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Summar y

We exami ned t he ef f ect of t he human T l ymphot r opi c vi r us t ype 1 ( HTLVI ) Tax gene pr oduct
on t he human t r ansf or mi ng gr owt h f act or 01( TGF- 01) pr omot er . Tr ansf ect i on of del et ed const r uct s

of t he TGF- f l 1 pr omot er r eveal ed r egi ons homol ogous wi t h AP- 1 bi ndi ng si t es t hat wer e r equi r ed

f or Tax- i nduced t r ansact i vat i on of t he TGF- ( 31 pr omot er . I n addi t i on, we exami ned t he expr essi on

and secr et i on of TGF- , 3 i n f r esh l eukemi c cel l s i sol at ed f r ompat i ent s wi t h adul t T cel l l eukemi a

( ATL) and i n HTLV1- i nf ect ed T cel l l i nes . We r epor t t hat f r esh l eukemi c cel l s f r omATL pat i ent s

const i t ut i vel y pr oduce hi gh l evel s of TGF- 01 mRNA and secr et e TGF- a1 but not TGF- / 32 i nt o

t he cul t ur e medi um. I n addi t i on, l ong- t er m ATL cel l l i nes expr essed si gni f i cant amount s of TGF- / 31

mRNA as wel l as det ect abl e l evel s of TGF- 01 pr ot ei n . These r esul t s suggest a r ol e f or Tax i n

t he upr egul at i on of TGF- a1 i n HTLVI - i nf ect ed cel l s.

A
dul t T cel l l eukemi a ( ATL) ' i s an aggr essi ve, usual l y

f at al T cel l mal i gnancy. Human T l ymphot r opi c vi r us

t ype I ( HTLVI ) has been i dent i f i ed as t he r esponsi bl e i nf ec-

t i ous agent ( 1, 2) . Cl i ni cal f eat ur es i ncl ude ski n i nf i l t r at i on

by t he l eukemi c cel l s, hyper cal cemi a, and i mmunosuppr es-

si on mani f est ed by a hi gh i nci dence of oppor t uni st i c i nf ec-

t i ons ( 1, 3- 9) . Some of t he cl i ni cal f eat ur es of ATL have been

ascr i bed t o t he over pr oduct i on of cer t ai n cyt okknns, such as

TNF- q I DI , or l ymphot oxi n, by t he t umor cel l s ( 10- 13) .

Recent l y, excessi ve amount s of anot her cyt oki ne, t r ansf or mi ng

gr owt h f act or # ( 1GF- j 3) , have al so been r epor t ed t o be secr et ed

by f r eshl y i sol at ed ATL cel l s ( 14- 16) .

The over pr oduct i on of TGF- Oby t hese cel l s i s i nt r i gui ng

si nce TGF- f l has been shown t o have pot ent i mmunosup-

pr essi ve pr oper t i es and t o af f ect cal ci um met abol i sm i n vi t r o

( 17- 25) . I n vi t r o, TGF- S has been shown t o depr ess t he

pr ol i f er at i ve r esponses of t hymocyt es t o 1171, T cel l s t o 11, 2,

and B cel l s t o B cel l gr owt h f act or s . TGF- 0 al so suppr esses

t he gener at i on of l ymphoki ne- act i vat ed ki l l er cel l s and cyt o-

' Abbr evi at i ons used i n t hi s paper . ATL, adul t T cel l l eukemi a; CAT,

chl or ampheni col acet yl t r ansf er ase ; HTLV1, human T l ymphot r opi c

vi r us t ype 1 ; LTR, l ong t er mi nal r epeat ; SELI SA, sandwi ch ELI SA;

TGF, t r ansf or mi ng gr owt h f act or ; TPA, 12- O- t et r adeconoyl - phor bi l -

13- acet at e; TRE, TPA- r esponsi ve el ement .

t oxi c T cel l s ( 19- 25) . Ther e i s evi dence t hat TGF- a may be

i mmunosuppr essi ve i n vi vo as wel l . pat i ent s wi t h gl i obl ast omas

of t en have i mpai r ed cel l - medi at ed i mmune r esponses, and t hei r

ser um can i nhi bi t mi t ogen- and ant i gen- i nduced pr ol i f er a-

t i on of nor mal T cel l s ( 26) ; sur gi cal r emoval of t he t umor

r ever sed t he i mmunosuppr essi on . Pur i f i cat i on of t he i mmune-

suppr essi ve f act or f r om a ghobl ast oma cel l l i ne r eveal ed i t t o

be TGF- S2, a pr ot ei n cl osel y r el at ed t o TGF- , 81, wi t h near l y

i dent i cal bi ol ogi cal pr oper t i es. I t has been post ul at ed t hat TGFLO

may al so be i nvol ved i n bone r esor pt i on si nce TGF- a act i vi t y

i s i ncr eased i n cul t ur es of f et al r at cal var i al cel l s i ncubat ed

wi t h agent s known t o st i mul at e bone r esor pt i on, such as

par at hyr oi d hor mone, vi t ami n D3, and I D1 ( 17) .

I n t hi s st udy, we have conf i r med t he over pr oduct i on of

TGF- Oby f r eshl y i sol at ed ATL cel l s ( 14) and have demon-

st r at ed t hat t he TGF- # i sof or m secr et ed by t hese cel l s i s ex-

cl usi vel y TGF- #1 . Mor eover , si nce t he TGF- 01 pr omot er was

f ound t o be t r ansact i vat ed by t he HTLVI p40x ( Tax) pr o-

t ei n ( 27- 29) , we suggest t hat t hi s may be a pot ent i al mecha-

ni smby whi ch TGF- a pr oduct i on i s i ncr eased i n ATL cel l s.

