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Natural killer (NK) cells are potent effectors of natural immunity and their activity prevents human
immunodeficiency virus type 1 (HIV-1) viral entry and viral replication. We sought to determine whether NK
immune responses are associated with different clinical course of HIV-1 and HIV-2 infections. A cross-sectional
analysis of NK cell responses was undertaken in 30 HIV-1 and 30 HIV-2 subjects in each of three categories
of CD4�-T-cell counts (>500, 200 to 500, and <200 cells/�l) and in 50 HIV-uninfected control subjects. Lytic
activity and gamma interferon (IFN-�) secretion were measured by chromium release and enzyme-linked
immunospot assays, respectively. Flow cytometry was used to assess intracellular cytokines and chemokines.
Levels of NK cytotoxicity were significantly higher in HIV-2 than in HIV-1 infections in subjects with high
CD4�-T-cell counts and were similar to that of the healthy controls. In these HIV-2 subjects, cytolytic activity
was positively correlated to NK cell count and inversely related to plasma viremia. Levels of intracellular
MIP-1�, RANTES, tumor necrosis factor alpha, and IFN-� produced by NK CD56bright cells were significantly
higher in HIV-2- than HIV-1-infected subjects with high CD4�-T-cell counts but fell to similar levels as CD4
counts dropped. The data suggest efficient cytolytic and chemokine-suppressive activity of NK cells early in
HIV-2 infection, which is associated with high CD4� T-cell counts. Enhancement of these functions may be
important in immune-based therapy to control HIV disease.

AIDS in West Africa is caused by two human immunodefi-
ciency virus (HIV) strains of differing pathogenicities (23).
HIV-2 infection progresses more slowly to AIDS and infected
subjects survive longer than those with HIV-1 infection (20,
37). Plasma viral load is lower (3), the CD4 count declines
more slowly (14), and transmission rates are lower in HIV-2
than in HIV-1 infection (24, 29). The immunopathogenic basis
for the difference in clinical course between HIV-2 and HIV-1
remains unclear. However, some HIV-2-infected subjects have
a high viral load and die as quickly as HIV-1-infected subjects
(35), suggesting that the virus may be no less pathogenic per se.
In tissue culture both HIV-1 and HIV-2 cause similar levels of
cytopathicity (31). Studies in West Africa have shown that
individuals with HIV-2 infection whose CD4 counts have fallen
below 500 cells/�l have a mortality similar to that of those
infected with HIV-1 or with dual infection (30). Thus, it ap-
pears that early events in the interaction between HIV and the
immune system may be pivotal in determining the subsequent
outcome for individuals with HIV-2 infection.

Natural killer (NK) cells are potent effectors of natural im-
munity and they constitute the initial immune defense reaction
against variety of viruses, fungi, parasites, and bacteria (28).
NK cells are able to lyse tumor and virus-infected cells without
prior activation. In addition, they can produce higher levels of

cytokines and chemokines (4) that may enhance the adaptive
immune response to pathogenic infection and therefore play
an important role in controlling infections. A few studies in
HIV-1 infection have suggested that NK cell activity may in-
deed be important in protective immunity: Rapid progression
to AIDS has been associated with reduced NK cell activity and
a decrease in NK cell numbers (6, 32). NK cells from HIV-1-
infected subjects were also found to secrete CC chemokines
with the ability to suppress autologous HIV replication in vitro
(10, 17, 25) and high gamma interferon (IFN-�) release was
found to be associated with NK cell number in interleukin
(IL)-2 therapy during AIDS (16). Recently, exogenous cyto-
kine stimulation with IL-15 in combination with IL-12 and
IL-18 was reported to increase IFN-� production from NK
cells in HIV-infected subjects (22). Moreover, increased NK
activity has been observed in HIV-exposed but uninfected in-
dividuals, indicating that NK cells may also contribute to the
protection against primary HIV infection (33).

In general, apart from exerting their functions by secretion
of antiviral soluble factors, NK cells also kill viral infected cells.
Such cytotoxicity is non- major histocompatibility complex
(MHC) restricted but occurs via a pattern of receptors specific
for MHC class I molecules. The binding of these receptors
transmits inhibitory signals to NK cells, thus making them
nonfunctional. However, when there is downregulation of
MHC or altered MHC expression as is observed during HIV
infection (13), the inhibitory receptors are not engaged to their
MHC ligands, allowing the activation of NK cells and lysis of
their target cells. Such cytolysis is mediated through the per-
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forin/granzyme B or Fas lytic pathway (19); or by antibody-
dependent cell cytotoxicity mediated by CD16 receptors ex-
pressed on NK cells (2). It has, however, been difficult to
ascertain in vitro NK lysis of autologous HIV-infected targets
and a recent study has indeed shown the inability of NK cells
to lyse HIV-infected CD4� T cells in vitro (5). Assessment of
in vitro functional NK lysis of targets has therefore relied on
the use of NK-sensitive cell line such as erythroleukemia cells
(17, 33).

