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ABSTRACT

Increasing data suggest that NK cells can mediate antiviral activity in HIV-1-infected humans, and as such, novel approaches
harnessing the anti-HIV-1 function of both T cells and NK cells represent attractive options to improve future HIV-1 immuno-
therapies. Chronic progressive HIV-1 infection has been associated with a loss of CD4� T helper cell function and with the accu-
mulation of anergic NK cells. As several studies have suggested that cytokines produced by CD4� T cells are required to enhance
NK cell function in various infection models, we hypothesized that reconstitution of HIV-1-specific CD4� T-cell responses by
therapeutic immunization would restore NK cell activity in infected individuals. Using flow cytometry, we examined the func-
tion of CD4� T cells and NK cells in response to HIV-1 in subjects with treated chronic HIV-1 infection before and after immu-
nization with an adjuvanted HIV-1 Gp120/NefTat subunit protein vaccine candidate provided by GlaxoSmithKline. Vaccination
induced an increased expression of interleukin-2 (IL-2) by Gp120-specific CD4� T cells in response to HIV-1 peptides ex vivo,
which was associated with enhanced production of gamma interferon (IFN-�) by NK cells. Our data show that reconstitution of
HIV-1-specific CD4� T-cell function by therapeutic immunization can enhance NK cell activity in HIV-1-infected individuals.

IMPORTANCE

NK cells are effector cells of the innate immune system and are important in the control of viral infection. Recent studies have
demonstrated the crucial role played by NK cells in controlling and/or limiting acquisition of HIV-1 infection. However, NK cell
function is impaired during progressive HIV-1 infection. We recently showed that therapeutic immunization of treated HIV-1-
infected individuals reconstituted strong T-cell responses, measured notably by their production of IL-2, a cytokine that can ac-
tivate NK cells. The current study suggests that reconstitution of T-cell function by therapeutic vaccination can enhance NK cell
activity in individuals with chronic HIV-1 infection. Our findings provide new insights into the interplay between adaptive and
innate immune mechanisms involved in HIV-1 immunity and unveil opportunities to harness NK cell function in future thera-
peutic vaccine strategies to target HIV-1.

Recent studies in mice and nonhuman primates have reported
that antigen-specific CD4� T cells can provide immunologi-

cal help not only to CD8� T cells and B cells but also to NK cells (1,
2). In humans, the potential of T cell-derived interleukin-2 (IL-2)
to enhance NK cell activation has been suggested in vitro in re-
sponse to influenza virus (3) and to Plasmodium falciparum infec-
tions (4) and in vivo in subjects receiving rabies virus vaccination
(5) or exposed to malaria (6, 7). Chronic HIV-1 infection is asso-
ciated with a loss of HIV-1-specific CD4� T helper cell prolifera-
tive responses and IL-2 production (8–11), and T helper cell func-
tion is only marginally restored in individuals with chronic
infection on suppressive antiretroviral therapy (ART) (12–14).
Furthermore, HIV-1 infection can significantly affect NK cell
function, leading to reduced ability to lyse target cells and to pro-
duce cytokines and chemokines (reviewed in reference 15). How-
ever, it remains unknown how the loss of antigen-specific CD4�

T-cell function affects NK cell responses in individuals with HIV-1
infection and whether NK cell function can be reconstituted in
chronically infected persons. As human NK cells can mediate anti-
HIV-1 activity (16–24), novel approaches harnessing the function
of both HIV-1-specific T cells and NK cells represent an attractive
option to improve future vaccines or immunotherapeutic inter-
ventions. Virus-specific T-cell proliferation can be restored by
therapeutic immunizations in individuals with ART-treated
chronic HIV-1 infection, and this functional recovery primarily

relies on increased HIV-1-specific T helper cell responses (10, 11,
25). Therefore, we assessed whether enhancing HIV-1-specific CD4�

T-cell function through therapeutic immunization could restore NK
cell activity in chronically HIV-1-infected individuals on antiretrovi-
ral treatment. Here, we show that IL-2-secreting HIV-1-specific
CD4� T cells play a critical role in activating NK cells in HIV-1-
infected subjects receiving an adjuvanted HIV-1 Gp120/NefTat sub-
unit protein vaccine candidate, highlighting an underappreciated co-
operative mechanism at play in HIV-1 infection.

