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HI V i s t he onl y r et r ovi r us t hat has as of nowan i dent i f i ed r ecept or , t he CD4 mol -
ecul e ( 1- 3) , t o whi ch i t s out er membr ane gl ycopr ot ei n ( gp110) bi nds wi t h hi gh af f i ni t y
( 4, 5) . Thi s gl ycopr ot ei n i s pr oduced f r om t he cl eavage of a gp160 pr ecur sor gener -
at i ng gp110 and t he gp41 t r ansmembr ane pr ot ei n ( 6) . Thi s r ecept or / envel ope i nt er -
act i on occur s i n t hr ee di st i nct si t uat i ons . Envel ope gp110 expr essed on a vi r al par -
t i cl e bi nds membr ane expr essed CD4 on t ar get cel l s ( 4) , cont r ol l i ng t he host r ange

and t i ssue speci f i ci t y of vi r us i nf ect i on ( 7- 9) ; gp110 expr essed on t he sur f ace of an

i nf ect ed cel l , can bi nd t o CD4 expr essed on ot her ( s) cel l ( s) , i nduci ng cel l f usi on and
syncyt i um f or mat i on ( 10, 11) . Fi nal l y, CD4 and gp110 can i nt er act wi t hi n a si ngl e
cel l , i nduci ng t he f or mat i on of i mmunopr eci pi t abl e gp110- CD4 compl exes t hat ar e

t hought t o account f or t he di sappear ance of CD4 f r omt he cel l sur f ace of HI Vi nf ect ed
cel l s ( 7, 12) . The pr esence of such r ecept or / envel ope compl exes i n i nf ect ed cel l s has
been post ul at ed f or many ot her r et r ovi r uses, causi ng t he so cal l ed " i nt er f er ence"
phenomenon ; i . e. , cel l s i nf ect ed wi t h a gi ven st r ai n of avi an l eukemi a vi r us ( ALV) r
ar e r esi st ant t o i nf ect i on wi t h ot her r el at ed but di st i nct st r ai ns of t hi s vi r us ( 13) .
Thi s i s commonl y vi ewed as r esul t i ng f r om t he occupancy of t he r ecept or , used by
bot h r et r ovi r uses, by endogeneousl y pr oduced envel ope of t he f i r st st r ai n . Si nce t he
nat ur e of t he r ecept or f or t hese vi r uses i s unknown, i t has not yet been possi bl e t o
ver i f y t hi s hypot hesi s . However , modi f i cat i on of t he r ecept or synt hesi s at t he t r an-
scr i pt i onal or post - t r anscr i pt i onal l evel s coul d al so be i nvol ved i n down- modul at i on
of r et r ovi r us r ecept or , as i t has been pr oposed f or HI V. Hoxi e et al . ( 12) have shown
t hat CD4+ cel l s i nf ect ed wi t h HI V pr esent ed decr eased l evel s of bot h CD4 mRNA
and pr ot ei n as compar ed wi t h t he i ni t i al uni nf ect ed cel l s af t er 2 t o 3 mo of chr oni c
vi r al r epl i cat i on . Fr om t hese exper i ment s, t he aut hor s coul d not di scr i mi nat e be-
t ween r egul at i on of CD4 gene t r anscr i pt i on or sel ect i on of l ow CD4- expr essi ng sub-
cl ones, mor e r esi st ant t o HI V cyt opat hi c ef f ect . I n cont r ast , St evenson et al . ( 14) ,
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usi ng a subcl one of t he CEMl i ne t hat was r esi st ant t o HI V cyt opat hi c ef f ect , pr o-

posed t hat upon HI V r epl i cat i on, a post - t r anscr i pt i onal mechani sm af f ect ed CD4

pr ot ei n pr oduct i on but al so t hat of ot her T cel l membr ane mar ker s . I n bot h cases,

t hese st udi es wer e conduct ed i n est abl i shed cel l l i nes and di d not necessar i l y r ef l ect

what r eal l y occur r ed i n HI Vi nf ect ed nor mal l ymphocyt es .

We have st udi ed membr ane expr essi on and gene r egul at i on of CD4 dur i ng acut e

HI V r epl i cat i on i n nor mal CD4 l ymphocyt es as wel l as i n CEMcel l s and af t er i n-

f ect i on wi t h HI V/ vacci ni a r ecombi nant vi r uses ( HI V- VV) expr essi ng mut at ed env

gene . We show t hat bot h CD4/ gp110 compl ex f or mat i on and t he r api d di sappear -

ence of CD4 mRNAs account f or t he modul at i on of t he HI V r ecept or .

Mat er i al s and Met hods

Pr epar at i on, I nf ect i on, and Cul t ur e of Cel l s .

	

PBMC wer e obt ai ned f r omHI V- nor mal i ndi -

vi dual s, usi ng t he Fi col l - Hypaque ( Phar maci a, Uppsal a, Sweden) separ at i on met hod . When

necessar y, PBMC wer e depl et ed of CD8' T l ymphocyt es by speci f i c cyt ot oxi ci t y wi t h mAb

I OT8a ( I mmunot ech, Mar sei l l e, Fr ance) and r abbi t compl ement ( Bi okar , Pant i n, Fr ance)

bef or e i nf ect i on . Af t er cyt ot oxi ci t y, <1%of CD8' cel l s r emai n i n t he CD4' - enr i ched PBMC.
The CEMsubcl one ( CEM 13) was i sol at ed af t er cl oni ng i n semi - sol i d agar of t he or i gi nal
CEMTl ymphobl ast oi d cel l l i ne .

I nf ect i on was per f or med wi t h super nat ant of cul t ur ed HI V- 1- i nf ect ed PBMC( LAVBRUi so-
l at e ( 15) , cor r espondi ng t o t he peak of vi r al pr oduct i on : >5 . 10 5 cpm/ ml ; >10 5 I DW ( 16) .
PBMC or CD4' - enr i ched PBMC wer e suspended f or 1 h at 37 0C ( 107 cel l s/ 0 . 1 ml HI V su-
per nat ant ) . Nor mal and i nf ect ed l ymphocyt es wer e adj ust ed at 106 cel l s/ ml and cul t ur ed at
37° C i n an at mospher e of 5%C02 i n RPMI 1640 suppl ement ed wi t h 10% FCS, 2 mM
gl ut ami ne, 1% ant i bi ot i cs ( peni ci l l i n, st r ept omyci n, neomyci n ; Gi bco- BRL, Uxbr i dge, UK)
and 4 wg/ ml PHA ( PHA- M; Gi bco- BRL) . On day 3, cel l s wer e pel l et ed and r esuspended

i n t hi s compl et e medi umcont ai ni ng I L- 2 ( 20 U/ ml ) i nst ead of PHA. Under t hese cul t ur e

condi t i ons, monocyt es and B l ymphocyt es do not pr ol i f er at e and at day 5, when we st ar t ed

anal ysi s, <5% of nonT cel l s wer e pr esent i n t he cul t ur e . CEMcel l s wer e cul t ur ed i n t he

same medi um wi t hout PHA and I L- 2 .

Vi r al pr oduct i on i n t he super nat ant of HI V- i nf ect ed cel l s was det er mi ned by par t i cl e-

associ at ed r ever se t r anscr i pt ase assay ( 17) and i mmunocapt ur e ELI SA( ELAVI A; Di agnost i cs

Past eur , Mar nes- l a- Coquet t e, Fr ance) usi ng 10- f ol d di l ut i ons of cel l - f r ee super nat ant s . Ab-

sor bance ( A) was det er mi ned wi t h an ELI SA- pl aque r eader ( Di agnost i cs Past eur ) at 492 nm.
I mmunof l uor escence Anal ysi s .