The secretion of CC chemokines may be the most important
mechanism of suppression of HIV replication in vitro (10) and
this effect was found most pronounced in patients with low-
level viremia as a result of antiviral therapy (17, 21). Thus, the
activity of NK cells may be influenced by the level of viremia.
However, the use of antiretroviral drugs in treating HIV-in-
fected individuals enhances NK activity (36) and may not give
a true reflection of the relationship between the state of HIV
infection and NK cell activity. We therefore chose to analyze
NK activity in HIV-2 infection, where plasma virus load can be
20-fold lower than in HIV-1-infected asymptomatic patients
(15) and the majority of HIV-2-infected people have low or
undetectable virus load. In this context, we hypothesized that
the basis for a protracted stable CD4�-T-cell counts and low
plasma virus load in HIV-2 may relate to increase NK func-
tional activity early in infection. This study compares NK cell
frequencies and functional activities between HIV-1- and
HIV-2-infected subjects in a cross-sectional analysis at various
levels of CD4�-T-cell counts.

MATERIALS AND METHODS

Subject population. Subjects were selected from a clinic-based cohort of HIV-
infected subjects at the MRC Laboratories in Fajara, The Gambia (30). These
subjects included blood donors, female sex workers, cases of tuberculosis, or
suspected cases of sexually transmitted disease as well as those showing clinical
symptoms suggestive of HIV infection. The patients attended the clinic every 3
months and a sample was requested for CD4 assessment every 6 months. They
are supported through regular counseling and treatment for opportunistic infec-
tion and home visits are conducted by trained field workers to determine the vital
status of those patients who do not regularly attend the hospital for their
3-month follow-up examination. Antiretroviral therapy is now being offered to
HIV-infected patients in the Gambia according to national treatment guidelines
but was not available to this cohort at the time of the study.

This study recruited 90 antiretroviral naı̈ve HIV-1- and HIV-2-infected indi-
viduals each from this cohort after informed consent was obtained. Subjects were
classified into three categories of 30 patients according to the latest CD4�-T-cell
counts: high (�500 cells/�l), medium (200 to 500 cells/�l) and low (�200 cells/
�l) (Table 1). HIV-1 and HIV-2 plasma RNA loads were measured by reverse
transcription-PCR using specific long terminal repeat primers, as described else-
where (3). Cutoff values for the detection of viral RNA were estimated to be 100

copies/ml, and any sample with a value below the cutoff was assigned a value of
�100 copies/ml. Subjects who had dual HIV-1 and HIV-2 infection were ex-
cluded from the study. When comparing NK cell frequencies and functional
activities, we included healthy HIV-seronegative control subjects whose blood
samples were obtained from the blood bank of the Royal Victoria Teaching
Hospital in Banjul. The Gambia Government/MRC Ethics Committee approved
the study.

Effector and target cells for NK assays. Peripheral blood mononuclear cells
(PBMCs) were isolated by density gradient centrifugation and were cultured in
RPMI 1640 (Sigma) supplemented with 10% fetal calf serum (Gibco BRL), 100
U/ml penicillin, 100 mg/ml streptomycin and 2 mM glutamine, a medium we
refer to as R-10. PBMCs were used in NK assays with NK-sensitive cell line
K562, an erythroleukemia cell line derived from a chronic myeloid leukemia
patient in blast crisis. The K562 cells were maintained in R-10 medium.

Surface staining for T-cell subsets, NK cell count, and NK phenotyping.
Lymphocyte subsets (CD4� and CD8� T cells) and NK cell percentage were
assessed from recruited subjects by the use of four-color MultiTEST CD3/CD8/
CD45/CD4 and CD3/CD16�CD56/CD45/CD19 reagents (Becton Dickinson).
Fifty microliters of whole blood were stained with 10 ul of MultiTEST reagent,
mixed, and incubated in the dark for 15 min. The red cells were lysed with 1�
FACSLysing solution (Becton Dickinson) for 15 min at room temperature and
cells were centrifuged, fixed with 2% formalin, acquired in flow cytometry, and
analyzed with MultiSET software.

