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SUMMARY

T cell dysfunction in HIV-infected subjects could be the consequence of altered sensitivity 3f@D4
CD8" T cells to various costimulatory signals. Therefore, we studied proliferation and cytokine
production in highly purified CD8 and CD4" T cells from HIV-infected and HIV subjects, induced

by co-activation via cell-bound CD80, CD86 and CD40 or by allo-activation. Regardless of the nature of
the first and the costimulatory signal, CDg cells from patients proliferated consistently less than
controls, while responses from CDA cells were similar in patients and controls. This phenomenon
was observed after ligation of CD28 combined with anti-CD3 or phorbol myristate acetate (PMA), but also
after allogeneic stimulation and after activation by CD40 and anti-CD3. Anti-CD3 combined with CD80 or
CD86 induced a mixed Th1/Th2-type cytokine profile in both Cahd CD8 T cells from controls,
whereas anti-CD3 plus CD40 induced only low levels of Th2-type cytokines and no interferon-gamma
(IFN-y) in CD4" T cells. Compared with controls, CD4T cells from patients produced slightly lower
levels of IL-10 but equal amounts of IFN-IL-4 and IL-5, while CD8 T cells from patients produced less

of all cytokines tested. In conclusion, responses of purified TD4ells from HIV™ subjects to various
costimulatory pathways are relatively intact, whereas €8cells are hyporesponsive at the level of
proliferation and cytokine production. A generalized intrinsic CO8cell failure might contribute to viral

and neoplastic complications of HIV infection.
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INTRODUCTION antigen-presenting cell (APC) [13]. The most important costimu-
latory signals are provided by the members of the B7 family (CD80
and CD86) which interact with CD28 on resting CDdnd CD8

T cells and with both CD28 and CTLA4 on activated T cells [14].
Another important costimulatory pathway involves CD40—-CD40
ligand (CD40L) interaction. CD40L expression is mainly but not
exclusively induced on CDAT cells after optimal activation [15].
CD40 cross-linking on B cells or APC by T cells expressing

One of the major characteristics of infection with HIV is a
progressive depletion of CO4T cells associated with the develop-
ment of opportunistic infections [1]. In addition, both Cband
CD4" T cells display phenotypical and functional signs of exces-
sive activation and anergy [2—4]. CDS8T cells have increased
promiscuous cytotoxic and immunosuppressive activity, while

proliferative responses of CDAT cells to recall antigens disappear CD40L results in activation and differentiation of the former

early in the course of infection [5-8]. Furthermore, HIV infection )

has been associated with dysregulation of the Thl/Th2-typt£16‘17]' CD4" and C_D8_* T ceII_s can be activated by accessory
. - . cells through cross-linking of either CD40L or CD40 [18,19]. The

cytokine profile: a Thl to Th2 shift has been observed by some ffect of CD80. CD86 or CDA0 costimulati toki d

authors, while others described more complex changes [9-12]. efiect o ! or costimufation on cytokine produc-

Optimal proliferation and cytokine production of T cells tion in normal T cells seems to vary according to the activation and

requires ligation of the T cell receptor (TCR) by antigen—MHC maturation state of the T cell [18,20-22],

. . . . Apart from CD4" T cell depletion, other mechanisms might be
mpl her with mulator nal deliver h . T - . .
complexes together with a costimulatory signal delivered by t eresponsmle for the progressive immunodeficiency in HIV-infected

Correspondence: Johan Vingerhoets, Institute of Tropical Medicine/Ndividuals. Inadequate APC function, dysregulation of ¢D4
Laboratory of Immunology, Nationalestraat 155, B-2000 Antwerpen 1,CD8" T cell interactions and intrinsic defects in T cell activation
Belgium. have all been investigated, with variable and contradictory results.
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Although in HIV-infected individuals a decreased expression ofCell lines
CD28 and decreased proliferation of T cells to CD28-dependenThe 3T6 fibroblast transfected with humanyRtla and human
stimuli has been documented [23—26], it is still not clear whetherCD80, designated 3T6-CD32/B7 [34], was cultured as described
this defect is due to impaired signalling through TCR/CD3 (signal[28]. P815 cells either not transfected (parental) or transfected with
one) or through CD28 (signal two) [27—30]. Also, no data areCD40, CD80 or CD86 were obtained from DNAX Research
available on the role of other costimulatory pathways, includinglnstitute of Molecular and Cellular Biology (Palo Alto, CA) [35].
CD40-CD40L, in HIV" subjects. P815 cells were cultured in complete medium with 10% BCS. Two
In the present study, intrinsic T cell responses from HIV- allogeneic Epstein—Barr virus (EBV)-transformed B cell lines
infected and HIV persons were compared after triggering of (ARC and Raji) expressing CD80, CD86 and CD40, and a
distinct costimulatory pathways. Highly purified Cb8and  CD80/CD86 T cell line (MT4) were maintained in complete
CD4" T cell subsets were assayed in parallel and both proliferativenedium with 10% BCS.
capacity and production of Th1l-type and Th2-type cytokines were