	

Cont r ol and i nf ect ed cel l s ( 2- 5 x 10 5 cel l s per st ai ni ng) wer e
har vest ed, r i nsed i n col d PBS and i ncubat ed f or 30 mi n at 4° C wi t h appr opr i at e mAbs di l ut ed

at 1 : 100 t o 1 : 200 i n st ai ni ng buf f er ( SB) t hat compr i sed PBS, 0 . 5% BSA, and 0. 05% sodi um
azi de . mAbs used wer e as f ol l ows : ant i - CD4 : Leu3a PE( Bect on Di cki nson &Co . , Mount ai n

Vi ew, CA) , T4- FI TC ( Coul t er Cor p. , Hi al eah, FL) , OKT4 ( Or t ho Di agnost i c Syst ems, West -

wood, MA) ; ant i - T cel l s : T3- RDI ( CD3) , T11- RD1( CD2) , 4134 RDl ( CDw29) ( Coul t er Cor p . ) ,

Leu2a ( CD8) ( Bect on Di cki nson &Co. ) ; ant i - HI V: 41- 1 ( ant i - gp41) , 110- 4 ( ant i - gp110) ( Genet i c

Syst ems Cor p. , Seat t l e, WA) . Unl abel ed mAbs ( OKT4, 41- 1, 110- 4) wer e r eveal ed by sequen-

t i al i ncubat i on wi t h bi ot i nyl at ed sheep ant i - mouse ant i bodi es ( Amer shamCor p. , Bucki ng-

hamshi r e, UK) at 1 : 25, and phycoer yt hr i n- conj ugat ed st r ept avi di n ( Bect on Di cki nson &Co. )

at 1 : 25 . When doubl e- col or l abel i ng was per f or med ( T4/ OKT4, T4/ 41- 1, T4/ 110- 4) , cont r ol
asci t es f l ui d ( Dakopat t s, Copenhagen, Denmar k) at 1 : 25 was added t o phycoer yt hr i n-

st r ept avi di n i n or der t o sat ur at e t he r emai ni ng bi ndi ng si t es of sheep ant i - mouse ant i bodi es

bef or e i ncubat i on wi t h t he second mAb, T4- FI TC. Af t er st ai ni ng, cel l s wer e r esuspended

i n SB cont ai ni ng 1% par af or mal dehyde, kept at 4° C, and anal yzed t oget her wi t h t he FAGS

anal yzer ( Bect on Di cki nson & Co. ) . As descr i bed el sewher e ( 18) , vol ume ver sus r i ght - angl e

l i ght scat t er dot pl ot was used t o gat e vi abl e cel l s and excl ude debr i s as wel l as dead and

gi ant aut of l uor escent cel l s . I n i ni t i al exper i ment s, t he vol ume- scat t er gat e was cor r el at ed wi t h

pr opi di um i odi de st ai ni ng and encl oses a popul at i on wi t h <5%of dead cel l s . Fl uor escence
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i nt ensi t y was t hen det er mi ned wi t hi n t hese gat ed vi abl e cel l s and pl ot t ed i n a 3- decade l og-
scal e . Resul t s ar e pr esent ed as hi st ogr ams ( cel l number ver sus f l uor escence i nt ensi t y) f or si ngl e-
col or st ai ni ng exper i ment s, or as aut oscal ed cont our maps of cel l number i n doubl e- col or
st ai ni ng exper i ment s, each axi s r epr esent i ng f l uor escence i nt ensi t y i n one channel ( ver t i cal ,
r ed ; hor i zont al , gr een) .

Cyt opl asmi c Ext r act s ( Cyt odot s) .

	

Cont r ol and i nf ect ed cel l s ( 2 . 5 x 105 vi abl e cel l s as mea-
sur ed by t r ypan bl ue excl usi on) wer e r i nsed t hr ee t i mes i n col d PBS, r esuspended i n 100 pl

of Tr i s ( 10 mM, pH 7 . 0) , 1 mMEDTA, 2 mMVanadyl r i bonucl eosi de compl ex ( Bet hesda

Resear ch Labor at or i es, Gai t her sbur g, MD) , 0. 5%NP- 40 ( BDH Chemi cal s, Pool e, Engl and)

and vor t exed f or 5 mi n on i ce . Then, 10 ul of 5 %NP- 40 was added, cel l s wer e vor t exed f or
5 mi n on i ce, and nucl ei wer e pel l et ed by cent r i f ugat i on at 4 0C f or 10 mi n at 10 000 g, 100

wl of super nat ant was compl et ed wi t h 100 g1 of 12 x SSC ( 1 x SSC NaCl 0 . 15 M, 0 . 015 M
t r i sodi um ci t r at e, pH 7 . 0) 15% f or mal dehyde, i ncubat ed 15 mi n at 65° C and spot t ed on a
nyl on membr ane ( Hybond- N, Amer shamCor p . ) usi ng t he Mi ni f ol d appar at us ( Schl ei cher
& Schuel l , Dassel , Feder al Republ i c of Ger many) .

Nor t her n Bl ot s .

	

Tot al cel l ul ar RNAwas ext r act ed usi ng t he guani di ni um t hi ocyanat e/ cesi um
chl or i de met hod ( 19) . Af t er cent r i f ugat i on, RNA pel l et s wer e sol ubi l i zed i n 200 P1 of 10 mM
Tr i s, 1 mMEDTA, 0 . 1 17o SDS, pH 7 . 0, and wer e pr eci pi t at ed wi t h 2 . 5 vol et hanol i n t he
pr esence of 0, 3 Mammoni um acet at e. Pr eci pi t at es wer e washed wi t h 70%et hanol , dr i ed,
and r edi ssol ved i n 200 ul di et hyl pyr ocar bonat e- t r eat ed H2O. RNA ( 10 wg per l ane) was dena-
t ur ed f or 15 mi n i n 50% f or mami de, 20 mMMops, 5 mMsodi um acet at e, 6%f or mal de-
hyde, pH 7 . 0, at 65° C, and was separ at ed by el ect r ophor esi s i n 1 . 1% agar ose, 20 MMMops,
5 mMsodi umacet at e gel s as pr evi ousl y descr i bed ( 19) . RNAs wer e t r ansf er r ed t o nyl on mem-
br anes ( Hybond N, Amer sham Cor p . ) usi ng 20x SSC f or 12- 16 h .

Hybr i di zat i on, Rehybr i di zat i on Pr ocedur es .

	

Nyl on membr anes ( cyt opl asmi c ext r act s or Nor t her n

bl ot s) wer e baked f or 90 mi n at 80° C, pr ehybr i di zed, and hybr i di zed as descr i bed el sewher e
( 19) . Speci f i c pr obes of CD4 ( pT4B) ( 3) , HI VA ( Sac I subcl one of %J19) ( 20) , TCRS2 chai n
( 4131) ( 21) and P- act i n ( pAL41) ( 22) wer e a- 32P- r adi ol abel ed usi ng t he r andom pr i mi ng
met hod ( Mul t i pr i me DNA Label i ng Syst ems ; Amer shamCor p . ) . Thei r speci f i c act i vi t y r anged
f r om5 t o 10 x 108 cpm/ ug DNA. Af t er hybr i di zat i on, f i l t er s wer e washed under st r i ngent
condi t i ons ( t hr ee t i mes i n 2 x SSC; 0 . 1 %SDS at r oomt emper at ur e, and t wi ce f or 45 mi n
i n 0 . 1 x SSC; 0 . 1%SDS at 65° C) , and exposed t o XAR5 f i l ms ( East man Kodak Co. , Roch-

est er , NY) i n Quant a I I I casset t e ( DuPont de Nemour s, Or say, Fr ance) f or 24- 48 h . When

necessar y, f i l t er s wer e dehybr i di zed f or 2 h i n 2 mMEDTA, 5 mMTr i s, 1 x Denhar dt ' s ( 0 . 02 %
Fi col l , 0 . 02%pol yvi nyl pyr r ol i done, 0 . 02 %BSA) , pH8 . 0, at 65° C, washed t wi ce i n 2 x SSC,

0 . 1% SDS, and r ehybr i di zed as descr i bed above .
Const r uct i on of HI V- Vacci ni a Recombi nant Vi r uses .