NK phenotyping was done with PBMCs that were separated from whole blood
following gradient density centrifugation. Staining was carried out with the use of
the following fluorochrome-conjugated monoclonal antibodies: CD56-allophy-
cocyanin (Coulter), CD3-peridinin chlorophyll protein, and CD16-phycoerythrin
(Becton Dickinson). Analysis was performed on a FACScalibur cytometer using
CellQuest-Pro software (Becton Dickinson). CD56dim and CD56bright NK sub-
populations were distinguished by establishing two regions based on the mean
fluorescence channel (cell surface density) that detected CD3�CD56dim and
CD3�CD56bright.

Intracellular Cytokine and CC chemokine staining by flow cytometry. The
detection of intracellular secretion of CC chemokines (RANTES, MIP-1�, and
MIP-1	) and cytokines (IFN-� and tumor necrosis factor alpha [TNF-�]) by NK
cells was carried out by stimulating PBMCs with K562 cells at a ratio of 50:1. We
added 104 K562 cells in a 50-�l volume to 106 PBMC/100-�l volume in a 96-well
U-bottomed plate. Brefeldin A (Becton Dickinson) was then added at a final
concentration of 10 �g/ml to inhibit the secretion of cytokines and plates were
incubated at 37°C in a 5% CO2 humidified incubator for 17 h. Cells were washed
and stained with anti-CD3-peridinin chlorophyll protein, anti-CD56-allophyco-
cyanin, or anti-CD16 phycoerythrin for 20 min. The cells were then fixed and
permeabilized with 1� permeabilization solution 2 (Becton Dickinson) after
which, cells were stained with carboxyfluorescein-conjugated monoclonal anti-
bodies to RANTES, MIP-1�, MIP-1	, TNF-�, and IFN-� at room temperature
for 30 min. Isotype-matched antibodies labeled with phycoerythrin or fluorescein
isothiocyanate was used to optimize specific fluorochrome staining. Cells were
acquired and analyzed by FACScalibur using Cell-Quest Pro software. For each
sample, acquisition of PBMCs was continued until 300,000 events were gated for
CD56� CD3� analysis.

ELISPOT assays for IFN-� detection. IFN-� release by NK cells was also
measured by ELISPOT assay using PBMCs as effectors and K562 NK-sensitive
cells as targets at an effector-to-target cell (E:T) ratio of 25:1. Polyvinylidene
difluoride-backed plates (MAIP S45; Millipore) were coated with anti-IFN-�
antibody (MABTECH) in carbonate-bicarbonate buffer by incubation at 4°C
overnight. PBMCs (1.25 � 105) in 100 �l R-10 were added to 50 �l K562 target

TABLE 1. Characteristics of HIV-infected patients and healthy controls

Group CD4 T-cell count/�l No. of subjects No. male No. female % CD4 (mean 
 SE)a % CD8 (mean 
 SE)a

HIV-1 �500 30 10 20 28.58 
 1.1 41.47 
 2.1
(200–500) 30 7 23 21.03 
 1.7 49.93 
 1.9

�200 30 10 20 6.03 
 0.7 63.73 
 2.4

HIV-2 �500 30 7 23 33.80 
 1.6 37.47 
 2.1
(200–500) 30 19 11 23.30 
 1.4 45.87 
 2.4

�200 30 16 14 9.17 
 1.0 59.13 
 3.1

Controls 50 36 14 37.12 
 1.0 26.80 
 1.1

a Percentage cells of total lymphocytes measured from whole blood by flow cytometry using the MultiSET program.
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cells (5 � 103) in duplicate wells. Effector cells in R-10 medium alone served as
negative controls and effector cells with phytohemagglutinin (2 �g/ml) were used
as positive controls. Cells were incubated for 16 h at 37°C and 5% CO2 and plates
were washed and developed with chromogenic alkaline phosphatase substrate
after the two-step incubation with biotinylated anti–IFN-� and streptavidin an-
tibodies.

IFN-� responses were measured as the number of spot-forming cells per well,
and a reaction was considered positive if there was a �95% probability that the
number of spot-forming cells appearing in the test well was at least twice that in
wells that contained the negative control medium under the assumption of a
Poisson distribution. No individual showed spontaneous responses by PBMCs
without K562 targets. The specific spot-forming cells were measured by subtract-
ing the negative control value from that of the test spots and the results were
expressed as number per 106 PBMCs.

