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Abstract

The extent of antiviral activity exhibited in vitro by CD8+ lym-

phocytes from individuals infected by HIV-1 correlates signifi-
cantly with their clinical status. CD8+ lymphocytes from
asymptomatic subjects were found to inhibit HIV-1 replication
by 90% or greater at effector/target (E/T) ratios ranging from
as low as 0.05 to 0.25. CD8+cells from 17 of 19 (89%) of these
subjects suppressed replication at an E/T ratio of 0.10 or less.
CD8+ lymphocytes from symptomatic patients (non-AIDS) in-
hibited HIV-1 replication at E/T ratios ranging from 0.05 to
1.0, and CD8+ cells from 8 of 13 (62%) required ratios > 0.10.
As a group, patients with AIDS exhibited the lowest degree of
anti-HIV activity with their CD8+ lymphocytes. The effective
range of E/T ratios from AIDS patients was 0.10-2.0, and 9 of
10 (90%) required E/T ratios > 0.25. This anti-HIV activity
exhibited by CD8+ cells also correlated significantly with the
subject's peripheral blood CD4+cell count. The relative extent
of CD8+ cell anti-HIV-1 activity was not found dependent on

variations in the CD4+ target cells and viruses used. These
findings suggest that the decreased CD8+ cell antiviral activity
is related to progression to disease in HIV-infected individuals.
(J. Clin. Invest. 1991. 87:1462-1466.) Key words: AIDS-
HIV-1 infected cells * CD4+cell number * cell-mediated immu-
nity * CD8+ cells - peripheral blood mononuclear cells

Introduction

In animal models of virus infection, cellular immune functions
have been shown to be important for controlling the virus by
eliminating virus-infected cells (1-5). In HIV- 1 infection, cel-
lular effector functions such as antibody-dependent cellular cy-

totoxicity (6-8), NKcell killing (9, 10), and cytotoxic T lym-
phocyte (CTL)l activity (11-14) have been demonstrated, but
it is still uncertain whether cellular immunity plays a role in
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cytoxic T lymphocyte; E/T, effector/target; IM, immunomagnetic; RT,
reverse transcriptase.

protecting the host. HLA-restricted anti-HIV cytotoxic T cells
(CD8+ or CD4+) have been found in individuals at early as
well as late stages of HIV- 1 infection (12), and some studies
demonstrate a reduction in CTL response with progression to
disease (14, 15). This latter observation, therefore, suggests that
these CTL might help control HIV infection in the host.

CD8+ lymphocytes from infected individuals have also
been observed to inhibit HIV replication in naturally infected
CD4+T cells in vitro (16-19). This type of antiviral activity is
not mediated by CD16+/CD8+ (NK) cells, is not HLA-res-
tricted, can be demonstrated with low numbers of CD8+ cells,
and is dose dependent. Moreover, the activity does not involve
cell killing, and appears to be mediated in part through a solu-
ble factor (16, 18, 20, 21).

To determine if this anti-HIV response by CD8+ cells
serves a protective function in the host, its relation to clinical
status was examined. The extent of CD8+cell antiviral activity
in HIV-1-infected individuals was evaluated and then com-
pared with their clinical state and their absolute CD4+ lym-
phocyte count.

Methods

Subjects. HIV- I seropositive subjects from three clinical categories
were evaluated in this study: clinically healthy individuals, symptom-
atic non-AIDS patients (referred to in this report as AIDS-related com-
plex [ARC]), and individuals with AIDS as defined by the Centers for
Disease Control criteria consisting of Kaposi's sarcoma and Pneumo-
cystis carinii pneumonia. The ARCpatients presented with symptoms
of either oral candidiasis, hairy leukoplakia, persistant lymphadenopa-
thy, idiopathic thrombocytopenia purpura, herpes zoster, cerebrospi-
nal fluid pleocytosis, or combinations thereof. Some of the subjects
evaluated in this study are participants in the San Francisco Mens
Health Study and their blood samples were kindly provided by Dr.
Warren Winkelstein, Berkeley, CA.