	

Mani pul at i on of DNAwas per f or med ac-
cor di ng t o st andar d pr ot ocol s and ol i go- nucl eot i de- di r ect ed mut agenesi s of subcl ones i nt o
M13 vect or s was per f or med essent i al l y as descr i bed ( 23) . Const r uct i on of HI V- VV was r eal -
i zed as descr i bed ( 24) . For HI V- VV 1135 t he sequence encodi ng t he si gnal pept i de of t he
r abi es vi r us gl ycopr ot ei n gene ( nucl eot i des [ nt ] 1- 64 i n Ani l i oni s et al . [ 25] ) was f used wi t h
t he f i r st codons of mat ur e gp110 ( nt 5857 i n Wai n- Hobson et al . [ 26] ) usi ng ol i gonucl eot i de-
di r ect ed mut agenesi s ( ami no aci d sequence at t he si t e of f usi on : CFGXNK) and t he gp41
t r ansmembr ane domai n ( f r omnt 7834) was r epl aced by t he r abi es gl ycopr ot ei n count er par t
( nt 1387- 1714; j unct i on KI RYVL) . The sequence cont ai ni ng t he t wo Lys- Ar g cl eavage si t es
bet ween gp110 and gp41 has been al t er ed f r omKAKRRVVQREKR t o KAQNHVVQNEHQ
( nt 7279- 7314) . HI V- VV 1138 i s equi val ent t o 1135 except t hat t he sequences cor r espondi ng
t o gp110 and t he NH2- t er mi nal hydr ophobi c domai n of gp41 have been r emoved by ol i go-
nucl eot i de- di r ect ed del et i on ( nt 5857- 7398 ; j unct i on CFG. QAF) .

I nf ect i on wi t h HI V- Vacci ni a Recombi nant Vi r uses .

	

PHA- st i mul at ed PBMC or CD4' - enr i ched
l ymphocyt es wer e i nf ect ed wi t h HI V- VV 1135, or 1138, or t he wi l d- t ype vacci ni a vi r us f or
1 h at 37° C at a mul t i pl i ci t y of i nf ect i on of 50 pl aque- f or mi ng uni t s ( PFU) / cel l . Cel l s wer e
har vest ed at var i ous t i mes ( see Fi g . 3) and i nvest i gat ed f or membr ane pr ot ei ns as descr i bed
f or HI V- i nf ect ed cel l s . The ef f i ci ency of i nf ect i on was moni t or ed by i mmunof l uor escence on
f i xed cel l s wi t h ant i vacci ni a mouse ser a .
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Resul t s

I nf ect i on of st i mul at ed CD4+ - enr i ched l ymphocyt es wi t h HI Vcont ai ni ng super -

nat ant i nduces vi r us r epl i cat i on t hat usual l y becomes det ect abl e af t er a f ew days

and peaks bet ween day 6 and 8 . The cel l vi abi l i t y i n t he cul t ur e, as assessed by vi t al

dye st ai ni ng, begi ns t o decr ease wi t hi n a day af t er i ni t i al vi r al det ect i on . Af t er t he
peak of vi r al r epl i cat i on, al l cel l s ul t i mat el y di e. To anal yze t he modi f i cat i on of cel l
sur f ace mar ker expr essi on dur i ng HI V r epl i cat i on, at a t i me when vi r al pr ot ei ns
ar e synt hesi zed, i t i s t her ef or e necessar y t o di scr i mi nat e vi abl e f r omdead cel l s . Thi s
can be r out i nel y achi eved by usi ng a cel l anal yzer : vi abl e cel l s can be di st i ngui shed
f r omdead cel l s and debr i s on t he basi s of t hei r vol ume and r i ght - angl e l i ght scat t er

val ues ( 18) . Usi ng t hese t wo par amet er s, a gat e can be dr awn ar ound t he l i vi ng cel l s

cl ust er . Unl i ke dead cel l s, such gat ed cel l s excl ude pr opi di um i odi de, a f l uor escent

vi t al dye, and ar e not st ai ned by i r r el evant ant i bodi es . Thus, even at t he t i me when

massi ve deat h occur r ed i n t he i nf ect ed cel l cul t ur e, speci f i c f l uor escence coul d st i l l

be anal yzed i n t he r emai ni ng vi abl e gat ed cel l s, as shown i n Fi g . 1 . I n t hi s exper i -

ment , t i l l day 6 of t he cul t ur e, most cel l s ar e vi abl e . Aday l at er , af t er t he f i r st det ec-

t i on of r ever se t r anscr i pt ase ( RT) i n t he cul t ur e super nat ant , t he number of vi abl e

cel l s pr ogr essi vel y decr eased, as shown by bot h t he scat t er - vol ume dot pl ot and t he

count of cel l s excl udi ng t r ypan bl ue . We have anal yzed t he expr essi on of t he CD4

mol ecul e wi t hi n t he gat ed cel l popul at i on usi ng Leu3a mAb, and as a cont r ol we

anal yzed t he expr essi on of t he CDw 29 mol ecul e ( 27) det ect ed by t he mAb 4B4.

We of t en used t hi s mAb because CDw29 i s al so hi ghl y expr essed on t he CD4+

CEMl i ne f or whi ch we per f or med si mi l ar exper i ment s . Thr oughout t he cul t ur e

t i me, no gr oss modi f i cat i on of CDw29 expr essi on coul d be obser ved . On t he con-

t r ar y, gat ed cel l s expr essi ng Leu3a gr adual l y decr eased i n number and wer e al most

absent at t he end of t he exper i ment . The r api di t y of t he appear ance of t hese

Leu3a- , 4B4+ vi abl e cel l s, as wel l as t he absence of det ect i on of CD8 + cel l s ( dat a

not shown) , r ul es out t he possi bl e emer gence of a popul at i on of CD4- con-

t ami nat i ng cel l s . Thus, l oss of Leu3a st ai ni ng coul d not be expl ai ned onl y by t he

deat h of HI V- r epl i cat i ng CD4+ cel l s .

Co- expr essi on of gp110 and CD4 on HI VRepl i cat i ng CD4+ Cel l s .

	

To mor e pr eci sel y

st udy modul at i on of CD4 at t he sur f ace of HI V- r epl i cat i ng cel l s we per f or med doubl e-

st ai ni ng of CD4+ enr i ched cel l s t hat wer e i nf ect ed wi t h HI V. Cel l s wer e l abel ed

ei t her wi t h ant i - gp41 or ant i - gp110 mAbs or wi t h di f f er ent mAbs r ecogni zi ng t he

CD4 mol ecul e . Recent l y, ami no aci d subst i t ut i on i n t he CD4 mol ecul e al l owed t he

l ocal i zat i on of t he epi t opes r ecogni zed by t he ant i - CD4 mAbs as wel l as t he HI V

bi ndi ng si t e . Leu3a ( Bect on Di cki nson &Co. ) and T4 ( Coul t er I mmunol ogy) r ecog-

ni ze epi t opes i n t he ver y vi ci ni t y or at t he HI Vbi ndi ng si t e ( 28) . They bl ock HI V

bi ndi ng t o CD4 and, r eci pr ocal l y HI V bl ocks t hei r bi ndi ng t o CD4 ( 4, 8, 29) . OKT4

( Or t ho Di agnost i c Syst ems) r ecogni zes an epi t ope mor e di st ant f r omHI Vbi ndi ng

si t e and i t does not i nt er f er e wi t h t he i nt er act i on bet ween gp110 and CD4 ( 4, 8, 29) .

Usi ng doubl e- col or st ai ni ng pr ocedur e wi t h OKT4, ant i - gp41, or ant i - gp110 mAbs

on one hand ( r ed, ver t i cal axi s) and T4 mAb on t he ot her hand ( gr een, hor i zont al

axi s) , and af t er gat i ng usi ng vol ume- scat t er dot bl ot as descr i bed i n Fi g . 1, we ob-

ser ved t he emer gence of t hr ee di st i nct popul at i ons of cel l s f r om t he i ni t i al l y

T4` OKT4' gpl l 0 - l ymphocyt es ( Fi g . 2) : ( a) gp110+ OKT4 + T4 + cel l s ; ( b)

gp110+ OKT4 + T4 - cel l s ; and ( c) gp110 + OKT4 - T4 - cel l s . Unt i l day 4, i nf ect ed cel l s
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CHI deat h and CD4 expr essi on dur i ng acut e HI V r epl i cat i on i n nor mal l ympho-
cyt es. PMBC wer e depl et ed of CD8' cel l s, i nf ect ed wi t h HI V, and cul t ur ed as descr i bed i n
Mat er i al s and Met hods. At t he i ndi cat ed t i mes, ( A) RT act i vi t y i n t he super nat ant , per cent age
of vi abl e cel l s ( t r ypan bl ue excl usi on) , cel l sur f ace l abel i ng wi t h Leu3a and 4114 mAbs andQ
cyt opl asmi c ext r act s wer e per f or med . ( A) Usi ng a FAGS, vi abl e cel l s wer e f i r st gat ed on t he basi s
of t hei r vol ume and scat t er val ues ( pol ygonal cl ust er i n t he dot - pl ot r epr esent at i on) as descr i bed.
Al l sampl es wer e anal yzed at t he same t i me. Fl uor escence was anal yzed wi t hi n t hese gat ed cel l s
and r epr esent ed as hi st ogr ams : f l uor escence ( 3- decade l ogar i t hmi c scal e) ver sus cel l number .
Fl uor escence means of negat i ve cont r ol s ar e compr i sed i n t he f i r st decade ( not shown) . ( B) Cyt o-
pl asmi c dot s spot t ed on nyl on membr anes, cor r espondi ng t o 2 . 5 x 10 5 vi abl e cel l s, wer e sequen-
t i al l y hybr i di zed wi t h CD4, P- act i n and HI V pr obes and aut or adi ogr aphed f or 48, 24, and 24 h,
r espect i vel y,
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FI GURE 2 .

