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Increased LAK activity against HIV-infected cell lines in HIV-1 + individuals
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SUMMARY

The role of natural killer (NK) cells and their inducible counterparts, lymphokine-activated killer
(LAK) cells in AIDS with regard to HIV- I viral immunosurveillance and the control of secondary
opportunistic disease has yet to be established. In this study, we have demonstrated that LAK cells
derived from all HIV- I + groups showed striking increases in their capacity to lyse HIV- I -infected U-
937 cells relative to their uninfected U-937 counterparts. Surprisingly, similarly derived LAK cells
from healthy seronegative controls showed no differences in their lysis of HIV- 1-infected versus
uninfected U-937 cells. The differential ability of LAK effectors from seropositive donors to lyse
HIV-l-infected targets was demonstrable using a number of U-937 subclones and their HIV-1-
infected counterparts. Again, no differences in LAK cell-mediated lysis of HIV-l-infected and
uninfected U-937 subclones were observed in seronegative individuals. Our findings that HIV-l +
individuals show selective expansion of non-MHC restricted, HIV-l-directed cytotoxic LAK cells
indicate that natural immunity may indeed play a role in HIV-1 viral immunosurveillance.
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INTRODUCTION been observed in HIV-l + individuals with AIDS and persistent
generalized lymphadenopathy (PGL) when compared with

The immunopathogenesis of AIDS has been primarily asso- healthy seronegative and asymptomatic HIV-1+ populations
ciated with a selective depletion of CD4-expressing T cells due to [5-12]. The effects of changes in natural immunity on disease
their susceptibility to HIV-1 [1]. The clinical course of AIDS course have yet to be established. Observed decreases may
following HIV-1 infection has been shown to include a long render seropositive individuals more susceptible to opportunis-
asymptomatic period (typically 3-5 years). Cellular and tic diseases. Conversely, NK cell responses may be detrimental
humoral immune mechanisms may play a role in limiting viral to seropositive populations. NK cells may potentially recognize
replication and opportunistic diseases. Elucidation of HIV- and destroy virally infected CD4 cells or virally coated by-
specific immune responses in early phases of AIDS and their stander uninfected cells [13-15].
associated changes with progressive immunocompromise is IL-2 has been shown to play a central role in stimulatingNK
crucial. cell proliferation, differentiation and cytolytic activities. IL-2 in

Natural killer (NK) cells and their inducible counterparts, HIV-1 + individuals has been observed to restore partially in
lymphokine-activated killer (LAK) cells have been shown to vitro NK and ADCC functions [5,6,16]. A novel class of
elicit a number of broadly reactive and non-MHC-restricted effectors, LAK cells, have been generated via ex vivo incubation
cytolytic responses to virally infected and tumour targets [2-4]. of peripheral blood lymphocytes (PBL) with IL-2 [17,18]. These
These responses includeNK activity, antibody-dependent cellu- LAK cells have been shown to mediate unique cytolytic
lar cytotoxicity (ADCC), and LAK activity. Phenotypically, activities killing both NK-sensitive and NK-resistant targets.
NK cells express an array of NK-associated surface markers NK cells have been demonstrated to be the primary progenitors
(CD56+, CD16+, CD57 ) while lacking T-associated markers, and effectors of inducible LAK cell responses [19-21]. LAK
including CD3, the T cell receptor, and CD4, the HIV-1 viral cells, expressing NK antigenic phenotype, have also been
receptor [2-4]. induced in vivo following IL-2 therapy [22-25].

Patterns of decreased peripheral blood NK activity, ADCC The relative abilities of inducible LAK cells to evoke anti-
responses and circulating CDl6+ and CD56+ NK subsets have tumour and anti-viral cytolytic responses in seropositive popu-

lations have not been identified to date. Recent investigations in
Correspondence: Dr Bluma Brenner, Lady Davis Institute-Jewish our laboratory have shown a diminished efficacy of PBL derived