MATERIALS AND METHODS
Study participants. We used cryopreserved peripheral blood mononu-
clear cells (PBMCs) derived from 17 subjects with chronic HIV-1 infec-
tion, including 6 subjects who were ART treated for �1 year, 5 with
untreated progressive disease, and 6 elite controllers (HIV-1 RNA below
the limit of detection of standard viral load assays [�50 copies/ml] for at
least 1 year) (Table 1) and from 13 ART-treated HIV-1-infected volun-
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teers participating in a double-blinded, randomized, placebo-controlled
clinical trial of GlaxoSmithKline (GSK) Vaccines’ HIV-1 Gp120/NefTat
subunit protein vaccine formulated with the AS02A adjuvant system
(ClinicalTrials.gov identifier NCT00117429) (8 received the vaccine, 3 the
placebo, and 2 the adjuvant alone) (Table 2) (25). A total of 13 subjects out
of the 20 (10 vaccine recipients and 10 placebo or adjuvant-alone recipi-
ents) enrolled in the original vaccine trial had samples available and were
included in this study. Among the 8 vaccinated individuals, postvaccina-
tion samples were from week 6 postimmunization for 7 vaccinees and
from week 14 for one subject. All postinjection samples from subjects
receiving the placebo were from week 6. The 13 subjects did not differ in
age, sex and CD4� T-cell counts and viral loads from the 20 individuals
originally enrolled in the study. The study was approved by the Massachu-
setts General Hospital (MGH) Institutional Review Board, and written
informed consent was obtained from each individual.

Analysis of CD4� T-cell and NK cell function. Cryopreserved
PBMCs were thawed and used directly or after CD4� T-cell depletion
using the EasySep human CD4� T-cell enrichment kit and the human cell
depletion procedure provided by the manufacturer (Stemcell Technolo-
gies). Whole or CD4� T cell-depleted PBMCs were incubated overnight
with 2 �g/ml of pools of 18-amino-acid (aa) peptides overlapping by 10 aa
and spanning either Gp120, Gag, or Nef HIV-1 proteins or with 2 �g/ml
of a pool of 15-aa peptides with an 11-aa overlap covering the complete
sequence of the pp65 protein of human cytomegalovirus (CMV) (Pep-
Tivator; Miltenyi) in the presence of 1 ng/ml of recombinant human IL-15
(rhIL-15), 1 �g/ml of CD28/CD49d costimulatory reagent, and 10 �g/ml
of isotype control, IL-2, or IL-12 neutralizing antibody. After 14 h, 0.9 nM
monensin and 5 �g/ml of brefeldin A were added for the last 6 h of
incubation. Incubation in the presence of 5 �g/ml of phytohemagglutinin
(PHA) or 200 U/ml of rhIL-2 alone or in combination with 1 ng/ml
rhIL-12 was used as the positive control. PBMCs were stained first with
the LIVE/DEAD fixable blue dead cell stain kit and then with CD3-Alexa
Fluor 700, CD4-Pacific Blue, CD16-allophycocyanin (APC)-Cy7, and
CD56-phycoerythrin (PE)-Cy7 to discriminate CD4� T cells and NK
cells. Finally, they were fixed, permeabilized, and stained with IL-2-PE-
CF594 and IFN-�-fluorescein isothiocyanate (FITC) antibodies to detect

intracellular cytokines. A fluorescence-minus-one (FMO) control and
PHA-stimulated PBMCs were used to set the gates for positive cytokine
responses. Acquisition of data was performed on a BD Fortessa. Data were
analyzed using Flow Jo v.7.6.5.

Quantification of cytokines. The concentration of IL-2 in the super-
natant was measured in duplicate using a Milliplex human cytokine/
chemokine 4-plex magnetic bead panel according to the manufacturer’s
instructions (Millipore). Samples were read on a Bio-Plex 3D suspension
array system (Bio-Rad) and xPonent software (Luminex) and analyzed
using Bio-Plex Manager software, version 6.0 (Bio-Rad). Extrapolated
values below the range of the standard curve were set at the assay detection
minimum (3.2pg/ml).

Statistical analysis. All bars in scatter dot plots represent median val-
ues. Column bar graphs represent means � standard errors of the means
(SEM). Statistical analyses were performed using GraphPad Prism soft-
ware, version 5.04. The nonparametric Wilcoxon signed-rank test was
used to assess longitudinal differences in immune functions in vaccinated
individuals and differences in cytokine production in response to various
peptides in HIV-1-infected subjects. The nonparametric Mann-Whitney
test was used to compare immune functions between vaccinated individ-
uals and control subjects. P values of �0.05 were considered significant.
Spearman’s rank correlation was used for correlation analysis.

