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CD3" Cells Producing Cytoplasmic HIV Type 1 p24
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ABSTRACT

Determining the effects of IV infection on the expression of cell surface molecules has heen limited by an
nahility to differentiate between productively infected cells and those without productive infection. We inoc-
ulated human peripheral blood mononuclear cells from healthy, human immunodeficiency virus type 1 (HIV)
antibody-negative donors with HIV; noninoculated cells were also examined. Using multiparameter How cy-
tometry, we differentiated cells actively producing HIV cytoplasmic p24 antigen during acule, in vitro HLIV
infection from those nol producing detectable eyloplasmic p24. For both resting and PHA-stimulated cells in-
peulated with HIV (B/H and P/H), a higher proportion of p24¥ cells expressed CD23, compared with p24~
cells (p = (L0321 and p = 0,008, vespectively), consistent with either increased viral replication in stimulated
cells or increased stimulation secondary to productive HIY infection. Findings were similar for the expres-
sion of CD38, HLADR, and CD28. A striking proportion of p24+ cells expressed CD80 or CD86, antigens not
usually expressed by CD3Y Iyvmiphocytes, The increased expression appeared to be independent of stimula-
~tiom status in that it occorred in both the BR/H and IYH treatment groups but not in resting or PHA-stimu-
lated uninfected cells. CD28 expression was generally comparable between CID3™ cells that did and did not
pxpress CD80 or CDS6. Multiparameter flow cytometry, in association with improved technigues for cell per-
meahilization and cytoplasmic flugrescent staining, should prove useful in examining the effects of prodoc-
tive HIV infection on surface and eyvtoplasmic cellular molecules. Using this approach, we found an associa-
fion between productive infection and increased expression of CD80 and CD86. This association has
implications for HIV disease pathogenesis and, potentially, HIV therapy.

INTRODUCTTON

CTNETERMINGG THE EERECTS 6l human immunodleficicnoy
D&'Lrus type | (HIV) infection on the expression of cell sur-
f_éce molecules has been limited by an inability e difterentiale
Cbenween productively infected cells amd those withool prodie-
e infection. Barly atiempts 1o do so showed promize’™ bt
proved to be insdequately sensitive in detecting eytoplasmic
ditigen positivicy to elicic widespread application. Since these
altempis. o number of polymerase chein reaction (PCR)-based
gpproaches have been developed to quantitate plasma HIV vi-
ral BMA levels, This assessment may assist in predicting clin-
wal disease progression and determining the efficacy of o grow-
g number of HIYV therapeutic agents” However, it is less

usefi] in experimental seltings, since 1 does not permil an ex-
aminglion of the HIV-anfected cells themselves

One faboratory has described a svstem permitting detection
of HIV proviral 1284 and surface molecules on the cells har-
boring it this approsch docs net differeniinte productive and
quicsgent HIV infeotion.® To examine the cell-sperific effects
of productive HIV infection, we used recently improved
reapents for and approaches o intracellnlarfoyioplasmas Tow
eyvtometric [uorescent staining.” Using nultiparameter flow oy
rometry, we differentiated human peripheral bleod bymphocyies
actively producing FIIY cytoplasmic p24 antigen during acnle,
s vitra HIV infection from those not produecing detectable ow-
toplasmic p24. This system also permitted an efficlent. simal-
taneous examination of CDET cells.
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Cell activation is sssociated with increased preduction of
HIV. 12 Thus, determining the effects of HIV infection on cell
surface molecules 13 confounded by the effects of cell acliva-
tion on both HIV infection and & wide variety of T cell surface
milecules, We  inoculated resting and  phytohemagelutin
(PHA-stimulated human peripheral Blood menonuelear cells
(PBMCz) with HIV, to examine the imtergctive effects of cell
activalion statns and HIV infection itself on cytoplasmic IV
P4 production and the expression of various surfaee anligens
previously implicated in HIY infection andfor cell activation.
For CD3T cells, these incleded (D25, CD2E, CD3E, D49,
C80, COE6, CD45R0, and HLA-DE. For the CDEY cells m
these cultures, we also cxamined T La, CD2Y, CD30, CDTL.
and CDYS,

