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ABSTRACT

Background: Antiviral cellular immune responses may
influence immunological homeostasis in HIV-infected
persons. Recent data indicate that Vy9/VS2 T lympho-
cytes display potent cytotoxic activities against human
cells infected with certain viruses including HIV. Under-
standing the role of y8 T cells in the course of HIV
infection may be helpful for designing novel treatment
strategies for HIV-associated disorders.
Materials and Methods: The constitutive recognition
of Daudi cells and monoethyl pyrophosphate (Etpp) by
peripheral blood Vy9/V62 T cells was assessed using a
proliferation assay. The cytotoxicity of Daudi-stimulated
lymphocyte populations was measured by chromium
release assays. The HIV infectivity for yS T cell clones was
determined by measuring the levels of HIV p24 in cell
supematants. The effect of in vitro HIV-infection on cy-
tokine mRNA production by yS T cell clones was assessed
by PCR.

Results: The constitutive proliferative responses of pe-
ripheral blood Vy9/V62 T cells and the lytic functions of
Daudi-expanded lymphoid cells from HIV+ persons
were substantially diminished in comparison with those
of HIV-seronegative persons. These alterations were
present in asymptomatic HIV+ persons prior to substan-
tial a/B CD4+ T cell loss. Productive HIV infection of y6 T
cells in vitro had no measurable effect either on their
proliferative response to Daudi stimuli or on the expres-
sion of cytokine mRNAs for IFN-,y, IL-2, IL-4, IL-5, IL-6,
IL-10, and IL-13.
Conclusions: The constitutive responsiveness of Vy9/
V62 T lymphocytes to Daudi and Etpp is severely altered
in HIV+ persons. HIV infection of y6 T cells in vitro does
not substantially change their cytokine expression or
antigenic response.

INTRODUCTION
In the second decade of the acquired immuno-
deficiency syndrome (AIDS) epidemic, our un-
derstanding of the pathogenesis of human im-
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munodeficiency virus (HIV) infection has im-
proved dramatically (1). The primary infection
has been analyzed in detail (2-4), rates of HIV
replication in vivo have been extensively studied
(5-7), and eventual clinical manifestations of the
infection are well recognized (8,9). Although the
relative importance of individual elements of the
immune response contributing to anti-HIV im-
munosurveillance is unclear, the critical role of
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cellular immune responses has not been disputed
(1). In addition to af T lymphocytes, potent
antiviral immune responses may be mediated by
y6 T lymphocytes (10). In putatively healthy,
HIV-uninfected individuals, 'y8 T cells typically
constitute 1 to 10% of peripheral blood lympho-
cytes and are found with comparable or greater
numbers in various lymphoid tissues (11-13).
Remarkably, 60 to 90% of human peripheral
blood y8 T lymphocytes in adults express a
unique combination of Vy9 and V62 T cell recep-
tor (TCR) chains (14). y8 T cell reactivity against
microorganisms, infected or malignant cells (re-
viewed in 10, 15, and 16), and the propensity of
y6 T cells to recognize nonpeptide antigens, such
as isopentenyl pyrophosphate produced by my-
cobacteria (17), are compatible with the hypoth-
esis that y8 T cells provide host immunosurveil-
lance, complementing that provided by af3 T
cells. The fact that nonpeptide antigens recog-
nized by y6T cells are important intermediates in
many metabolic pathways in both eukaryotes
and prokaryotes and that their presentation does
not require antigen presentation or processing
(accelerating the recognition process) strongly
suggest that y6 T lymphocytes may have unique
physiological functions in response to infections
(16,17).

