Induction of Cellular fos and jun Related Genes
by the Transcriptional Factor, tax Protein, of
Human T Cell Leukemia Virus Type 1
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14 SRKEHEEFSME B100% H15 14-25 (199D

t b THIREMAIEY A VA T8 (HTLV-I) ©
EERT tax EEEW L 5 EEMAE fos,
jun BEEETFREOARFEE

SRAFEFHAREEME (2L BE RE0)
- KX @&
(P 2 12827 B EA)

b b THIBEE SR Y A LA [ B (human T cell leukemia virus typel, HTLV-I) DEA£ 7 %
tax EABRER YA VABEOREFEZITREETCHI2ERMOREFOEE . bIEERLTS. £0
Fo b tax BEE AN THMESMA (@dult T cell leukemia, ATL) OFRE FLHREIZ R L
TWB LELSGNTELRNZOFERBHMI S FMBHSATHRZL. SEHIOD tax EHEWCE-T
c-fos, fra-1, fra-2, c-jun, jun-B, jun-D, 4 ¥ ¥ —a 4 F » 2 Z &k a (interleukin 2 receptera .
IL2Ra), 4>F—u4 %> 282744k (interleukin 2 recepter 8, IL-2RB) ¥ \» - BB I (hd>
DOHLBEFOREANFRENZLELE/ —F Y7oy MEICTRE L. %9, HTLV-1 R
MR T SRR BARR T FE R T fra-2 2R TRTOEETFO X v £ ¥ ¥ v — RNA (messenger
RNA, mRNA) OIS Sh . ®iz Zh 5O mRNA O8I tax BABEC &> THEH s b
DThHBHED FHERT 5720, Jurkat MM tax EEEEE 7S A 3 F 2 BEBAL L JPX-9 M
ERLTRE L E 2 tax BEEORB L L b2 cfos, fra-l, c-jun, jun-D BEFO mRNA HHRH
o —@Miz, IL2Ra BEFO mRNA H@ - D OREICHFE L. —% fra-2, jun-B,
IL-2R 8 BEFO mRNA IFE X ne, Rl TA S jun-B, IL-2R 8 {EFD mRNA (%]
Aok HTLV.1 Bz X 2 Mia0 ZRWEL L Bbhi:. tax BAEIW & > T cfos, fra-l, cjun,
jun-D, IL2R @ BEFORENFE N 2 & BHERIIFERRNLMEKC L > (HEELD THIkRD
HERE L BSEESETE A HTLV- 1 Bz & 0 RIS Lic g s n 2 HEEARML T2 . 2O THll
ORTER CHEEIC T 2 BE R AMBREDNY 2 L bR EELRB AR L T2 E2S
N5, tax BEHEW X 3 cfos, fra-1, ¢c-jun, jun-D BETFOFEZ—BETH - 7248, HTLV- 1 B34
B BWT IS DBEFUFFEMIIERLTWS 2 L, HTLV-1 Bifth s ATL BEEZ TIIRL
EREETL DS, HOMARRETOEMECLHSANMGEETOREELLR L& SR
BENERL THD TR 5 MANECE b 2 BETFHROBGENSEL O L TR AL E
FTERLOLHERAENS.

Key words adult T cell leukemia, human T cell leukemia virus type I,

tax
WAB THEES M (adult T cell leukemia, (human T cell leukemia virus type I, HTLV-I)
ATL) #3|&@2¢t b THREEEmMBY A VA T A e P TEREShEEYIOL P YA LVATHDY,

Abbreviations: ATL, adult T cell leukemia; cDNA, complementary DNA; CHX,
cycloheximide; EDTA, ethylenediaminetetraacetic acid 2Na; GM-CSF, granulocyte-
macropharge colony-stimulating factor; HTLV- I, human T cell leukemia virus type I ;
IL-2, interleukin 2; IL-2R @, interleukin 2 recepter « ; IL-2R @, interleukin 2 recepter 8 ;



tax 12 & 3 fos, jun BERE TFHOREFE 15

Elob b THIMKE ORBREENIE-ED LTV IH
PRI ANVATHLH B2 2D HTLV-1 E@%E D
BENAML PO YA NVA LR BABEFER
Zuv, ERAMBHEETO 7o v 4 VRO &RBAL
BUBEILWCR LD, HAAARRD LT ERBF
7y RARERALUEBICES T 27 4 v AEET
ODEENZEDbI LY. —F, HTLV-1 O£EER
FDSRE S N EE DOV hov A LADETS gag, pol,
env SBEEFIZIZ T HTLV- 1 6% pXAE 15
Ranni? ZofHEgI2E 40kD OBERFTH 5
tax EHEERETE 700 tax BEFHEET S S
EDBHLMIIE TS, 20 tax EHER VA LR
BEOREFRZITRZIBETH 5 MRAORETO
EEF*bREETAZ LS, PIRACERATE YA
WABERFICHET A I e bho TE R

Tiabb tax HEERTHEKCS L TEOBE
WARE R4 vy —u4 %22 2RE o (interleu-
kin 2 recepter «, IL-2Ra) KU1t > % —u 4 > 2
(interleukin 2, IL-2)® MEFOEE #BEL FD A v
+ > ¥ ¥ — RNA (messengerRNA, mRNA) O FIH %
Hmses. UL, tax EHEIE IL2Ra, IL-2 &
HEZ=LHEL L2 OB 2 ZEERS €7, tax
BETERARALZIN I VAY 229 7o AT
IL-2Rer, 1IL-2 BHEORR L T4 BRI E
WORFELREY. ZhoDZehd tax EHEICL 2
BIR O FIEICIE [L-2Re , IL2 BEEMUMC LA
& B> D HIBUIERE W BEAGR L 718 ERIO K F D iE b »sse
BELTwdEeEzoN5, ARbaH s L CHBEOR
By 7P NICE > THIBIE W2 EERTFO—2TH 2
c-fos BIEFORBMN tax EREICLOVBEHEs I B
EDBICHE XN T VA, IL-2Ra, IL-2 EHHE2H
TR TR O EE I FRD > T3 DI,
c-fos EEERBBEREMIENCHET 22l
THREAL, S5 CHMOBEFOEE2EEL T2
Z 2T tax EERESEEIXME L & O EE B0
o THIEENS c-fos BIEFOEEREL, 25 L
TELEINT cfos BERENE SIXH0#EE FOiE
PRETEVIOBESBEESNLZ. Ll 20 cfos B
HEIEBTEEERTFE L THERTE T, Jlogs
HFTH2 cjun HAE L HAEREBRL THD TFE
BERFOLIIICH DY, FLBIAC R > THENIC®

mRNA, messenger RNA :
phytohemagglutinin; PBS,

MOPS,

fLZh cfos, c-jun EAE & HELL 7B BB K 7B
LT fra-1" fra-2*® jun-B®, jun-DYE R E M 4K
TRRESN. TholdwThbEEE oD
BOBRLES 2 F>—HOBEERTIET 3.