Chor Ondings, deseribed henen, are consistent with activation
being associated with productive HIV infection and validate the
usefulness of this system in examining the atfects of acate HIV
infection al 4 single-cell level. Most interesting, we Tound that
a relatively higher proportion of p247 CD3* lymphocyies cx-
pressed CDAD and CD86 than did p24- O3 vmiphocyies.
These Mndings may hove important implications Tor HIY rns-
mission, pathogenesis, and therapy,

MATERIALS AND METHODS

Cells and virus

PHMs were obtained From healthy buman donors seroneg-
ative for HIW and hepatitis viruses, PBMOCs werne eradicnt-sep-
arated and cultured in BEPMID 1640 containing antibiotics, at
37°C, in 5% COy, in a humidificd incubator, at a concentration
of 2 % 10F cellafml. Cells were either stinmulated for 1.5 davs
with PHA (5 pefmly Advanced Biotechoologies, Calumbia,

MDYE and 0% heat-inactivatad (36°C for 43 min} Getal call

serum (FCS) or retwned wiathout stimulaton in the preceding
mediom and 10% heat-inactivated (30%C for 43 min) donor
serunt. |Dthars bave shown that under the later conditions eel-
Tular TN A synthesis does not veeur for up fo 2 weeks, ' Cells
were then [at day O of infection} either infected or not infected
with the HIV-1 T cell-nopic isolate LALY Medium was
changed sl that fime, with restng cefls seain placed in medium
plus donor serum. PHA-stimulated cells were placed into
medinm with 1% FCE and 10% interleukin 2 (volume per-
cent; &40 hall-maximal vnits/ml; Advaneed Biotechnologics),
Resting cells had extremely poor survival (results for resting
cells infected with MLV will be provided only when the num-
ber of p24+ CD3™ cells collected per tube was =800 [==500
for one experiment]). The number of viable resting cells not in-
ocntated with LA was adequate for flow cytometric analysis
in only two expenments; those results will be deseribed herein
but will not be included in aggregated data. Thus, comparizon
arms for each donor”s cells included some or all of the follow-
ing: day O resting (DO-R), day O PHA-stumulaed (DG-PHA),
restingHIV-incoulated (RH), PHA-stimulated HIY -inoculated

#lse ol any and el trade names and commercial sources 15 [or 1den-
titication andy &nd dees por imply endorsement by the Public Health
Secvice or the 118, Department of Health and Human Services.
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(H), and PHA-stimulated (FHA) cells. BH and FHA cells
were harvested on the same day, at day 47 postineculation.
with timing based on the decline in CD4 expression; for soms
cxperiments, a sccond harvest was done at 12-14 davs, The
RAH cells were harvested on the same or following day.