Isolation of effector and target cells. The PBMCwere obtained from
heparinized blood by Ficoll-Hypaque gradient separation (22). Natu-
rally infected CD4+ target cells and CD8+ effector cells were sequen-
tially isolated from each subject using anti-CD4 or anti-CD8 coated
immunomagnetic (IM) beads (Dynabeads M-450; Dynal, Oslo, Nor-
way). 20-50 million PBMCwere resuspended in 4-5 ml cold (- 4°C)
PBScontaining 2%heat-inactivated (30 min, 56°C) FCS (Irvine Scien-
tific, Santa Ana, CA). This single-cell suspension was added to anti-
CD4IM beads which had been previously washed three times with cold
PBS containing 2% FCS (PBS-2% FBS) to yield a bead to target cell
ratio of - 3:1. The bead-cell suspension was incubated at 4°C on a

rotating-rocking machine for 30-45 min. Cells rossetted with IM beads
were captured by placing the tube in a magnetic device (Dynal mag-
netic particle concentrator) for 1-2 min followed by removal of the
supernatant containing the nonbound cells. The rossetted cells were

washed three times with cold PBS-2% FBS using the magnetic capture
device as described and then enumerated.
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The nonadherent (CD4-depleted) cells were treated with washed
anti-CD8 IM beads (again at a 3:1 ratio of beads to estimated target cell
number) and the above procedure repeated. In each case, cell recovery
was from 50-85% of the number of estimated target cells, and purity of
both CD4+ and CD8+cell populations was 95%or greater as assessed
by flow cytometric analyses. Double-staining studies on activation
markers expressed by CD4+ or CD8+ cells before and after isolation
by IM beads showed no difference in percentage of CD25, CD38, and
HLA-DR expressed by either T cell subpopulation.

Flow cytometric analysis. T cell subset purity was analyzed by a
double-staining procedure (23) on a Becton-Dickinson FACScan* us-
ing anti-Leu3a FITC and anti-Leu2a PE, kindly provided by Becton-
Dickinson Corp., Mountain View, CA.

Assay for CD8+ cell anti-HIV activity. Freshly isolated naturally
infected CD4+ target cells (6-8 X 105) were cultured alone or in the
presence of freshly isolated autologous CD8+effector cells at the follow-
ing CD8:CD4 ratios: 0.05, 0.10, 0.25, 0.50, 1.0, and 2.0. The cells were
grown in RPMI 1640 medium containing 2 mMglutamine, 1%antibi-
otics (100 U/ml penicillin; 100 ,g/ml streptomycin), 10% heat-inacti-
vated (560C, 30 min.) FCS, and 200 U/ml human recombinant IL-2
(DuPont Co., Wilmington, DE). Cells were cultured in 24-well plates
(1.2 ml total volume) in the presence of PHA(Sigma Chemical Co., St.
Louis, MO) (3 ,g/ml) at 370C in a humidified 5%CO2incubator. After
3 d in culture, the PHA-containing medium was removed and the cells
were resuspended in fresh RPMI 1640 medium (with recombinant IL-
2 but no PHA) and moderately pipetted to free any IM beads still
bound to cells. The resultant cell suspensions were transferred to tubes
and placed in the magnetic capture device to remove the detached IM
beads. The IM bead-free cells were then transferred to a new well.

Cell cultures were subsequently passed every 3 d for at least 15 d,
and the supernatants were monitored for reverse transcriptase (RT)
activity as described (24). The amount of RT activity was compared
with that of the CD4+ cells cultured alone and the percentage reduc-
tion of peak RT activity calculated. As a reference cut off point for
antiviral activity, 90% reduction of peak RTactivity was chosen. Thus,
the extent of anti-HIV activity exhibited by a given subject's CD8+
lymphocytes is reflected by the lowest CD8/CD4 ratio at which a 90%
or greater reduction of peak RT activity was observed. The stringent
90% reduction reference point, rather than a lower percentage value,
was chosen because it best distinguished the relative differences in the
degree of CD8+ cell antiviral activity among the various subjects
studied.

This assay of CD8+ cell antiviral activity using IM beads gave com-
parable results to those previously conducted using a panning tech-
nique (16). In the acute infection assay described below, the effector
cells were obtained by positive selection (using IM beads) of CD8+
lymphocytes from the subject's PBMCwhich previously had been stim-
ulated in the presence of PHAfor 3 d.