General Hospital, 3755 Cote Ste-Catherine Road, Montreal, Canada from HIV-I+ individuals to generate cytotoxic LAK cells
H3T 1E2. against K562, RAJI and U-937 targets [13,26]. In this study we
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have contrasted the ability of HIV-l + and HIV-l - individuals LAK cells were adjusted to give appropriate E:T ratios in
to generate LAK cell effectors cytotoxic to the U-937 cell line, triplicate wells of U-bottomed 96-well microdilution plates.
isolated U-937 subclones, and their HIV-l-infected counter- Spontaneous isotope release was determined from control wells
parts. LAK cells derived from all HIV-I+ subgroups showed containing only target cells, and maximum release was deter-
significantly increased cytolysis ofHIV-I-infected U-937 targets mined by the addition of 2% Triton-X-100 to appropriate cells.
relative to their uninfected counterparts. It should be empha- This spontaneous release represented approximately 20% total
sized that these enhanced non-MHC-restricted, HIV-directed release. The percentage ofcytotoxicity was calculated according
lytic responses were restricted to seropositive individuals. to the formula: % cytotoxicity= (test sample release - sponta-

neous release)/(maximum release -spontaneous release).
PATIENTS AND METHODS Exponential regression analysis of subjects' cytolytic activi-

ties monitored at 5-6 E:T cell ratios was performed using
Study subjects computer software kindly provided by Dr H. F. Pross [31].
Blood samples were obtained upon informed written consent Cytolysis was calculated according to equation y= A (1- e-)
from HIV-I+ individuals receiving treatment at our dental where y= fractional chromium release, x= E: T ratio, k = nega-
clinic. Our study group consisted primarily of seropositive tive slope constant derived from plotting In (A -y) (i.e. target
homosexuals. Clinical status of these individuals was estab- survival) versus x, and A = asymptote of the curve. A and k are
lished according to standardized guidelines established by the independent parameters with A representing the maximal
Centres for Disease Control (CDC) [27]. The CDC2 subgroup amount of cell-mediated lysis and k representing the relative
included HIV-1 + individuals with no signs or symptoms of lytic potential of lymphocytes. Using A and k, the equations
AIDS. The CDC4D subgroup consisted of seropositive indi- were solved for 20% cytolysis of 10 000 targets, inverted, and
viduals with Kaposi's sarcoma who were otherwise asymptoma- multiplied by 100 to yield LU20 values.
tic. The CDC4CD subgroup included overt AIDS patients with When indicated, lymphocyte counts and LAK cell recoveries
two or more AIDS-associated secondary opportunistic infec- were incorporated with LU20 values to yield absolute LU20
tions (OI+, CDCCI and C2) and/or cancers (CDC4D) (e.g. values, that represented the overall LAK cell lytic potential per
Kaposi's sarcoma (KS), Pneumocystis carinii pneumonia, oral millilitre of blood. Absolute LU20= (lymphocyte count (cells/ml
candidiasis, oral hairy leukoplakia, and/or disseminated blood) x lymphocyte recovery (ratio of lymphocytes day 6/
herpes). The CDCO subgroup was comprised of age-matched day 0) x observed LU20)/100 [26].
healthy, HIV-l - individuals recruited from hospital personnel.

Depletion ofNK cells from PBL
Effector cells Prior to LAK cell generation, PBL were depleted ofCD56+ NK
Venous blood was collected in heparinized tubes and PBL were cell subsets using Leu-19 (Becton Dickinson, Mountain View,
isolated by Ficoll-Hypaque (Pharmacia, Piscataway, NJ) den- CA) and goat anti-mouse immunoglobulin. Briefly, PBL (8-
sity gradient centrifugation [28]. LAK cells were generated by ex 10 x 106 cells/ml) were incubated in RPMI- 1640 media contain-
vivo incubation of PBL (106 cells/ml) in RPMI-1640 (GIBCO, ing 1% FCS and Leu-19 (20 pl/106 cells) for 30 min at 4°C. After
Grand Island, NY) complete medium containing 10% decom- washing twice in HBSS (GIBCO), an excess (40 beads/cell) of
plemented fetal calf serum (FCS), 15 U/ml IL-2 (Boehringer- magnetic goat anti-mouse-coated IgG beads (Fc specific,
Mannheim, Mannheim, West Germany), 2 mm glutamine, 100 Advanced Magnetics, Cambridge, MA) was added. Following a
U/ml penicillin, 100 pg/ml streptomycin, and 10 mM HEPES for 30 min incubation on ice, those cells bound to magnetic beads
5-6 days at 37°C. On the day of assay, LAK cells were washed were removed using a magnetic separator (Advanced Mag-
twice in complete media. netics). This depletion was then serially repeated using 20 beads/