measured. Cell cultures
Purified CD8 or CD4" T cells were activated using 3T6-CD32/B7
MATERIALS AND METHODS cells as described [28]. Briefly, 1BT6-CD32/B7 transfectants,
. treated with mitomycin C (58g/ml for 30 min), were cocultured
Study population with 5x 10" CD8" or CD4" T cells in the presence of anti-CD3

HIV* subjects, all out-patients at the Institute of Tropical Medicine,(clone UCHT1, 15g/ml). In parallel, T cells were stimulated with
were screened with a recombinant HIVI/HIV2 ELISA (Abbott 316 cp35/B7 cells and phorbol myristate acetate (PMA: 10 ng/ml)
Diagnostica, Wiesbaden, Ggrmany) and qonflrmgd by Westerny. ith PMA and anti-CD28 MoAb (clone 9.3, 100 ng/ml).
blot (Dupont de Nemours, Singapore). Their median age was 3¢ jation with PMA alone or with UCHT1 and 3T6 cells,
years (range 23-64 years). Patients were classified according {p,qfected with CD32 alone, did not induce proliferation in

the CDC 1993 revised classification system and their absolut%Dy or CD4* T cells. Cocultures of 2 10 mitomycin C-treated
5 .
CD4" T cell count [31]. The absolute number of CDZ celisil  pg15 ransfectants with 1@D8* or CD4™ T cells in the presence

(mean* s.d.) W\a;f 415_: 173 (r_ange 206_311) and 9355 (Lange of anti-CD3 (OKT3, 1ug/ml) were performed during 4 days in 96-
11-195) for HIV" subjects, with>200 CD4" T cellsil and =200 \ye|| fiat-bottomed plates in complete medium with 10% BCS.

CD4" T cellsl, respectively. HIV" controls were recruited from gy iation with OKT3 alone did not induce a proliferative
laboratory personnel (median age 34 years, range 25—-43 years). response in T cells

The MLR was performed in 96-well round-bottomed plates by

Monoclonal antibodies and flow cytometry _ coculturing 25x 10° CD4" or CD8' T cells with 10 mitomycin
Anti-CD3 (clone UCHT1) was purified from hybridoma super- C-treated ARC, Raji or MT4 cells in complete medium with 10%

natant. Anti-CD28 (clone 9.3) was kindly provided by Dr C. June ,\is for 6 days. In some cases, the interaction between CD28

(Naval Medical Research Institute for Immunology, Bethesda,nq/or cTLA4 on the T cells with B7 molecules was blocked by

MD). CTLA4-lg fusion protein was donated by Dr P. Linsley ,oincybating the stimulator cells either with anti-CD80 MoAb
(Bristol-Meyers-Squibb Pharmaceutical Research Institute, Seattltuug/mb and/or anti-CD86 MoAb (Lg/ml), or with CTLA4-Ig

WA)_' Anti-CDSO_(clone B7-24) and anti-CD86 (clc_nne IT2.2) WETe (10ug/ml) for 15min at 37C before the addition of responder
previously described [32,33]. MgAps to the following CD antlggns CD8" or CD4" T cells. In two experiments, cyclosporin A (CsA:
were purchased from Becton Dickinson (Erembodegem, Belg'”m)iug/ml; Sandoz, Basel, Switzerland) was added in combination
CD3, CD4, CD8, CD14, CD16, CD28, CD56 and HLA-DR. | it -t D80 and anti-CD86 MoAb.