Our previous study has shown that approx-
imately 40% of Vy9/V82 T cell clones isolated
from HIV-seronegative donors lyse HIV-infected
T cells (18). yS T cell-mediated cytotoxicity
against HIV-infected cells resembles that against
simian immunodeficiency virus (SIV)-, herpes
simplex virus (HSV)-, vaccinia virus-, or human
herpesvirus-6 (HHV-6)-infected cells, as it is
similarly independent of prior exposure to viral
antigens or virally infected cells (18-23). Al-
though alterations of -y8 T cell numbers and
subset representation in peripheral blood of
HIV-seropositive donors have been studied by
several groups (24-28), a functional assess-
ment of y6 T cells in HIV-infected individuals
has not been reported. To initiate such an in-
vestigation, we have compared the TCR-medi-
ated responsiveness of V'y9/V82 T cells from
HIV-seropositive and seronegative persons to-
wards the Daudi Burkitt's lymphoma or Etpp,
both of which stimulate V-y9/V82 T cell prolif-
eration (17,29-31), and analyzed the in vitro
effect of HIV infection on cytokine mRNA ex-
pression by y8 T cells and their proliferation in
response to Daudi cells.

MATERIALS AND METHODS
Blood Donors
The Centers for Disease Control (CDC) stage of
HIV infection in seven HIV-seropositive (SP) per-
sons was as follows: stage Al, blood donor SPI;
stage A2, donor SP2; stage B2, donors SP3, SP5,
and SP6; stage C3, donors SP4 and SP7. Five
HIV-seronegative (SN) persons included four pu-
tatively healthy blood donors (SNI-4) and a do-
nor with idiopathic low CD4 count (SN5). For
HIV+ donors, the absolute CD4+ T cell counts in
1 ,ul of blood were as follows: SPI, 409; SP2, 374;
SP3, 330; SP4, 22; SP5, 224; SP6, 409; SP7, 110.
Additional clinical and laboratory details con-

cerning some of the HIV+ donors have been
reported elsewhere (32).

Peripheral Blood Mononuclear
Cell Isolation
Peripheral blood mononuclear cells (PBMC)
were isolated from blood of donors by density
centrifugation over Histopaque- 1077 (Sigma, St.
Louis, MO) and washed twice with phosphate-
buffered saline (PBS) prior to culturing or phe-
notyping.

Flow Cytometry
Fresh PBMC samples (5 X 105 cells) were stained
with the following antibodies. FITC-conjugated
TCR61 (pan TCR y8), V61, V62, and Vy9 T cell
subset antibodies were purchased from T Cell
Diagnostics (Cambridge, MA). FITC-conjugated
isotype control IgGI Ab was purchased from
Sigma. CD4-FITC and CD8-FITC antibodies were
purchased from Immunotech (Westbrook, ME).
FITC-conjugated pan TCR a, antibody was pur-
chased from Becton Dickinson (Mountain View,
CA). CD 16-PE Ab was purchased from Antigenix
America, Inc. (Franklin Square, NY). The OKT3
hybridoma that produces an anti-CD3 antibody
was obtained from ATCC. Hybridoma superna-
tant was used to stain cells for CD3. These cells
were subsequently stained with FITC-conjugated
goat anti-mouse secondary antibody purchased
from Becton Dickinson. After incubating cell
samples with antibodies on ice for 30 min, cells
were washed with PBS and then fixed with cold
1% paraformaldehyde in PBS with gentle vor-
texing. 5,000 events per sample were collected
on a Becton Dickinson FACS SCAN. Data was
analyzed by gating on the lymphocyte popula-
tion and using the Lysis II program (Becton Dick-
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TABLE 1. T and NK lymphocyte distribution among peripheral blood lymphocytes

% of PBL

HIV- Donors HIV+ Donors

Rangea SNI SN2 SN3 SN4 SN5 SPI SP2 SP3 SP4 SP5 SP6 SP7

CD3 55-79 79 54 69 81 62 38 52 71 13 81 84 55
TCR af 43-76 71 46 63 79 50 39 46 65 18 70 78 41
TCR y8 1-15 3 3 5 1 7 4 1 9 2 7 5 1
CD4 33-60 52 25 39 56 19 9 10 31 6 15 16 8