Preparation of acutely infected CD4+ cell targets. IM bead-purified
CD4+ cells were obtained from seronegative blood samples (provided
by Irwin Memorial Blood Bank, San Francisco, CA), then stimulated
with PHA(3 ,g/ml) for 3 d at 37°C in the RPMI 1640 culture medium
described above containing 10%purified human IL-2 (Electronucleon-
ics, Inc., Silver Spring, MD). The IM beads were then removed and the
CD4+ lymphocytes washed twice with HBSS. 3-10 million CD4+
lymphocytes were resuspended in culture medium containing poly-
brene (Sigma Chemical Co.) (2 Azg/ml) and incubated at 37°C for one-
half hour. Cells were subsequently spun down to remove the polybrene
medium and resuspended in I ml of culture supernatant containing
10,000 TCID,5J of HIV-lSF33. The cells were incubated with virus for 90
min at 37°C after which they were washed twice with HBSSto remove
unbound viral particles. This method of acute infection routinely
yields 10-15% antigen-positive cells as measured by an indirect immu-
nofluorescent assay (25) at peak replication (5-7 d).

Statistical analysis. Statistical evaluations were carried out using
the nonparametric Spearman Rank Correlation Coefficient analysis
(26) calculated from the experimental data using the computer soft-
ware program StatView SE+ Graphics (Brain Power, Inc., Calabasas,
CA 91302).

Results

The extent of CD8+ cell anti-HIVactivity correlates with clini-
cal status and CD4+cell number. The relative degree of CD8+
cell anti-HIV- activity was assessed in 19 asymptomatic, 13
symptomatic (ARC), and 10 AIDS patients, and is reflected by
the effector/target (E/T) ratio required to inhibit RTactivity by
> 90% (Fig. 1 A). The ranges of E/T ratios that gave suppres-
sion of HIV- 1 replication in autologous infected CD4+ cells
from the asymptomatic, ARC, and AIDS subjects were 0.05-
0.25, 0.05-1.0, and 0.10-2.0, respectively. These numbers re-
flect some overlap in the relative anti-HIV activity exhibited by
CD8+ lymphocytes from these three clinical groups, but the
data indicate a significant correlation between the relative de-
gree of anti-HIV activity and clinical status (Spearman rank
coefficient Rho = 0.789, P = 0.0001). Strong antiviral response
was associated with an absence of clinical symptoms. CD8+
cells from 17 of 19 (89%) of the asymptomatic individuals in-
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Figure 1. Extent of CD8+ cell anti-HIV-l activity exhibited by a
population of subjects at various stages post HIV-I infection. Anti-
HIV-l activity from each subject's CD8+ cells was titrated over a
range of E/T ratios (0.05-2.0) against naturally infected autologous
CD4+ target cells. The extent of antiviral activity exhibited (repre-
sented by the lowest E/T ratio yielding 2 90% reduction of RT activ-
ity) was compared with the subject's clinical diagnosis (A), and to their
respective number of CD4+ cells/Ml grouped within the indicated
range (B). Numbers shown in the boxes (A) represent the number of
individuals whose CD8+ cells inhibit HIV-l replication at the indi-
cated ratio.
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hibited HIV- l replication at an E/T ratio of 0. 10 or less and 10
of 17 (59%) were able to suppress virus release at a 0.05 E/T
ratio. Analysis of CD8+ cells from ARCpatients revealed that
31% (4 of 13), 31% (4 of 13), and 23% (3 of 13) suppressed the
virus at E/T ratios of 0.10, 0.25, and 0.50, respectively. One
individual with ARCrequired as little as one effector CD8+
cell per every 20 CD4+ cells (0.05 E/T ratio) while one other
needed more than one effector cell per every two CD4+ cells
(> 0.5 E/T ratio). In contrast, CD8+ lymphocytes from most
AIDS patients (9 of 10 or 90%) controlled virus replication at a
0.50 E/T ratio or greater. Two of the AIDS patients required an
E/T ratio of 2.0.

The relative extent of CD8+ cell anti-HIV-1 activity also
correlated significantly with the absolute number of peripheral
blood CD4+ cells in each subject (Spearman rank coefficient
Rho = 0.682, P = 0.0001) (Fig. 1 B). CD8+lymphocytes from
individuals with less than 400 CD4+ cells/Al were unable to
inhibit HIV- 1 replication at the 0.05 E/T ratio, and CD8+ cell
effectors from 1-0 of 12 (83%) of those with 200 CD4+ cells/,l
were unable to control replication at a 0.25 E/T ratio. In con-
trast, > 50% (11 of 20) of the individuals with more than 600
CD4+ cells/hl exhibited CD8+ cell anti-HIV control at the
0.05 E/T ratio.