FlafE L2 BFEELTIhE TSN T W
IL2Re BEHEICMATA >y —u4 > 22KKp
#4 (interleukin 2 recepter 8, IL-2R8) BEE %KL
sh, MEVESEE2ERL TREIEREGR L5
ZEHHBAL 72

Z ZT45EEZE HTLV- | Bt R U tax %
BEFHEAL 7 THRESED mRNA OFERE ) —¥F >
Tey FEEAOTERL, IL-2Re, cfos #fEFIZ
AT IL-28, cjun, jun-B, jun-D, fra-l,
fra-2 LS HIRRBECEROEVBEEBEFICOWVT
tax EHEICL 2 EEFHOFME 5 X ORMN L
FEHARA R MRET L 7.

WRE & UHE
[ . *BiasE3E

1. (ERIMERE & 2 DB &H

HTLV-1 JER %t + TH#IM MK & L T Jurkat,
Molt3, CCRF-CEM, Molt4 #iifit %, HTLV- I &k
b THIREER & LT Hut 102, MT-2, TL-BAR-MOR,
MT-l1#ifgs 2 hZhE k. - tax BAED A %
RRO» DOREHHICHE T2 THERK: L T JPX9
ke (RIEKFEFHUENFERE, KkH, BEF@EE
Trh#EE"S) 2. CheD#igiz10%3E# L
v v BB M #E (M.A.Bioproducts, Walkersville,
USA) #&t RPMI 16405840 (HK, BEFH) 288K
L, REEA AKEEBIZTCITC, 5% COFHETHE
EL.

2. Jurkat $HO RIS

Jurkat MIAOSTERBEMAVICEE L TV 2 KBk
W T 12-0-tetradecanoyl-phorbol-13 -acetate (TPA)
(Sigma, St. Louis, USA) 8 X ' phytohemaggluti-
nin (PHA) (Sigma) % % h £ 1L B EE S 50ng/ml,
4.8pg/ml &7 B X D ICEEBIRICEIL . BRA0RT, B
fn1s, 30, 60, 120, 240530812 % L7 4L 55 MM £ BF
L 7.

% 7z Jurkat #H @2 cycloheximide (CHX)
(Sigma) % 10x g/ml & %3 X 5 ML 240738 2

3-N-Morpholino-propanesulfonic acid; PHA,
phosphate-buffered saline; RNase, ribonuclease; SDS,

dodecyl-sodium-sulfate ; SSC, saline sodium citrate; TPA, 12-0-tetradecanoyl-phorbol-13-
acetate ; TRE, TPA responsive element ; Tris, Tris-hydroxymethyl-aminomethane
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PEEL 7-. & 51z Jurkat iRz TPA, PHA,
CHX ## #1751 50ng/ml, 4.8, g/ml, 104 g/ml &
25 & DIZEINL 2403 & i 2 BRE L 2.

3. JPX-9 fBAT DRI B

JPX-9 #ifEix tax BEEFOBRSERE TV AD A
yaFFirq4rroe—F— @B EL Zhk Jurkat
MBEAREEALE, BHNOREEKIESAENT
EEXREERT IS >RSI EHEYE
G AAWVWTEIRL b DTHS. 2D JPX9
MR IE CACL (FE, KRR : MUT, BEHTRICERD
ZVbORYHOMEEAVWE) REOEEBRRBUC
ko tax ERE+EETS. SEADERTIE JPX-9
MBESHEREEMCEBEL TR 2 RBIzB LT
CdCl, # B4R REEH 20 M/l L2 % & 5 TR BICER
pnLEshngn, wm1.5, 3, 6, 9, 12Kk ENT
NEEMBEEERL:. 28 CACLESZIZE D tax B
BE L ERGCAEsHEs L o EEELEZ SN
7%, WEEEE LT Jurkat #1812 CdCl 220 M/1
b E ma, JPX-9 HilE0BE L RARICER I &
WA R ERELL 72

1I. RNA DR

1. # RNA o

B L -4 % 10mM V) > BB & &35k (phosph-
ate-buffered saline, PBS) =T 2 @il , Mgl X
10°@H720, 4001 ©0.14M NaCl, 1.5mM
MgCl,, 10mM Tris-hydroxymethyl-aminomethane
(Tris)-HCl, pH8. 0 SRR £ 254 1 ©10% Non
diet P40 (Sigma) \ THIfEE BRS¢z, EHIZ25
x 1 @ vanadyl comlex (Bethesda Research Labo-
ratories, Gaithersburg, USA) =1z THEAD Y R
X 7 1L 7—¥ (ribonuclease, RNase) % iEME(LL K
TS5 SRIME Lok, B0 USRS R ERERE L
RNA 22t E¥£2ENLA. KRIZ50mM = F L >y
7 % v UEEEE ethylenediaminetetraacetic acid 2Na,
EDTA), 4% FF > LFlE+ bV 7 4 (dodecyl-sodi-
um-sulfate, SDS) #&#0.8M Tris-HCl, pH 9.0 65
ul & 7a77—¥K (Sigma) 101 & #IN%, 37CT
04MMLELE. FOUTEEBEDO 72/ — A BLU
CIAA (Z7Oa b LAV 7 E70I—N%241 1
DHEESTEESLLLD) T2 EMmELE, =¥
LRk E . 3L THEsh-E RNA 290
x1 ®10mM Tris, pH7.5, 0.1% SDS IZ¥&#&L ,
260nm OENEEZHEL THRNABELRD, £0
—HABE0.TR T AU —AFXVIZTELREEBL T
RNase 2k % RNA OS@BRELCTWIEWI L 2
L.