feagents

Fluoreseein sothiocyanate (FITClconjugated monoclonal
antibody o HIV-1 p24 antizgen was purchased from Cheimicon
Intermational (Temecula, CA) Other FITC-conjugaiad reagents
inchuded murine moneclonal antibodies (oo CI s (clone G-
30; Becton Dickinzon lmmwunochemistry Systems [BD], San
Jowe, CAY, CD25 (clong 2A% BN, CDIT (clone M-T27I1;
PharMingen [PMG]. San Dicgo, CA), CD30 (clone Ki- 1 Dako,
Carpinteria, CA), CLTL (clone LOT.1; B, CDEO (clone BB,
PMG), CDE6 |clone 3351TUN-1); PMO]), and CT395 (clone
URBZ; Tmmunotech, Westhrook, ME), Phyvcoerythrn (PEj-von-
Jugated menoclonal reagents were to CD3 (clone SKY: BD),
O (elone MaPy; RO CD2S (clane 2A5; B0, CI2E (clone
L293; BD. CD3EE (clone HB-T; BI), CD49d (clone L25; BIY,
CRAO (clone LI07.4; B, CDEG [clone 3551(FUN-1); PMG),
CIS (elone XD PMG), CREFROHclone LICHE-1; BN, and
HLA-DE iclone L243; B, PE-indodicarbocyaning (Cy3) tan-
dem-conjugated reagents included moneclonzl antibodies to
CD3 (clone TICHTL ; PMG), and CDE (clone RPA-TE; PMG).
Periclinin chlorophyl] protein reagents (B were 10 CO3 (clone
SKEYBD), COM (clone SK3: BD), and CDE (clone SK1: BDY;
allophycocyvanin reapents were 10 CD3 (clone 5K7; B, CI314
(elone MRS BD, and CDS (clone 4G7; BDY, Unconjugated
reagents included monoclonal antibody te CDE0E2 wgds = L0°
cells, clone BB1; PMG) and CD8A [2 wel5 ¥ 107 cells, clone
F5SUFUN-1)]. CTLAMe (10 wafml) was kindly provided by
P. Linsley (Bristol-Myers-Squibl Pharmaceutical Research In-
stitute; Sealtle, WAL, Permeabalizanon was done with Orthao
PermeaFix (Ortho Disgnostic Svstems, Earitan, MJ), Blocking
with uncenjugated antibodies was done for 15 min at roem -
perature; with CTLA4 g, it was done for 2 he at 4%, in the
clark, pror o Muorescent staining,

Flow cvtoflicrometyy

Experiments were initially done using three-color eyviofluo-
rometry and Toysis I soltware on a FACSort flow cytometer
{BI¥; when the FACSort syvstem was uperaded, Tour-color
staining and Cellguest software were nsed. As sty pe controls,
cell aliguots were siunad  with FITC=mouse IgGy (BID),
FE-muouse [gGa, (B, and PECyS—mouse [eGy (FMG), Stain-
ing for surface antigens was routinely done following a 15-min
incubation of cells with heat-inactivated normal mouse serm
{200l 105 cells) and prior to permeabilization and internal{/sur-
face) staining. Pricr permeabilization did oot appreciably atfect
the proportion of cells reacting with antibodies w CTX3, C14,
and CDE; however, reactivity to several other surface antigens
markedly decreased it staining was done after permeabilization
(data nof shown), For both HIV-ineculated and control culouees,
<21% of lymphocytes reacted with antibody o HIV-1 p24 when
staining was done prior to permeabilization. Cytoplasmic p24
positivity was positively associated with supernatant IV pZ
antigen levels (data not shown), For all experiments, monoyte
contamination within the lymphocyie scatter gate, based on pos-
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itive staining with anti-CD 1 4—PE, was =4.0% on day — 1.5 (im-
mediately after cell separation), =1.3% on day 0 (day of HIV
inorulstiond, and =0.7% thercafier,

Generally, 20,000 ungated events wers collected, followed by
an additienal collection of up to 3000 cells with the following
..}C]]i-l.m'i'-l{:ﬁﬂi:ﬂ!‘: {10 Forwand scatlerfside scatter (FSCBEC) con-
sistent with resting/blastic lymphocyes,'? (2) evtoplasmic p24
antigen positivity, and (3) CD3 positivity, if anti-CD3-PECy5
was used in fluorescence channel 3{F13 1 ar CIX3 positivity 0108
“negativity, if both anti-CD2-PECy 5 and anti-CDE-PECyS were
wied i P13, The latter was done in two experiments, after titra-
tion experiments showed clear separation between CD3TCDE™
and CDATCDET cells o be feasible under these condiltions (dala
not shown), Data for p24™ cells were analyzed only if =500
eells could be collected using the latter gating (2800 cells Tor
Al but one experiment).