When five individuals (four asymptomatic and one AIDS)
were evaluated for anti-HIV activity on return visits over a
period of time (up to 15 mo in one case), little or no change in
the number of CD8+ lymphocytes required to inhibit HIV-1
replication was observed (Fig. 2). In each case the subject's
clinical state remained unchanged and their CD4+ cell counts
fluctuated by less than ±90/jsl (data not shown). These results
indicate that the extent of CD8+ cells anti-HIV-1 activity can
be stable for many months.

The relative extent of CD8+ cell anti-HIV activity is not
dependent on the HI V-I strain. To determine whether the rela-
tive ability of an individual's CD8+cells to inhibit HIV replica-
tion in their autologous naturally infected CD4+ cells was de-
pendent on the target cell or characteristics of the virus, two
types of experiments were performed. First, CD8+ lympho-
cytes from selected HIV-infected individuals were evaluated
for their relative antiviral activity against naturally infected
CD4+ cells from other individuals suspected to have different
virus loads. The results indicated similar levels of CD8+ cell
antiviral activity with the CD4+cell targets used (Fig. 3). These
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Figure 2. Extent of CD8+ cell anti-HIV-1 activity exhibited by five
different subjects over time. The clinical state of each subject re-

mained unchanged over the period of time indicated. Four subjects
were asymptomatic and one had Karposi's sarcoma (- x -).

experiments were possible because the particular CD8+ cell
anti-HIV function under study does not require HLAcompati-
bility with the target CD4+ cells to inhibit HIV- 1 replica-
tion (16).

In the first experiment (Fig. 3 A), the results showed that the
CD8+ cells of subject 1 inhibited HIV- 1 replication in autolo-
gous targets by > 90% at the E/T ratio of 0.05. Subject 2's
CD8+ cells, however, inhibited HIV-1 replication in autolo-
gous targets by 92% only at the highest E/T ratio tested, 1.0.
When subject 2's CD8+ cells are titrated against subject l's
CD4+ targets (hence, subject l's virus and virus load), the re-
sultant titration curve closely parallels that seen when these
CD8+ cells are titrated against autologous (subject 2) targets.

In the converse experiment (Fig. 3 B) analogous results
were obtained. Subject 4's CD8+ lymphocytes were able to
control HIV- 1 replication in subject 3's CD4+targets to a simi-
lar extent as they controlled virus replication in the autologous
CD4+targets. Moreover, when the analogous comparison was
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performed in a third experiment (Fig. 3 C) assaying the relative
extent of CD8+ cell anti-viral activity from an AIDS patient
(subject 6) and an asymptomatic subject (subject 5) against
both subjects' CD4+cells, the results confirmed that the degree
of CD8+ cell anti-HIV-l activity is not dependent on which
CD4+ cell targets are used.

The second approach considered the possible influence of
the CD4+ cell, the number of infected cells, or the virus strain
on the results. It involved measuring the CD8+ cell anti-HIV
activity using acutely infected CD4+lymphocytes from H IV- I
seronegative donors as the target cell population. The infected
subjects' CD8+ lymphocytes were the effector cells. Results
with seven subjects analyzed with this acute infection assay
system are summarized in Fig. 4. In each case the anti-HIV- I
activity measured in the acute infection assay indicated a re-
quirement for 2-5 times more CD8+ effector cells compared
with the number needed to suppress virus in the "naturally
infected" (endogenous) assay. Most importantly, however, indi-
viduals whose CD8+ cells exhibit control at low E/T ratios
against autologous naturally infected CD4+targets also inhib-
ited virus at comparably low E/T ratios in the acute infection
assay. Thus, subjects A-D who control at E/T ratios 0.10, 0.05,
0.05, and 0.10, respectively, in the endogenous assay suppress
at 0.5, 0.10, 0.25, and 0.25 E/T ratios, respectively, in the acute
infection assay. In contrast, subjects E, F, and G, who each
exhibit anti-HIV control at a 0.50 E/T ratio in the endogenous
assay, required E/T ratios of 2.0, 4.0, and 2.0, respectively, in
the acute infection assay.