K

2. mRNA O

0ul O RNA xtLT10u]l OFET M
NaCl i1z, 2% émg OV 7-dT ro—2A
(7F+ay, BR) L BELERT 1IEME® - DiRE
L7 mRNA 21 o—RIBRES L. RISELL
TESNIE%0.1% SDS & 100mM NaCl % &
10mM Tris-HCl, pH7.512 T 4 @ L 72, 150mM
Tris-HCl, 0.1% SDS 2 L37°CT 5 MRS & &
THREL TS mRNA 2BEHEE. FBROGELL
Tero—A (K&, mRNA »S0 EE£EIL 7.

3. /—HrTuayF 4 TED

1Kz D 54 RNA20u g HH% T 32 mRNA %
By, ThE50%DFVAT IR (FHIA4TFARAT,
HE) , 17.5%DFNL<) > 2&E 2 % 3-N-Morph-
olino-propanesulfonic acid (MOPS) (pH7.5) (2§ f#
L65°CTI0AEIRIG & ¥ ¢ mRNA OBEREE%HL
P, 107 Ha—AF NIz T 2% MOPS I TER
WEEITo7. KRERTHOD Y L I310 X Saline
sodium citrate (SSC) (k& 3M NaCl, 0.3M
Trisodium citrate) (28 L15AHZR T -  DIR#E
qE-k, 20xSSC AL TAEE QN7 40
% — (Millipore, Bedford, USA) iz s 5 ¥ A7 7—L
. NIV ART 7 —HBODT 4 LT —E10XSSCIZ 54
MELLEE, UV A5 —%—Y>rh—1800 (7 F
2v) 2ALTER?24nm OENELI2007 1 7 0
Ya— 2B L mRNA 2EEL.

4. Fa—T7DOER

KEBRCHEBAL:Z 7o—7/H DNA 28877 R
2w FOS B, cfos, cjun BEFIE Salk Institute
(San Diego, USA) @ Verma & + & v, fra-l,
fra-2, jun-B, jun-D BEFIX BARERKZES FEE
s pAE+t LD, IL-2Re, IL2RAEETIZK
A IS vy /—0aOBtE LY ZhThifts
7.

c-fos BIZF 11 &IBEE®% ECOR I, BamH [ (FIfRE
FHEETANTCEEE, AR T HER D
1.4kb o4 % % DNA (complementary DNA,
cDNA), c-jun BEFI PstI THINDHEN 3 1.5kb
@ cDNA, fra-1, fra-2, jun-B, jun-D &EFIEZ TR T
ECORI TH¥IhHa&n s zhZhn 1.4kb, 1.1kb,
1.8kb, 1.6kb o cDNA, tax #{&F!13& ECORT,
BamH 1 T¥Ih 2 <3 1.1kb ¢ cDNA, actin #&{&
Fi3 ECORI, HINDII T¥Ih HH&h % 0.4kb O
¢cDNA ThhuFhb 7V EBEFRERZ2EIZEER
Wbl TEATWVS.

—7%, egrl, egr-2 ®EF X DNA & (ABI



tax 12 & % fos, jun BERETFRORHFERYE 17

Sy, BE) BXU PCI00 (7P A5 v 7, &
i) # A\, polymerase chain reaction %" iz T
egr-1 BIEF7 3/ BEIREE O CRIFHM 0.5kb &
egr-2 JMIEF7 3 / BB O NRIR 0.2kb » %
ERLUTHERL:.

Zhsd DNA 3xhZh25ng $© 25 LF 735
AL TIRYVITDe Xy b (Toy vl ¥ pn
Y, ®BE) #AWT (¢-*P) ¥4+ CTP (T~ ¥ ¥
Loe D p ) ERGCERL 2.0—5.0cpm/u g DL
RO O - TR B

5. NA TNV F A ¥—var

mRNA 2BE L7 4 LT —250% K VLT 3
R, 4XSSC, 5 XFonl b GERIZ L% 7 4
=N, I1%RIVE=Z—=NEFaY Ry, 1%L 7L
72 ¥), 0.1%SDS, 20ug/ml ZM4 77 DNA
(R=V ==t AUZN, BX), 200u g/
ml polyA (2 RE « N4 4, BR) 52 7oA
TYFAE—va vl Sml 2RIZTFS5 A F Ny S
AL, APCT ARG S €1z, T ID 7 v A
TNVFA4 L -2 a > BERT, Iml D4 7Y 54
=g v (P NA TN A ¥ -y a L RIZES
L7:7ua—710ng #1277z 4 D) 2 A, 42°CT 168
MIKICE €7,

RIGOWT LIz 7 407 —13£3 1 XSSC o TE
BISHMITEBEL, 85120.2XxSSC {2 T68°CT304
M, 2EERL:. BBRROZATND 74 LY —D
TRETIEMEICHE L T —80°CT 3 Bl 5 2408 o0 + —
CNIYF ST T 4 —RHTLR. RBBRHESAATA
DRESOFMIE 7o —ABREREOBIZ,
Hindlll TYIKTL (a-®P) ¥4 *3> CTP Iz THESL
72 A DNA #100ng %##E4 L U TR IRENL 2 O
BorasptEL:.

3 &

I. HTLV- 1 Bk #5135 mRNA 0RHR

1IZRT &5 HTLV-1 BEERETH 3
Hutl102, MT-2, TL-BAR-MOR #if8 Tz tax &%+
&€ HTLV-1 ® mRNA B KEIZEBEL T
2, BHRER T Y MT-1HIIETIZIF LAY RBL T
Bo7, EREMEEKETISERL TWiholz.
%8 HTLV-1 TiREF 714025 /AN ERIZb
2o TEEXN, 20 mRNA B2EA 7S 427
EZTThS tax EHESELESNEY. LT
ZOEERTIE tax BEFETo—7 & L THWE
RBAEM LTIk tax BEF I T% L gag, pol,
env, rex BEFLE HTLV-1 0 a—F+23FXTHD

mRNA 38t & h T v 3. cfos, fra-l, c-jun,
jun-B, jun-D, IL-2Ra, IL-2Rg BEFD mRNA it
WTh b IERR AR L L TRk T S B R
BLTwlkboo, H¥LH HTLV-1 @ mRNA 0
REFLIEFIL TR Z ML jun-B
IL-2R e B{ZF® mRNA i3 MT-1 {2 To KBz
WL Tz, —F fra-2 BEFD mRNA O &I13FER
RiMRIE - BREMBRGE CEEEZSED Sk
7. B ERED mRNA B2 —zhk>Tw3 ok
OWER L L TR actin BEFO mRNA b REE L
LTHIEL /.