CD8 17-40 28 12 44 27 29 30 33 33 20 58 62 36
CD16+ CD3- 1-16 7 33 23 8 1 47 21 5 62 4 1 2

V'y9 0.5-10 2.2 2.3 3.5 0.5 4.5 1.8 0.1 3.9 0.9 2.0 1.0 1.6
V62 0.5-10 2.7 2.7 1.2 0.5 4.1 0.7 0.3 0.5 0.8 0.5 0.4 1.0

V81 0.5-4 0.4 1.6 nt nt nt 1.1 0.2 6.3 0.4 nt nt nt

The given figures indicate percentages of cells (gated on lymphocytes) reacting with the corresponding mAbs (see Materials and
Methods). For HIV+ donors, the absolute CD4+ T cell counts per 1 ,ul of blood were as follows: SP1 (409); SP2 (374); SP3 (330);
SP4 (22); SP5 (224); SP6 (409); SP7 (110). nt = not tested.
aNormal range for HIV-seronegative donors.

inson). Table 1 shows results of flow cytometry
analysis from blood donors.

PBMC Cultures
PBMCs were cultured at 106 cells/ml in RPMI
1640 medium (Biowhittaker, Walkersville, MD)
supplemented with 15% pooled human AB se-
rum (Pel-Freeze, Brown Deer, WI), 100 IU/ml
penicillin and 100 ,ug/ml streptomycin (Media-
tech, Herndon, VA), and 2 mM L-glutamine
(Mediatech) (complete RPMI medium) alone, or
in the presence of 2 X 105 Daudi cells (11,000
rads) per ml medium, or 0.1 mM Etpp and 200
U/ml IL-2 (generously provided by Biological Re-
sponse Modifiers Program, NCI, Frederick, MD),
in a humidified atmosphere of 5% CO2 in air at
370C. After 8 or 10 days, the number of live cells
per culture was determined by eosin dye exclu-
sion and culture samples were assessed for per-
centage of y6 T cells, NK cells, or at3 T cells by
flow cytometry. Lymphocyte subset composition
was reported in percentages and relative expan-
sion index (REI), which is the yS T cell percent-
age resulting after culture with a stimulus di-
vided by the y6 T cell percentage after culture
with medium alone, or in absolute numbers and
times increase over the input number of a par-
ticular lymphocyte population.

Cytotoxicity Assays
Lymphocyte samples from PBMC cultures stim-
ulated with IL-2 or irradiated Daudi cells were
tested for capacity to lyse Na2[51Cr]04 labeled
target cells in standard chromium release assays
(33). Mycoplasma free target cells, Daudi (34),
Raji (35), and K562 (36) were passaged twice
weekly in complete RPMI medium containing
10% FBS (Intergen, Purchase, NY).

T Cell Clones
Freshly isolated PBMC samples from healthy
HIV-seronegative donors were stained with ei-
ther FITC-conjugated TCRB1, anti-VSI mAb, or
with anti-CD4 mAb. Specific T cell populations
were positively selected using a fluorescence-ac-
tivated cell sorter (FACStarPlus, Becton Dickin-
son) as described (29). Sorted cells were cloned
by limiting dilution at 0.7 cell/well in 96-well
round-bottomed microtiter plates (Costar, Cam-
bridge, MA) in complete RPMI 1640 medium
with 15% FBS which was further supplemented
with 200 U/ml IL-2, 0.25 ,ug/ml PHA, 105 irra-
diated (4,000 rads) autologous or allogeneic
PBMC/ml medium and 5 x 104 irradiated
(11,000 rads) LCL72 1 cells/ml (an EBV-trans-
formed lymphoblastoid B-cell line kindly pro-
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vided by Dr. R. DeMars, University of Wisconsin,
Madison, WI). Cell cultures were grown in a

humidified atmosphere of 5% CO2 in air at 370C.
Wells were scored for growth 14 to 21 days after
plating. Individual clones were passaged in fresh
medium as described above approximately every

10 days, and after expansion, they were pheno-
typed by flow cytometry using FITC-conjugated
V61, V82, Vy9, TCR a13, and CD4 antibodies.