Samples were analysed on a FACScan (Becton Dickinson) using - pgjiteration of stimulated cells was determined by addition of

LYSIS | software. 0-4uCi °H-thymidine (specific activity ® Ci/mmol) per well,
during the final 8 h of culture. Thymidine uptake was measured

Lymphocyte subsets by liquid scintillation counting.

Peripheral blood mononuclear cells (PBMC) were isolated from
EDTA-anticoagulated venous blood by density gradient centrifu- . o
gation on Ficoll—Paque. After washing, PBMC were resuspendedYtokine determinations

in complete medium consisting of RPMI 1640 supplemented withSUP€rnatants from cultures of stimulated CD& CD4" T cells
L-glutamine 2nw, penicillin 100 U/ml, streptomycin 10@y/ml were harvested at 72h and stored—-80°C. Interferon-gamma

and 10% heat-inactivated bovine calf serum (BCS; Hyclone(IFN-v) was measured by ELISA (Eurogenetics, Tessenderlo,
Logan, UT) or 10% pooled normal human serum (pNHS)_BeIglum). |L4 IL-5 and IL-_10 were determined using capture
PBMC were kept overnight in tissue culture dishes atC37 MoAba_nd biotinylated dete_ct_lon MoAb pu_rchasedf_rom Pharmingen
CD8" and CD4 T cells were then positively selected with an (San Diego, CA). Streptavidin—horseradish peroxidase (HRP) was
immunomagnetic separation technique (Dynabeads M-450 CD8 dpurchased from Jackson ImmunoResearch Labs (West Grove, PA).
M-450 CD4 and DETACHaBEAD; Dynal, Oslo, Norway). The

purity (median+ confidence interval (CI)) for CDST cells was  Statistical analysis

92+ 1% and 90-2% and for CD4 T cells, 93+ 2% and Non-parametric analysis was used throughout the study. Data are
97 + 1% in patients and controls, respectively. The main contamipresented as median95% ClI, unless stated otherwise. Levels of
nating subset in the CD8fraction consisted of natural killer (NK)  significance were determined using the Mann—Whithégest.

cells, while the main contamination subset in the CD® cell Linear regression was performed to determine the correlation of
fractions consisted of CD8T cells. Monocyte contamination was thein vitro response in function of the absolute CD# cell count
always<0-5%. or thein vivo expression of CD28.
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RESULTS T cells on the other hand, for any of the allogeneic stimuli used

. Fig. 1c,d).
CD8" but not CD4" T cells from HIV' subjects have reduced ( _ . . .
responses to CD28 costimulation, regardless of the primary signal The aIIo-stl_muIa_tlon Qf cps T ceIIs_ induced by ARC or R.a”
To extend and clarify our previous findings on response to CD2 as only partially inhibited by blocking B7-CD28 interactions

costimulation, we compared different methods ofCD28-dependenlth‘Ing anti-CD80/CD86 MoAb or CTLA4-Ig, but could be com-

activation in T cells from HIV controls and HIV' patients at pletely blocked by the combination of anti-CD80/CD86 MoAb

various stages of the disease. Purified Chd CD4 T cells with CsA (Flg'. 2). Importantly, .CDB T cells from patients
were activated via anti-CD3 or PMA, as signal one, and 3T6-remalned 'def|0|ent compare_d with control CD§ .Ce”S’ even
CD32/B7 cells or an agonistic anti-CD28 MoAb, as signal two. after blocking of CD28 signalling. Taken together with the absence

CD8" T cells from the patients showed clearly lower levels of of correlation with CD28 expression, data indicate that the
proliferation than CD8 T cells from controls in all culture observed deficiency was not due to impaired CD28 function alone.
conditions (Table 1a). In contrast, CDA cells from HIVT and
HIV ™~ subjects showed no difference in proliferative responses to ) ] o .
costimulation via CD28 (Table 1b). Triggering through CD40L induces deficient responses in €D8
A significant positive correlation was found between the initial Put not CD4" T cells from HIV* subjects .
CD28 expression on COST cells and their subsequent response to 1© investigate whether the CD8r cell deficiency was present in
costimulation through this receptor (Fig. 1a). There was nofther costimulatory pathways, we compared CD40L-dependent

correlation with the absolute C4T cell count (Fig. 1b), nor and CD28-dependent costimulation of T cells using P815 cells
with the clinical stage (CDC-A, B or C) (Fig. 1a,b). transfected with CD40, CD80 or CD86 together with anti-CD3.
Stimulation with PMA+ 3T6-CD32/B7 and PMA- anti- First, CD8" and CD4 T cells from HIVY and HIV~ subjects
CD28 yielded similar correlations as for UCHF13T6-CD32/B7.  Proliferated more strongly to CD80 and CD86 compared with
CD40 costimulation (Fig. 3). Parental P815 also induced some