II. Jurkat #BR (&35 TPA, PHA %Kitk 3

mRNA MHFIR

TPA, PHA R 2172 L2 O & > RIgHETZ 3
LALERHENR L o7 cfos BIEFD mRNA &)
B30 TRECRELHD, 2400BICIEEL K
M7z, fra-l BEFO mRNA & 2Rzl RR %
WL 7S c-fos BEFITL L TRREL 6057 HLS
2403 BICH T TRBEBIZBREESRT. —F cjun,
jun-B, jun-D HW{EF O mRNA 2HIEEI» & --E @O
REERLH, FIEE055ED 524053 %1201 T &
SIZEL WIS SN, £ IL-2Ra BEFOD
mRNA BRI E2403 B> THOTHRE s,
B fra-2 BEFO mRNA BRIBEIRCTEELEL
#R& 7, IL-2RA BETFO mRNA 3HTa L
Mmootz

EHAARMBEEATH 5 CHX MR 240981
mRNA ZREFLZ 25 CHX BTz ke2EL
R s> o7zd, TPA, PHA RIBEHET 2 &
c-fos, fra-1, c-jun, jun-B, jun-D BEZF O L Fh D
mRNA $ EFL Lg% RL, TPA, PHA ®I# 2 7242
CHX BEHEETEELLD L n -7 fra2 B F0O
mRNA 2y @RS 5h7:. L L, IL2Rae 0
mRNA & TPA, PHA, CHX ® 3#HBIck->TL
TPA, PHA flBOBE L FEEVNRD SNk b o
7z

I, JPX-9 #ARI=61r5 tax ERENELE L S

mRNA ORH

3D X oz JPX-9 #ikEiz20u M/1 o> CdClL %0
Z % &1.5FFM#IZ tax BZFO mRNA »BFEHRL,
FOREEIILUBEEICIVWEZ2ETIRIZT—ETH-
7. ZHICHIEL T cfos, fra-l BEFD mRNA &
1. ORFRIEICEBALBIME R D22, IRHBIZIR
et CE £ THA L. cjun, jun-D EERFO
mRNA & E#RICL. 5B BIZFRE 2R L 7z hHERE
a2 biT c-fos, fra-l BEFITHENTHE DEHT
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jun-D ﬂ‘i = 18kb

19283456738

actn @EOEBOe® - 190

W dot-. —7F, egr-l, egr-2 BIEFD mRNA &
L. SBFIE & DR A ICIEITL T 9 BERIBR I IR K &
L24BEHB L IR E TH o1z, £ IL2Ra #EF
@ mRNA 212K % o B S h 245 b 1212F
CThot. Thiexl fra-2, jun-B BIEZFD
mRNA OFRB&EIZ CACLEFEMOREBTEEALL %
FEHF, IL-2RaBIEFO mRNA BRI TEEL T,

HBRNBEEEO Jurkat IR THVLTLOBIZFD
mRNA & CACLEEMET®H TE R snd, fidL
7z JPX-9 HI TR s ELIR T T tax BHEWK
B3O LEbNI.

£ =
MR X< 2 SRR RIS L T oML - MR E TR

1234586738

- 3.4kb

© ~D.2Kb

Fig.1. Northern blot analysis of mRNAs
isolated from HTLV- I-negative and positive
cells. Negative cells were Jurkat (lane 1),
Molt3 (lane 2), CCRF-CEM (lane 3), and Molt4
(lane 4). Positive cells were Hutl02 (lane 5),
MT-2 (lane 6), TL-BAR-MOR (lane 7), and
MT-1 (lane 8). Probes were cDNAs of human
c-fos, fra-1, and fra-2 (A); c-jun, jun-B, jun-D,
and actin (B); IL-2Re« , IL-2RG, and tax
genes (C). Sizes of mRNAs were calculated
from migration distance of Hind Ill-degested A
-DNA marker.



c~fos

c-jun

jun-B

jun-D

tax I2& % fos, jun MEEETROREFY 19

1t 28458678

LR B

12346678

1234567 8

w8

12345878

~ 2.4kb

- 1.7kb

~ 8.0kb

= 2.3kb

~2.7kb

~2.1kb

I8, IOBEHSARREFOENSBEE LB 5 R
LTwd. ChoBARBEFOI-FT2EHE
BRELBDODBIZAE T2 L0nTES. +4b
b, KEEFLZ0REK, SRABSEERTE, &
NBIEZFESHANEFTH S . cfos RU cjun BEE
HENEERFCBT 28 20BEFIIZLALTA
TOMMIZ B W T - TPA & Y% 2R8I 5
LED TR 2D —BICRET 2 2 B H sl T
WM ZDizH, I L THIESN O IR N
THELHIEBRYZEESNS cfos, cjun BEE I
CHICHE DB < DBEBEFDIEE » DIERN- S L

12834868738

3.5kb

IL~2Ra
1.5kb

1284568678

L-2Rp

123458678

actn BE@BRBPReE - 100

Fig.2. Northern blot analysis of mRNAs
isolated from Jurkat cells after TPA and PHA
simulation. Jurkat cells were stimulated with
TPA (50ng/ml) and PHA (4.8x g/ml) for 0
(lane 1), 15 (lane 2), 30 (lane 3), 60 (lane 4),
120 (lane 5), and 240 minutes(lane 6): or with
CHX (104 g/ml) alone for 240 minutes (lane
7); or with TPA, PHA and CHX for 240
minutes (lane 8). Probes were cDNAs of
human c-fos, fra-1, and fra-2 (A); c-jun, jun-B,
and jun-D (B); IL-2Re, IL-2RA, and actin
genes (C). Size of mRNAs were calculated
from migration distance of HindIll-degeted A
-DNA marker.
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1.2 34 5.6 7

TwabneEzoh, EFERBRUTE .