Discussion

The potential clinical relevance of the antiviral activity exhib-
ited by CD8+ lymphocytes (16) from HIV- 1 seropositive indi-
viduals was investigated. The results indicate that the degree of
CD8+ cell anti-HIV-l activity correlates significantly with a
subject's clinical state and with the number of peripheral blood
CD4+ cells present. Asymptomatic individuals exhibit the
highest amount of CD8+ anti-HIV activity, followed by ARC
patients, and then AIDS patients who showed the least anti-
HIV activity (Fig. 1 A). In general, most AIDS patients re-
quired 5-10 times the number of effector CD8+ cells to sup-
press HIV-l replication than did asymptomatic individuals;
some needed as many as 20-40 times more. In addition, CD8+
cells from several asymptomatic subjects, when mixed with

4.0 - Figure 4. Extent of4.0 CD8+ cell anti-HIV-l
2.0- activity as measured by

= 1.0 the endogenous virus
and the acute virus in-

0.5 -fection assays. Open
- 0 25- bars (o) represent results

obtained when anti-0.1- HIV-1 activity by the

0.05- subject's CD8+ cells
was titrated against au-

A a C D E F 6, tologous naturally in-
SUEUECT fected CD4+ cells (en-

dogenous virus assay).
Dark bars (i) represent results obtained when the CD8+ lymphocytes
from the same individual were titrated against CD4+ lymphocytes
acutely infected with HIV-lSF33 (acute virus infection assay).

CD4+ targets at the E/T ratio of 0.05, inhibited RTactivity by
97% or greater (data not shown). This finding indicates that
they most likely could suppress HIV- 1 replication at even
lower E/T ratios. This relative extent of CD8+ cell anti-HIV
activity was stable over a period of time in individuals whose
clinical state did not change (Fig. 2). Since this anti-HIV-l
activity reflects the clinical state, and the absolute number of
CD4+ cells decreases as an infected individual progresses from
an asymptomatic state to disease (27), the correlation of CD8+
cell anti-HIV activity with CD4+ cell counts was not unex-
pected (Fig. 1 B).

To evaluate further why most symptomatic individuals
(ARC and AIDS subjects) exhibited diminished anti-HIV activ-
ity with their CD8+ cells, we examined the influence of the
CD4+ cell target and the virus. Previous work in our labora-
tory, for example, had shown that individuals who progress to
disease have a rapidly replicating HIV-1 strain that grows to
high titer in culture (28). The results of two different ap-
proaches indicated no effect of variations of the CD4+ cell
target, virus load, or virus strain on the CD8+cell response. A
subject's CD8+ lymphocytes maintained a similar level of anti-
HIV control whether their activity was titrated against natu-
rally infected CD4+ targets from a subject with good anti-HIV
control or one with poor anti-HIV control (Fig. 3). Moreover,
comparable results were obtained with the endogenous virus
assay system and the acute infection assay (Fig. 4) in which a
highly cytopathic HIV- 1 strain was used. Since, in the latter
study the same target CD4+ lymphocytes were acutely infected
with the same stock of virus under identical conditions, the
potential variability due to different CD4+ cells, HIV-l vari-
ants, or the number of infected target cells was avoided. The
difference in magnitude of anti-HIV activity needed to control
HIV- 1 replication in the acute versus the endogenous assay
may reflect an increased number of infected CD4+ cell targets
in the acute system, or a different mechanism needed to inhibit
HIV- 1 replication from a proviral state versus acute virus infec-
tion.

The diminished levels of anti-HIV activity could result
from either a defect in CD8+ cell function or the selective loss
of a particular CD8+ subpopulation(s) (29). The latter may
involve a lack of CD4+ T cell help often found in HIV-l-in-
fected individuals who have progressed to disease (30, 31) and
is supported by the lower numbers of CD4+ cells observed.
Alternatively, the decrease in antiviral activity exhibited by
ARCand AIDS patients could be a consequence of reduced
mitogen responsiveness by their lymphocytes (32). These possi-
bilities are under study.

In any case, the findings suggest that decreasing CD8+cell
anti-HIV activity plays a role in progression to disease by not
controlling HIV replication in vivo. The observations could
explain the relatively low virus loads found in healthy individ-
uals as compared to AIDS patients (33). A major objective now
is to determine the underlying cause(s) of the deterioration of
CD8+ cell function in HIV-infected individuals.
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