RESULTS
NK cell responses to HIV-1 Gag correlate with IL-2 production.
To determine the significance of T-cell help for NK cell function in
HIV-1 infection, we initially investigated the impact of IL-2 pro-
duction by virus-specific CD4� T cells on NK cell activity in 17
HIV-1-infected individuals, including 6 subjects with ART-
treated chronic infection, 5 with progressive untreated infection,
and 6 elite controllers (Table 1). Stimulation of PBMCs with
HIV-1 Gag-derived and, to a lesser extent, with Gp120-derived
peptides led to significant production of IL-2 compared to that of
the unstimulated control (P � 0.002 and P � 0.02, respectively)
(Fig. 1A). As previously reported, elite controllers tended to have
a higher IL-2 response than individuals with chronic progressive
HIV-1 infection (9, 26–30) (Fig. 1B). Intracellular cytokine stain-
ing confirmed that IL-2 was released mainly by HIV-1-specific
CD4� T cells (Fig. 1C, upper row). However, a significant increase
in percentages of IL-2� CD4� T cells was observed in a subset of 8
individuals upon stimulation with Gp120 (P � 0.008) or Gag (P �
0.008) but not in the remaining 9 subjects, who also displayed a
low concentration (less than 3 times above the background) of
IL-2 in the supernatant in response to HIV-1 peptides. Impor-
tantly, stimulation of PBMCs with HIV-1-derived peptides also
translated into an overall significant increase in IFN-� production
by NK cells (P � 0.005 with Gag and P � 0.003 with Gp120
compared to the unstimulated control), notably in 5 out of those
8 individuals with documented IL-2� CD4� T-cell responses
(Fig. 1C, lower row, and D). In 3 subjects, percentages of IFN-��

TABLE 1 Characteristics of HIV-1-infected subjects

Characteristic

Value for:

Entire study
population (n � 17)

Study population by cohorta

CT (n � 6) CU (n � 5) EC (n � 6)

Median age (yr) 48 51 40 48
Gender (% male) 94 83 100 100
Median CD4 cell count (range) (cells/mm3) 533 (219-1,359) 373 (219–818) 458 (382–549) 1,076 (686-1,359)
Median viral load (range) (RNA cop/ml) 75 (48-30,000) 57 (48–81) 5,600 (2,057-30,000) 70 (48–271)
a CT, chronic treated HIV-1 infection; CU, chronic progressive untreated HIV-1 infection; EC, elite controllers.

TABLE 2 Characteristics of HIV-1-infected subjects enrolled in the GSK
vaccine trial

Characteristic

Value for:

Entire study
population
(n � 13)

Study population by
treatment group

Vaccine
(n � 8)

Placebo/adjuvant
(n � 5)

Age (median, yr) 48 49 41
Gender (% male) 69 50 100
Median duration of ARTa (yr) 11 11 11
Median baseline CD4 cell

counts (/mm3)
760 768 731

a Before study entry.
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NK cells in response to Gag peptides were also more than three
times above the background, although no increased production of
IL-2 could be detected. In those 3 individuals, additional factors,
including production of other key cytokines, might account for
the observed enhanced NK cell function. Among the 8 HIV-1-
infected individuals with increased NK cell responses, 3 were elite
controllers and 5 were subjects with chronic progressive infection,
including 4 who were ART treated. Accordingly, there were no
significant differences in IFN-� production between elite control-
lers and subjects with chronic HIV-1 infection (Fig. 1E). NK cell
responses to Gag stimulation correlated with the concentration of
IL-2 in the supernatant (Fig. 1F). In contrast, there was no corre-
lation between the percentages of IFN-�� NK cells and IL-2 pro-
duction in response to Gp120 peptides (P � 0.86, r � 0.005).
Thus, our data suggest that IL-2 production by HIV-1-specific
CD4� T cells is associated with increased NK cell activation and is
restricted to a subset of HIV-1-infected individuals.