L LEREZLT cfos RO c-jun ERERDITIO
I SRR HEEIT) LN TE S L D nEEME
ENnTwik I3, fos BEBEFREEL T fral,
fra-2 BIZF 25, jun BEEBEFRH L L T junB,
jun-D BEFIERTHERSNL. ZhS5DORET
RITit fos/jun BEHEEGUE2TER T DD T ¥
vy~ L DNABEED O DEEET 2 /B
SN L BEISRTE O, KB cfos,
fra-1, fra 2 EA % c-jun, jun-B, jun-D EEHE D
wEh e b ESEETBHRTES LY, FOAEDLY
DESELFAL DNA % TGACTCA (TPA
responsive element, TRE) 28833 2™, Lo L4
SEEEM OB D T VERESEH < &

1234567

Fig.3. Northern blot analysis of mRNAs from
JPX-9 cells after CdCl,stimulation. JPX-9
cells were stimulated with CdCl, (20 M) for 0
(lane 1), 1.5 (lane 2), 3 (lane 3), 6 (lane 4), 9
(lane 5), 12 (lane 6), and 24 hours (lane 7).
Probes were cDNAs of human tax, c-fos,
fra-1, and fra-2 (A); c-jun, jun-B, jun-D, and
actin (B): IL-2R«, IL-2R3, egr-1, and egr-2
genes (C). Size of mRNAs were calculated
from migration distance of Hindlll-digested A
-DNA marker.



tax 2 & % fos, jun BEREFHORHFEHE 21

<, TOEH R 2 L HERlash 325,

7z cfos BETFERE N SOBEFD 7uE—
§— I &k CEBE I N TR WS, mERE T
2 REMFH e mRNA ORBEHEANEVRLL LR
82 & > T mRNA OHEMHZRBRESEZ S
ZEKTIE jun-B, jun-D BEF»% <, Tk cjun
BEFHBEN) Zehd, TROOBREFIZIERLZH
HEZTTRETZ2bOLEEZ SN B, SEHOE
BRTdH Jurkat #ilg% TPA, PHA THIET 2 2 & iz
& D, c-fos, fra-1, c-jun, jun-B, jun-D #E F D
mRNA 3R D —BEICHEL T3 25 DK
B REERNCRSPOR BRSNS . CHX &
ETTH mRNA BBEINL 20 IS 0MEE
FORBREF L 2EASHREN AL HWTHEE I LB 2
CHOERRE N - REEOFEL NI ASD
mRNA #3ET2BECAORATHRFNELS LA
ol EzoNE. 2B, fra2 BEFO
mRNA iz TPA, PHA RIBlCc3EERELeRa L
Mojfenst, TPA, PHA, CHX offB# g iz CHX
BMEE ST mRNA ORMssED S et i
#asis TPA, PHA RIBTH MU T v 2 AT gEM 43
Hb. LIHTHREEFMIETH 2 NIHITS, CEF il
EHESLLURIOHE ClIMBRBIC LD fra-2 B{EF
® mRNA 23800 jun-D #{&ZFD mRNA B TET
Holbd3NTED, SADOEBRFER LR pW.
ndes SO LIRS RURIEMEOEVIZL 3
bDOEEZOSN, ZhoDBETFORBER SIS
FOoTRRDIZLLIBRILEHT 3.

IDE3 I IhsOBEFIIOEIZY TPA, PHA
WOHARIGLUTHET 2 L3V A FORERR gD
BRSNS, TPA X 70743+ —¥C 2EMHL
THYMHEELTE7: PHA BHIEAEBYWE L LT
NTBNABNLTMERBE RS> TOLTH RS
Tz, TRE POTHMIZEBRL, 20—8zh
A& 2 HTLV-1 BED LS ZERT 20,
HTLV- 1 Bk EREMBEICERT
c-fos, fra-1, c-jun, jun-B, jun-D, IL-2Ra , IL-2Rg
BIEFO mRNA OISR S . L 25 TRER
fagko > v HUTIL02, MT-2, TL-BAR-MOR #ifa
3R tax BETZHDET 2794 L2AEHD
mRNA 2 KREIWZHEBEL T35 MT-1 #ilCixdi
WHHARAER 7O AL RATIEEAEEEL Ty
V.o 2O MT-1 g Cclafio S#IBHE AT
fra-1, c-jun, jun-D, IL-2R 8 B{E ¥ mRNA D &ix 4
WLt c-fos, jun-B, IL-2R o B FD mRNA 2i3F
BEEZZOR L. TOWERE LT fra-l, cjun, jun-D,

IL-2RABEFOEEI tax BEAE W L D ELa R
ZO¥MPEIE tax EEHEOB WA T 5 28, cfos,
jun-B, IL-2R o BEFOEEFEM(LIZ VB D tax B
BECRMREL L2553 0 I3 EEE tax EEE L X
Bk { HTLV- 1 B & 2o ZReIEb e L
TETIREDELFNBTES.

WiZBREHAETRE>h7- 25D mRNA O#i0
B tax BHERZ LA LD THELEI N ERFT 2
7z JPX-9 MEE A7, Z OIS EE DR EE
Tt tax BEEEEELL 20 CdCLEMA S £1.5
REILAPNIC tax BAEMBELESINBH 4R b &
BT b, ZHIZNEL T cfos, fra-1, c-jun, jun-D i@
fZFD mRNA & 1.5/ 1328mML 7228, cfos,
fra-1, jun-D BEFD mRNA & 3% IZHE O
CACLEMATORIEIZRE D |, c-jun H#IEFO mRNA i3
3 IR & 0 I U LA o 24 BRI B IC IR INBT R
FEIZER o1z, wEEEO Jurkat #ifgiz CAClL. &2z 7>

BUEEELEL>DTINS 4 DOBETF
DB tax BABEIC L > THlEMfbahd v 2 5.
F72 cfos BEFIZDVLTRIE->ED Lizwat fra-l,
c-jun, jun-D BIZF D mRNA ZBLMBEET D
tax EHEORIZH2BEMHEL THMLTBY
JPX9 g CRONBEREERKT 5.

fra-2 iz F® mRNA 12 JPX-9 #ifaT & B
BTHHML TS 7, tax EHE 3 U ET 3
HTLV-1 OB&E*Z3xwb0tEBbh 3. 215 L
TPA, PHA RI#DEzd CHX 26+ % & fra-2
BEFDO mRNA OBNREH ST H, JPX-9 4
MOBELWMELZSHEINL TS ARERRTET &
Zwv, Ll CHX 2572+ tax EHE £ TERK
pHEENS D IO L TRRETE L
oz, jun-B EIET 0O mRNA (3 BB B TN
LTz bon JPX9 il cirEntsr o,
tax EHE L FEMGIC HTLV- T B L 5 R
2t : LT jun-B BEFO mRNA #8501+ 2 748
MEZSND.