HIV Preparation

Cell-free virions (HIVLAI) were prepared as de-
scribed (37,38).

HIV Infection of T Cell Clones

After at least 7 days since their last passage, 5 X

105 cells of each T cell clone were infected with
cell-free HIVLAI or mock infected as described
(38). Cells were washed extensively to remove

residual virus and cultured in complete RPMI
medium with 200 U/ml IL-2. Cell-free superna-

tants were harvested after the specified culture
period and assessed for HIV p24 production by
antigen capture ELISA following instructions of
the manufacturer (Coulter Corp., Miami, FL).

Proliferation Assay

After HIV or mock infection, Vy9/V82 T cells
were harvested, washed, and plated in triplicate
at 5 X 104 cells/well in 96-well flat bottomed
microtiter plates in complete RPMI medium with
or without 5 U/ml IL-2, and with or without 5 x
104 irradiated Daudi cells (11,000 rads). Plates
were incubated in a humidified atmosphere of
5% CO2 in air at 370C. Individual wells were

pulsed with 0.25 ,uCi/well of tritiated thymidine
(Du Pont, Boston, MA) 24 hr (and wells in du-
plicate plates 48 hr) after the initial exposure to
Daudi, and were harvested 24 hr after pulsing.
Tritiated thymidine incorporation was measured
by liquid scintillation counting. The mean cpm of
triplicate samples was used to calculate the stim-
ulation index. Stimulation index for proliferation
in response to Daudi cells = (,yS T cells with
irradiated Daudi cells cpm - irradiated Daudi
cells alone cpm)/(,y5 T cells in medium alone
cpm). Stimulation index for proliferation in re-

sponse to IL-2 = (,y8 T cells with IL-2 cpm)/(,y5 T
cells alone cpm).

Cytokine-specific Polymerase Chain
Reaction (PCR)

RNA was isolated by guanidinium thiocyanate
extraction (39). In brief, T cell clones (1-2 X 105
cells) were extensively washed in PBS, resus-
pended in 400 ,ul of 4 M guanidinium thiocya-
nate (Bethesda Research Laboratories, Gaithers-
burg, MD) containing 25 mM sodium citrate,
0.5% sarcosyl, and 0.1 M 2-mercaptoethanol,
and vortexed for 10 min. RNA was isolated by
addition of 2 M sodium acetate (40 ,il), chloro-
form-isoamylalcohol mixture (24:1) (160 ,ul),
and water-saturated phenol (440 ,ul). Samples
were vortexed and placed on ice for 5 min prior
to centrifugation (16,000 X g/20 min/40C). The
aqueous phase was transferred to a new Eppen-
dorf tube and an equal volume of isopropanol
was added. The precipitated RNA was obtained
by incubation at -700C for 1 hr followed by
centrifugation (16,000 X g/20 min/40C). The
precipitated RNA was washed three times in
80% ethanol with 20% DEPC H20, dried, and
then resuspended in DEPC H20 containing 0.1
U/,l RNAsin (Promega, Madison, WI). These
RNA preparations were used for cytokine-spe-
cific RT-PCR. One microliter sample containing
25 ng of RNA was added to 4 ,ul of reverse
transcription mixture (5 mM MgCl2 [Perkin
Elmer Cetus, Norwalk, CT], 1 x PCR buffer II
[Perkin Elmer Cetus], 1 mM each of dNTPs [Per-
kin Elmer Cetus], 1 U/g,l RNase inhibitor [Perkin
Elmer Cetus], 2.5 U/gl SuperScript II [Life Tech-
nologies, Gaithersburg, MD], and 2.5 ,uM oligo
[dT] 16 [Perkin Elmer Cetus]) (40,41). Each
sample was overlayed with light mineral oil (Sig-
ma). Tubes were then placed in a thermal cycler
(Perkin Elmer Cetus) and incubated for 15 min
at 420C, followed by 5 min at 990C and then for
5 min at 50C. Following reverse transcription, 20
,lI of PCR mix was added to each tube to give a
final concentration of 0.625 U/20 ,lI AmpliTaq
DNA polymerase (Perkin Elmer Cetus), 0.15 ,uM
5' primer, 0.15 ,uM 3' primer, 2 mM MgCl2, and
1 X PCR buffer II (Perkin Elmer Cetus). Primers
specific for human IFN-,y, IL-2, IL-4, IL-5, IL-6,
IL-10, IL-13, and ,B-actin were obtained from
Clontech Laboratories, Inc. (Palo Alto, CA) or
prepared by the UAB Cytokine Core Facility
(41). After heating at 950C for 2 min, cDNAs
were amplified for 35 cycles, each cycle consist-
ing of 950C for 1 min, 600C for 1 min, and
extended at 600C for 7 min, and then stored at
40C until analyzed. PCR products were separated
by electrophoresis in 2% agarose gels, stained
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TABLE 2. Daudi cell stimulated PBMCs and their cytotoxic activity