The speci f i c sequence i n t he 5' r egul at or y r egi on of t he TGF-

0 pr omot er r esponsi ve t o Tax was del i neat ed by t he use of

del et i on mut ant s and mat ched a consensus bi ndi ng si t e f or

t he t r anscr i pt i onal f act or AP- 1 .
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Mat er i al s and Met hods

Cel l s.

	

Venous bl ood ant i coagul at ed wi t h ei t her EGTA, hepar i n,

or ci t r at e was di l ut ed 1 : 1 wi t h PBS and t hen under l ayer ed wi t h

l ymphocyt e separ at i on medi um( Or ganon Techni ka, Dur ham, NC) .

Tubes wer e spun at 600 g f or 30 mi n at r oomt emper at ur e. I nt er -

f ace cel l s wer e washed t hr ee t i mes i n ser um- f r ee RPMI 1640 and

suspended i n one of t wo ser um- f r ee medi a pr epar at i ons . The pr epa-

r at i ons used wer e AI MV ( Gi bco Labor at or i es, Gr and I sl and, NY)

and Nut r i doma- HU- suppl ement ed ( 1 : 100) RPMI 1640 . Cul t ur es

wer e done i n T- 25 t i ssue cul t ur e f l asks pr epar ed i n t he f ol l owi ng

manner : 10 ml of PBS/ 25%FCSwas added t o each f l ask, and f l asks

wer e al l owed t o l i e f l at f or 30 mi n at r oom t emper at ur e. Thi s sol u-

t i on was r emoved f r om t he f l ask and t hey wer e t hen washed t hor -

oughl y wi t h PBS. ATL PBMCwer e t hen i nt r oduced i nt o t he f l ask

at cel l densi t i es of 1 . 8- 6 x 106/ ml and cul t ur ed f or 48- 96 h at

37° C, 95%ai r / 5%CO, . Cont ent s of t he f l ask wer e r emoved and

t he cel l s wer e pel l et ed. The super nat ant s wer e spun agai n at 10, 000 g

f or 15 mi n t o r emove r esi dual cel l ul ar debr i s . Wi t h one of t he ATL

pat i ent s ( ATL8) , t he PBMCwer e f ur t her pur i f i ed t o obt ai n a hi ghl y

enr i ched l eukemi c popul at i on . Af t er i sol at i on, PBMCwer e depl et ed

of monocyt es by pl ast i c adher ence f or 1 h at 37° C. The nonad-

her ent l ymphocyt es wer e har vest ed and l ayer ed on 46 . 5%Per col l

( Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) and spun f or 20 mi n

at 600 g. The dense cel l s wer e har vest ed and washed. These dense

cel l s wer e t hen r oset t ed wi t h 2- ami noet hyl i sot hi our oni umbr omi de

( Si gma Chemi cal Co . , St . Loui s, MO) - t r eat ed SRBC at a f i nal con-

cent r at i on of 1%f or 20 mi n at 37° C. Thi s suspensi on was under -

l ayer ed wi t h LSMand spun f or 20 mi n at 600 g. The r ed cel l s i n

t he pel l et wer e l ysed and t he l ymphocyt es wer e col l ect ed . Thi s l ym-

phocyt e popul at i on was suspended i n a smal l vol ume, t o whi ch

t he ant i bodi es OKTS ( ant i - CD8) and 3AI ( ant i - CD7) wer e added

at 5 t t g/ ml i n RPMI 1640/ 10%FCS. The suspensi on was i ncubat ed

f or 30 mi n at 4° C. Then, baby r abbi t compl ement ( Pel - Fr eez Bi o-

l ogi cal s, Roger s, AR) was added at 1 : 3 ( vol / vol ) , and t he suspen-

si on was i ncubat ed f or 90 mi n at 37° C. The cel l suspensi on was

t hen under l ayer ed wi t h l ymphocyt e separ at i on medi umand spun

at 800 g f or 12 mi n . The i nt er f ace cel l s wer e col l ect ed and put i n

cul t ur e wi t h RPMI 1640/ Nut r i doma, as descr i bed above. An al i -

quot of t hese cel l s was anal yzed by FRCS and f ound t o be >98. 5%

CD2' , CD4' , CD5' , wi t h <1%cont ami nat i on wi t h cel l s bear i ng

t he f ol l owi ng mar ker s : CD7, CD8, CD19, CD14, and CD16. I n ad-

di t i on, t her e was st r ong uni f or m expr essi on of CD25 ( Tac) on >88%

of t hese cel l s . The pr esence of a l ar ge pr edomi nance of CD2, CD4' ,

CD25' cel l s wi t h near absence of CD7' or CD8' cel l s i ndi cat es

t hat t her e wer e f ew r esi dual nonmal i gnant T cel l s i n t hi s popul a-

t i on . Est abl i shed HTLVI - i nf ect ed T cel l l i nes MT- 1, MT- 2, and

MT- 4 ; T cel l l i nes est abl i shed f r om t he per i pher al bl ood of ATL

pat i ent s, HUT- 102 ; andHTLVI - uni nf ect ed l i nes, Jur kat ( Tcel l l i ne)

and K- 562 ( human er yt hr ol eukemi a) , wer e cul t ur ed i n RPMI 1640

medi umwi t h 10%( vol / vol ) FCS. Human l ung adenocar ci noma

( A- 549) cel l s wer e gr own i n DMEwi t h hi gh gl ucose suppl ement ed

wi t h 5%FCS.

Pat i ent Popul at i on .

	

Ei ght pat i ent s wi t h a hi st ol ogi cal l y conf i r med

di agnosi s of ATL wer e st udi ed . Each pat i ent ' s di agnosi s was est ab-

l i shed by t he f ol l owi ng cr i t er i a : ( a) pr esence of a ci r cul at i ng pool

of neopl ast i c mat ur e T cel l s wi t h i ndent ed nucl ei ; ( b) expr essi on

of t he t x chai n of t he I L2- R on >20% of t he ci r cul at i ng l ympho-

cyt es; ( c) demonst r at i on of a cl onal i nt egr at i on of t he HTLVI genome

i n t he ci r cul at i ng l ymphocyt es, as wel l as a cl onal r ear r angement of

t he TCR, B gene; and ( d) pr esence of HTLV- 1 ant i bodi es i n t he ser um.