Satistical techniques

Beeause most of these parameters are not noemally distrib-
ledd, & Wilcoxon Signed rank fes1 was used (o compare resolts
oo day O (pricr to HIV-1 inoculation) and days 4/5. This pro-
“vides a nonparametiic comparison of results, matched by blood
domor. The number of expenments extended to duys [2-14 was
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tog small for statistical testing, Since activation is known to be
associated with productive HIV infection, findings for antigens
known (o be associated with activation (CI25, CD3E, CID71,
HLA-IYR) were assessed using & one-tailed test. For those with-
out a clearly defined relationship to getivation {CD1 1a, CD27,
C2E, CD30, CD4d, CDED, CDE6, and CDUE), a two-sided
test was used. A stadstical result s net given if the p value was
=005,

HESULTS

Associations with both activation and p24 pasitivity

Ag expected, CD25, CD3E, and HLA-DR expression in-
creased with PHA activation. The percentage of CD3™ cells ex-
pressing CO23 alfler PHA stimulation alone was signilicantly
greater at the time of virus incculation (DO-PHA) than after no

shirmulatiom (DO-R, as was the percentage at the firsl harvest
date (day 4/5 PHA) compared with p24° resting cells inocu-
Tatad wath T (R (one-sidecd g = G031 for Both compar-
isons), For both BYH and PHA-stimulated cells inoculsted with
HIY (FH), a higher proportion of p24' cells expressed CD25,
compared with p2d4™ cells {p = (L031 and p = LD, mespec-

&0
50
40
fynd
o
bt 30
.
)
o 20
10
D '_| Feli=tie|
o
:i
a
R/H
Prelnfection

Day 4/5

P/H
Day 12/14

FIG. 1.

Median percentage of CD3™ lymphocyres expressing surface CDE0 91 lime of HIV inoculation and on davs 4/5 or

1314 [Jl:lstmoculatlnn in relation 1o stimulation stams and detection of cytoplasmic HIV-1 p24 by muliparameter flow cylnme-
try. as described in Materials and Methods, Resting cells on day 0 {D0-1) funstimulated cells in mediom and autclogous serum)
swere evaluated cytometrically and the remaining cells were inoculated with HIV-1 (BT Cells stimulated with PHA for 1.5 days
were cxamined cytometrically on day 0 {DO-PHA) and the remaining cells were inoculated with HIV-1 (F/H) or were not inoc-
ikite] (PHAD, s described in Materials and Methods. Median values are given for six experiments (P79 and PHA on days 4/5),
four experiments (R/H on days 4/3), three expedmenis (D0-R, DO-FHA), and two experiments {days 12/14%, For one of these
experiments, values were detenmined for C104° cells and For another, CDATCDE ™ cells, racher than CD3 T cells, Suistically sig-

nificant results of Wilcoxon sipned rank testing were as follows: p247 PH compared with p24° IH (two-sided p = 0.031) anid
p24Y PIH compared with PHA (two-sided p = 0.031)
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FIG. 2. Modian percentage of CD3™ lymphoeytes expressing surface CTIS6 al time of HIY inoculation and on days 473 of
12/14 pustinoculation. in relation 1o stimulation statas and detection of cyloplasmic HIV-1 p24 by multipammeter [low cytome:
wy, as describud in Materials snd Methods, Resting cells on day U (DO-R3 (unstimulated celis in medium and autelegous serun)
were evaluated eytometrically and the remaining cells wers inoculated with HIV-1 (RAH), Cells stimulated with PHA tor L5 doys
were examined cvtometrically on day O (DO-PHA) and (he remaining cells were inoculated with HIV-1 (PYH) or were nof inoc-
nlated (PHAY, as described in Materials and Methods, Median values are given for seven experiments (PrH aml PHA on days
4153, five experiments (R/H on days 4/3). four experiments (DO-R, DO-PHA), and three experiments (days 12014, For one of
these experiments, values were determined for CDa= cells amid for another, CD3 ' CDE - cells, sather 1han CD3Y cells, Stadsti-
cally signilicant results of Wilcoron signed rank testing woere as follows: p24* BH compared with p24  P/H irwo-sided p =
0.016) snel p24~ B/H compared with PHA {two sided po= 00710,