V6 % Specific Lysis

Donor Culture % RETa E:T Daudi Raji K562

SNI Medium only 1.6
Med. + Daudi 21.3 13.3 9:1 72 42 43

3:1 76 44 nt
1:1 70 24 nt

SN2 Medium only 1.6
Med. + Daudi 55.3 34.6 9:1 74 55 83

3:1 73 61 nt

1:1 57 37 nt
SPI Medium only 2.7

Med. + Daudi 3.8 1.4 9:1 30 78 60
3:1 17 25 nt
1:1 13 50 nt

SP2 Medium only 1.1
Med. + Daudi 0.5 0.5 9:1 1 4 0

3:1 3 0.5 nt
1:1 0.2 1.0 nt

SP3 Medium only 2.7
Med. + Daudi 39.4 14.6 9:1 73 48 57

3:1 78 45 nt
1:1 71 26 nt

SP4 Medium only 0.7
Med. + Daudi 0.7 1.0 3:1 12 20 0

2.5 X 106 PBMCs from each donor were cultured in the presence of the indicated stimuli for 10 days and assayed for their abil-
ity to lyse the indicated target cells. Percentage of yS+ T cells was determined by reactivity with TCRS1 mAb as described in Ma-
terials and Methods. nt = not tested.
aREI (relative expansion index) was calculated as the yS T cell percentage resulting after culture with a stimulus divided by the
y6 T cell percentage after culture in medium alone.

with ethidium bromide, and visualized by UV
light illumination.

RESULTS
Functional yS T Cell Defect
in HIV-Seropositive Persons

To assess responsiveness of y6 T cells, PBMC
samples from each donor were cultured in the
presence of irradiated Daudi cells (30) or in me-
dium alone. After 10 days of culture, the relative
expansion of y6T cells was assessed (Tables 2 and
3). As anticipated, y8 T cells from all five sero-
negative donors (SNI, SN2, SN3, SN4, and SN5)

responded well to Daudi cells. However, only y6
T cells from one out of seven HIV+ persons (SP3)
responded to the Daudi stimulus (Tables 2 and 3)
and (similar to controls) expressed the character-
istic Vy9/V82 TCRs (data not shown). In con-
trast, y6 T cells from the other HIV+ individuals
(SP1, SP2, SP4, SP5, SP6, and SP7) failed to
proliferate in response to Daudi. To estimate y8 T
cell cytotoxic function, samples of the bulk
Daudi-stimulated cultures (SNI, SN2, SP1, SP2,
SP3, and SP4) were tested for their ability to lyse
Daudi, Raji, and K562 target cells (Table 2). Typ-
ically, Vy9/V82 T cells lyse Daudi and K562 cells
substantially better than Raji cells (29). This pat-
tern of differential lysis was displayed by effector
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TABLE 3. Response of yS T lymphocytes to Daudi cells or Etpp

