FOHEFEHILICEE R &H % L
TVWAHBIZERBETELRZV, WFROEFNVAEZLLIIE L, REER
DFER LY, TaxiT & 2IL-6 BT OHEEFE M LICIX. NEIL6L
NE-kxB7 7 IV —DORAEPLETHL LHEI NS,

PISKIfE# V7=, WY 725 —¥T7 v A& D, IL-6BIZFOR
HicB I3 2D S HFNF-IL6., NF-xB & TaxDAHE/ER % #EF L
726

1. IL-6DEEFRBICBWT, NF-IL6 & NF-xBIZ M IR L .
C OMEFEIEHICIEP6SY 7=y PS5 L7,
2. OMFEEHICIE, NF-xBEAIHMIZVETD o 7205, NF-IL6KS
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Figure 1. Synergistic activation of the 1L-6
gene by NF-IL6 and NF-xB, and the effects of

the disruption of the NF-IL6 or NF-xB binding
site. Five micrograms of the reporter plasmid,
(A) : the wild type IL-6 (-179-4+12) luciferase
gene, (B) : the IL-6 luciferase gene with the
disrupted NF-IL6 site, (C) : the IL-6 luciferase
gene with the disrupted NF-kB site, was
transfected into P19 cells together with the
indicated effector plasmid (0.5 pg each). The
amount of transfected DNA was adjusted to
16pg with control DNA. Luciferase activity was
assayed 48 hours after transfection and the
results are presented as fold induction relative
to the activity measured in cells transfected

with the wild type reporter gene.
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Figure 2. Synergistic activation of the IL-6 gene by
NF-IL6 and Tax. Five micrograms of the wild type

IL-6 luciferase gene was transfected into P19 cells
with the indicated effector plasmid (0.5 ug each)
and with (closed column) or without (hatched
column) 0.5 pug of tax expression vecter. Other

conditions are the same as those described in the

legend to Figure 1.
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Figure 3. Tax synergistically activates the effect of
NF-IL6 plus p50 on the IL-6 gene regulation. Five
micrograms of the wild type IL-6 luciferase gene was

transfected into P19 cells with the indicated effector
plasmids (0.5 pug each) and with (closed column) or

without (hatched column) 0.5 ug of tax expression

vecter. Other conditions are the same as those

described in the legend to Figere 1.
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Figure 4. The effects of the disruption of the NF-ILS or NF-xB binding site on the synergism
between NF-IL6 and tax. (A) the IL-6 luciferase gene with the disrupted NF-IL6 site or (B) the IL-
6 luciferase gene with the disrupted NF-«xB site (0.5 ug each) was transfected into P19 cells
together with the indicated effector plasmid (0.5 ug each) and with (closed column) or without
(hatched column) 0.6 pg of tax expression vecter. Other conditions are the same as those described

in the legend to Figure 1.
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