NK cell cytotoxicity assay. Ex vivo NK cytolysis (NK-CTL) was carried out by
51Cr release assay using K562 cells as targets. Target cells were labeled with 100
�Ci/ml sodium [51Cr]chromate (Amersham International) for 1 h at 37°C and
washed twice with nonsupplemented RPMI 1640. Labeled targets were resus-
pended in R-10 medium and dispensed in 96-well U-bottomed plates at 5 � 103

cells/well. PBMCs were then added to the K562 cells at an effector-to-target ratio
of 50:1. Cultures were incubated for 4 h before 25 �l culture supernatant was
collected and mixed with 125 �l of scintillation fluid (Optiphase Supermix;
Wallac). The amount of 51Cr released in culture supernatants was measured in
a gamma counter (1450 Microbeta Trilux; Wallac) and the percentage of cyto-
toxicity was determined by using the formula (E � M/D � M) � 100, where E is
the experimental 51Cr release, M is the 51Cr released by targets in the presence
of culture medium (which was 15 to 25% of the total release), and D is the total
release of 51Cr in the presence of 5% Triton X-100 detergent.

Statistical analysis. Statistical analysis was done using Graphpad prism and P
� 0.05 was used as the significance level. Viral load data were log transformed
and data are presented as means with standard error or medians with interquar-
tile. Differences between HIV-1 and HIV-2 at all CD4�-T-cell categories were
tested by Mann-Whitney U test or Student t test. Analysis of variance was carried
out for multiple comparison and adjustment of P values was done by Bonferroni
correction. Function of NK cells was related to NK cell frequency and plasma
viral load using the Spearman rank correlation test.

RESULTS

Frequency of NK cells and NK cell phenotypes in HIV-1 and
HIV-2 infections. The percentage of NK cells among total
lymphocytes measured from whole blood in HIV-1 and HIV-2
subjects in different categories of CD4�-T-cell counts and in
uninfected subjects are shown in Table 2. The percentage of
NK cells was similar in both HIV-1 and HIV-2 subjects in all

categories of CD4�-T-cell counts. Equally, no differences in
the NK percentages were seen with changes in CD4�-T-cell
counts in either of the two infections. However, the NK per-
centages in both HIV subjects in all categories of CD4�-T-cell
counts were significantly lower than in uninfected controls (P
� 0.05).

The percentages of NK cell subpopulations in PBMCs were
also similar in both infections. There were no significant dif-
ferences between HIV-1- and HIV-2-infected subjects in their
percentage of NK CD56dim or NK CD56bright populations.
However, there were significantly higher NK CD56dim popu-
lations in uninfected controls than in HIV-1 subjects at high
CD4�-T-cell counts and in HIV-2 subjects at low CD4�-T-cell
counts (P � 0.05).

Higher cytolytic activity of NK cells in HIV-2- than HIV-1-
infected individuals with a normal CD4�-T-cell count. Cyto-
lytic activity (% mean maximal lysis 
 standard error) was
significantly higher in HIV-2 than in HIV-1 subjects with high
CD4�-T-cell counts (18.8 
 2.5% versus 11.5 
 1.7%; P �
0.03) (Fig. 1a). However, cytolytic activity was similar in those
with intermediate CD4�-T-cell counts but was lower in HIV-2
than in HIV-1 subjects (15.1 
 2.0% and 9.0 
 1.8%; P � 0.01)
in the low range of CD4�-T-cell counts.

NK cytolytic activity in the healthy controls was similar to
that of HIV-2 subjects with high CD4�-T-cell counts (20.1 

1.2% versus 18.8 
 2.5%; P � 0.25), and significantly higher
than in HIV-1 subjects (20.1 
 1.2% versus 11.5 
 1.7%, P �
0.0001). Levels of NK cytolysis in the healthy controls were
also higher than in HIV-1 or HIV-2-infected patients with
intermediate CD4�-T-cell counts (13.0 
 1.7% for HIV-1, P �
0.001, and 14.4 
 2.5% for HIV-2, P � 0.006) and with low
CD4�-T-cell counts (15.1 
 2.0% for HIV-1, P � 0.01 and 9.0

 1.8% for HIV-2, P � 0.0001). This suggests NK immune
response during early HIV-2 infection is more efficient than in
HIV-1 infection. NK cytolytic activity in HIV-2, however, be-
came similar to that of HIV-1 as infection progressed to lower
CD4�-T-cell counts and reached a significantly lower level
than in HIV-1 subjects at the low category of �200 cell/�l (15.1

 2.0% for HIV-1 versus 9.0 
 1.8% for HIV-2, P � 0.01).
There was a weak positive correlation between the frequency
of percent NK cells and cytolytic activity in HIV-2 subjects (r �
0.270, P � 0.01; Fig. 1b) but an association was absent in
HIV-1 subjects (r � 0.126, P � 0.24; Fig. 1c).