Times Increase per T Cell Subset after Culture

HIV- Donorsa HIV+ Donors

T Cell Subset Stimuli SNI SN2 SN3 SN4 SN5 SPI SP2 SP3 SP4 SP5 SP6 SP7

TCR y6 Daudi 4.0 6.2 5.6 4.9 3.2 0 0 1.6 0 0 0 0
TCR y8 Etpp 17 22 nt nt nt 0 0 1.5 0 nt nt nt
TCR af Daudi 0 0 1.1 0 0 0 0 0 0 0 0 0
TCR aI Etpp 0 0 nt nt nt 0 0 0 0 nt nt nt

PBMCs from each donor were cultured in the presence of either irradiated Daudi cells, or Etpp and IL-2 (to achieve a maximal
response) as described in Materials and Methods. After 8 days, the resulting times increase over the input number of the particu-
lar lymphocyte population was measured. The input numbers of ao/y6 T cells (in millions) for each set of cultures were as fol-
lows: SNI, 1.32/0.053; SN2, 0.90/0.042; SN3, 0.49/0.035; SN4, 0.72/0.010; SN5, 0.38/0.053; SPI, 0.87/0.072; SP2, 0.76/0.020;
SP3, 1.14/0.80; SP4, 0.28/0.006; SP5, 0.42/0.043; SP6, 0.72/0.043; SP7, 0.34/0.009. 0 = no increase above the input number;
nt = not tested.
aIn a separate experiment, Vy9/VS2 T cells from 32 out of 32 putatively healthy blood donors responded positively to a different
batch of Daudi cells (see Discussion). Since different batches and passages of Daudi cells differ slightly in their stimulatory activi-
ties for Vy9/V62 T cells, this experiment has qualitative rather than quantitative significance in the context of present data.

cells from donors SNI, SN2, and SP3, but not by
cells from donors SPI, SP2, and SP4. In fact, the
Daudi stimulated cultures SP2 and SP4 did not
lyse any of the targets (except for a weak lysis of
Raji cells by SP4 responders). Thus, in experi-
ments performed with PBMC from seven SP do-
nors representing various CDC stages of HIV in-
fection, only y8 T cells from one donor (SP3)
proliferated weakly in response to Daudi cells
(Tables 2 and 3). Furthermore, the addition of
IL-2 to cultures containing irradiated Daudi cells
was not able to restore Daudi-specific respon-

siveness of V'y9/V82 T cells from nonresponsive
SP donors (data not shown). PBMC responses to
Etpp, a nonpeptide antigen which specifically
stimulates V'y9/V62 T cells, corresponded to
those elicited by irradiated Daudi cells (Table 3).
Therefore, although y6 T cells are present in the
peripheral blood of HIV+ individuals, the major
peripheral blood y6 T cell subpopulation, the
V'y9/V82 T cell subset, is refractory to the consti-
tutive TCR stimuli.

HIV Infection of yS T Cells in Vitro
One af3 and three distinct y6 T cell clones were

exposed to cell-free HIV in vitro. The ca3 T cell
clone (VM22-5) and one of the y8 T cell clones
(VM4-4 Vy9+/V82+) were CD4+, whereas the
other two y8 T cell clones (VM3-3 Vy9U/V81+

and VM 9-3 Vy9+/VS2+) were CD4- when an-
alyzed by flow cytometry (Fig. 1). The exposure
to HIV resulted in productive infection in all four
clones (Table 4). One week after infection, the
expression of cytokine mRNAs was compared
with that of mock-infected corresponding clones
(Fig. 2). HIV infection did not have any substan-
tial measurable effect on the expression levels of
IFN-y, IL-2, IL-4, IL-5, IL-6, IL-10, and IL-13
mRNAs as assessed by semiquantitative RT-PCR.
The predominantly expressed cytokine mRNAs
in the y6 T cell clones were those coding for
IFN-'y, IL-5, IL-6, and IL-10 (Fig. 2). It is note-
worthy that HIV infection of V'y9/V82 T cells did
not influence their responsiveness to Daudi cells,
although it somewhat decreased their capacity to
respond to IL-2 (Table 5).