Anal ysi s of TGF01 mRNA and 7r - F- 01- CAT mRNA Expr essi on.

PBMC f r om ATL pat i ent s wer e separ at ed f r om hepar i ni zed venous

bl ood by cent r i f ugat i on over Fi col l - Hypaque. Cel l s wer e washed t wi ce
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i n RPMI 1640 and t hen l ysed i n a guani di ni umt hi ocyanat e sol ut i on .

Tot al cel l ul ar RNA was i sol at ed by t he met hod of Chi r gwi n et al .

( 30) . Tot al RNAs f r omr est i ng Tcel l s, PHA- act i vat ed Tcel l s, pur i f i ed

nor mal PBMC, nor mal B cel l s, and St aphyl ococcus aur eus Cowan- act i -

vat edBcel l s wer e al so i sol at ed as descr i bed above . The l evel s of speci f i c

t r anscr i pt s wer e anal yzed by Nor t her n bl ot anal yses. Equal amount s
of RNA ( 10 Ag) , as conf i r med by et hi di um st ai ni ng, wer e subj ect ed

t o el ect r ophor esi s on 1% agar ose gel s cont ai ni ng 0. 66 Mf or mal de-

hyde, and wer e t r ansf er r ed t o ni t r ocel l ul ose membr anes. Bl ot s wer e

hybr i di zed usi ng 32P- l abel ed pr obes accor di ng t o t he met hod of

Chur ch and Gi l ber t ( 31) . Label i ng of t he 218- bp si ngl e- st r anded

TGF- / 91 pr obe, compl ement ar y t o t he mat ur e codi ng r egi on of

human TGF- / 31 mRNA, has been descr i bed ( 32) .

For t he det ect i on of chl or ampheni col acet yl t r ansf er ase ( CAT)
mRNA di r ect ed by TGF- 01 pr omot er s, t he l evel s of speci f i c t r an-

scr i pt s wer e anal yzed by t he RNase pr ot ect i on t echni que. RNA
pr obes wer e synt hesi zed accor di ng t o t he i nst r uct i ons of t he

manuf act ur er ( Pr omega Bi ot ec, Madi son, WI ) . The EcoRl f r ag-
ment f r om t he phTG7 ( 33) was r emoved and r el i gat ed . Thi s pl asmi d

cont ai ns a 256- bp CATf r agment . Thi s pl asmi d was l i near i zed by
Hi ndI I I di gest i on, and t he l i near pl asmi d was t r anscr i bed wi t h SP6

pol ymer ase. DNase I was added t o di gest t he DNAt empl at e. The

456- nucl eot i de RNApr obe cont ai ned 256 by of CAT codi ng se-
quence. Tot al RNA was har vest ed af t er t r ansf ect i on of TGF- 01 pr o-

mot er CATconst r uct s, t oget her wi t h a second pl asmi d expr essi ng
t he HTLVI p40x pr ot ei n ( 34) , and anal yzed by RNase pr ot ect i on

as descr i bed by Ondek et al . ( 35) usi ng gel - pur i f i ed pr obes speci f i c
f or t he CAT mRNA.

P1asmi ds, Tr ansf ect i ons, and CAT Assays .

	

TGF- 01- CAT con-
st r uct s, phTG5, phTG H/ B, phTG16, phTG17, phTG19, phTG22,

phTG26, and phTG28 ( 33, 36, 37) , and HTLVI LTR- CAT and
pHTLVpXconst r uct s ( 34) have been descr i bed i n det ai l el sewher e .

Tr ansf ect i ons wer e per f or med by t he C2P04 pr eci pi t at i on met hod
( 38) f or A- 549 cel l s and by t he DEAE- dext r an pr ocedur e, as de-

scr i bed by Cr oss et al . ( 39) , f or Jur kat and K- 562 cel l s . Appr oxi -

mat el y 107 cel l s of each t ype wer e t r ansf ect ed wi t h 10 ug of

pl asmi d DNA, t oget her wi t h 3 l Ag of t he pHTLVI - Tax pl asmi d.

Af t er 40 h, cel l s wer e har vest ed and ext r act s wer e assayed f or CAT

act i vi t y accor di ng t o t he met hod of Gor man et al . ( 40) . I n some

exper i ment s, t r ansf ect ed f r equenci es wer e moni t or ed by cot r ans-

f ect i on wi t h 1 l r g of pSVGH, agr owt h hor mone expr essi on vect or .

Quant i t at i on of t he TGF, 81 and TGR, 82 Secr et ed by Cel l s i n Cul -

t ur e. TGF- Osecr et ed f r om t he cel l s was quant i t at ed by t he sand-

wi ch ELI SAs ( SELI SAs) f or TGF- 01 and TGF- { 32 usi ng bot h t ur key

and r abbi t neut r al i zi ng pol ycl onal ant i bodi es agai nst nat i ve TGF-

/ 3s ( 41) .