	

Coexpr essi on of CD4 and HI Vgl ycopr ot ei ns at t he sur f ace of HI Vi nf ect ed l ympho-
cyt es . CD4+ enr i ched l ymphocyt es wer e i nf ect ed and cul t ur ed as descr i bed i n Fi g. 1 . At t he i n-
di cat ed t i mes, ( A) cel l sur f ace st ai ni ng, ( 8) vi r al pr oduct i on i n t he super nat ant ( i mmunocapt ur e
ELI SA) , per cent age of vi abl e cel l s ( " pan bl ue excl usi on) , and ( C) cyt opl asmi c ext r act s wer e
per f or med as descr i bed i n Mat er i al s and Met hods. ( A) I nf ect ed cel l s ( i ndi cat ed t i me) andnoni n-
f ect ed cel l s ( day 5) wer e moni t or ed f or cel l sur f ace mar ker s . St ai ni ng wi t h OKT4 ( CD4) , 41- 1
( gp41) , and 110- 4 ( gp110) mAbs was anal yzed i n t he r ed channel ( phycoer yt hr i n, ver t i cal axi s) .
T4 ( CD4) was anal yzed i n t he gr een channel ( f l uor escei n, hor i zont al axi s) . Bef or e f l uor escence
anal ysi s, cel l s wer e gat ed on t he basi s of t hei r vol ume and r i ght - angl e l i ght scat t er as descr i bed
i n Fi g. I ( not shown) . Cl ust er s r epr esent aut o- scal ed cont our gr aphs of cel l number , and f l uor es-
cence i nt ensi t y was pl ot t ed i n 3- decade l ogar i t hmi c scal es . Quadr ant s wer e set usi ng noni nf ect ed
cel l s ( day 5) st ai ned wi t h cont r ol ant i bodi es ( l ef t ) : bi ot i nyl at ed sheep ant i - mouse + phycoer yt hr i n-
st r ept avi di n ( spe) ( r ed negat i ve, gr een negat i ve) , Leu3a ( r ed posi t i ve, gr een negat i ve) , and T4
( r ed negat i ve, gr een posi t i ve) . ( C) Cyt opl asmi c dot s on nyl on membr anes cor r espondi ng t o 2. 5
x 105 vi abl e cel l s wer e hybr i di zed wi t h CD4, HI V and p- act i n pr obes . CD4 and HI V pr obi ng
wer e per f or med sequent i al l y on t he same f i l t er . R- act i n pr obi ng was per f or med on an i ndepen-
dent f i l t er . Aut or adi ogr aphy t i mes wer e 48, 24, and 24 h, r espect i vel y.

kept t hei r or i gi nal gp110- OKT4' T4' phenot ype. On day 5, a si gni f i cant popul a-
t i on of gp110+OKT4 + T4' cel l s coul d be det ect ed, f ew syncyt i a wer e not ed and vi r al
ant i gens det ect ed by ELI SA appear ed i n t he super nat ant . On day 6, at t he t i me
when si gni f i cant l oss of vi abi l i t y i n t he cul t ur e was obser ved, most cel l s wer e
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gp110+OKT4+T4 - whi l e some wer e al r eady gp110+OKT4 - T4 - . At t hi s t i me gp41

appear ed at t he cel l sur f ace. Subsequent l y, t hi s l at t er popul at i on i ncr eased and cel l s

f i nal l y di ed. I n t hese exper i ment s, t he expr essi on of cont r ol ant i gens CD2 and 4B4

r emai ned unchanged at t he cel l sur f ace of gat ed cel l s ( dat a not shown) . The al most

compl et e di sappear ance of T4 st ai ni ng i n t he f ace of t he per si st ent OKT4 expr es-

si on i ndi cat ed t hat CD4 mol ecul e was st i l l pr esent at t he l ymphocyt e membr ane

at t hi s t i me of vi r al r epl i cat i on ( day 6) , but i n a conf i gur at i on i n whi ch t he epi t ope

r ecogni zed by T4 mAb was no l onger accessi bl e . Thi s, and co- expr essi on of gp110,

ar gued f or t he exi st ence of CD4 i n a compl exed f or mwi t h gp110 . I ndeed, gp110 bi ndi ng

t o CD4 dur i ng adsor pt i on of i nact i vat ed vi r i ons, or af t er i ncubat i on wi t h pur i f i ed

gp110, i nduces si mi l ar modi f i cat i on of OKT4a but not of OKT4 st ai ni ng ( 4, 30) ,

and HI Vgp/ CD4 compl exes can be i mmunopr eci pi t at ed by OKT4 but not OKT4a

mAbs ( 12) .
CD4 Expr essi on af t er HI V- Vacci ni a Recombi nant Vi r us I nf ect i on .

	

I t was not possi bl e

f r omt hese exper i ment s t o det er mi ne t o what ext ent gp110 was pr oduced by i nf ect ed

cel l s and pr esent ed t o t hei r membr ane bef or e t he assembl y of vi r al par t i cl es, or was

i n t he f or m of sol ubl e gp110 passi vel y adsor bed on uni nf ect ed CD4+ cel l s, or per -

haps at t he sur f ace of mat ur e vi r i ons t hat wer e i n t he pr ocess of i nf ect i ng new cel l s,

bot h cases bei ng r esponsi bl e f or CD4 maski ng ( 8, 30, 31) .

To demonst r at e t hat i nt er act i on bet ween CD4 and HI V envel ope act ual l y occur r ed

i n each i ndi vi dual cel l , we used vacci ni a r ecombi nant vi r us . I nf ect i on wi t h such vi r uses

al l ows t he expr essi on of f or ei gn genes i n vi t r o as wel l as i n vi vo ( 32) and i s cur r ent l y

t he best way t o expr ess hi gh l evel s of nor mal or mut at ed HI Vena gene pr oduct s i n

t he i nf ect ed cel l s ( 10, 11, 24, 33, 34) . I ni t i al exper i ment s wi t h nor mal ena gene had

shown an i mpor t ant sheddi ng of gp110 f r omt he cel l sur f ace of HI V- VV- i nf ect ed cel l s

( 24) . We t her ef or e used a const r uct i on desi gned t o opt i mi ze expr essi on of HI V envel ope

at t he cel l membr ane . I n t hi s const r uct i on ( 1135) , t he t wo cl eavage si t es t hat gener at e

gp110 and gp41 f r omt he gp160 pr ecur sor ( Fi g . 3 A) wer e i nact i vat ed by ami no aci d

subst i t ut i ons ( see Mat er i al s and Met hods) . The si gnal pept i de, t he t r ansmembr ane
and i nt r acyt opl asmi c r egi ons of HI Vwer e r epl aced by t hose of r abi es vi r us envel ope
gl ycopr ot ei n . As cont r ol , we used a si mi l ar const r uct i on cont ai ni ng onl y t he gp41
ext er nal r egi on ( 1138) and al so t he wi l d- t ype vacci ni a vi r us . Hi gh mul t i pl i ci t y of
i nf ect i on ( 50 PFU/ cel l ) al l owed synchr onous, r api d, and massi ve i nf ect i on of mor e
t han 90%of t he cel l s, as det er mi ned by i mmunof l uor escence wi t h speci f i c mouse
ser a t o vacci ni a ant i gens, f ur t her l eadi ng t o cel l deat h wi t hi n 24- 36 h. We f i r st per -

f or med a t i me cour se exper i ment ( Fi g . 3 B) i n whi ch nor mal PBMC wer e i nf ect ed

by t he t wo r ecombi nant s . St ai ni ngs usi ng 4B4 and Leu3a mAbs wer e anal yzed as
descr i bed f or HI V i nf ect i on . Whi l e expr essi on of a cont r ol mol ecul e l i ke CDw29

r emai ned unchanged unt i l 24 h af t er i nf ect i on, a pr ogr essi ve decr ease of Leu3a ex-

pr essi on was obser ved af t er i nf ect i on wi t h HI V- VV 1135 but not wi t h HI V- VV 1138 .