IL-2Ra BEF@ mRNA 57 0Bh T CACL 5
NOL2BRSRAIEIC L tAd T\ 3. tax BEEIZEE
IL2Re B FOTuxs—9 —IZFAT20D Tk &
. NF-xB WO BEERFEAE®#MNL T IL-2Ra
BEFORBF*BET 28> THE™,
TPA, PHA ##iz& 3 IL2R2BEFORBHEED
Bz b[FERRIC NF-« B EHEA M T 53 T3
239 TPA, PHA 1% % IL-2R o BEF D FEH S
BYETHEOIINL tax BEHEIZ & 5 RBIIERY
THHZ L™ 72 TPA, PHA ¥ tax EEEOHES



22 =

& TIL-2Ra BEFORBLFET 2BCLEL2RTF
R EO/ERMSTERE—FL TRV I & 5EE
DEFBBE Lo LEHTHR2LELNSE . &5
IL-2RS BEFROWVWTREFLIFEALEHEN TS
57, SEOERTHBAMBETIE tax BEAEOE
WEEBI L T IL-2R 8 B {EF D mRNA 23k a iz b
DD JPX9 HETHMETER Lo, ZThi
JPX-9 MR CId BRI LT tax BEEDEL
2D % wizd IL-2R 8 BIETF O mRNA HH T &
ZIEEEEsNEh o, DB WX IL2RE EETF
@ mRNA OBIMZIER tax ERE L REGOZ W
HTLV-1 BRI L2 ZROERC L2 b LR &
3.

RTCSEOERD S tax EEE X c-fos, fra-l,
c-jun, jun-D, IL-2Ra BETOEERRET 2 Z L2
bopold, BBIZEDEIIIWCLTERTZ2O», o
FVERCHZVRIOEERTFENLIBISbA
B0, AT2eTnEZTNIEM[AL, ZLTIASLD
BEFO70E—Y -0 EOFEREKIET 2O H
U7z IL2Ra BIEFOBEEREIFZLAEbRT
Wiz, c-fos, fra-1, cjun, jun-D BEFDO I b7
T =P+ DHEIN T B DL c-fos BEFT
THh5™. & Z2T HTLV-1 Bflatk Tk cfos,
c-jun BEFEEEERTE2Z T TR, BEHRTRFE
AHROBEERFTH32258EFD mRNA OFKKR D
WL Twa®, ZOBICET S egrl, egr EEF
? mRNA BEFRZILZN 70 € — 5 —2BLIC BT
ENTWVWAE, 22T tax BHE W & 3 egrl,
egr-2 BEFOBEEMH LI L IARIDLIKEE
Z0O mRNA o#mABL 5. BE, cfos,
egr-l, egr-2 BEFEFLEZINASDOTOE—F — %
EHICHEMIcHRERTHS.

tax EHER ZOMic b PRk -~ s0 7 r—Y
o= — ¥ H ¥ K F (granulocyte-macropharge
colony-stimulating factor, GM-CSF), I1L-3, IL-4 &=
FORBEFRET DI b o> TWHE®, /2
tax EHERBCEERMFIT2285Y, Z0F
ELTIEB—RY AT —ERBEFVE-REINLTH
37 Io&dw tax BEREREBHEEICSHLER2
boTUBY, ZOWEL—OWCHETE Z L XEET
5. LrL, SEDERE»S cfos, fra-l, cjun,
jun-D BEHE L woMiEL £ OMIERIEIC X > T &
MEEIWIBEERFIMEAO tax EREK
o THRARKEEIND Z L5EBEEh, ZhoD
BEERFH tax EHEOSELZERAOHEVFIZL -
TWBAREMEREN. £ IhsDEERFOIE

. B EEFOD mRNA OEMBEDH o,

FIEALHIEE 25 2B LR BSALE L2
WS REbEZoNE. L LSEOERTIE
IL-2Ra BEFSHFFENCREL TV IDIRL,
c-fos, fra-1, c-jun, jun-D BEFD mRNA i tax &
HESEELTHL 3L kb o TR & £z L
TBYVEELZRBCNTIRIGERKEZFBIRES> N
2. TR BT 3 Zh S BEBFORE
WK BH - FET 308, HTLV-1 B#h o ATL 5%
EETICRRVWEAR2ETZ LY LAbYTHAL
a7z 312 D 53 A SRR F 0 WML R 03 A IR
BFOTERELLZ LS S CABRBrOREOEME L
BrlLIhspZRHWE cfos, fra-l, cjun,
jun-D BEFEFFEHCRFS LI O L RS L
5. IhH5DOMBEIIL SRS 5o A R#EET
PUAMGIBETFICO2VTY tax BEHES2HD LT
3 HTLV-1 ORE R L TIRDHEA .
b Lo

1. HTLV- 1 BHsB ik <13 SRR o o~
T c-fos, fra-1, c-jun, jun-B, jun-D, IL-2R @, IL-2R
ZDIH B
fra-1, jun-D, IL-2R 8 #{ZF D mRNA & HTL-
V-1 © mRNA & L L Tw /228, cfos, jun-B,
IL-2Ra #=7FD mRNA BIZEESE Sk -
7. —7, fra-2 @{EFO mRNA (ZRERH « JEREHAa
HRETEEZR2B a0 7.

2. tax EREOARHEET 2 JPX-9 MlEE=RA .,
c-fos, fra-1, c-jun, jun-D #{EFD mRNA 2% tax &
HECL s TREL D —BECHRRZFEINDZ I LY
SEH st —F, IL2Ra MEFO mRNA it
tax ERHEWC L > T W EHBINLFBHEETH -
o, ZOX DI tax BHEIC £ 2 BETF OB LT
HEHECEISHEELR SN, Thizi L, fra2,
jun-B, IL-2R 8 B F® mRNA dFE s ¢, B
MREHR T A S 7z jun-B, IL-2R 8 E{ZF® mRNA &
BN tax ZEEELOMRRIEHECE L, o7z,

3. tax EEE I DM, HUE, TPA/PHA & &
DR L THE I 580 T cfos, fra-l, cjun,
jun-D, IL-2R « ;BZFD mRNA pFEEas L, Zh s
Y HTLV-1 Bz & % THIREO B R O HEERF I
BEESEREERLL VB EELZOND.