Resul t s

Ef f ect of Tax on TCF, 81 Pr omot er Const r uct s and I der i t i f i cat i on

of TGF, 81 Pr omot er Regi ons Requi r edf or Tax Tr ansact i vat i on. To

under st and t he ef f ect of t he HTLV- 1 pr ovi r us on t he TGF- a1

gene, we cot r ansf ect ed pl asmi ds cont ai ni ng sequences l ocat ed

5' t o t he upst r eamt r anscr i pt i onal st ar t si t e ( t he f i r st pr omot er ,

phTG5) , and l ocat ed bet ween t he t wo maj or t r anscr i pt i onal

i ni t i at i on si t es of t he TGF- 01 gene ( t he second pr omot er )

l i nked t o t he bact er i al CAT gene ( 40) ( Fi g. 1 and see bel ow)

i nt o A- 549 cel l s, Jur kat cel l s, and K- 562 cel l s, t oget her wi t h

a HTLV- 1 Tax expr essi on vect or . As shown i n Fi g . 1, t he f i r st

pr omot er CAT ( phTG5) and t he second pr omot er CAT

( phTG16) , as wel l as t hat of HTLVI LTR CAT ( 34) , wer e

t r ansact i vat ed by Tax pr ot ei n i n al l cel l s t est ed ; expr essi on



K- 562

	

Jur kat

phTG5 phTG16pU3RCAT

	

phTG5 phTG16pU3RCAT
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of phTG5 and pHTG16 i s i nduced 7- 19- f ol d i n r esponse t o

t r ansact i vat i on by Tax pr ot ei n . These r esul t s suggest t hat

common pr omot er el ement s r equi r ed f or Tax t r ansact i vat i on

ar e pr esent i n t he f i r st and second pr omot er s of t he TGF- f 1

gene . RNase pr ot ect i on anal ysi s wi t h an SP6 compl emen-

t ar y RNApr obe showed t hat t he TGF- #1 CAT gene exhi bi t ed

an i ncr eased l evel of RNA i n cot r ansf ect i on assays wi t h t he

HTLUI Tax expr essi on vect or , but not wi t h pGEM4 ( Fi g .

2) . I t t hus appear s t hat t r ansact i vat i on of t he TGF- R1 pr o-

mot er by t he Tax pr ot ei n i s at t he t r anscr i pt i onal l evel .

To i dent i f y t he speci f i c sequences r equi r ed f or Tax t r ansac-

t i vat i on, we used a ser i es of 5' del et i on mut ant s of t he TGF-

#1 pr omot er s l i nked t o t he CAT gene . As shown i n Fi g. 3,

t he f i r st pr omot er sequences of t he TGF- 01 gene posi t i oned

bet ween nucl eot i des - 453 and - 323 wer e r equi r ed f or op-

t i mal CAT i nduct i on by Tax pr ot ei n . The second pr omot er

of t he TGF- , Q1 gene was al so t r ansact i vat ed by Tax pr ot ei n .

The expr essi on of pl asmi ds phTG16, phTG17, phTG19, and

phTG26 was i ncr eased by t he Tax pr ot ei n, wher eas t he Tax

st i mul at i on dr opped al most t o t he basal l evel when sequences

bet ween +150 and +173 wer e del et ed ( phTG22) . Tax st i mu-

l at i on agai n dr opped subst ant i al l y upon del et i on of sequences

bet ween +247 and +267 . These dat a suggest t hat t he maj or i t y

of act i vat i on by Tax pr ot ei n i s medi at ed by pr omot er sequences

bet ween posi t i ons - 453 and - 323 of t he f i r st pr omot er and

bet ween posi t i ons +150 and +173 and +247 and +267 i n

t he second pr omot er of t he TGF- #1 gene. These cr i t i cal pr o-

mot er sequences r equi r ed f or t he Tax i nduct i on i n TGF- 01

pr omot er s cont ai n sequence el ement s ( TGTCTCA, - 371 t o

- 365 ; TGAGACGA, +160 t o +167 ; and TGAGACT, +256

t o +262) wi t h a hi gh degr ee of si mi l ar i t y t o t he AP- 1 com-

pl ex bi ndi ng si t es f ound i n t he col l agenase ( 42) and met al -

l ot hi onei n pr omot er s ( 43) . These TGF- 01 pr omot er el ement s

pl ay an i mpor t ant r ol e i n t r anscr i pt i onal act i vat i on of t he

TGF- 01 gene medi at ed by var i ous i nducer s, i ncl udi ng TGF-

01 ( 36, 37, 44) and 12- O- t et r adecanoyl - phor bol - 13- acet at e

( TPA) ( 36, 45) .

Expr essi on of TGRt i 1 mRNA i n ATL Pat i ent s and HTLV- I -

i nf ect ed Cel l Li nes. To det er mi ne t he l evel s of TGF- 01 gene

expr essi on i n f r esh l eukemi c cel l s i sol at ed f r ompat i ent s wi t h

ATL and i n HTLV- I - i nf ect ed T cel l l i nes, Nor t her n bl ot anal -

yses wer e per f or med wi t h t ot al RNA i sol at ed f r omt hese l eu-

kemi c cel l s . The 2 . 4- kb TGF- 01 mRNAwas r eadi l y det ect ed

i n si x of si x pr i mar y l eukemi c cel l s f r ompat i ent s wi t h ATL

A- 549

phTG5 phTG16 pU3RCAT

Fi gur e 1 .

	

Act i vat i on of t he pl asmi ds

phTG5, phTG16, and pHTLVLTR- CAT

( pU3RCAT) by Tax pr ot ei n. Each of t he

pl asmi ds was t r ansf ect ed i nt o Jur kat cel l s, K-

562 cel l s, and A- 549 cel l s ei t her wi t h or

wi t hout 3 j i g of a p40X- pr oduci ng pl asmi d .

40 h l at er , t he cel l s wer e har vest ed and CAT

enzyme act i vi t y was det er mi ned. pHTLV

LTR- CAT ( pU3RCAT) was used as a cont r ol

f or t he Tax t r ansact i vat i on .

Fi gur e 2 .