Thi s ef f ect , whi ch appear ed as ear l y as 6 h af t er i nf ect i on, coul d be cl ear l y seen at

16 h and was al most compl et e at 24 h. Subsequent exper i ment s wer e per f or med be-

t ween 20 and 24 h af t er i nf ect i on . We t hen anal yzed expr essi on of CD4 and HI V
envel ope af t er HI V- VVi nf ect i on as we di d af t er HI V i nf ect i on ( Fi g . 3 C) . I nf ect i on
wi t h t he wi l d- t ype vacci ni a or HI V- VV 1138 di d not modi f y membr ane expr essi on
of ei t her Leu3a or OKT4 epi t opes of t he CD4 mol ecul e, nor di d t hey modi f y t he

expr essi on of cont r ol mol ecul es l i ke CDw29 or CD3 ( dat a not shown) . I nf ect i on wi t h
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FI GURE 3 .

	

Expr essi on of CD4 and HI Vgl ycopr ot ei ns af t er i nf ect i on wi t h vacci ni a r ecombi nant
vi r uses expr essi ng HI Venv gene pr oduct s . ( A) HI V eno gene ( HI V) and sequences i nser t ed i n
t he t hymi di ne ki nase gene of HI V- VV 1135 ( 1135) and HI VVV 1138 ( 1138) ar e r epr esent ed . HI V
sequences ( cl ear boxes) and r abi es vi r us sequences ( shaded boxes) wer e f used as descr i bed i n Mat er i al s
and Met hods . The whol e gp41 sequence compr i sed boxes named gp41' ( NHZ- t er mi nal and ex-
t er nal r egi ons) , TM( t r ansmembr ane r egi on) , and CYT( i nt r acyt opl asmi c r egi on) . I n HI VVV
1138, gp41" " r epr esent s t he ext er nal r egi on of gp41 f used wi t h r abi es gl ycopr ot ei n si gnal pept i de
( SP, l ef t ) and t r ansmembr ane ( TM) and cyt opl asmi c ( CYT) r abi es gl ycopr ot ei n r egi ons. Ar r ows
i ndi cat e t he t wo cl eavage si t es descr i bed i n t ext and Mat er i al s and Met hods. ( B) At t he i ndi cat ed
t i mes, PBMC i nf ect ed wi t h HI V- VV 1135 or HI V- VV 1138 wer e l abel ed wi t h Leu3a and 4B4
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HI V- VV 1135 l ed t o t he expr essi on of t he hybr i d envel ope ont o t he cel l sur f ace t hat

can be det ect ed wi t h ant i - gp110 mAb. Thi s was accompani ed by t he compl et e di sap-

pear ance of t he Leu3a epi t ope, whi l e t he r educt i on of OKT4 st ai ni ng was about

f our f ol d . I n t hi s exper i ment , a t wof ol d decr ease of 4B4 coul d be obser ved, a

phenomenon t hat was not , however , consi st ent l y obser ved ( Fi g. 3 B) . Si nce HI V

gl ycopr ot ei n pr oduced by HI V- VV 1135, l i ke i t s anal ogous const r uct l acki ng enve-

l ope cl eavage si t es, i s not shed i n t he cul t ur e super nat ant ( 35) , i t was concl uded t hat

i n each i ndi vi dual cel l t he gl ycopr ot ei n- CD4 i nt er act i on was medi at ed by endogene-

ousl y pr oduced HI V gl ycopr ot ei n .

CD4 Tr anscr i pt s Ar e Lost dur i ng Acut e HI VRepl i cat i on.

	

Dur i ng HI V r epl i cat i on, t he

decr ease and, f i nal l y, t he compl et e di sappear ance of OKT4 st ai ni ng st r ongl y sug-

gest ed t he di sappear ance of exi st i ng CD4 mol ecul es f r omt he cel l sur f ace . CD4- gp110

compl exes coul d be i nt er nal i zed or al t er nat i vel y shed f r omt he cel l sur f ace, but t hi s

al so suggest ed a l ack of newsynt hesi s of CD4 mol ecul es. One possi bl e mechani sm

f or t he l at t er assumpt i on coul d be t he i mpai r ment of CD4 gene expr essi on due t o

HI V r epl i cat i on . To i nvest i gat e such a possi bi l i t y, we anal yzed CD4mRNA dur i ng

vi r us r epl i cat i on i n Tl ymphocyt es and CEMcel l s . I n t he t wo f i r st exper i ment s ( Fi gs .

1 and 2) cyt opl asmi c ext r act s of 2 . 5 x 10 5 vi abl e cel l s wer e pr epar ed and spot t ed

on nyl on membr anes at t he t i mes of i mmunof l uor escence st ai ni ng . Hybr i di zat i on

wi t h a 0- act i n pr obe demonst r at ed t hat si mi l ar amount s of mRNAs wer e spot t ed .

CD4 mRNA l evel s dr amat i cal l y dr opped on day 7 ( Fi g . 1) or on day 6 ( Fi g . 2) , a
day af t er HI VRNAand vi r al pr oduct i on coul d be det ect ed . We next l ooked at mRNA

l evel s by Nor t her n bl ot anal ysi s . Vi r al pr oduct i on and CD4 membr ane expr essi on
wer e sequent i al l y moni t or ed i n cul t ur es of HI V- i nf ect ed, or uni nf ect ed PBMC con-
t ai ni ng bot h CD4+ and CD8' cel l s . Less t han 47o of CD4- CD8- cel l s coul d be
det ect ed t hr oughout t he cul t ur e per i od of cont r ol uni nf ect ed cel l s ( Fi g. 4) . On t he

cont r ar y, a si gni f i cant pr opor t i on of CD4- CD8 - cel l s emer ged i n t he i nf ect ed cul -

t ur e ; as demonst r at ed i n t he pr evi ous exper i ment , t hey ar i se f r om t he or i gi nal l y

CD4+ CD8- cel l s t hat had l ost membr ane CD4 upon vi r al r epl i cat i on . Tot al RNA

was ext r act ed each day f r ombot h i nf ect ed and uni nf ect ed cel l s and 10 pg wer e ana-

l yzed by Nor t her n bl ot t i ng . Compar ed wi t h 0- act i n, CD4 mRNA l evel s st ar t ed t o

decr ease i n t he i nf ect ed cul t ur e on day 6, a t i me at whi ch t he decr ease of CD4+

cel l s and i ncr ease of CD4- CD8- cel l s was obser ved . By day 7, when t he pr opor -

t i on of CD4- CD8- cel l s peaked, r eachi ng appr oxi mat el y t he per cent age of cel l s t hat

wer e or i gi nal l y CD4+ and on day 8, CD4 mRNA l evel s became undet ect abl e .
Lat er , on day 9, CD4 mRNA r emai ned absent , but at t hat t i me, al l sur vi vi ng cel l s
wer e of t he CD8' phenot ype . We next i nvest i gat ed whet her t hi s dr amat i c di sap-
pear ance of CD4 mRNA coul d al so be obser ved i n a CD4' Tcel l l i ne, usi ng a cl one
der i ved f r omCEMcel l s . Thi s CD4 hi ghl y expr essi ng cl one ( CEM13) acut el y r epl i -
cat es HI Vand i s hi ghl y sensi t i ve t o i t s cyt opat hi c ef f ect s ( Sal mon, P, and D. Kl at z-
mann, unpubl i shed obser vat i ons) . As shown i n Fi g. 5, af t er HI V i nf ect i on CD4

mAbs and anal yzed by FAGS. ( C) 20 h af t er i nf ect i on wi t h t he i ndi cat ed vi r us, CD4' - enr i ched

l ymphocyt es wer e l abel ed wi t h Leu2a ( negat i ve cont r ol ) , Leu3a, OKT4, 110- 4 ( gp110) , and 4B4

( posi t i ve cont r ol ) mAbs, and wer e anal yzed by FRCS. For each sampl e, mean of f l uor escence
i nt ensi t y and t he r el at i ve f l uor escence i nt ensi t y wer e shown ( cal cul at ed as f ol l ows) : 100 x

[ ( mAb1135, 1135 - Leu2a1135- 1138) / ( mAbwi l d t ype - Leu2a~i l d t ype) ] .
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FI GURE 4.