ESf 3

MERZBCHD, BEGCHEEHEED £ L BN
H RERIIREZIHELRL 7. $REEROEE
HETHE & LR SRRESAMETRY 1 v AMPIOE AT



tax 12 &5 fos, jun BEREG FHOKESEY 23

B, BHBEBFIOLLSBMBLET. -8 AL2H
77 2O SRR FEEFBHZAREHE L I GIRAY
DABFIRARY £ L ZERFIO BRI B L & 5

X 3

1) Hinuma, Y., Nagata, K. & Hanaoka, M.:

Adult T cell leukemia: antigen in an ATL cell
line and detection of antibodies to the antigen in
human sera. Proc. Natl. Acad. Sci. USA, 78,

6476-6480 (1981).

2) Yoshida, M., Seiki, M. & Yamaguchi, K.:

Monoclonal integration of human T cell leukemia
provirus in all primary tumors of adult T cell
leukemia suggests causative role of human T cell
leukemia virus in the disease. Proc. Natl. Acad.
Sci. USA, 82, 2534-2537 (1984).

3) Seiki, M., Roger, E., Thomas, B. S. &
Yoshida, M.:
HTLV provirus genome into adult T cell leukemia
cells. Nature, 309, 640-642 (1984).

4) Seiki, M., Hattori, S., Hirayama, Y. &
Yoshida, M.:
virus: Complete nucleotide sequense of the

Non specific integration of the

Human adult T-cell leukemia

provirus genome integrated in leukemia cell
DNA. Proc. Natl. Acad. Sci. USA, 80, 3618-3622
(1983).

5) Seiki, M., Hikikoshi, A., Taniguchi, T. &
Yoshida, M.:
HTLV-1: general splicing mechanism in the
HTLV family. Science, 228, 1532-1534 (1985).

6) Inoue, J., Seiki, M., Taniguchi, T., Tsuru,
S. & Yoshida, M.:
recepter gene expression by p40* encoded by

Expression of the pX gene of

Induction of interleukin 2

human T-cell leukemia virus type 1. EMBO ],
5, 28-83-2888 (1986).

7) Tanaka, A., Takahashi, C., Yamaoka, S.,
Nosaka, T., Maki, M. & Hatanaka, M. : Oncog-
enic transformation by the tax gene of human
T-cell leukemia virus type I in vitro. Proc. Natl.
Acad. Sci. USA, 87, 1071-1075 (1990).

8) Hinrichs, S. M., Nerenberg, M., Reynolds,
R. K., Khoury, G. & Jay, G.:
mouse model for human neurofibromatosis.
Science, 237, 1340-1343 (1987).

9) TFujii, M., Sanssone-Corsi, P. & Verma, 1.,

A transgeneic

M.: C-fos promoter trans-activation by the tax

protein of human T-cell leukemia virus type I.
Proc. Natl. Acad. Sci. USA, 85, 8526-8530 (1988).

10) Sassone-Corsi, P., Lamph, W. W., Kamps,
M. & Verma, I. M.: Fos associated cellular p39
is related to nuclear transcription factor AP-1.
Cell, 54, 553-560 (1988).

11) Cohen, D. R. & Curran, T.: Fra-1: a serum
inducible, cellular immediate-early gene that
encodes a fos-related antigen, Mol. Cell. Biol,, 8,

2063-2069 (1988).

12) Matsui, M., Tokuhara, M., Konuma, Y.,
Nomura, N, & Isizaki, R.: Isolation of human
fos related genes and their expression during
monocyte-macropharge differentiation. Oncogene,
5, 249-255 (1990).

13) Ryder, K., Lau,L. F. & Nathans, D.: A
gene activated by growth factors is related to the
oncogene v-jun. Proc. Natl. Acad. Sci. USA, 85,

1487-1491 (1988).

14) Hirai, 8. I, Ryseck, R. P., Mechta, F.,
Brave, R. & Yaniv, M.:
junD: a new member of the jun protooncogene
family. EMBO ]., 8, 1433-1439 (1989).

15) Hatakeyama, M., Tsudo, M., Minamoto, S.,
Kono, T., Doi, T., Miyata, T., Miyasaka, M. &
Taniguchi, T.:

Characterization of

Interleukin-2 recepter# chain
gene: Generation of three recepter forms by
cloned human « and £ chain cDNA'’s. Science,
244, 551-556 (1989).

16) Nagata, K., Ohtani, K., Nakamura, M. &
Sugamura, K.: Activation of endogeneous c-fos
proto-oncogene expression by human T cell
leukemia virus type I-encoded p40™ protein in
the human T-cell line, Jurkat. J. Virol., 63,

3320-3326 (1989).

17) Sambrook, J., Fritsch, E. F. & Maniatis,
T.: Molecular Cloaning, 2nd ed., p7. 43-7. 50, Cold
Spring Harbor Laboratory Press, New York,
1989.

18) Erlich, H. A., Gelfand, D. H. & Saiki, R.
K.: Specific DNA amplification. Nature, 331,

461-462 (1988).

19) Feinberg, A. P. & Vogelstein, B.: A techn-
ique for radiorabelling DNA restriction endonucle-
ase fragments to high specific activity. Anal.
Biochem., 132, 6-13 (1983).



24 Lt

20) Greenberg, M. E. & Ziff, E. B.: Stimurati-
on of 3T3 cells induces transcription of the c-fos
proto-oncogene. Nature, 311, 433-438 (1984).

21) Muller, R., Brabo, R., Burckhardt, J. &
Curran, T.: Induction of c-fos gene and protein
by growth factors precedes activation of c-myc.
Nature, 312, 716-720 (1984).

22) Rauscherlll, F. J., Voulalas, P. J., Franza
Jr. B. R. & Curran, T.: Fos and Jun bind
cooperatively to the AP-1 site: reconstitution in
vitro. Genes & Dev., 2, 1687-1699 (1988).

23) Nakabeppu, Y., Ryder, K. & Nathans, D.:
DNA binding activities of three murine jun
proteins: stimulation by fos. Cell, 55, 907-915
(1988).

24) Chiu, R., Angel, P. & Karin, M.: Jun-B
differs in its biological properties from, and is a
negative regulator of, c-jun. Cell, 59, 979-986
(1989).