CDS8" but not CD4 T cells from HIV" subjects show impaired proliferation, possibly as a consequence of the interaction between
proliferative responses to allogeneic stimulation mouse and human adhesion molecules [18]. Proliferaltive. responses
Allo-responses are known to depend on multiple costimulatory©f CD8" T cells from HIV™ persons were always significantly
signals. Since decreased responses of PBMC fromHpafsons to lower than in controls, whereas the responses of CD4ells were

an allogeneic stimulus are a marker of immunodeficiency, welot different between HIV subjects and controls. In fact, CD40
studied the responses of pure T cell subsets to different allogeneftoStimulation more than doubled the proliferative response in
stimulators, including two B cell lines (Raji and ARC) and one €ontrol _CD8* T cells (median ct/min increased from 5751 to

T cell line (MT4). CD8' T cells from HIV* persons proliferated 15188 in P815-par and P815-CDA40, respectively) but failed to
less than control CDBT cells to all cell lines tested (Table 2a). €nhhance proliferation in CD8T cells from patients.

In contrast, CD# T cells from patients and controls responded to

the same extent (Table 2b). No correlation was found betweerCytokine production in response to CD40L and CD28 triggering is
expression of CD28, absolute CDA cell count or the clinical impaired in CD8 T cells from HIV subjects

stage on one hand, and the proliferative responses oftCD8Several reports described a shift from Th0/Thl-type to Th2-type

Table 1. Proliferative responses of CD8T cells (a) or CD4 T cells (b) to CD28 costimulation

a. CDS8' T cells

Stimulus HIV- (n) HIV* (n) P
Medium 119+ 66 (12) 137+ 68 (14) NS
UCHT1+ 3T6-CD32/B7 111995 29263 (12) 46601 10970 a7 <0001
PMA + 3T6-CD32/B7 3913324611 (12) 16 087 3386 (16) <001
PMA + anti-CD28 35382 21958 (12) 18762 7381 (15) o8
b. CD4" T cells

Stimulus HIV- (n) HIV* n) P
Medium 214+ 78 (8) 224+ 78 (6) NS
UCHT1+ 3T6-CD32/B7 137615 20306 (8) 141524 35416 (10) NS
PMA + 3T6-CD32/B7 70551 18275 (8) 57 83% 9247 (10) NS
PMA + anti-CD28 4301711008 (8) 55009 13615 (10) NS

Data are expressed as median ct/mi€l. The number of subjects tested is indicated between parentheses. Percentage of CD28
expression (mediart Cl) on the different subsets were: HIVCD8" T, 787 + 84; HIVT CD8" T, 431 + 84 (P < 0-001); HIV~
CD4" T,999 + 0-1 and HIVF CD4" T, 972 = 22 (P < 0-01).

PMA, Phorbol myristate acetate.
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Fig. 1. Correlation of CD28 expression on CD8 cells (a,c) or absolute CD4T cell counts (b,d) with the proliferative response of
CDS8" T cells to UCHT 1+ 3T6-CD32/B7 (a,b) or to allogeneic stimulation with ARC (c,d) in HISubjects. The different symbols represent
the following clinical categories: CDC-A&), CDC-B (0), CDC-C (), unclassified (*). CD28 expression on CDB cells was determined at
the onset of culture. Correlation coefficientsgndP values are indicated on the figure. Note: absolute €D4ell counts were not available

for a few patients.