cell. Depleted PBL were then used to generate LAK cells as
Target cells previously described.
The U-937 cell line was obtained from the American Type
Culture Collection (ATCC, Rockville, MD). UC subclones Flow cytometric analysis
were derived by a two time limiting serial dilution, seeding 0 15- Distributions of CD4, CD8, CD57 and CD56 antigens on PBL
0 5 cells/well in 96-well microtitre plates [29]. The IllB strain of and LAK cells were ascertained by cytofluorometric analysis
HIV-1 (kindly supplied by R. C. Gallo, NIH, Bethesda, MD) using an EPICs analyser (Coulter Electronics, Burlington,
was used to infect the parental U-937 'and UC subclones as Ontario). Cells were stained with relevant FITC or PE-
previously described using a multiplicity of infection of three conjugated MoAbs (Coulter Electronics, Burlington, Ontario
ED5o/cell [29,30]. Murine MoAbs to HIV-1 viral proteins p17 and Becton Dickinson).
and p24 (supplied by R. C. Gallo) and fluorescein-labelled goat
anti-mouse immunoglobulin (Miles Laboratories, Ekhart, IN) Statistical analysis
were used to quantify the percentage of HIV-l-infected cells Cytolytic parameters, lymphocyte subset distributions, and
[30]. Virtually all chronically infected cells expressed HIV- 1. All lymphocyte counts were monitored in individual subjects with a
cell lines were passaged twice weekly. single determination for any individual in any given population.

Throughout the text and tables, data are represented as mean
Cytotoxicity assays values + s.e.m. Levels of activities and subset distributions were
LAK activity was monitored using 18 h chromium release comparedusingonewayANOVA.Whereasignificant overall F
assays with LAK cells as effectors (E) and 51Cr-labelled tumour value was obtained, post hoc comparisons were done using
cell lines as targets (T). Target cells were labelled with 150 pC Tukey and Newman-Keuls tests. Comparisons of cytolytic
sodium 51Cr-chromate (ICN Biochemicals, Montreal, Canada). parameters (LU20 values) of U-937 targets versus their HIV-
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infected counterparts were monitored using paired t-tests. LAK LAK cell-mediated cytolysis ofparental U-937 targets
activities measured over a range of E: T ratios were compared in As depicted in Fig. 1, LAK cell-mediated cytotoxicity of
control and HIV-I + populations using two-way ANOVA. uninfected U-937 targets progressively declined with disease
Similarly, LAK activities monitored in parallel against HIV-1- progression (F=4-7, df=84, P<0 01). Cytolysis of U-937
infected and uninfected targets were contrasted using two-way targets was significantly reduced in seropositive individuals with
ANOVA. Statistical comparisons were calculated using soft- overt AIDS (CDC4CD) when compared with asymptomatic
ware obtained from Systat Inc. (Evanston, IL) and Lionheart seropositive (CDC2) and seronegative (CDC0) controls
Press (Alburg, VT). (P=0 005 and 0 037, respectively, Tukey tests). As shown in

Fig. 1, the ability of seropositive individuals to lyse HIV-1-
infected U-937 cells was significantly enhanced relative to