tively), consistent with either increased viral replication in stint-
wlated cells or increased stimulation secondary Lo prosductive
HIV infection. Findings were similar for the expression <
CD38 and HLA-DR, However, of thess three aehivation-asso.
ciated antigens, HLA-DR cxpression appeared oy be more Sirik-
ingly related 10 p24 positivity than gotivation per a2, that is, the
differcnce i HLA-DR appesred geeater for p24™ compared
with p24~ cells than for PHA-stimulated cells compared with
resting cells, Findings were similar for CI¥E, Over 70% of
A lymphocytes sl treatment 2roups expressed surfuce
CD74. However, a significanily higher proportion of a4t cells
expressed surfuee CD2E than did p24~ cells: the proportion was
highest for p247 R/H. Inoculated, p24 eells papressed less
CD28 than did PHA cells, especially those in the BH oroup.

Absence of associarions wirh either aoiharion
or p24 posiliviry

A higher proportion of p24” cells tended o cxpress
CRE5RO, consistent with HIV infection of memory T cells;
however. this rend did not reach statistical sigaificanee (NS),
Mo clear or stuistically significant relationships were found
with CDEd faix experiments).

CDITCDE™ [ymphocyles

The expression of the fellowing antigens on CDATODET
cells wis not ohviously influenued by, or sratistically assocl
atedd with, nocwlation with HIV, or influenced by stirmulation
with FIIA: CD5 {two experiments). CDEla (four EREEIITHENLE ],
D27 (wo experiments), CD2R (seven experiments), SREll
(fivee experiments), CD49d (five experiments}, (180 (sevenex-
periments), CDE6 (six experiments), DY (s1x e PErIments),
ynil CDASRO (seven cxperimenish. Expression of the follow-
ing antigens tended 1o incrouse with PHA getivation, on day 0
ancior days 45 (D38 (one-sided p = 001300 ays 0 amd HE5)
(seven experiments) and CD7 fone-sided p = 0031 an day U
and p = 0.063 o days H5) (six experiments). 25 ewpres-
sion was significantly affected by PHa stimulation bul may
have been luther meneased by HIV inoculation of stinled
cultures: a similar but maore mas ked elfact of TILY inocalaton
was scen with HLA-DE. Far both CD25 and HLA-DR expres
sion, the one-sided p value was 0031 for D01 comprared with:
D0-PHA cells {ob the day of HHY inoculationy; on day 43, for
R/H compared with BH cells, and for B/ compared with PHA
ciells. For PYH compared with PHA celbls, foe COZ5, NS, los
HL AR, the one-sided p = (23,
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Tasrs 1. Percentack oFf O3 LyseiiooyTes
Exprussmvg CD25, By CoExrrEssioN o
CDR0 or CDBG ant TREATMENT GROLPY

Treamment prosg”

& RH Pty PiA

DAy’ 28.2 B9 8350 86,2
CDEG RN 557 70.5 T3
All CD3* 774 0.7 66.4 78,5

“One experiment, duplicate tubes. Mean values on day 6 (P/H
and PHA) o day 7 (B and B postinocutation with HIV-1,
as described in Materials and Mothods,

"Resting cells {unstimulated cells in medium and auologons
Cgerum) ot inccubatzd (R) or inoculated with HIV-1 {R/H):
PHA-sIimulated cells incoulated with HTV-1 (T/HY: or PHA-
sstimulated cells not imoculated with HIV-1 [PHA), as deseribed
i Materials and Methiods.