	

CD4 mRNA l evel s dur i ng acut e HI Vr epl i cat i on i n nor mal l ymphocyt es . At t he i n-
di cat ed t i mes, ( A) cel l s wer e l abel ed wi t h Leu2a ( CD8) and Leu3a ( CD4) , ( B) RNAs wer e ex-
t r act ed and anal yzed by Nor t her n bl ot t i ng, and ( C) vi r al pr oduct i on i n t he super nat ant was de-
t er mi ned usi ng an i mmunocapt ur e ELI SA. ( A) Per cent ages of noni nf ect ed ( ni ) and i nf ect ed ( i )
cel l s expr essi ng ei t her Leu3a or Leu2a as wel l as Leu2a- Leu3a cel l s, ar e shown . Leu2a- ,
Leu3a- cel l s ar ose f r om Leu2a- , Leu3a* cel l s t hat have l ost CD4 membr ane mol ecul es upon
HI V r epl i cat i on . ( B) Nor t her n bl ot was per f or med as descr i bed i n Mat er i al s and Met hods, i n
bot h uni nf ect ed ( - ) and i nf ect ed ( +) cel l s . The nyl on membr ane was sequent i al l y hybr i di zed
wi t h CD4 and 0- act i n pr obes . Aut or adi ogr aphy t i mes wer e 48 h .

t r anscr i pt s wer e al most undet ect abl e, when no mor e CD4 mol ecul es wer e det ect -

abl e on t he cel l sur f ace as assessed by Leu3a and OKT4 st ai ni ng . As cont r ol s,

0- act i n mRNA and a nonst r uct ur al pr ot ei n mRNA codi ng f or t he TCR0 chai n

wer e bot h pr esent at sl i ght l y decr eased or compar abl e amount s, r espect i vel y, i n i n-

f ect ed and uni nf ect ed cel l s . Thi s i ndi cat ed t hat CD4 t r anscr i pt accumul at i on was

speci f i cal l y i mpai r ed dur i ng acut e HI V r epl i cat i on i n t hi s cl one of Tl ymphobl ast oi d

CEMl i ne as f or nor mal l ymphocyt es .

Di scussi on

When we i ni t i al l y r epor t ed t he sel ect i ve t r opi sm of HI V f or CD4+ T l ympho-

cyt es ( 2) , we al r eady ment i oned t he st r i ki ng di sappear ance of CD4 st ai ni ng on t he

cel l sur f ace of i nf ect ed cel l s . Thi s obser vat i on has been r epr oduced and expanded

and i t i s now wel l accept ed t hat nor mal CD4+ T l ymphocyt es, or Tl ymphobl ast oi d

cel l l i nes, and CD4+ monocyt e/ macr ophages or monocyt i c cel l l i nes, al l l ose CD4
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FI GURE 5 .

	

CD4 mRNA l evel s dur i ng acut e HI V r epl i cat i on i n a CEMcl one. CEM- 13 ( GEM
l i ne- der i ved cl one, see t ext ) cel l s wer e i nf ect ed and cul t ur ed as descr i bed i n Mat er i al s andMet hods.
( A) At day 9, when vi r al pr oduct i on peaks ( dat a not shown) , cel l s wer e l abel ed wi t h Leu3a and
OKT4 mAbs . Cont r ol l i nes r epr esent f l uor escence hi st ogr ams of cel l s t r eat ed onl y wi t h bi ot i n-
coupl ed sheep ant i mouse ant i bodi es pl us phycoer yt hr i n l abel ed st r ept avi di n . ( B) Nor t her n bl ot
anal ysi s of uni nf ect ed ( day 0) and i nf ect ed ( day 9) cel l s . The nyl on membr ane was sequent i al l y
hybr i di zed wi t h CD4, TcR02 chai n, and 0- act i n pr obes . RNA f r omuni nf ect ed U937 ( a mono-
cyt i c cel l l i ne) was used as negat i ve cont r ol f or TcR N2 chai n si gnal and posi t i ve cont r ol f or CD4
and 6- act i n si gnal s .

expr essi on upon HI V- 1 r epl i cat i on ( 12, 36, 37) , but al so upon HI V- 2 and SI V r epl i -
cat i on ( 37) . However , t he mechani smof such a phenomenon i s uncl ear . Thi s coul d
r esul t f r omt he HI Vs cyt opat hi c ef f ect , whi ch woul d f i r st af f ect cel l s hi ghl y expr essi ng
CD4. I ndeed, di f f er ent CD4+ cel l l i nes or even i ndi vi dual cl ones f r om a gi ven CD4+

cel l l i ne appear t o di spl ay het er ogeneous sensi t i vi t y t o HI Vcyt opat hi c ef f ect , whi ch

cor r el at es wi t h t he ext ent of CD4 expr essi on ( 38) . I mpai r ment of CD4 expr essi on

at t he cel l sur f ace coul d al so be due t o i t s i nt er act i on wi t h gp110 . Such an i nt er act i on

coul d i nvol ve endogeneousl y pr oduced gp110 ( 12) or al t er nat i vel y sol ubl e gp110 t hat

i s known t o be r el eased i n t he cul t ur e super nat ant ( 24, 39, 40) , or even vi r i on ad-
sor pt i on t o t he cel l membr ane . I mpai r ment of t r anscr i pt i onal ( 12) and post -
t r anscr i pt i onal ( 14) event s i n CD4 gene expr essi on have al so been pr oposed as pos-
si bl e mechani sms . To i nvest i gat e t he mechani smof CD4 l oss dur i ng HI Vi nf ect i on,
i t was t her ef or e necessar y t o si mul t aneousl y moni t or cel l deat h, membr ane expr es-

si on of bot h CD4 and gp env, as wel l as CD4 mRNA amount s .

Al t hough cel l deat h r api dl y occur r ed upon HI V r epl i cat i on i n nor mal CD4+ l ym-
phocyt es, t hi s coul d not account f or t he acut e l oss of CD4 by t hi s cel l popul at i on .
Whi l e i t may be ar gued t hat t hese cel l s ar e al r eady " si ck" because of vi r us r epl i ca-
t i on, we wer e abl e t o i dent i f y a st at e i n whi ch t hese l ymphocyt es cont i nued t o ex-

pr ess nor mal amount s of some membr ane mol ecul es such as 4B4 ( whi ch was chosen
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because i t i s al so hi ghl y expr essed by CEMcel l s) , or CD3 and CD2 ( dat a not shown) ,

whi l e t hey had al most compl et el y l ost CD4 expr essi on, as det ect ed by Leu3a. The

obser vat i on of CD4 down- modul at i on at a t i me when t he cel l can excl ude a vi t al

dye does not i mpl y, however , t hat cel l deat h i s i ndependent of CD4 i mpai r ed expr es-

si on, whi ch act ual l y pr ecedes cel l deat h . Decr eased expr essi on of CD4 af t er chr oni c

i nf ect i on of est abl i shed CD4' cel l s coul d wel l be due t o t he sel ect i on, among t hi s

popul at i on, of cel l s f or whi ch t he equi l i br i umbet ween HI V r epl i cat i on and cyt opat hi c

ef f ect al l ows t he emer gence of a l ow C134- expr essi ng cel l popul at i on ( 12) . St evenson

et al . ( 14) , usi ng a subcl one of t he CEMcel l l i ne r esi st ant t o HI V cyt opat hi c ef f ect

and wi t h l owCD4 expr essi on, not ed t hat CD41oss was accompani ed by decr eased

membr ane expr essi on of T3 ( CD3) , T11 ( CD2) , T8 ( CD8) , and T10 ( CD38) . Thi s

coul d i ndi cat e a di f f er ent behavi or of HI V i n CD4' nor mal l ymphocyt es and cel l

l i nes and pr ompt ed us t o use nor mal l ymphocyt es f or subsequent exper i ment s .