	

RNase pr ot ect i on anal ysi s of TGF- S1- CAT gene expr es-

si on . 10 Fi g of TGF- #l - CAT const r uct s, t oget her wi t h 3 ug of ap40' - pr oduci ng
pl asmi d or 3 14g of t he pGEM4 vect or used as a con-

t r ol was t r ansf ect ed i nt o A- 549 cel l s . 40 h l at er , t he t ot al RNA was

ext r act ed and RNA was anal yzed f or t he l evel of cor r ect l y i ni t i at ed
CAT t r anscr i pt by RNase pr ot ect i on ( 35) . The si ze of t he CAT r i bo-

pr obe i s 480 nucl eot i des, wher eas t he si ze of t he f r agment pr ot ect ed
f r om RNase di gest i on i s 256 nucl eot i des .



Fi gur e 3 .

	

Tax st i mul at i on of 5'

del et ed f or ms of human TGF- 131
pr omot er s l i nked t o t he CAT r e-
por t er gene. On t he t op i s an ex-

RELATI VE CAT ACTI VI TY
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0 . 21

	

1 . 70 ( 8 . 1)

	

si t es. Del et i on mut ant s wer e t r ans-

phTG28

	

0 . 04

	

0 . 05 ( 1 . 3)

	

f ect ed by t he DEAE- dext r an

met hod ( 10 1Ag of DNA per 107
cel l s) i nt o ei t her Jur kat or K- 562

cel l s, or by t he cal ci um phosphat e copr eci pi t at i on met hod i nt o A- 549 cel l s, ei t her wi t h or wi t hout 3 jug of p40' - pr oduci ng pl asmi d . CAT act i v-

i t y, expr essed as t he per cent age of chl or ampheni col t r ansacet yl at i on, was measur ed af t er 40 h, f or a r epr esent at i ve exper i ment usi ng A549 cel l s,

as descr i bed ( 40) . Tr ansf ect i on f r equenci es wer e moni t or ed by cot r ansf ect i on wi t h 1 ug of pSVGH, a gr owt h hor mone expr essi on vect or .
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( Fi g. 4, A and B) , and i n f our of f our HTLVI - i nf ect ed cel l

l i nes ( Fi g. 4 C) . TGF- ( 31 mRNA was det ect ed i n t he PHA/

PMAi nduced Jur kat RNA ( posi t i ve cont r ol ) , wher eas uni n-

duced Jur kat cel l s, cont r ol r est i ng T cel l s, and cont r ol PBMC

had l ow l evel s of TGF- / 31 mRNA ( Fi g. 4, A and C) . Si g-

ni f i cant l y hi gher TGF- / 31 mRNA l evel s wer e obser ved i n

f r eshl y i sol at ed ATL PBMC i n compar i son wi t h cont r ol

PBMC or cont r ol r est i ng T cel l s ( Fi g . 4 A) . I n RNA f r om

f i ve of si x of t he ATL cases, TGF- a1 mRNAl evel s wer e equal

t o or gr eat er t han t he l evel s seen i n ATI r der i ved cel l l i nes

or i nduced Jur kat cel l s ( Fi g. 4, B and C) .

TCF- , B Secr et i on by HTLVI - i nf ect ed T Cel l Li nes and Fr eshl y

I sol at ed ATL Cel l s .

	

Hut - 102, MT1, MT2, Jur kat , and nor mal

Fi gur e 4.

	

Det ect i on of TGF- 131 mRNA i n HM- 1- i nf ect ed cel l l i nes and pr i mar y l eukemi c T cel l s. 10 1Ag RNA f r om cont r ol r est i ng T cel l s

( A) ; cont r ol PBMC ( A) ; pr i mar y l eukemi c cel l s ( ATL 2- 7) ( A and B) ; HTLV- 1- i nf ect ed T cel l l i nes ( MT1, MT2, MT4, and HUT102) ( C) ; and

noni nf ect ed T cel l l i ne Gur kat ) ( C) wer e hybr i di zed t o a r adi ol abel ed TGF- 01 pr obe.
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T and B cel l s wer e cul t ur ed at 37° C f or 48 h i n ser um- f r ee

medi um. The cul t ur e super nat ant was har vest ed by cent r i f u-

gat i on, and t he amount s of ME- 01 and TGF- 02 secr et ed

f r omt he cel l s wer e measur ed by SELI SA. Super nat ant s con-

di t i oned by unact i vat ed T cel l s or B cel l s cont ai n l ow l evel s

of TGF- 0 bi ol ogi cal act i vi t y ( <0 . 5 pM) , whi l e super nat ant s

f r om PHAact i vat ed T cel l s and SAC- act i vat ed B cel l s had

l evel s 10- 50- f ol d hi gher ( Tabl e 1) ( 20) . However , as shown

i n Tabl e 1, super nat ant s f r om t he unst i mul at ed PBMC de-

r i ved f r omt he ATL pat i ent s secr et ed l evel s of TGF- 0 equal

t o or subst ant i al l y gr eat er t han t hose of t he act i vat ed T and

B cel l s . Si nce t he i ncr eased TGF- 0 secr et i on f r om t he ATI T

der i ved PBMC coul d possi bl y r esul t f r om t he i nduct i on of



Cel l s wer e pl at ed at 106/ ml and cul t ur ed f or 48 h i n ser um- f r ee me-

di a as descr i bed i n Mat er i al s and Met hods. Level s of TGF- 01 and 02

pept i des wer e measur ed by speci f i c and sensi t i ve SELI SAs . Condi -

t i oned medi a TGF- 01 and TGF- / 32 measur ed by t he SELI SAs wer e

cal cul at ed usi ng cubi c and quadr at i c r egr essi on equat i ons wi t h Dy-

nat ech' s i mmunosof t pr ogr am. Al l val ues shown r epr esent t he aver -

age of t he t hr ee det er mi nat i ons ± 1 SD f r om t he mean.