Asgociations between HIV p24 positiviee and
expression of COS and CO86

A siriking propoction of p247 inceulated cells expressed
CD80 or CDE6G, antivens not usually expressed by CR3T lym-
phocytes (Figs. | and 2). This increased expression appeared
o be independent of stimulation status in that it cccurred in
both the B/H and B/H treatment groups and not in PHA-stim-
ulated. noninoculated cells. It also did not oceur in resting, non-
inoeulated cells on day 3 of culture (two cxpenments). OIS0
Expression may have been slightly greater in the RIT group ard
CDE6, In the P/AH group: however, these differcnces did nol
reach statisticul significance, We next examined the coexpres-
sin of CDZ28 and UDE0 or CD8A or CD3Y bymphoeytes (Table
1) D28 expression appeared 1o be generally comparable he-
tween cells exprossing CIVGor CD8Gand all CD3 ' ealis within
given treatment group, To assess the specificities of the re-
aetivity with the flucresceinated ant-CDED or ant-CLEE
reagents, we preincubated cells with unconjugsted antihodics
10 CDEG or CORG or with CTLA g, Blocking of CD80 reac-
livity was 64-H6% complete with unconjugated anti-CDED an-
tibody anid | 1-73% complele with CTLA4Tz but did ot seeur

~with anti-CD8G antibody (Table 247, Elocking of CDES reac-
livily was 36-93% complete wilh unconjugated anti-CD&6 an-
tibedy and (-50% complete with CTLASg; some blocking may
have occurred with the anti-CD80 amibody (Table 2R3, Block-
ing aceurred for both p24 - and p24~ CD3 ' lymphocytes (Figs.
S 3A-D:

DISCUSSION

HIV and HIV antigens have long been known to interact di-
eetly with the CEM molecule. at both o surface and cvioplas-
“mie level. More recently, it has been shown thar other surface
melecules act ws ancillary receptors for HIV.Y However, the
direct and indirect effects of productive HIV infection on other
cellular sntigens have been far less examined. Previous attempts
Mruse intracellular HIV-1 p24 amtizen as 2 marcker for active
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HIY infection’™ were limiled by the relatively low signal-to-
noise ratio associated with these indirect Auorescence lech-
migues, primitive permeabilization technology, nonspecific
siaining. and the low proportion of PEMCs that are actively in-
fected at any point in time. Characterization of in vitso-infeerad
cells would have been Nurther limited By the small number of
parameters that could be concurmently sssessed using low cy-
tomelry, We have adapted recently refined techniques for cell
permeabilization and cyvteplasmic fuorescent stuining, and
taken advantage of improvements i molliparameter flow Ly
tometry. 0 examing the effects of acute, productive, fn viree
HIY infection on a single-cell level and determine the expres-
sion of various surface antigens in relation to the presence or
absence of detectable cyloplasmic HIV-1 p24 antigen:

In oue experimental system, PHA stimulation led o an in-
creased proporton of hoth CO3° and CDE7 cells expressing
cerliin known activation marksrs, Further, a sigmificantly
higher proportion of CD3* cells with detectable cytoplasmic
HIW-1 p24 expressed CD25, CL3E, and HLA-DR than did
p2d™ cells within the same culture, This is consistent with ei-
ther increased viral production in sctivated cells or additdonal
activation, o the single-cell level, secuming secondary to HEV
infection iselfl The expression of these antigens oo unstimu
lated. infected cells suppons but does not confirm the later pos-
silality. Alternatively, some of these antigens may have & mone
direet relationship with HIV o HIV antigens, rather than be
ing related 1o wetivation per se, CD25 and HLA-DR have haoth
been reported to be increased in persons with HIV infeetion!?

Tasee 2. Brrects oF PREINCUBATION WITTT MONGCLONAL
ANTIRGUES T0 CDA0, CIM6, o CTLAM R on
CDA' LymepHooyTE SURFACE BEACTIVITY To
Momooronar Axt-CDED ame Avr-CD86 AvTirony?