Table 2. Proliferative responses of CDST cells (a) or CD4 T cells (b) to allostimulation

a. CD8' T cells

Stimulus HIV- (n) HIV* (n) P
Medium 97+ 17 (25) 88+ 21 (28) NS
Raji 25725+ 11974 (19) 15087 4994 (25) <005
ARC 70937+ 15052 (25) 32443 11900 (29) <0-001
MT4 5761+ 6536 (12) 2167 2410 (14) <005
b. CD4" T cells

Stimulus HIV- (n) HIV* (n) P
Medium 222+ 122 (14) 134+ 75 (15) NS
Raji 59349+ 11762 (14) 5510610693 (16) NS
ARC 74079+ 10758 (14) 67 745 14454 (15) NS
MT4 33022+ 13806 (20) 30615 17346 (20) NS

Allogeneic B cell lines (ARC and Raji) or T cell lines (MT4) were cocultured with T cell subsets. Data are
expressed as median ct/minCl. The number of subjects tested is indicated between parentheses. Percentage
of CD28 expression (median Cl)) on the different subsets were: H\NCD8" T, 831 + 3-2; HIVT CD8' T,
379+ 7:3 (P < 0:001); HIV™ CD4" T, 999 + 0:4 and HIV" CD4" T, 965 + 2:5 (P < 0-001).
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Fig. 2. Blocking of alloantigen-induced proliferation of CDE cells from Fig. 3. Proliferative responses of CDYa) or CD4" (b) T cells from HIV-
HIV~ and HIV' subjects. Results of stimulation with ARC cells are () or HIV* (H) to stimulation with OKT3 alone or to stimulation with
expressed as median ct/min confidence interval (Cl) of four HIV (O) OKT3 plus P815 cells either transfected with CD40, CD80 or CD86 or
and four HIV' (M) donors. Percent inhibition after addition of anti-CD80  untransfected (parental). Data are expressed as median ct/oninfidence
anti-CD86 or of CTLA4-Ig varied between 40% and 60%. Percent inhibi- interval (CI) forn individuals = 12 and 16 for CD8 T cells from HIV~

tion after addition of cyclosporin A (CsA) and anti-CD80anti-CD86 and HIVY, n=10 and 12 for CD# T cells from HIV" and HIV',
varied between 93% and 99%. The proportional degree of inhibition,respectively). Levels of significance: P*% 0-05; **P < 0-005;
compared with medium alone (none) was not different in patients or*** P < 0-0005.

controls.

CDS8" T cells, and show that bypassing the TCR/CD3, by the use of
cytokines in stimulated PBMC from HIV compared with HIV' PMA, does not prevent the hyporesponses. It is therefore suggested
subjects. We therefore wanted to know whether a similar shift washat the deficiency did not depend exclusively on the primary
present at the level of purified T cell subsets, and measuredy|FN- stimulus but also on CD28 triggering via either CD80, CD86 or
IL-10, IL-4 and IL-5 in culture supernatants of CD4r CD8"  anti-CD28.

T cells. CD28 triggering of CD8 T cells via CD80 or CD86 Nevertheless, decreased activation through CD28 is not the
induced high IFNy and IL-5 production, whereas IL-4 and IL-10 only explanation for the overall deficiency of CDET cells in
production was close to the detection limit in both HI'gubjects  HIV™ subjects. Earlier observations demonstrated that both
and controls (Fig. 4). Median IFN-and IL-5 production by CD8 CD28" and CD28CD8" T cells from HIVY subjects were
T cells from patients was lower than in controls. CDBcells from  hyporesponsive to TCR triggering [28,30]. In this study, we
patients and controls did not produce measurable cytokine levelshowed that the hyporesponse to allogeneic stimuli (i) did not
upon CD40L triggering via CD40. Activation of CD4T cells via  correlate with CD28 expression, and (i) remained present after the
CD28 induced similar levels of IFN; IL-4 and IL-5 in patients  complete block of CD28—-B7 interactions. In addition, we clearly
and controls, but IL-10 levels in HIVsubjects tended to be lower. demonstrated that CO8T cells are also deficient in CD40L-
CDA40 costimulation induced mainly IL-4 and IL-5 but only very mediated signals in the absence of CD28 ligation.
low levels of IL-10 and no IFNy in CD4" T cells, with no The generalized hyporesponsiveness of €DBcells from
difference between HIV subjects and controls. The parental HIV* persons might relate to an excessive activationivo, as
P815 cells did not induce any cytokine production in CDar reflected in the increased expression of HLA-DR and CD38 on
CD8" T cells from patients and controls (data not shown). both the CD28 and the CD28 subset [3,28]. It has been shown
that HLA-DR™ and not HLA-DR" CD8" T cells from HIV*
persons have a reduced clonogenic capawitytro [36]. It is also
DISCUSSION known that the increased state of activation of CO08cellsin vivo
In the present study, we showed that CD28- and CD40L-induceds related to a higher degree of apoptosisvitro [26,37]. The
costimulation, as well as allogeneic activation of CDB cells refractory state of CD8 T cells, caused by a chronin vivo
from HIV™" subjects, are deficient: both the proliferation and theactivation, might contribute to the development of opportunistic
production of Thil-type and Th2-type cytokines by CDB cells viral infections and neoplasms, which are typically controlled by
from patients were clearly reduced compared with controls. InCD8" T cells.