RESULTS uninfected U-937 cells (P=0 001, 0-038, and 0 001 for CDC2,

Cytotoxic lymphocyte distribution in AIDS CDC4D and CDC4CD groups, respectively, paired t-tests). In
The relative numbers and subset distributions ofPBL and LAK direct contrast, there was no differential susceptibility ofHIV- I -
cells from HIV- 1- (CDCO) and HIV- I + CDC2 (asymptomatic), infected and uninfected U-937 targets to lysis by LAK effectors
CDC4D (KS), and CDC4CD (AIDS, OI+) subgroups are isolated from healthy seronegative controls. There were signifi-
shown in Table 1. PBL numbers declined with increasing cant differences in the overall ability to lyse HIV-l-infected
duration of HIV-l infection (F=7 1, df=80, P<0 001). LAK targets among groups (F=4 9, df=84, P<0 01). Post hoc
cell recoveries on a per cell basis, however, were similar in all Tukey tests (P < 0 05) yielded significant differences between
subgroups (F= 1-7, df= 80). Flow cytometric analysis indicated CDC2 (asymptomatic) and CDC4CD (AIDS, OI+) groups.
that the proportion of CD4-expressing cells progressively The absolute lytic potentials of LAK cells from seropositive
declined with advancing disease for PBL (F=66 7, df=41, and seronegative individuals were estimated by incorporating
P<0001) and LAK cells (F=33-8, df=41, P<0001). Con- PBL lymphocyte counts and LAK cell recoveries into the
versely, significant increases in the proportions of CD8 + PBL calculated LU20 cytolytic values (Fig. 2). Absolute lysis of
(F= 23-0, df= 41, P < 0 001), CD8+ LAK cells (F= 3-6, df= 41, uninfected U-937 cells declined progressively with increasing
P < 0 05), CD57+ PBL (F= 12 5, df= 41, P <0001), and duration of infection (F= 6-7, df= 84, P < 0 001). The CDC4CD
CD57+ LAK cells (F=6 3, df=41, P<0 001) were observed in (AIDS) group showed significantly less absolute U-937 lysis
seropositive subgroups. CD57 was not representative of NK than CDC2 (asymptomatic) and seronegative (CDCO) groups
cells since only 11+1% of CD57+ LAK cells co-expressed (P=00043 and 0001, respectively, Tukey tests). The overall
CD56 whereas 42 + 3% ofCD57+ LAK cells co-expressed CD8. susceptibility of HIV-l-infected relative to uninfected U-937
It should be emphasized that corresponding proportions of targets was significantly increased in all seropositive individuals
CD56-expressing PBL (F= 093, df= 41) and CD56-expressing (paired t-tests). There were significant differences in absolute
LAK cells (F= 0 63, df= 41) from seronegative and seropositive lysis of HIV- 1-infected U-937 targets among groups (F= 36,
subgroups showed no significant differences. df= 84, P < 0 01). Absolute lysis of HIV-1 -infected targets in the

CDC4CD (OI+) group was significantly less than the CDC2
(asymptomatic) group (P=0 014, Tukey test).

Table 1. Lymphocyte counts, lymphokine-activated killer (LAK) cell
recoveries, times following HIV- I seroconversion, and subset distribu-

tions in HIV-I + and HIV-1 - populations
350

CDC classification groups
HIV+ 300

HIV-
CDC0 CDC2 CDC4D CDC4CD 250

(19) (25) (7) (33) >

PBLcount 17+1 15±1 14+3 10±+11,2 200
LAK recovery 65±4 52+5 48±8 51+5
Time HIV+(years) NA 26±+0-3 3-0+09 39+040' 150

Subsets (%) (10) (11) (5) (19) 100 -
CD4PBL 45+2 24+2' 12+41 2 9+212
CD56PBL 6+1 5+2 7+3 8+2
CD56LAK 9+1 7+2 11+4 10+ 1 50

CD8LAK 28+23 40+3 51+8 36+4 19 29 7 3
CD57 LAK 4+13A 15+24 24+7 28+4 0 0 2 _ _c _

HIV 2 HIV+
PBL count (cells/mi blood x 10-5), LAK cell recovery (% day 6/day CDC classification

1), and selected lymphocyte subset distributions (%) in PBL or LAK
cells are given. Number of subjects are indicated in parentheses. Fig. I. Lymphokine-activated killer (LAK) cell activity (LU2o values)

1,23,4Values are significantly less than healthy controls' (CDCO), against the uninfected (-)and HIV-l-infected (0)U-937 cell lines using
HIV-1+, CDC22, CDC4D3, orCDC4CD4. LAK cells from healthy control (CDCO) and HIV-1 + individuals

NA, not applicable; PBL, peripheral blood lymphocytes. (CDC2, CDC4D and CDC4CD).
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HIV- HIV+ U-937 subclones

CDC classification Fig. 4. Average target cell lysis (LU20 values) of uninfected (0) and HIV-

Fig. 2. Absolute target cell lysis of uninfected (-) and HIV-l-infected liii1-infected (-) U-937 subclones, UCi 1, UC12, UC18, using lympho-
(0) U-937 targets in HIV-1 - (CDCO) and HIV-1 + individuals (CDC2, kine-activated killer (LAK) cells derived from 10 HIV-l + individuals.
CDC4D, and CDC4CD). Absolute lysis incorporates peripheral blood
lymphocyte (PBL) counts, lymphokine-activated killer (LAK) cell
recoveries, and LU20 values as described in Patients and Methods. LAK cell-mediated cytolysis of U-937 subelones

LAK cells from eight healthy seronegative and 10 seropositive
individuals were simultaneously assayed for their ability to lyse