] ) Treatment growp®
Prefncubation —

Wi BOREHY p2d- P p247 PED PHA
AL Ami-CDE0

Buffer alone e 40 i 26,9 7.9

Anti-CIE0 0.6 [.3 [0 9.7 I.1

Ant-CDRG B2 55 £ 225 5

CTLA4Le Ik 1.5 1.4 l&.1 2
B. Anti-CDE6

Balfer alone 3080 128 56. 1 [(33

Anni-C D ¥ T4 114 W ) 54

Anci-CIs6 [:2: &5 .5 26 (15

CTLA 3.1 4.0 0.4 484 g1

“One experiment. duplicate wbes. Mean values on day 6 (P/H
and PHAY o day 7 (R and RfH) postinoculation with HIV-1,
as deseribed in Malerials and Methods,

PResting cells (unstimulated cells in medium and autelogous
serum) cither ool inoculated (R) or inoculated with HIv-1
(R PHA-stmulated cells inocelated with HIv=] {BH: or
PHA-stimulated cells not inoculated with HIV-1 (PHAL. as
described in Materials and Methods.

“Blocking with tnconjugated antibodies was done for 15 min
dal reom temperatiere; blocking with CTE A4z was done for 2
b at 470 i the dark, prior o uorescent siaining,

“Number of p24* R/H cells was inadequate Tor assessment.
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(A znd B) and with prencubation with uncorjugated anti-CDES angbody (C and D), as descobed in Materials and Methods
Blockmg with eaconjugated anlibodics was done for 15 min =t room temperature, in the dark.

and io be meorporated into HIV, 16 OTa3g expression vp CD4*
vells meveases with advanciog HIV infection.!

This expenmental system can also be psed 10 assess she oF
foots of acute, in virre HIV infection on the COR' colls within
the culiure. For CIATCDE" cells, we lound thal acule siimu.
lntion with PHA affected a sumber of surfuce antigens. How-
ever. only two antigens appear to be additionally affecsed by
infection with HIV: CD23 and HLA-DR. The expression of
these antigens on CDE " cells is increased in olinion) @IV in-
fecton "= CIRVHLA-DRY celly may be associated with Jess
rapid clinical disease progression.’ Thos, within our colore
systam, these ells may represent an attempt  control the ecute
HIV infection, A decreased expession of CD2E has slso boen
reported for CDEY T cells of pationts will progressive BV dis-
case 25 We found no stimulation-independent effect of HIV
ingfection on CD28 expression by CDR' cclls within our sys-
fxm.