HI Vgp env det ect i on at t he cel l sur f ace of vi abl e i nf ect ed cel l s has l ong been un-

successf ul , and usual l y onl y i mmunof l uor escence of f i xed cel l s usi ng HI V' human

ser umhas been shown. The onl y cel l sur f ace st ai ni ng wi t h mAbs di r ect ed t o gp110

has been r epor t ed by Lyer l y et al . ( 30) . However , i n t hi s r epor t , gp110 st ai ni ng was

weaker on HI Vi nf ect ed cel l s t han on nor mal CD4' cel l s coat ed wi t h gp110 . We have

devel oped a sensi t i ve assay usi ng wel l - char act er i zed mAbs ( 41- 1 ; 110- 4) ( 41) and bi ot i n-

st r ept avi di n ampl i f i cat i on. Thi s al l owed us t o obser ve t hat gp110 expr essi on at t he

cel l membr ane pr ecedes i t s i nt er act i on wi t h CD4. The subsequent l oss of T4 epi -

t opes coexi st i ng wi t h t he per si st ence of OKT4 epi t opes i s i n l i ne wi t h r esul t s ob-

t ai ned by ot her s i n whi ch bi ndi ng of HI Vor gp110, r espect i vel y, t o t he t ar get cel l s

i nduced t he di sappear ance of Leu3a but not t hat of OKT4 epi t opes ( 4, 30) . Thi s

ar gues f or t he pr esence of CD4/ gp compl exes at t he cel l membr ane . Hoxi e et al .

( 12) have shown t hat such compl exes can i ndeed be i mmunopr eci pi t at ed f r om HI V

i nf ect ed cel l ext r act s . They pr oposed t hat t hese compl exes wer e i nt r acyt opl asmi c

because t hey coul d not det ect membr ane CD4 at t he t i me of i mmunopr eci pi t at i on .

Al t hough we al so have been abl e t o i mmunopr eci pi t at e such compl exes at a t i me

when we coul d not det ect any membr ane CD4 mol ecul es ( dat a not shown) , our ob-

ser vat i on of t he emer gence of a T4 - OKT4' gp110' cel l popul at i on i ndi cat es t hat

t hese compl exes ar e act ual l y pr esent at t he cel l membr ane at an ear l y st age of HI V

r epl i cat i on . However , i t i s i mpossi bl e f r om t hese exper i ment s t o concl ude i f t hey

have been f or med at t he membr ane or i n t he cyt opl asm or bot h . The obser vat i on

t hat gp110 coul d f i r st be det ect ed bef or e any change of Leu3a st ai ni ng coul d suggest

t hat t hey ar e i n par t f or med at t he membr ane .
gp110 and gp41 ar e not associ at ed by di sul f i de bonds ( 4) and i t i s known t hat

sol ubl e gp110 i s r el eased i n t he cul t ur e super nat ant of i nf ect ed cel l s ( 24, 39, 40) .

Thi s and t he pr oduct i on of vi r al par t i cl es coul d be t he cause of t he CD4/ gp110 com-

pl ex f or mat i on. To assess whet her t hese compl exes r esul t f r omt he i nt er act i on of en-

dogeneousl y pr oduced pr ot ei ns, we used t he advant age of i nf ect i ng cel l s wi t h HI V

VV, whi ch al l ows hi gh expr essi on of nor mal or mut at ed env gene pr oduct s at t he

cel l sur f ace . However , t hi s syst em i s l i mi t ed by t he r api d cel l deat h i nduced by vac-

ci ni a r epl i cat i on . I n t he LAVHF . i sol at e bot h Lys- Ar g cl eavage si t es t hat can appar -

ent l y be used t o pr oduce gp110 and gp41 f r om t he HI V env pr ecur sor gp160 ( 35)

wer e i nact i vat ed i n t he const r uct we used, and act ual l y al most no sol ubl e env coul d

be det ect ed i n cel l cul t ur e super nat ant af t er i nf ect i on by HI V- VV 1135 . The use of
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het er ogeneous si gnal pept i de t r ansmembr ane and cyt opl asmi c r egi ons di d not af f ect

t he cor r ect expr essi on of t he const r uct at t he cel l membr ane ( 35) , whi ch coul d st i l l

be det ect ed by our mAb agai nst gp110, but al so whi ch coul d ef f ect i vel y bi nd CD4.

Si mi l ar l y, HI V- VV 1138 l ed t o a st r ong expr essi on of r ecombi nant envel ope mol e-

cul es t hat coul d be det ect ed by ant i - gp41 mAb ( dat a not shown) . Usi ng t hese ex-

per i ment al i nf ect i ons, we demonst r at ed t hat , i n t he absence of r el eased sol ubl e envel ope

or vi r i ons, endogeneousl y pr oduced ena gene pr oduct and CD4 can associ at e t o f or m

compl exes t hat ar e det ect ed at t he cel l membr ane . Whet her t hey ar e membr ane or

cyt opl asmi c f or med cannot be di scr i mi nat ed . Wi l d- t ype vacci ni a i nf ect i on, as wel l

as HI V- VV 1138, i nduces cel l deat h at a si mi l ar r at e as t hat of HI V- VV 1135 . The
absence of any modi f i cat i on of CD4 expr essi on wi t h t hese t wo cont r ol i nf ect i ons pr o-

vi des addi t i onal evi dence t hat cel l " si ckness ; ' whi ch may pr ecede cel l deat h as de-
t ect ed by vi t al dye st ai ni ng, i s not r esponsi bl e f or t he obser ved phenomenon .

Our r esul t s cont r ast wi t h t hose of St evenson et al . ( 42) . Af t er t r ansf ect i on wi t h

an expr essi on vect or cont ai ni ng t he ena gene and a sel ect i on gene, t he sel ect ed cl ones

di spl ay 50%decr ease of bot h OKT4 and OKT4a, compar ed wi t h t he or i gi nal cel l s .

However , whi l e t hese aut hor s coul d demonst r at e cyt opl asmi c st ai ni ng of acet one-

f i xed cel l s wi t h a human ser um, t hey di d not demonst r at e t he pr esence of cel l sur -

f ace gl ycopr ot ei n and t hus, decr eased OKT4 expr essi on i n t hei r cl ones may be t he

r esul t of sel ect i on .

I n bot h HI Vor HI V- VV i nf ect i on, decr ease of Leu3a by maski ng of t hi s epi t ope
by ena gene pr oduct s was f ol l owed by a decr ease i n OKT4 st ai ni ng. Thi s suggest s
t he act ual di mi nut i on of t he number of CD4 mol ecul es at t he cel l membr ane, whi ch
can r esul t f r omt he pr ot ei n i nt er act i on al l owi ng ei t her sheddi ng or i nt er nal i zat i on
of such compl exes . However , af t er HI V- VV i nf ect i on, OKT4 r educt i on i s onl y par -
t i al , var yi ng f r om3- 10- f ol d accor di ng t o t he exper i ment s . Thi s may be due t o t he

r api d cel l deat h i nduced by vacci ni a or i t can suggest t hat addi t i onal mechani sms

ar e r esponsi bl e f or CD4 modul at i on dur i ng HI V r epl i cat i on . For i nst ance, t he sol e
expr essi on of F ( 3' or f ) gene pr oduct can cause t he decr ease of 30- 50% of OKT4
st ai ni ng . Because F pr ot ei n pr esent s homol ogi es wi t h oncogeni c pr ot ei ns known t o

act i vat e pr ot ei n ki nase C, i t has been pr oposed t hat F pr ot ei n can i nduce CD4 i nt er nal -

i zat i on by i t s phosphor yl at i on ( 43) . I n addi t i on, Hoxi e et al . ( 12) have obser ved a

decr ease of CD4 mRNA l evel s i n cel l s f r om CD4+ cel l l i nes t hat sur vi ve chr oni c