contrast, responses of CDZ cells from HIV' subjects were not The increased expression of CD38 and HLA-DR is much less
significantly altered in any of these conditions, with the exceptionpronounced on CD# T cells than on CD8 T cells from HIV"
of a lowered production of IL-10. subjects [4]. Still, the preserved function of purified CDR cells

Recently, it has been shown that HLA-DR cells, including  from HIV™ subjects, described in this study, was surprising, since
both CD4" and CD§ cells, from HIV" subjects have an impaired dysregulation of CD4 T cell-mediated immunity, such as the
capacity to respond to CD28-mediated costimulation. It wasearly loss of responses to recall antigens in PBMC cultures and the
suggested that this defect resided in the TCR/CD3 activatiordecrease in DTHh vivo, is an important feature of HIV infection.
pathway and not in the CD28 costimulatory signal [29]. The dataThe preserved responses of CDZ cells to costimulation via
presented here clearly indicate that the defect was restricted t6D28 paralleled the relatively normal expression of this receptor on

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:440—447
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Fig. 4. Production of IFNy, IL-10, IL-4 and IL-5 by CD§ (a) and CD4 (b) T cells from HIV~ (O) and HIV' (®) persons. Supernatants

were collected after 72 h of coculture with untransfected (parental) cells (P815-par) or different P815 transfectants indicated as P815-CD40,
P815-CD80 or P815-CD86. Each dot represents one individual and the median value for each group is indicated with a horizontal dash.
Detection limits for the assays are indicated as horizontal lines (20 U/ml for/|/@@-pg/ml for IL-10, 50 pg/ml for IL-4 and 40 pg/ml for IL-5).

*P < 0-05.
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ex vivoCD4" T cells from HIV-infected persons [30]. Similarly, the 2 Prince HE, Jensen ER. Three-color cytofluorometric analysis of CD8
data in this study demonstrate that the responses oftCDdells cell subsets in HIV-1 infection. J Acquir Immun Defic Syndr 1991;
from the patients to other stimuli, such as allo-activation and 41227-32.

costimulation via CD40, were not impaired. The normal response 3 KestensL, Vanham G, GigasePal. Expression of activation antigens,
to CD40-mediated costimulation is in agreement with the finding H-A-DR and CD38 on CD8 lymphocytes during HIV-1 infection.

L L . AIDS 1992;6:793-7.
that afterin vitro activation, an equal expression of CD40L on CD4 4 Kestens L, Vanham G, VereeckereCal. Selective increase of activation

T cells was observed in HIV subjects and controls [38]. Fyrther- antigens HLA-DR and CD38 on COEDA5RG" T lymphocytes during
more, Hickeyet al. have demonstrated normal TCR-triggered  Hjv.1 infection. Clin Exp Immunol 199495.436—41.
calcium signalling in CD4 T cells from HIV-infected patients, 5 vanham G, Kestens L, GigasePal.Evidence for circulating activated
and a similar percentage of responding cells in patients and controls cytotoxic T cells in HIV-infected subjects before the onset of opportu-
[39]. The loss of allo-response described by Clegicil. [7] was nistic infections. Clin Exp Immunol 199@2:3-9.
observed in an experimental system using a pool of irradiated PBMC6 Cayota A, Vuillier F, Scottalgara D, Feuillie V, Dighiero G. Impaired
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