DISCUSSION
Studies by Bukowski et al. utilizing Jurkat TCR
transfectants have demonstrated clearly that the
recognition of both Daudi cells and monoalkyl
phosphates is mediated through the V'y9/V82
TCR (42). Our results indicate that despite the
physical presence of peripheral V'y9/V62 T cells
in HIV+ individuals, their functional TCR-medi-
ated capacity to respond to constitutive antigens
is largely absent or severely diminished. The
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TABLE 4. Production of HIV p24 by
HIV-infected T cell clones

T Cell
Clone Phenotype p24 pg/ml

VM 22-5 aI3CD4+CD8- 1381
VM 3-3 Vy9-/V61+ CD4- CD8- 1050
VM 4-4 Vy9+/VS2+ CD4+ CD8- 663
VM 9-3 Vy9+/V82+ CD4- CD8+ 1180

T cell clones from one HIV-seronegative donor were either
infected with HIVLAI or were mock infected. Six days later,
cell free supernatants from these cultures were assessed for
presence of viral core antigen, p24. Supernatants from
mock infected cells did not exceed the OD of negative con-
trols. The results are representative of two experiments.

Daudi-specific reactivity of Vy9/V82 TCR-bear-
ing lymphocytes (29,30) is one of the most ro-

bust specific physiologic reactivities of human
lymphocytes. For example, in one set of experi-
ments, more than a log increase in Vy9/V82 T
cell numbers was measured in PBMC samples
from 32 volunteers after a 1-week in vitro expo-

sure to irradiated Daudi cells (mean times in-
crease ±SD = 11.7 3.6; P. Fisch, unpublished
data). Therefore, it was very surprising to ob-
serve such a profound lack of Vy9/V82 T cell
response in relatively healthy and asymptomatic
donors SPI and SP2. It is possible that this func-
tional y6 T cell deficit contributes to the aug-

mented susceptibility to opportunistic infection
and various neoplasms typically associated with
HIV infections (8). In addition, since y8 T cells
may no longer participate in the process of elim-
inating HIV-infected cells in the later stages of
HIV infection, the overall levels of HIV infection
may increase during the period of Vy9/V82 T cell
function suppression.

Natural or genetically engineered (transfec-
tion) expression of the CD4 molecule on the
surface of human cells renders them susceptible
to HIV infection (43). Nevertheless, some human
cells negative for CD4 by immunofluorescence
are infectable with HIV. These cells were shown
to express low levels of CD4 mRNA (44), which
is likely to result in meager (undetectable by flow
cytometry) cell-surface CD4 expression sufficient
for productive HIV infection. Fluorocytometric
analyses indicating that some y8 T cells which
initially do not express the CD4 glycoprotein on

the cell surface become either "dimly" cell-sur-

face CD4-positive when grown in vitro and stim-
ulated with IL-2 (M. Malkovsky and P. Fisch,
unpublished data), or strongly cell-surface CD4-
positive after HHV-6 infection (23), support this
hypothesis. Our in vitro y6 T cell infectivity data
reported here suggest that many more -y8 T cells
in the peripheral blood may be infectable with
HIV than the 1% of total y8 T cells that score as
CD4+ by immunofluorescence (12). The poten-
tial contribution of in vivo HIV infection of y8 T
cells to functional impairment and/or depletion
of this lymphocyte subset in HIV-seropositive in-
dividuals merits detailed investigations. It is con-
ceivable that direct HIV infection of Vy9/V82 T
cells may eventually render them nonresponsive
to stimuli such as alkyl phosphates derived from
mycobacteria that may be encountered in vivo.
However, our in vitro experiments demonstrate
that several days after HIV infection, Vy9/V62 T
cells proliferate in response to Daudi cells and
synthesize cytokine specific mRNA at levels com-
parable to mock-infected cells. Although these
results do not support the possibility that the
infection of y5 T cells with HIV would be respon-
sible for the observed defect, they indicate that
infected y6 T cells may constitute a previously
unrecognized in vivo reservoir for HIV.