300 uninfected and HIV-l -infected UCl 1, UC12 and UC1 8 sub-
clones (Fig. 4). Cytolysis ofHIV-l -infected UC 18 subclones was

250 significantly greater than corresponding lysis of uninfected
UC18 cells using LAK effectors from seropositive individuals

200 (F=6 18, df=1 36, P<0 05 for the CDC2 subgroup and
4 200 r l l F= 6-68, df= 1 48, P < 005 for the CDC4 subgroup). Cytolysis

of HIV-I -infected UC12 subclones relative to their uninfected
.1 150 counterparts was higher in asymptomatic seropositives

(F= 3 26, df= 1 24, P= 0-08). No significant differences, how-

c 100 ever, were observed in the corresponding lysis of uninfected and

X' HIV- I-infected UC 1 cells in these same seropositive groups
(F= 0 10 and 0 43 for CDC2 and CDC4CD subgroups, respect-

50 LI ively). There were no significant differences in the ability of
jfljfl- -seronegative controls (CDCO) to lyse HIV-1-infected UCl ,

0 _ L _ L X_---- ~UC12 and UC1 8 targets relative to their uninfected counter-
U-937 U-937 U-937-HIV U-937 U-937-H1Vzb parts (F=1 00, 040, 0 65, HIV-1-infected versus uninfected
CDCO CDC2 CDC4 UCl 1, UC12 and UC18 targets, respectively).

Fig. 3. Lymphokine-activated killer (LAK) cell activity (LU20 values) Levels of cytolysis of uninfected UC12 cells were signifi-
against uninfected and HIV-1111B-infected U-937 targets by LAK cells cantly less than corresponding levels of UC11 and UC1 8
derived from peripheral blood lymphocyte (PBL) or PBL depleted of cytolysis (P< 0-1, paired t-tests). In this regard, UC12 are
CD56-expressing cells. Values represent the mean values for five CDCO, considerably larger and show a significantly slower doubling
three CDC2 and five CDC4CD subjects. 0, LAK; U, CD56-depleted time than parental U-937, UCl 1 and UC1 8 cell lines [29].
LAK.

DISCUSSION

CD56+ cells are the progenitors of cytotoxic LAK cells against The ability of ex vivo-induced LAK cells to elicit potent anti-
U-937 and U-937 HIV targets viral and anti-tumour immune responses has generated interest
As depicted in Fig. 3, CD56 cell depletion diminished LAK cell as their prognostic relevance in vivo and their potential useful-
function directed against both U-937 uninfected and HIV-l- ness in immunotherapy. In this study, cytotoxic LAK cells from
infected U-937 targets in all subgroups. The relative proportion healthy control and HIV-1 + populations were generated using
of CD56-expressing cells in residual LAK cells from CD56- 15 U/ml IL-2. This IL-2 concentration corresponds to in vivo
depleted PBL still represented 50% of the corresponding steady state concentrations contained in the serum of patients
proportions of CD56-expressing LAK cells from undepleted receiving IL-2 therapy [22]. Low IL-2 concentrations, both in
PBL (unpublished results). This may explain the failure to vitro and in vivo, have been shown to selectively augment NK
obtain complete abrogation of LAK cell function upon CD56 cell responses in AIDS and healthy control populations with no
cell depletion. concurrent enhancement of T cell responses [23,32-34].
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Confirming our initial observations [13,26], we have found
that inducible LAK cell function against both uninfected and
HIV-infected U-937 targets was severely impaired in HIV-l +
individuals with overt AIDS (CDC4CD) when compared with
healthy seronegative controls. In contrast to our earlier studies
[10,26], the cytolytic potential of LAK cells derived from the
asymptomatic (CDC2) seropositive individuals generally fell
within the range of healthy controls. Since LU20 values from
both the healthy seronegative and overt AIDS group have not
significantly changed from our previously obtained values, our
larger asymptomatic population may now have included indi-
viduals with improved clinical status by way of earlier detection
and improved treatments. This is the first comprehensive study
of inducible LAK cell function in seropositive individuals. We
are currently aware ofonly one other study ofLAK cell function
in AIDS where no significant differences in LAK activity against
K562 and RAJI targets were observed in nine patients with
AIDS as compared with seronegative controls [35].