No differences in IFN-� secretion by NK cells between
HIV-1- and HIV-2-infected subjects. We also carried out an
ELISPOT assay after stimulation of PBMCs with K562 cells to
determine the secretion of interferon gamma by NK cells.
Similar levels of interferon gamma secretion were found in
both HIV-1 and HIV-2 infections (Fig. 2). The mean spot-
forming cells (SFC 
 standard error) per million PBMCs in
HIV-1-infected subjects with a high CD4�-T-cell count (�500
CD4 cells/�l) was 638.1 
 105.6 compared to 467.9 
 55.0 in
HIV-2-infected subjects. These levels were also similar be-
tween the two infections at the lower CD4�-T-cell categories:
mean SFC/106 PBMCs at medium category was 655.5 
 91.4
for HIV-1 and 640.8 
 97.6 for HIV-2; and in the low category
they were 640.3 
 116 and 450.3 
 71.9 respectively. The
secretion of IFN-� in HIV-uninfected controls (1,053.0 
 69.0)
was significantly higher than in both HIV-1 and HIV-2 infec-
tions at all the CD4�-T-cell categories (P � 0.05). The values

TABLE 2. Frequency and phenotypes of NK cells in HIV-1- and
HIV-2-infected subjects and healthy controls

Group CD4
count/�l

Median %
NK cells,a median

(interquartile)

Mean %
CD56dim

cellsb 
 SE

Mean %
CD56bright

cellsb 
 SE

HIV-1 �500 9.50 (7.0–12.0) 4.43 
 0.6* 0.09 
 0.0
(200–500) 7.50 (6.0–12.0) 5.85 
 0.7 0.06 
 0.0

�200 8.00 (4.5–18.50) 4.96 
 0.7 0.09 
 0.0

HIV-2 �500 9.0 (6.5–13.0) 5.13 
 0.8 0.06 
 0.0
(200–500) 10.50 (7.5–15.0) 4.86 
 0.6 0.07 
 0.0

�200 9.50 (5.50–12.5) 4.46 
 0.6* 0.07 
 0.0

Control 14.00 (11.0–20.0) 6.95 
 1.0 0.07 
 0.0

a Percent NK cells of total lymphocytes measured from whole blood using the
MultiSET program. The percentage of NK cells in healthy control was signifi-
cantly higher than in either the HIV-1 or HIV-2 group for all three categories of
CD4.

b Percentage of CD56� CD3� cells measured from PBMCs using CellQuest.
The NK CD56dim subpopulation was significantly higher in healthy controls than
in the HIV-1 group at the high and HIV-2 group at the low CD4�-T-cell level
(*).
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of SFC/PBMC were not significantly different between the
three categories of CD4� T-cell counts in either HIV-1 (P �
0.05) or HIV-2 (P � 0.05) subjects.

Higher number of NK CD56bright cells producing intracel-
lular CC chemokines and cytokines in asymptomatic HIV-2
infection. The percentage of NK cells producing CC chemo-
kines as well as proinflammatory cytokines was determined by
intracellular cytokine staining. The percentage of NK CD56dim

cells producing CC chemokines was similar in both infections
and at each CD4� T-cell stratum but differences were found in
the percentages of NK CD56bright cells producing MIP-1	,
RANTES, TNF-�, and IFN-� between HIV-1- and HIV-2-
infected individuals.

Representative dot plots of NK subsets (CD56dim and
CD56bright) and the percentages of CD56bright cells secreting

chemokines and cytokines are shown in Fig. 3a and b. NK
CD56bright cells in HIV-2 subjects with a high CD4�-T-cell
counts had significant higher levels of MIP-1	 and RANTES
than HIV-1 subjects in the same category: 23.5 
 8.3% versus
2.3 
 0.8%, P � 0.04, for MIP-1	; 14.9 
 6.6% versus 0.8 

0.5%, P � 0.04, for RANTES (Fig. 3c and d). There were no
differences between the two infections in the levels of MIP-1	-
secreting cells at intermediate CD4� T-cell counts (0.5 
 0.3%
for HIV-1 versus 5.39 
 4.2% for HIV-2, P � 0.79) and at low
CD4 count (8.7 
 2.9% for HIV-1 versus 3.1 
 1.2% for
HIV-2, P � 0.34).