TGF- 0 pr oduct i on i n anot her cel l t ype pr esent i n t he PBMC

pr epar at i on, we gener at ed a hi ghl y pur i f i ed popul at i on of

mal i gnant ATL cel l s and exami ned t he l evel of TGF- 01 secr et ed

( ATL8) . The l evel of TGF- / 31 secr et ed f r omt he pur i f i ed l eu-

kemi c cel l s was much hi gher t han t hat of unact i vat ed T cel l s .

The t ype of TGF- 0 secr et ed by HTLVI - i nf ect ed cel l s was

det er mi ned by a SELI SA usi ng ant i ser a speci f i c f or ei t her TGF-

01 or TGF- 02 ( 41) . TGF- 0 secr et ed f r om al l of t he t est ed

cel l s was pr edomi nant l y TGF- S1; l evel s of TGF- ( 32 wer e l ow

t o undet ect abl e ( Tabl e 1) . These r esul t s demonst r at e t hat

HTLVI - i nf ect ed cel l s secr et e r el at i vel y l ar ge amount s of TGF-

01 pr ot ei n .

Di scussi on

The pr esent st udi es st r ongl y suggest t hat Tax pr ot ei n act i -

vat es t he gene f or TGF- S1 t hr ough a di st i nct DNAel ement ,

t he TPA- r esponsi ve el ement ( TRE) , whi ch i s al so r equi r ed

f or act i vat i on by TPA or TGF- 01 . THE mot i f s have been

shown t o bi nd t he AP- 1 compl ex consi st i ng of t he Jun/ Fos

di mer . I n bot h t he f i r st and second pr omot er s of t he TGF- 01

gene, t he DNA mot i f s t hat medi at e t he r esponses t o Tax pr o-

t ei n and t o TGF- 01 aut oi nduct i on ar e i dent i cal .

The HTLVI Tax pr ot ei n ( 27- 29) i s a pot ent t r anscr i pt i onal

act i vat or of i t s own l ong t er mi nal r epeat ( LTR) pr omot er

and a number of cel l ul ar genes. I t i s known t hat t he t r ansac-

t i vat i on f unct i on of Tax i s hi ghl y pl ei ot r opi c si nce Tax-

r esponsi ve genes ( e. g. , I L2- Roi [ 39, 46] , 11, 2 [ 46- 48] , GM-

CSF [ 49] , and I I r 3 [ 50] ) shar e l i t t l e sequence homol ogy i n

t hei r r egul at or y sequences . We have document ed t hat t he es-

sent i al Tax- r esponsi ve el ement wi t hi n t he HTLVI LTRcon-

12 5

	

Ki m et al .

si st s of a t r i pl y r ei t er at ed TGACGTCT mot i f ( 51, 52) . I n

f act , i t has been exper i ment al l y demonst r at ed t hat t he HTLVI

LTRi s bot h a CAMP and a phor bol est er r esponsi ve el ement .

Recent l y, we have f ound t hat t he TGACGTCT el ement f or

t he HTLVI LTR i s a bona f i de bi ndi ng si t e f or AP- 1 and

f unct i onal l y r esponds t o act i vat i on by v~un aeang et al . , manu-

scr i pt i n pr epar at i on) . Our pr esent obser vat i on t hat Tax al so

act i vat es t he TGF- 01 pr omot er t hr ough t he AP- 1/ Jun mot i f s

suggest s t hat t hi s descr i bed t r ansact i vat i on phenomenon may

be physi ol ogi cal l y r el evant and may f unct i onal l y occur t hr ough

t he si gnal t r ansduct i on pat hway t hat i s post ul at ed i n Tax ac-

t i vat i on of t he HTLVI LTR ( 51, 52) . Our r esul t s ar e al so

st r engt hened by t he obser vat i on t hat expr essi on of c- f os, whi ch

i s one of t he component s of t he AP- 1 compl ex t hat bi nds

t o t he TRE, i s al so t r ansact i vat ed by t he Tax pr ot ei n ( 53) .

The mechani sm f or i nt er act i on of Tax pr ot ei n wi t h t he

AP- 1 compl ex r emai ns t o be cl ar i f i ed. I t i s unl i kel y t hat Tax

bi nds t o DNA di r ect l y or l eads t o de novo synt hesi s of cel -

l ul ar f act or s t hat conf er act i vat i on. One possi bl e hypot hesi s

mi ght be t hat Tax expr essi on r esul t s i n t he post - t r ansl at i onal

modi f i cat i on of a const i t ut i vel y expr essed t r anscr i pt i on f act or

f r om an i nact i ve t o an act i ve f or m, or t hat Tax par t i ci pat es

di r ect l y i n t he f or mat i on of an act i ve t r anscr i pt i on compl ex.

Thus, t r ansact i vat i on of TGF- ai l gene expr essi on by Tax coul d

pr oceed vi a an i ndi r ect , r at her t han di r ect , mechani sm.

We al so demonst r at ed hi gh l evel s of const i t ut i ve expr es-

si on of t he TGF- ( 31 gene i n l eukemi c cel l s f r omATL pat i ent s,

as wel l as i n HTLVI - i nf ect ed T cel l l i nes, conf i r mi ng pr evi ous

r esul t s ( 14) . Si nce TGF- 0 mRNAl evel s f r omot her l eukemi c

cel l s, such as acut e myel ogeneous l eukemi a, acut e l ymphat i c

l eukemi a, and chr oni c myel ogeneous l eukemi a, wer e l ow t o

undet ect abl e ( 14) , t he f act t hat ATL cel l s pr oduced hi gh l evel s

of TGF- ( 31 mRNA suggest s t hat t hi s event i s di r ect l y i n-

duced by HTLVI . I n cont r ast t o pr i mar y t umor cel l s, l ong-

t er m ATL cel l l i nes pr oduced var i abl e amount s of TGF- 01

mRNA.