25) Schutte, J., Viallet, J., Nau, M., Segel, S.,
Fedorko, J. & Minna, J.: Jun-B inhibits and
c-fos stimulates the transforming and trans-activ-
ating activities of c-jun. Cell, 59, 987-997 (1989).
26) Nishina, H., Sato, H., Suzuki, T., Sato, M.
& Iba, H.: Isolation and charcterization of fra-2,
an additional member of the fos gene family.
Proc. Natl. Acad. Sci. USA, 87, 3619-3623 (1990).
27) Leung, K. & Nabel, G. J.: HTLV-1 trans-
activator induces interleukin-2 recepter expression
through an NF-x B like factor. Nature, 333,
776-778 (1988).

28) Ballard, D. W., Bohnlein, E., Lowenthal, J.
W., Wano, Y., Franza, B. R. & Greene, W. C.:
HTLV-1 tax induces cellular proteins that
activate the x B element in the IL-2 recepter a
gene. Science, 241, 1652-1655 (1988).

29) Lowenthal, J. W., Bohnlein, E., Ballard, D.
W. & Greene, W. C.: Regulation of interleukin 2
recepter « subunit (Tac or CD25 antigen) gene
expression : binding of inducible nuclear proteins
to discrete promoter sequences correlates with
transcriptional activation. Proc. Natl. Acad. Sci.
USA, 85, 4468-4472.

30) Cross, S. L., Halden, N. F., Lenardo, M. J.
& Leonard, W, J.: Functionally distinct NF-x B

binding sites in the immunoglobulin » and IL-2
recepter a« chain genes. Science, 244, 466-469
(1989).

31) Sumayah, J. & Ziff, E.: Transactivation of
c-fos and g -actin genes by raf as step in early
response to transmembrane signals. Nature, 344,
463-466 (1990).

32) Wright, J. J., Gunter, K. C., Mituya, H.,
Irving, S. G., Kelly, K. & Siebenlist, U.:
Expression of a zinc finger gene in HTLV-1 and
HTLV-1I transformed cells. Science, 248, 588-591
(1990).

33) Tsai-Morris, C. H., Cao, X. & Sukhatme,V.
P.: 5 flanking sequense and genomic structure of
egr-1, a murine mitogen inducible zinc finger
encoding gene. Nucleic. Acids Res., 16, 8835-8846
(1988).

34) Rangnekar, V., Aplin, A. C. & Sukhatme,
V. P.: The serum and TPA responsive promoter
and intron-exon structure of egr-2, a human early
growth response gene encoding a zinc finger
protein. Nucleic. Acids Res., 18, 2749-2757 (1990).
35) Miyatake, S., Seiki, M., Yoshida, M. &
Arai, K.: T-cell activation signals and human
T-cell leukemia virus type I encoded p40* protein
activate the mouse granulocyte-macropharge
colony stimulating factor gene through a common
DNA element, Mol. Cell. Biol., 8, 5581-5587 (1988).
36) Miyatake, S., Seiki, M., Malefijt, R. D.,
Heike, T., Fujisawa, J., Takebe, Y., Nishida, J.,
Shlomai, J., Yokota, T., Yoshida, M., Arai, K.
& Arai, N.: Activation of T cell-derived lymho-
kine genes in T cells and fibroblasts: effects of
human T cell leukemia virus type 1 p40* protein
and bovine papolloma virus encoded E2 protein.
Nucleic. Acids Res., 16, 6547-6566 (1988).

37) Jeang, K. T., Widen, S. G., SemmeslV, O. J.
& Wilson, S. H.: HTLV-1 trans-activator
protein, tax, is a trans-repressor of the human g
-polymerase gene, Science, 247, 1082-1084 (1990).
38) Okamoto, T., Ohno, Y., Tsugane, S,
Watanabe, 8., Shimoyama, M., Tajima, K.,
Miwa, M. & Shimotohno, K.: Multi-step carcino-
genesis model for adult T cell leukemia. Jpn. J.
Cancer Res., 80, 191-195 (1989).



tax {24 % fos, jun BEEREFHORKHEFYE 25

Induction of Cellular fos and jun Related Genes by the Transcriptional Factor, tax Protein,
of Human T Cell Leukemia Uirus Type I Takeo Niki, Department of Internal Medicine (1),
School of Medicine, Kanazawa University, Kanazawa 920 —J. Juzen Med. Soc., 100, 14 —25 (1991)

Key words adult T cell leulemia, human T cell leukemia virus type I ,tax
Abstract

Human T cell leukemia virus type I (HTLV-I)-encoded tax protein, functions as a trans-acting
transcriptional activator not only for its own viral genes but also cellular genes. Therefore, tax pro-
tein has been thought to play an important role in the onset of adult T cell leukemia (ATL). However,
the mechanisms by which tax protein induces the leukemogenesis of T cell are still unclear. In this
paper the author examined whether tax protein can induce the cellular genes responsible for cell pro-
liferation, such as c-fos, fra-1, fra-2, c-jun, jun-B, jun-D, interleukin 2 recepter « (IL-2R « ), and
interleukin 2 recepter 8 (IL-2R £) by using Northern blot analysis. The results show that messenger
RNAs (mRNAs) of the all genes except for fra-2 were increased in the HTLV- I positive cells com-
pared to the negative cells. Furthermore, JPX-9 cells which were Jurkat cells stably transfected with
tax protein expression plasmid, were used to confirm that the increase of mRNA was induced by tax
protein. In the JPX-9 cells following the expression of tax protein, mRNAs of c-fos, fra-1, c-jun, and
jun-D genes were induced immediately and transiently, and mRNA of IL-2R « gene was induced
slowly and constitutively. On the other hand, mRNAs of fra-2, jun-B, and IL-2R 3 genes were not
induced. Therefore, the elevation of mRNAs of jun-B and IL-2R 8 genes in the HTLV- I positive
cells seemed to be a multifactorial result of transformation by HTLV- 1. The findings that tax pro-
tein could induce expression of c-fos, fra-1, c-jun, jun-D, and IL-2R « genes in T cell line without
any other stimulation indicate that tax protein may replace antigen-specific stimulation and induce
proliferation and activaton of the T cell, and consequently play an important role, at least in the early
stage of leukemogenesis. In the present experiments, expression of c-fos, fra-1, c-jun, and jun-D
genes by tax protein were transient. However, these genes are expressed constitutively in the HTLV-

I -positive cells and ATL occurs long time after HTLV- I infection. Therefore, still more abnormal
changes by HTLV- I may be necessary, such as activation of other proto-oncogenes or inactivation
of tumor suppressor genes, to activate these genes constitutively and ultimately result in cell transfor-
mation.