Equally, there were no significant differences in the levels of
RANTES between HIV-1 and HIV-2 at medium (0.1 
 0.0%
for HIV-1 versus 2.7 
 1.6% for HIV-2, P � 0.24) and low
CD4 counts (5.7 
 4.7% for HIV-1 versus 13.5 
 6.0% for

FIG. 1. Cytolytic activity of NK cells in HIV-1- and HIV-2-infected and HIV-uninfected subjects. Cytolytic activity of NK cells was determined
with fresh PBMCs by chromium release assay at an E:T ratio of 50:1 using K562 cells as target cells. The specific lysis for the three categories of
CD4� T cells is shown (a). The mean percent specific lysis is represented as a horizontal line. Correlation between NK cell count and specific lysis
in all HIV-2 (r � 0.270; P � 0.01) (b) and in all HIV-1 (r � 0.126; P � 0.24) (c)-infected individuals.
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HIV-2, P � 0.27). The levels in HIV-2 subjects decreased
significantly for MIP-1	 at lower CD4�-T-cell counts (P � 0.02
for intermediate and P � 0.04 for low CD4� T-cell counts),
whereas there was a nonsignificant increase of MIP-1	 in
HIV-1 at low CD4�-T-cell counts (P � 0.48). The levels of
RANTES, however, dropped in those with medium CD4�-T-
cell counts in HIV-2 infections (14.9 
 6.6% versus 2.7 

1.6%, P � 0.18) but surprisingly increased in the low CD4�-
T-cell group to a level similar to that in those with high CD4�-
T-cell counts (14.9 
 6.6% versus13.5 
 6.0%, P � 0.65) and
a similar increase was noted for HIV-1 (0.8 
 0.5% versus 5.7

 4.7%, P � 0.14) subjects.

The frequencies of CD56bright cells producing MIP-1� were
low (Fig. 3e). There were no differences between the two
infections in all groups of CD4�-T-cell counts: 0.7 
 1.8%
versus 0.1 
 0.5%, P � 0.20, for high; 1.9 
 4.2% versus 1.2 

5.5%, P � 0.17, for medium; and 3.2 
 5.0 versus 0.5 
 1.2%,
P � 0.07 for low CD4�-T-cell counts in HIV-2 and HIV-1
subjects, respectively. In HIV-2 subjects, there was a nonsig-
nificant increase in the level of MIP-1�-secreting cells with
decreasing CD4 count.

NK CD56bright cells secreting the cytokines tumor necrosis
factor alpha and Interferon gamma followed a similar pattern.
There were significantly higher frequencies of the cytokine-
secreting cells in HIV-2 than in HIV-1 subjects with high
CD4�-T-cell counts: 21.7 
 7.6% versus 1.4 
 0.9%; P � 0.01,
for TNF-� and 13.5 
 5.1% versus 2.5 
 1.1%; P � 0.04, for
IFN-�, (Fig. 3f and g). The proportion of both TNF-�- and
IFN-�-secreting cells decreased to similar levels in both infec-
tions: for TNF-�, at the medium CD4�-T-cell stratum, the
proportions were 2.1 
 0.9% in HIV-1 versus 5.9 
 4.9% in
HIV-2, P � 0.81; and for IFN-�, they were 2.2 
 0.7% in

HIV-1 versus 7.9 
 3.7% in HIV-2, P � 0.60. Whereas in the
low-CD4�-T-cell group, TNF-� levels were 1.6 
 1.0% in
HIV-1 versus 8.8 
 4.9% in HIV-2, P � 0.10; IFN-� levels
were 5.4 
 2.2% in HIV-1 versus 9.2 
 4.2% in HIV-2, P �
0.44. The proportion of NK CD56bright cells producing IFN-�
and TNF-� in the uninfected controls was similar to that of
HIV-2 subjects but higher than in HIV-1 individuals (P � 0.05,
data not shown).

Association between plasma virus load and NK cytolytic
activity. Plasma virus loads in HIV-1 and HIV-2 subjects at
different CD4�-T-cell categories are shown in Fig. 4a. The
mean log plasma virus load was significantly higher in HIV-1
than HIV-2 subjects in both the high (4.3 
 0.1 in HIV-1
versus 3.21 
 0.1 in HIV-2, P � 0.0001) and medium CD4�-
T-cell categories (4.6 
 0.1 in HIV-1 versus 3.42 
 0.2 in
HIV-2, P � 0.0001) but was similar to HIV-2 at low CD4�-T-
cell counts (5.2 
 0.1 in HIV-1 versus 4.9 
 0.2 in HIV-2, P �
0.07). In both infections the plasma viral load was similar
between the high and medium CD4�-T-cell groups (P � 0.09
for HIV-1 and P � 0.54 for HIV-2), but increased significantly
at low CD4�-T-cell counts (P � 0.0003 for HIV-1, P � 0.0001
for HIV-2).