The al t er ed r egul at i on by Tax of a var i et y of host genes,

i ncl udi ng t hose associ at ed wi t h T cel l act i vat i on and pr ol i f er -

at i on, has l ed t o specul at i on t hat Tax expr essi on pl ays an es

sent i al r ol e i n t he pat hogenesi s of HTLVI - associ at ed di seases .

The hi gh l evel of TGF- / 31 gene expr essi on associ at ed wi t h

ATL cel l s suggest s t hat t hi s medi at or may al so pl ay an i m-

por t ant r ol e i n t he pat hol ogi cal changes associ at ed wi t h t hi s

l eukemi a. However , ef f or t s t o dat e have f ai l ed t o demonst r at e

Tax mRNA i n f r esh l eukemi c cel l s ( 54) . Thus, expr essi on

of TGF- ( 31 i n t he ci r cul at i ng cel l s of ATL pat i ent s i s si mi l ar

t o t he I I T2- Rot ( Tac) , i n t hat hi gh l evel s of const i t ut i ve ex-

pr essi on of bot h genes ar e easi l y demonst r at ed f r omf r esh l eu-

kemi c cel l s i n t he absence of Tax. Theor et i cal l y, t r ansact i va-

t i on of TGF- / 31 and I I r 2- Ra ( Tac) coul d occur ear l y i n t he

cour se of HTLVI i nf ect i on, pr i mi ng t he T cel l s f or a second

" hi t " , r esul t i ng i n l eukemogenesi s . Thus, t he ci r cul at i ng ATL

cel l s woul d be i n a t er mi nal l y di f f er ent i at ed, aut onomous st at e

and may no l onger r equi r e Tax expr essi on f or pr ol i f er at i on .

Al t er nat i vel y, Tax expr essi on may be l i mi t ed t o mi cr oenvi r on-

ment s i n whi ch cel l s ar e r api dl y di vi di ng, i . e. , mal i gnant l ymph

nodes . Fi nal l y, as a r egul at or y message, Tax mRNA may be

pr esent i n mi nut e quant i t i es and may have a ver y shor t hal f -

Tabl e 1 . TGF, B Level s

Cel l s

Assayed by SELI SAs

TGF- ( 31 TGF- ( 32

PM PM

Nor mal T cel l <0. 50 <0 . 50

PHA- act i vat ed T cel l 24 . 40 ± 0. 4 <0. 05

Nor mal B cel l <0 . 50 <0 . 05

SAC- act i vat ed B cel l 7 . 92 ± 0. 2 <0 . 50

Jur kat <0 . 50 <0 . 50

MT1 4. 43 ± 0. 5 <0 . 50

MT2 6. 92±0. 5 0. 64±0. 1

HUT102 7. 10 ± 0. 4 <0 . 50

ATLI 80 . 40 f 3 . 7 <0 . 50

ATL2 39 . 12 ± 2. 3 1 . 09 ± 0. 1

ATL3 8. 91 t 0. 7 <0 . 50

ATL8 10 . 70 t 0. 2 <0 . 50



l i f e, r ender i ng i t s det ect i on ext r emel y di f f i cul t . Usi ng a sen-
si t i ve PCR t echni que, we have occasi onal l y det ect ed Tax
mRNA f r omATL PBMC( unpubl i shed obser vat i ons, C. L .

Tendl er ) . I nt er est i ngl y, Maeda et al . ( 55) have shown t hat
many l ong- t er m cul t ur ed ATL cel l l i nes no l onger cor r espond

t o t he or i gi nal pr i mar y t umor cel l s based on t he cl onal pat -
t er n of r ear r angement wi t hi n t he TCR a chai n gene l ocus
or i n t he i nt egr at i on si t e of t he HTLV1 pr ovi r us . Thus, i t
i s cl ear t hat t hese t wo HTLVI - i nf ect ed T cel l popul at i ons

exhi bi t pot ent i al l y i mpor t ant genet i c and f unct i onal di f f er -
ences.

TGF- 0 i s pr oduced by mi t ogen- act i vat ed T and B cel l s,

whi l e nonact i vat ed cel l s pr oduce ver y l ow l evel s of TGF- ( 3 .
I n cont r ast , nonmi t ogen- act i vat ed HTLVI - i nf ect ed cel l l i nes

and f r eshl y i sol at ed l eukemi c cel l s f r om pat i ent s wi t h ATL
secr et ed l evel s of TGF- ( 3 equi val ent t o and/ or i n excess of

mi t ogen- act i vat ed l ymphocyt es . Bot h nor mal l ymphocyt es
and t he HTLVI - i nf ect ed cel l s pr oduced excl usi vel y TGF- 0l ,

wi t h t he except i on of smal l amount s of TGF- 02 pr oduced
by MT2 cel l s and one of t he pat i ent ' s cel l s.

The TGF- 0 pr oduced by nor mal l ymphocyt es i s pr edomi -
nant l y i n a l at ent f or m t hat i s unabl e t o bi nd t o t he TGF- / 3

r ecept or . Thi s l at ent f or mi s a compl ex bet ween t he r emai nder

of t he TGF- 0 pr ecur sor , mat ur e TGF- a, and a t hi r d TGF- a

bi ndi ng pr ot ei n ( 56, 57) . I n vi t r o, exposur e t o l ow pH or
heat r esul t s i n di ssoci at i on of t he compl ex and t he r el ease

of act i ve TGF- I Q ( 56) . The mechani smby whi ch TGF- 0 i s

act i vat ed i n vi vo i s poor l y under st ood, but i t may i nvol ve

pr ot eol yt i c enzymes or exposur e t o t he appr opr i at e mi cr oen-
vi r onment . Si mi l ar t o nor mal l ymphocyt es, t he TGF- 0 pr o-