Vaccine-induced IL-2 production by HIV-1-specific CD4� T
cells in response to HIV-1-derived peptides enhances NK cell
function. The lack of detectable HIV-1-specific CD4� T-cell re-

sponses observed in more than half of the HIV-1-infected subjects
studied here is in line with previously published work (8–11).
Therapeutic vaccine trials have demonstrated that HIV-1-specific
T helper cell responses can be enhanced by therapeutic immuni-
zations in individuals with ART-treated chronic HIV-1 infection,
resulting in the restoration of virus-specific T-cell proliferation
(10, 11, 25). In those studies, rescued proliferative activity of HIV-
1-specific T cells critically depended on the recovery of IL-2-se-
creting, HIV-1-specific CD4� T cells (11, 25). As accumulating
evidence suggests a role for IL-2-producing CD4� T cells in sup-
porting NK cell function (1–4, 6), we hypothesized that a loss of
CD4� T-cell help accounts for the impairment of NK cell re-
sponses in chronic HIV-1 infection.

To test this hypothesis, we investigated whether NK cell func-
tion could be restored in vivo by enhancing CD4� T-cell help in
ART-treated HIV-1-infected patients immunized with Glaxo-
SmithKline Vaccines’ HIV-1 Gp120/NefTat subunit protein can-
didate vaccine formulated with the AS02A adjuvant system (25)
(Table 2). PBMC samples collected before and after vaccination
were stimulated with HIV-1 Gp120- and Nef-derived peptides,

FIG 1 Increased production of IFN-� by NK cells correlates with IL-2 production in response to HIV-1 Gag. (A) Quantification of IL-2 in the supernatant after
20 h of incubation of PBMCs in the presence of HIV-1 Gp120- or Gag-derived peptides in 17 HIV-infected individuals, including 6 with chronic ART-treated
infection, 5 with untreated progressive infection, and 6 elite controllers. P � 0.05 (�) and P � 0.005 (��) compared to unstimulated PBMCs. (B) Each bar
represents the mean � SEM concentration of IL-2 in the supernatant for each cohort after stimulation with the indicated peptides. (C) Flow cytometry panels
show representative examples of IL-2 production by HIV-1-specific CD4� T cells (upper row) and IFN-� production by NK cells (lower row) after intracellular
staining. (D) Percentages of IFN-�� NK cells after 20 h of incubation of PBMCs in the presence of the indicated HIV-1-derived peptides. ��, P � 0.005 compared
with unstimulated PBMCs. (E) Each bar represents the mean � SEM IFN-�� NK cell percentages for each cohort after stimulation with the indicated peptides.
(F) Positive correlation between the concentration of IL-2 in the supernatant and the percentages of IFN-�� NK cells after 20 h of incubation of PBMCs in the
presence of Gag peptides (Spearman’s rank correlation test). Data are reported after background subtraction. Horizontal lines indicate the medians. Statistical
differences with P � 0.05 are indicated and were determined using the nonparametric Wilcoxon signed-rank test.

Therapeutic HIV Vaccination Enhances NK Cell Function

August 2014 Volume 88 Number 15 jvi.asm.org 8351

http://jvi.asm.org


and CD4� T-cell and NK cell responses were quantified. For each
subject, we analyzed the postvaccination sample corresponding to
the time point with the highest CD4� T-cell response to HIV-1
vaccine-matched peptides according to our previously published
data, which occurred either at 6 or 14 weeks postimmunization
(25). In line with the previous data (25), CD4� T cells from indi-
viduals receiving the therapeutic vaccine produced significantly
higher levels of IL-2 in response to Gp120 at 6 or 14 weeks post-
vaccination compared to the baseline, while there was no differ-
ence between those time points in response to Nef or in control
subjects receiving either adjuvant alone or placebo (Fig. 2A). Re-
markably, enhanced HIV-1-specific CD4� T-cell responses to
Gp120-derived peptides postvaccination were associated with a
more than one log increase in IFN-� production by NK cells (me-
dian percentages of IFN-�� NK cells were 0.05 at baseline versus
1.33 postvaccination; P � 0.02), whereas stimulation with Nef-
derived peptides did not lead to a significant rise in the percentages
of IFN-�� NK cells (median percentages of IFN-�� NK cells were
0.05 at baseline and 0.3 postvaccination; P � 0.3) (Fig. 2B).