Correlation between NK lysis activity and log plasma viral
load, adjusting for CD4 as a partial variable, showed a weak
but significant inverse relationship in HIV-2 infection (r �
�0.27, P � 0.009; Fig. 4b), but this relationship was not evident
in HIV-1 infections (r � �0.03, P � 0.786; Fig. 4c). The
proportion of subjects with undetectable viral load in HIV-2
infection was seen in both the high and medium CD4 catego-
ries, which showed similar viral loads (Fig. 4a) and NK cytolysis
was still higher in HIV-2 subjects in the combined group with
CD4 counts of �200 cells/�l (data not shown). This suggests

FIG. 2. IFN-� production by NK cells in HIV-1- and HIV-2-infected and HIV-uninfected subjects as determined by ELISPOT assay. Cells were
incubated together with NK-sensitive cells (K562) as target cells at an E:T ratio of 25:1 overnight. The specific IFN-� spot-forming cells (SFC) are
shown in the three categories of CD4� T cells. Differences between infections were not significant but healthy controls (*) had higher levels than
all categories of patients (P � 0.05 in each case).
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that there could be an effect of viral load on NK cytolysis.
However, correlation between viral load and NK specific lysis
of each of the various groups of CD4�-T-cell counts was not
significant, most likely due to the reduced numbers of patients.
Unlike cytolysis, no significant relationship was observed be-
tween plasma viral load and the cytokine- or chemokine-se-
creting activities of NK cells in all combined groups or in any
category of CD4 count.

DISCUSSION

In this study we demonstrated higher levels of NK activity in
HIV-2 than HIV-1 subjects when the CD4�-T-cell counts were
greater than 500 cells/�l. In both infections NK activity was
found to decrease markedly as the CD4�-T-cell counts fell,
suggesting that NK cell functions are affected by HIV progres-
sion. Similar findings have been noted for HIV-specific CD8�

T-cell suppressive activity, which declines with disease progres-
sion (18, 26). Though, unlike CD8� T cells, the assessment of
NK function by use of in vitro autologous lysis of CD4� T cells
has been found difficult (5). However, studies using NK-sensi-
tive cell lines have allowed the role of NK cells in HIV infec-
tion to be documented. Our findings are therefore consistent
with previous reports that used similar techniques and showed
the loss of NK cells and function as disease progresses in
HIV-1 infection (1, 6, 26). However, our data highlight that
people with HIV-2 who have normal CD4� counts appear to
constitute a distinct group, and that with disease progression,
most of the differences between HIV-1 and HIV-2 infection
disappear.

The consistently higher levels of ex vivo expression of NK
effector functions in HIV-2 infection, as reflected both in cy-
tolysis of an NK-sensitive cell line and secretion of chemokine
and cytokine antiviral factors, indicate that sustained NK re-
sponses is efficient early in HIV-2 infection and may contribute
to the control of viremia in many of HIV-2-infected subjects.
Enhanced NK cell activity has been detected in high-risk ex-
posed but uninfected individuals, suggesting that NK cells may
protect against infection (33). This finding contrasts to studies
of CD8� T-cell responses in HIV-1 and HIV-2 infection which
failed to find more efficient CD8� T-cell responses in HIV-2
infection (15, 38).

Although both CD8� and NK cells have been found to
suppress HIV replication in vitro, NK cell activity has been
more clearly related to aviremia following antiretroviral ther-
apy (17, 21). The strong and multifunctional NK cell activity in
HIV-2 infection, which is associated with substantially lower
levels of plasma viremia than with HIV-1 in the asymptomatic
phase, strengthens the concept that early effective innate im-
munity influences the rate and level of viral replication. Taken
together, the observations that the levels of cytolysis in asymp-
tomatic HIV-2 subjects were similar to that of healthy controls
and that this activity was positively correlated with percentage
NK cells and inversely correlated with plasma viremia suggest
that NK activity may suppress viral replication in HIV-2 infec-
tion and imply that NK function influences the clinical course
of HIV-2 disease.