HI V r epl i cat i on . I n cont r ast , St evenson et al . ( 14) di d not obser ve any i mpor t ant

decr ease i n CD4 mRNA l evel s af t er HI V r epl i cat i on i n a CEMcl one t hat was r esi s-

t ant t o HI Vcyt opat hi c ef f ect . I n bot h cases, obser vat i ons wer e made on cel l s r esi s-
t ant t o HI V cyt opat hi c ef f ect , and t hus behaved di f f er ent l y f r omnor mal CD4+ l ym-
phocyt es . For t hese r easons, we l ooked t o CD4 mRNAdur i ng acut e HI V r epl i cat i on
i n nor mal CD4+ l ymphocyt es and i n a CEMcl one . We al ways obser ved a dr amat i c
decr ease i n t he l evel of t hese t r anscr i pt s i n bot h cases . The ki net i cs of t he obser ved
di sappear ance of CD4 mRNAs usual l y showed t hat t he f i r st si gni f i cant decr ease oc-
cur r ed on t he day when HI V became det ect abl e ei t her by RNA det ect i on, RT or
ant i gen measur ement , and sur f ace expr essi on of HI Vgp110 . The day af t er , t hi s di s-

appear ance was al most compl et e, whi l e at l east 50%of t he i ni t i al cul t ur ed cel l s wer e

st i l l vi abl e. Thi s ver y r api d decr ease makes i t unl i kel y t hat a sel ect i ve pr ocess occur s,
i n whi ch cel l s cont ai ni ng ver y hi gh CD4 mRNA l evel s woul d f i r st di sappear , l eavi ng
a cel l popul at i on expr essi ng ext r emel y l ow or undet ect abl e l evel s of t hese mRNAs .
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I n t hese exper i ment s, t he number of vi abl e cel l s f r omwhi ch we pr epar ed ext r act s

i n t he bl ot exper i ment s was cal cul at ed af t er t r ypan bl ue excl usi on . Hybr i di zat i on
wi t h a P- act i n pr obe al so pr ovi ded an i nt er nal cont r ol f or t he amount of mRNA
spot t ed or el ect r ophor esed . I n addi t i on, t he 1 . 3- kb TCR0 chai n mRNA, whi ch i s

pr oduced af t er a compl ex t r anscr i pt i onal and post - t r anscr i pt i onal r egul at i on ( 44,

45) , was nor mal l y synt hesi zed i n t hese cel l s . The mechani smof di sappear ance of

CD4 mRNA has yet t o be el uci dat ed . Event s pr ecedi ng cel l deat h coul d l ead t o a

mor e r api d degr adat i on of CD4 mRNA t han of ot her mRNAs. Al t er nat i vel y, vi r al

pr ot ei ns coul d di r ect l y or i ndi r ect l y r egul at e CD4 mRNA synt hesi s . I t has al r eady

been demonst r at ed t hat NFKB, a cel l ul ar f act or i nvol ved i n t he r egul at i on of i mmu-

nogl obul i n synt hesi s, can act i vat e HI Venhancer s ( 46) . I t woul d be an i nt er est i ng

possi bi l i t y t hat , on t he ot her hand, vi r al pr ot ei ns coul d r egul at e t he CD4 gene, a

member of t he i mmunogl obul i n super gene f ami l y. Exper i ment s ar e cur r ent l y i n pr og-

r ess t o i nvest i gat e t hese al t er nat i ve possi bi l i t i es .

I n any case, at t he t i me vi r al par t i cl es ar e pr oduced, CD4 mol ecul es ar e absent

f r om t he cel l sur f ace . The quest i on t hen ar ose : Why di d HI V r egul at e t he l evel of

i t s r ecept or expr essi on bot h at cel l membr ane and mRNAl evel s? Thi s phenomenon

i s r emi ni scent of t he wel l - descr i bed vi r al i nt er f er ence, i n whi ch cel l s t hat ar e chr oni -

cal l y i nf ect ed by a vi r us ar e pr ot ect ed f r om r ei nf ect i on by anot her di st i nct st r ai n

t hat uses t he same cel l ul ar r ecept or ( 13) . Si mi l ar l y, i n t he myxovi r us f ami l y, neur -

ami ni dase of i nf l uenza vi r us, pr evi ousl y known as " r ecept or dest r oyi ng pr ot ei n, " r e-

moves si al i c aci d f r om t he membr ane of t he host cel l ( 47) t hat i s used as r ecept or

by t he vi r us ( 48) . Mut ant s of i nf l uenza vi r us t hat possess a non- f unct i onal neur -

ami ni dase ar e l ess i nf ect i ous pr obabl y because of t hei r r eupt ake by t he r emai ni ng

r ecept or s ( 49) . I n t he case of HI V, vi r us envel ope and r ecept or ar e coexpr essed by

t he i nf ect ed cel l and t hei r cyt opl asmi c and/ or membr ane i nt er act i on wi l l not al l ow

t he expr essi on of a suf f i ci ent amount of f r ee env gene pr oduct s, possi bl y decr easi ng

t he pr oduct i on and i nf ect i vi t y of vi r us par t i cl es . A sel ect i ve advant age coul d t hus

have l ed HI V, and per haps ot her r et r ovi r uses, t o devel op t hi s mul t i pl e mechani sm

t o downr egul at e i t s r ecept or dur i ng r epl i cat i on .

Gi ven t he nat ur e of HI V r ecept or , i f mRNA l oss cor r esponds t o an act ual r egul a-

t i on of gene expr essi on, such a compl et e shut - of f of CD4 expr essi on suggest s t he

i nt er est i ng possi bi l i t y t hat HI Vcoul d use mechani sms si mi l ar t o t hose used i n nor mal

cel l ul ar T cel l di f f er ent i at i on dur i ng whi ch CD4 and CD8 genes may be sequen-

t i al l y t ur ned on and of f ( 50) . Our obser vat i ons may t hus pr ovi de newi nsi ght s i nt o

t hese mechani sms of r egul at i on .

Summar y

Usi ng mAbs and genomi c pr obe t o t he CD4 mol ecul e, t he HI Vr ecept or , we demon-

st r at ed t hat HI V r epl i cat i on i nduces t he di sappear ance of i t s f unct i onal r ecept or

f r om t he cel l sur f ace by t wo di st i nct mechani sms . Fi r st , af t er bei ng expr essed ont o

t he cel l sur f ace, HI Venvel ope gp110 wi l l compl ex CD4, ef f i ci ent l y maski ng t he CD4

epi t ope used by t he vi r us t o bi nd i t s r ecept or . Thi s phenomenon occur s on t he sur -

f ace of each i nf ect ed cel l and i s not due t o t he r el ease of sol ubl e gp110 ; i nf ect i on

wi t h r ecombi nant HI V/ vacci ni a vi r uses expr essi ng a mut at ed HI Venv gene desi gned

t o pr event gp110 r el ease f r om t he cel l sur f ace i nduces a si mi l ar gp/ CD4 compl exes

f or mat i on. Second, vi r us r epl i cat i on i nduces a dr amat i c and r api d l oss of CD4 mRNA



t r anscr i pt s, pr event i ng newCD4 mol ecul es f r ombei ng synt hesi zed . These t wo mech-

ani sms of r ecept or modul at i on coul d have been devel oped t o avoi d r ei nf ect i on of

cel l s r epl i cat i ng t he vi r us as wel l as t o pr oduce mor e i nf ect i ous par t i cl es . These r esul t s

suggest t hat t he cl assi cal vi r us i nt er f er ence document ed f or ot her r et r ovi r uses mi ght

not onl y be due t o r ecept or / envel ope i nt er act i on, but mi ght al so depend on r ecept or

gene expr essi on .

We t hank P J . Maddon, M. Al i zon, S. Al onso, and J . C. St r omi nger f or gener ous gi f t of

CD4, HI V, 0- act i n, and TCR 02 chai n pl asmi ds, r espect i vel y ; M. Yagel o f or FAGS anal -

ysi s, C. Chagas f or t ypi ng t he manuscr i pt , and T. Jouaul t , P J . Maddon, and I . Lowy f or
hel pf ul di scussi ons .
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