Cur most interesling findings thus far concern the expres-
sion of CD80 and CDE6 by p24" CD3" |viophocytos. £LOE
= hichly =xpressed by both CD4* and CDS* hanan g
eral bload lymphocytes; CD28 and the elosely related mole-
enle, CTLA-4, have physiological Hgands that melude CRE0
{18215 and CDRGIRT2), ex pressed on dendeitic calls, asivated
B eeils, monocyics, and, rarely, repeatedly activeted T ool
CDZRCTLA- and CDROBE have importan! costimmulatory
rodes in both T lymphoeyte preliteration and the generation of
aytoionie T lymphooytes.® 2 Indesd, evidence supgests (it
the interaction of these molecules may provent the industion of
anergy [oltowing T cell recepror (TCR) stimulatzon 27 Further,
debatably, the specilic molesules (CIB0 versus CDRG) inter-
acting with CD2RCTLA-4 may influence he evtoking profils
expressed by celfs following stimulation. 137.1 (CRANY may he
assoctated with precursor commitment o n type 1 ovtokine pat-
tern andfor BT-2 (CDEG), 1o a type 0 or 2 eytukine patlerm 254
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~ Long-term human ‘T cell lymphotropic viros type T{HTLY-
[} eultures express BY (CDEO/EA) on their surface. 7 Several
HTLY-Ltransformed T cell lings were [ound to cxpress mRNA
for B7 (CDE0EA1 Haffar or ol *% showed similar BT induc-
tion with long-term alloantigen-primed CD4™ T cell lines from
HIV-infected patients. B7 expression also increased in cell lines
from HIWV-negative donors; however, this induction oceurred
over 3 much longer time pericd. We found an upreguolation of
both CDE0 and CDEG, specifically on p24 ' inoculated cells,
These CDEDY or CDAG'CD3 ! cells are unlikely 10 represent
misidentification of monocyles us lymphoeytes since (10 CD14
Sstaining 15 tninimaal within the lymphocyee scatter gate; (20 ather
cantigens present on monecyles did not fellow this same par-
tem; and (3] follewing HIV infeetion, monocvtes reportedly
lose CDEEG expression
The described allerations in CDED and CDS6 may affect the
course of HIV infection in at least six physiologically mean-
inzful ways. only one of which mizht benefit the host. Firse,
CDEOES om the surface of T cells permits direct T-T cell con-
1&?\}:! through COZABT interaction and perbaps also direct trans-
mission of HIV_*? Second, BT cross-linking on activared T cells
iy produce a protein Lyrosine phosphorylation pattesn distinet
from those scen with signaling through other molecules, lewd-
ing to clonal expansion of T cells, ™ I these cefls are infected
with HIV, this could potentiate HIV proliferation. Third, C1023
ativation in resting T cells by either CORD or CDEG reportediy
induges the assocization of phosphatidylinosilol 3-kinase (PI3-
K in CD47 cells Far more than in CDEY cells ™ When resting
T eells were cocultured wich CHO cells, of the CHO cells ex-
- pressed CDED or CIDEA, the prolileraiion of the resting 1 cells
was promoled * In our cxperiments, CDEOAEG6 induction was
Cseon in resting as well as stimulated cells infected with HIW,
Thus, CIE0 and CDE6 might nerease detivation of both resi-
g and stirmulated HIV-infected T cells, leading wo greater vi-
ral production. Fourth, if CD28 sienal transduction can prevent
zpoptosis in HIV -infected cell cullures, cross-linking of C128
- with COE0 or 86 on HIV-infected T cells™- might 1ead w pro-
onged survival of the latter cells: Fitth, depemdent on the pat-
ctem and balance berween CDRD and CDEG expression on T
lymphocytes, the expression of these molecules may contribuie
tw controversial, theeretical shift from a helper T cell type |
(Thi) to a ThiV2 pattern with advancing HIV infection. "™+ I
has been suggested that Th? priming may be more dependent,
Cn CD28/BT interaction than is Th priming® 42 o that CD28
detivation promates Th2 differentiation.®* Pemo e af, showed
1-CDA0 antibody to be associated with decreased interferon
Tpmductmn by T cells and anti-CDRG antibody, with decreased
poduction of interferon ¥, 10-2, [L-4, and TL-5,% This implies
 that CD28/CDED engagement Favors a Thi eytokine pattern and
CDEHCDES engagement favors a ThVTh2 pavern.™ Results
were similar in an experiment using s murine cxperimental al-
lergic eacephalamyelilis model ¥ Thus, the balance of
CDEVCDEE upregulation on T cells may influence HIV dis-
pse progression. Sixth, and refated 1o the coneept of cyokine
- modulation by CEOEG, interferon y can lead o an increass
- m CDENES on resling monocytes, whils twmor necrosis factor
1 (TNF-) can lead to a decrease in CD86 but not CDRO on
rosting monocytes = Downregulation of CDS0 and CDE6 on
HIV-infected monocyies?! might be secondary o the eylokine
elfects of CDBIVCDEG induction on HIV-infecled lvmphocyies,
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Thus, these T cell alterations might indirectly affect antizen pre-
sentation by moenocytes, as well a5 antigen presentation by the
T cells themselves.

In summary, we present data from a simple system for ex-
amining the effects of experimental, in visre HIV infection. Us-
ing advances in cell permeabilization and fluorocylomelric
techmigues, we could differentiste productively infected cells
by the presence of cytoplasmic viral p24 anligen. Many find-
ings were consistent with those I the clinical literature o us-
ing other experimental systema. Novel data include the associ-
ation of prodoctive infection with increased expression of CDRO
and CDE6 by CD3™ lymphocytes. This has inplications in
terms of HIV disease pathopenesis and, potentially, HIV ther-
ag,
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