Interestingly, NK cytolysis decreased significantly in HIV-2
subjects with �200 CD4 cells/�l compared to HIV-1-infected
individuals. Though this pattern appeared absent in the other

functional analysis, a careful interpretation of this to reflect a
difference in rate of progression between the two infections
once this stage of clinical HIV infection is reached will warrant
a follow-up study over time.

FIG. 3. Frequencies of NK CD56bright cells secreting CC chemo-
kines and proinflammatory cytokines in HIV-1 and HIV-2 subjects. A
combined surface marker staining for NK CD56bright and CD56dim

subsets (a) and intracellular cytokine staining techniques were used to
determine the percentage of NK CD56bright cells secreting MIP-1	,
RANTES, MIP-1�, TNF-�, and IFN-� (b). For each subject, PBMCs
were incubated alone as a negative control and PBMCs with K562 cells
as a test sample. The mean percent secreting cells for MIP-1	, RAN-
TES, MIP-1�, TNF-�, and IFN-� in different groups of CD4 T-cell
counts in the HIV-1 and HIV-2 groups (c to g) is represented with the
standard error. P values, when significant, are shown.
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Our results indicated that NK CD56bright cells mediated the
increased secretion of CC chemokines and proinflammatory
cytokines in HIV-2 infection. Secretion of CC chemokines by
NK cells from HIV-1-infected patients, evaluated by enzyme-
linked immunosorbent assay, has been found to be similar to
that from seronegative individuals and could suppress HIV-1
replication in vitro (17, 25). We showed similar levels of IFN-�
secretion by NK cells in the two infections when measured by
ELISPOT, but intracellular cytokine staining showed that the
NK CD56bright subpopulation had significantly higher levels in

HIV-2 infection. Perhaps the intracellular cytokine assay was
more specific than the ELISPOT assay.

The NK subtypes have different functions: CD56bright cells
produce cytokine/chemokines and CD56dim cells have cyto-
toxic functions (8). There is evidence that as HIV disease
advances, there is a marked reduction in the number of the
chemokine- and cytokine-producing NK cells (12). This de-
crease in cell phenotypes was not clear in our study, but we
noted lower levels of both chemokine and cytokine secretion in
HIV-1- and HIV-2-infected individuals with low CD4�-T-cell

FIG. 3—Continued.
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counts, though this was not obvious in HIV-1 subjects, where
secretions remained low or increased nonsignificantly. An ex-
ception to the observed differences in frequencies of chemo-
kine-secreting cells was MIP-1�, which to our surprise was low
and tended to increase in HIV-2 with low CD4 counts. It is
possible that this particular chemokine maybe influenced by
the state of HIV-2 replication akin to what is observed with
respiratory syncytial virus, where production of MIP-1� re-
quired ongoing viral replication (11).

In general, the observed lower levels of NK function at lower
CD4 T-cell counts may occur because IL-15 production from

monocytes, which is known to be essential for the function of
CD56bright subpopulations, is affected as disease progresses
(7). Furthermore, increased NK activity has long been ob-
served when T cells exhibit overlapping functions such as in-
creased production of cytokines (34). NK cells are stimulated
by dendritic cell-derived IL-12 to produce IFN-�, which in turn
is a decisive factor in T helper type 1 development that is
essential for long-term control of many pathogens (27). Thus,
HIV-mediated CD4�-T-cell destruction may compromise T
lymphocyte immune functions, rendering NK cells nonfunc-
tional. Our recent work has shown that CD4�-T-cell function

FIG. 4. Plasma viral load and its relationship with specific lysis of NK cells in HIV-1- and HIV-2-infected subjects. Plasma viral load was log
transformed and that of the three categories of CD4� T cells is shown (a). The mean plasma viral load is represented as a horizontal line.
Correlations between NK lysis and plasma viral load of HIV-2 and HIV-1 subjects are shown in b and c, respectively.
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is preserved in HIV-2 donors with a normal CD4�-T-cell count
(9) and this in turn may contribute to strong NK activity in
these donors. Thus, as CD4�-T-cell levels decline the NK cell
function would also decline, as both functions are interdepen-
dent.

In summary, we provide evidence that in the asymptomatic
phase of infection, NK function is better in HIV-2- than in
HIV-1-infected subjects. Whether this innate response truly
suppresses viral replication or whether function is better as a
consequence of the lower level of viremia found in asymptom-
atic HIV-2 subjects remains to be determined. If the former is
true, the presence of a consistently higher level of activity in
asymptomatic HIV-2 infection has implications for the design
of vaccine and immune-based therapies by enhancing NK cell
function to control HIV disease.
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