In order to confirm that, as previously described for human
NK cell responses to other pathogens (3, 5–7, 31), NK cells require

signals, including IL-2, from HIV-1-specific CD4� T cells to re-
spond optimally to HIV-1-derived peptides, we stimulated CD4�

T cell-depleted PBMCs from 4 vaccinated subjects at 6 weeks post-
vaccination with Gp120 peptides. In accordance with a crucial role
for HIV-1-specific CD4� T cells in activating NK cells during
recall responses, the NK cell IFN-� response was either completely
abrogated or significantly decreased when CD4� T cells were re-
moved (Fig. 2C). As mentioned above, the ability of IL-2 derived
from pathogen-specific CD4� T cells to sustain NK cell function is
not restricted to HIV; therefore, stimulation with CMV peptides
also promoted IFN-� production by NK cells (Fig. 2C). As ex-
pected, percentages of IL-2-producing CD4� T cells in response to
CMV pp65 did not significantly differ between pre- and post-
HIV-1 therapeutic vaccination samples (median value at baseline
[n � 3], 0.005; range, 0 to 0.012; median value at week 6 postvac-
cination [n � 7], 0.006; range, 0 to 0.025). One subject did not
show any CD4� T-cell or NK cell response to CMV pp65 peptides
and most likely was never exposed to CMV. Depletion of CD4� T
cells was associated with decreased percentages of IFN-�� NK
cells yet did not entirely abrogate the NK cell IFN-� response,

FIG 2 Reconstitution of IL-2 production by therapeutic vaccination leads to enhanced NK cell function. Proportions of CD4� T cells that produce IL-2 (A) and
of NK cells that produce IFN-� (B) quantified by intracellular cytokine staining in response to Gp120- and Nef-derived HIV-1 peptides before (W0) and after
(W6/W14) vaccination. The plots on the left represent the vaccine group, while the plots on the right represent the control group. Values are represented before
and after vaccination for each subject. Statistical differences with P � 0.05 are indicated and were determined using the nonparametric Wilcoxon signed-rank
test. Data are reported after background subtraction. (C) Percentages of IFN-�� NK cells in PBMCs and CD4� T-cell-depleted PBMCs from 4 vaccinated
subjects postvaccination, stimulated with either HIV-1 Gp120 peptides (left) or CMV pp65 peptides (right). Statistical differences with P � 0.05 are indicated and
were determined using the nonparametric Wilcoxon signed-rank test. Data are reported after background subtraction. (D) Flow cytometry panels show
representative examples of IFN-� production by NK cells after intracellular cytokine staining of PBMCs that were left unstimulated or were stimulated with
Gp120 in the presence of either isotype antibody control or IL-2 and IL-12 blocking antibodies, as indicated, in a vaccinated individual at 6 weeks postimmu-
nization. (E) Relative percentages of IFN-�� NK cells after stimulation of PBMCs from 8 study subjects postvaccination with Gp120-derived peptides in the
presence of isotype control antibody, IL-2 neutralizing antibody, or IL-2 and IL-12 neutralizing antibodies, as indicated. Values are expressed relative to the
average percentage of IFN-�� NK cells in the absence of blocking antibodies after background subtraction, which was given the arbitrary value of 100%.
Displayed values are the means � SEM. Statistical differences with P � 0.05 are indicated and were determined using the nonparametric Wilcoxon signed-rank
test.
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probably due to the presence of IL-2-secreting CMV-specific
CD8� T cells.

Furthermore, increased IFN-� production by NK cells in vac-
cinated subjects was dependent not only on IL-2 but also on IL-12,
a central regulator of IFN-� production by NK cells (reviewed in
reference 32) required for optimal restoration of NK cell function
in response to IL-2 (Fig. 2D and E). Indeed, combined blockade of
both cytokines led to almost complete abrogation of NK cell re-
sponses to HIV-1 Gp120 at 6 or 14 weeks postvaccination (the
average decrease in relative percentages of IFN-�� NK cells was
34% in the presence of IL-2 neutralizing antibodies and 83% in
the presence of both IL-2 and IL-12 neutralizing antibodies, re-
spectively) (Fig. 2D and E). Accordingly, incubation of postvacci-
nation PBMCs from vaccinated individuals in the absence of pep-
tides and in the presence of a combination of 1 ng/ml rhIL-15, 200
U/ml rhIL-2, and 1 ng/ml rhIL-12 led to a significant production
of IFN-� by NK cells and did not differ in samples from the base-
line and postvaccination (median value at baseline [n � 3], me-
dian, 29.13; range, 22.79 to 48.68; median value at week 6 postvac-
cination [n � 7], 28.05; range, 23.05 to 50.41). However,
incubation with rhIL-15 and rhIL-2 without addition of rhIL-12
led to the production of IFN-� by NK cells that tended to be lower
than that in the presence of HIV-1 Gp120 peptides (median value
for rhIL-15 plus rhIL-2 [n � 5], 0.7560; range, 0.22 to 6; median
value for rhIL-15 plus HIV-1-Gp120 peptides [n � 8], 1.328;
range, 0.081 to 2.7).