We have observed a differential enhancement of LAK cell-
mediated lysis of HIV-1 -infected targets relative to their unin-
fected counterparts in seropositive populations. Corresponding
increases in lysis of HIV-l-infected cells were absent in healthy
seronegative individuals. Other studies have demonstrated that
NK cells from seronegative heterosexuals, seronegative and
seropositive homosexuals lyse HIV-1-infected targets more
effectively than corresponding uninfected targets [2,36-41]. The
observation of elevated NK cell-mediated, HIV- I -directed lysis
was dependent upon the target cell line and the HIV-l strain
[36,40,41]. Enhanced susceptibility of HIV-1-infected targets
involved NK cells with or without accessory HLA-Dr-express-
ing cells [36]. These observations combined with our present
findings strongly suggest that multiple cytolytic effector subsets
and pathways mediate NK and LAK cell-mediated cytolysis of
HIV-l-infected targets. Furthermore, this study has shown that
HIV-l-directed LAK effectors were preferentially activated in
HIV-I + individuals.

It should be emphasized that the absence of HLA-matched
targets strongly negates the involvement of classic viral specific
cytotoxic T lymphocytes (CTL) in the HIV-l-directed lysis
observed in this study. Increased lysis of HIV-l1IIB-infected
relative to uninfected targets was demonstrable in 79 HLA-
unmatched seropositive individuals. Lysis of uninfected and
HIV-1-infected targets was diminished in CDC2 and CDC4CD
subgroups upon depletion ofCD56-expressingNK cells. Recent
studies in our laboratory have identified the emergence of novel
CD8-expressing LAK cytotoxic cells in asymptomatic (CDC2)
seropositive individuals (manuscript submitted for publication).
These CD8 subsets did not, however, elicit conventional MHC-
restricted CTL responses. Lysis of K562, a target lacking both
class 1 and 2 MHC determinants, was reduced upon CD8 cell
depletion (unpublished results). Thus both CD56 and CD8 non-
MHC responses contributed to elevated LAK cell-mediated
responses to HIV- 1-infected targets in asymptomatic seroposit-
ives. Only CD56 responses mediated elevated HIV-1-directed
responses in overt AIDS patients.

Our findings have shown that the enhanced susceptibility of
HIV-l-infected U-937 targets was not universal. The same
individuals that showed elevated lysis of HIV-I-infected UC12
and UC18 clones relative to their uninfected counterparts,
showed no corresponding enhanced lysis of HIV-infected UC 1I
subclones. In this regard, UC I1 is an interesting variant,

showing less accumulated viral DNA, long latency to HIV-1
infection, and reduced levels of Sendai virus-inducible tumour
necrosis factor-alpha (TNF-cx) mRNA [29]. This target may be
particularly useful in defining the target structures that mediate
HIV- I directed LAK cell-mediated cytolysis.

Reasons for the impairments of NK and inducible LAK
activities in HIV-1 + individuals remain unclear. It has been
suggested that defective NK cytolytic machineries contribute to
diminished NK cell function in AIDS subjects [11,12]. Other
groups have reported that NK cells can be susceptible to in vitro
HIV- I infection despite their failure to express CD4 mRNA or
surface CD4 [5,40,41]. Our findings confirm other studies that
have indicated overall reductions in circulating CD56-express-
ing subsets in PBL of seropositive individuals [5,14,15]. We
have, however, found no significant differences in the relative
proportion of inducible CD56-expressing LAK cells in sero-
positive populations that could account for observed reductions
in their LAK cell function.

A number of distinct cellular mechanisms have been impli-
cated in HIV-1 immunosurveillance. These include cytotoxic
function mediated by CTL [11,42,43], ADCC [6-8,44] and NK
activity [5,22-24]. Our findings [6,13,21] indicate that inducible
non-MHC-restricted LAK activity derived from NK cell proge-
nitors can also elicit anti-HIV responses. The emergence of
novel HIV-1-directed immune responses in seropositive indi-
viduals indicates that they can contribute to the disease process.
Whether these HIV- 1-directed responses are beneficial or
detrimental to AIDS progression awaits further study. Using
our U-937 subclones and their HIV-i-infected counterparts, we
have demonstrated that the differential cytotoxicity of HIV-1-
infected targets relative to their uninfected counterparts is
dictated both by the particular HIV-I-infected target and the
source and inducibility of the effector cell population. These
subclones will be particularly useful in the further identification,
characterization and expansion of HIV-1-directed cytolytic
effectors.
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