Our previous study which detected cytotoxic
responses by V'y9/V62 T cell clones against HIV-
infected cells (18) indicates that this T cell subset
may recognize a stimulatory ligand on the sur-
face of HIV-infected cells. In light of the fact that
-y6 T cells display an increased susceptibility for
activation-induced apoptosis (45,46), it is possi-
ble to speculate that continuous stimulation with
HIV-associated antigen(s) leads eventually to
V,y9/V82 T cell death or anergy. Indeed, Poccia et
al. (47) have reported recently that in 60% of
asymptomatic HIV+ persons, peripheral V82 T
cells exhibited a functional anergy to Daudi and
mycobacterial stimulations. Similar to our re-
sults, the y8 T cell functional defect was not
corrected by adding exogenous IL-2. In contrast,
in the study of Wesch et al. (48), the defective
response of Vy9 T cells from HIV+ persons to
heat-killed Mycobacterium tuberculosis was re-
stored by exogenous IL-2. Since we did not study
the response to Mycobacterium tuberculosis, the re-
sults by Wesch et al. (48) are not directly com-
parable to ours. However, the reason for the
difference between the positive effect of IL-2 in
restoring Vy9/V82 T cell responsiveness to heat-
killed mycobacteria in HIV+ persons (48) and
the lack of effect in the study by Poccia et al. (47),
which measured responses to TUBAg- 1, a myco-
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FIG. 2. Characterization of Thl and Th2 cytokine profiles in human yS and c4J8 T cell clones
RNA was isolated from 'yS and af3 T cell clones designated as VM22-5 (af3+, CD4+, CD8-), VM3-3 (V'y9-/
V1+, CD4-, CD8-), VM4-4 (Vy9+/VS2+, CD4+, CD8-), and VM9-3 (Vy9+/V82+, CD4-, CD8+) 1 week after
feeding with PHA, IL-2, and irradiated feeder cells (spontaneous) as described in Materials and Methods, or 1
week after HIV or mock infection. The RNA samples were then subjected to THI and TH2 RT-PCR. The size of
494 bp, 458 bp, 462 bp, 414 bp, 628 bp, 352 bp, and 285 bp PCR product bands represent IFN--y, IL-2-, IL-4-,
IL-5-, IL-6-, IL-10-, and IL-13-specific messages, respectively.
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TABLE 5. Proliferation of HIV- or
mock-infected Vy9/VS2 T cells

Stimulation
Indexb

Infection Pulseda Daudi IL-2

Mock 24 hours 4.6 7.7
HIV 24 hours 5.1 3.4
Mock 48 hours 2.6 7.9
HIV 48 hours 2.2 3.1

V-y9/V82 T cells (clone HH4) were either infected with
HIVLAI or mock infected. Infection status was confirmed by
p24 assay of cell free culture supernatant. After 18 days of
culture, cells were harvested and tested for the ability to
proliferate in response to Daudi cells, 5 U/ml IL-2, or me-
dium alone as described in Materials and Methods.
aWells were pulsed with tritiated thymidine 24 or 48 hr
after exposure to the stimuli.
bData are reported as stimulation indices (see Materials and
Methods).

bacteria-derived nonpeptidic antigen, is unclear.
The report that a similar y6T cell defect is present
in rhesus monkeys infected with SIV (49) is com-
patible with Poccia's, Wesch's, and our study.

The development of anti-viral therapies as
well as the implementation of effective immune-
based strategies to inhibit HIV disease progres-
sion rest on understanding the complex nature
the immune mechanism dysfunctions associated
with HIV infection. Potentially, the functional
V'y9/V62 T-cell hypo- or unresponsiveness in
HIV+ individuals may result in both detrimental
and beneficial homeostatic influences. For exam-
ple, hyporesponsive V-y9/V62 T cells may be less
effective in contributing to immunosurveillance
of HIV, tumor cells, and opportunistic pathogens,
but the overall immunological activation that is
thought to be one of the driving forces of AIDS
pathogenesis (1) may be substantially lower when
the majority of y6 T cells are hyporesponsive.
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