Taken together, the data from this therapeutic vaccine trial
show that rescued release of IL-2 following HIV-1 therapeutic
vaccination synergizes with IL-12 to significantly increase NK cell
production of IFN-� in response to HIV-1-derived peptides.

DISCUSSION

HIV-1-specific T helper cell responses can be successfully en-
hanced by therapeutic immunization in individuals with chronic
HIV-1 infection on suppressive ART (10, 11, 25). Here, we show
that vaccine-elicited HIV-1-specific T-cell responses lead to in-
creased NK cell function, suggesting that NK cells significantly
contribute to the cellular effector response to vaccination by co-
operating with the adaptive arm of HIV-1 immunity.

During chronic HIV-1 infection, production of IL-2 by CD4�

T cells in response to HIV-1-derived peptides is limited and can be
detected in only a subset of HIV-1-infected subjects (Fig. 1). HIV-
1-specific CD4� T cells from infected individuals who control
viremia in the absence of antiviral therapy were shown to produce
more IL-2 and to be more polyfunctional than those from subjects
with chronic progressive HIV-1 infection (9, 26–30), and cooper-
ative NK and CD4� T-cell responses correlate with control of
disease progression in SIV-infected rhesus macaques (2). In our
study, increased production of IL-2 by HIV-1-specific CD4� T
cells in response to Gag or Gp120 was not associated with the
presence of protective HLA-B alleles or lower viral load. However,
the investigation of CD4� T-cell and NK cell function in a larger
cohort of individuals is warranted to establish whether IL-2-de-
pendent NK cell responses to HIV-1-derived peptides are more
potent in HIV-1 elite controllers and associated with better con-
trol of HIV-1 viral replication.

Induction of HIV-1-specific T helper cell responses by thera-
peutic immunization was associated with a significant enhance-
ment of IFN-� production by NK cells in response to Gp120.
Blockade of both IL-2 and IL-12 was required to abrogate the

enhanced NK cell response in HIV-1-infected individuals 6 weeks
postimmunization with the therapeutic vaccine (Fig. 2C and D).
While production of IL-2 was elevated after stimulation of PBMCs
from vaccinated individuals with HIV-1-derived peptides, no sig-
nificant increase in IL-12 levels in the supernatant from stimu-
lated cells was detected. However, the combination of IL-2 and
IL-12 has a synergistic effect in promoting IFN-� release by NK
cells (33, 34), and very low doses (picomolar) of IL-2 have been
shown to be sufficient to dramatically enhance IL-12-induced
IFN-� production by NK cells (31). Effective NK cell responses to
rabies virus in vaccinated individuals were shown to depend not
only on IL-2-secreting antigen-specific CD4� T cells but also on
the production of IL-12 and IL-18 from accessory cells (5). In our
study, we cannot exclude that other NK cell activatory cytokines,
such as IL-18 and IL-15, synergize with IL-2 and IL-12 to enhance
NK cell responses to HIV-1-derived peptides. In addition, further
investigations are warranted to explore the in vivo importance of
the observed enhanced NK cell IFN-� response to HIV-1-derived
peptides in individuals receiving therapeutic immunization.

Overall, these data suggest that the progressive loss of NK cell
function in HIV-1 infection is closely associated with the loss of
HIV-1-specific, IL-2-secreting CD4� T cells, and that therapeutic
immunization in HIV-1-infected individuals rescues NK cell ac-
tivity in vivo through the reconstitution of HIV-1-specific T-cell
help. To our knowledge, these results provide the first clinical
evidence for a direct functional linkage between virus-specific
CD4� T-cell help and NK cell function in HIV-1 infection and
have important implications for the design of future immuno-
therapeutic interventions aimed at enhancing HIV-1 immunity in
infected individuals.
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