duced by t he ATL cel l l i nes appear s t o be pr edomi nant l y l a-
t ent . Al l t he super nat ant s used i n t he SELI SA wer e aci d or

heat i nact i vat ed bef or e t est i ng, whi ch woul d act i vat e any l a-

t ent TGFLS pr esent . However , t he super nat ant s wer e al so t est ed

usi ng a CCD64 assay ( 58) , a bi ol ogi c assay t hat measur es

act i ve TGF- 0 . Act i ve TGF- a was det ect ed i n t he super na-

t ant s condi t i oned by t he ATL cel l s onl y af t er heat act i vat i on

( A. B. Rober t s, unpubl i shed obser vat i on) . Thi s i s i n con-

t r ast t o t he f i ndi ngs of Ni i t su et al . ( 14) , who r epor t ed t hat

much of t he TGF- a pr oduced by ATL cel l s was act i ve. The

di st i nct i on bet ween t he pr oduct i on of pr edomi nant l y l at ent

vs . act i ve TGF- a i s i mpor t ant . The hal f - l i f e of act i ve TGF- ( 3

i n t he ci r cul at i on i s exceedi ngl y shor t ( N3 mi n) ( 59) , whi l e

t he hal f - l i f e of l at ent TGF- / 3 i s near l y 2 h ( L . Wakef i el d, per -

sonal communi cat i on) . Thus, t he pr oduct i on of act i ve TGF-

0 by a cel l i s l i kel y t o have an ef f ect onl y i n t he i mmedi at e

envi r onment of t he secr et i ng cel l s, whi l e t he pr oduct i on of

l at ent TGF- a by a cel l may r esul t i n a mor e l ong- r ange ef f ect .

Cel l ul ar and humor al i mmune r esponses ar e mar kedl y i m-

pai r ed i n pat i ent s wi t h ATL . Abnor mal i t i es i ncl ude di sor -
der ed hel per and suppr essor T cel l f unct i on, i mpai r ed mi t ogen

r esponsi veness, decr eased ki l l er cel l i nduct i on, and depr essed

B cel l I g synt hesi s ( 60- 62) . Addi t i onal l y, i mmunosuppr es-
si ve f act or s have been det ect ed i n HTLVI - i nf ect ed ATL ser a

and ATL cul t ur e super nat ant s ( 63, 64) . X- i r r adi at ed l eukemi c
cel l s f r omATL pat i ent s suppr ess t he PWM- i nduced I g syn-

t hesi s by cont r ol PBMC ( 65) . The excessi ve pr oduct i on of

TGF- ( 3 by ATL cel l s i n vi vo coul d account f or many of t hese

i mmunol ogi cal abnor mal i t i es . TGF- ( 3 has been shown i n vi t r o
t o i mpai r bot h T and B cel l pr ol i f er at i on, t o i nhi bi t NK cel l

i nduct i on and cyt ot oxi c T cel l i nduct i on, and t o depr ess B
cel l I g secr et i on ( 19- 25) . The i n vi t r o ef f ect s of TGF- / 3 and
t he obser ved i mmunosuppr essi on i n ATL pat i ent s ar e st r i k-

i ngl y si mi l ar . Addi t i onal l y, t he excessi ve pr oduct i on of TGF- ( 3

by ATL cel l s may of f er a sel ect i ve advant age. I ncr eased l evel s

of TGF- a may suppr ess t he ver y i mmune cel l s r esponsi bl e

f or t he el i mi nat i on of t he t umor cel l s .

TGF- 0s ar e i mpor t ant i n t he r egul at i on of many ot her cel l

t ypes as wel l . Of i nt er est t o t hi s st udy, t hey have been f ound

t o be i mpor t ant i n t he pr ocesses of bone r esor pt i on and new

bone f or mat i on ( 17, 18) . One of t he i mpor t ant cl i ni cal f ea-

t ur es of ATL pat i ent s i s t he f r equent hyper cal cemi a ( 1, 3- 9) .
The f i ndi ngs t hat bone r esor bi ng f act or s ar e pr esent i n t he

i n vi t r o cul t ur e super nat ant s of ATL cel l s has suggest ed t hat

ost eocl ast - act i vat i ng f act or s ar e pr oduced by t he ATL cel l s

t hemsel ves . Sever al f act or s, i ncl udi ng 1140 and TNF- ( 3, have

been det ect ed i n t hese super nat ant s and have been suggest ed

t o be i nvol ved i n t he pat hogenesi s of t he hyper cal cemi a ( 12,

13) . I t i s l i kel y t hat TGF- ( 3 i s i nvol ved as wel l , ei t her by i t sel f

or i n combi nat i on wi t h t hese ot her cyt oki nes . To est abl i sh

f i r ml y a r el at i onshi p bet ween TGF- I Q pr oduct i on and ATL

associ at ed changes i n cal ci ummet abol i smand i mmune com-

pet ence, pr ospect i ve st udi es cor r el at i ng TGF- ( 3 pr oduct i on

wi t h changes i n bone t ur nover , ost eocl ast act i vat i on, and i m-

mune f unct i on ar e needed .

I n concl usi on, we have shown t hat t he i ncr eased pr oduc-

t i on of TGF- 0 by ATL cel l s and some HTLVI - i nf ect ed cel l

l i nes may be r el at ed t o t he t r ansact i vat i on of t he TGF- 0 pr o-

mot er by t he HTLVI - der i ved pr ot ei n, Tax . Usi ng del et i on

mut ant s of t he TGF- 0 pr omot er , we have mapped t he Tax-

r esponsi ve el ement t o t he AP- 1- bi ndi ng si t es i n t he TGF- ( 3

pr omot er . The excessi ve pr oduct i on of TGF- ai l may be i m-

por t ant i n t he pat hogenesi s of t he i mmunosuppr essi on and

hyper cal cemi a associ at ed wi t h ATL .
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