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Abstract

Changes in natural killer (NK) cells according to their phenotype and expression of certain regulatory receptors
were analyzed in a double-blind, controlled study of antiretroviral therapy (ART)-untreated HIV-seropositive
patients, who had been vaccinated with monocyte-derived dendritic cells pulsed with inactivated HIV-1 au-
tologous virus. This work extends other recently published studies of the same group of HIV-1 + vaccinated
patients, which demonstrated that the viral load significantly decreases and correlates inversely with an increase
in HIV-specific T-cell responses in vaccinated patients, but not in controls who received placebo. Our results
indicate that this vaccine raises the level of the NK CD56neg cell subpopulation, while levels of the NK CD56dim

and NK CD56bright cells expressing the inhibitory receptor CD85j/ILT-2 fell in vaccinated patients. Taken to-
gether, these results suggest that this vaccine might enhance innate immunity by amplifying the inflammatory
and cytolytic capacity.

Introduction

The adoption of antiretroviral therapy (ART) in the

treatment of HIV-1-seropositive patients was an
important advance in the control of the progression of this
infection (14,24,32). However, the clinical use of ART has
several drawbacks, such as its high toxicity when treatment
is continued for a prolonged period, and the occasional
emergence of viral resistance in patients treated with ART
(4,19).

These limitations justify the expenditure of extra effort to
generate new modes of treatment for HIV-1 + patients (4).
For this reason, several groups, including ours, are at-
tempting to develop a vaccine based on the administration of
autologous dendritic cells (DCs) pulsed with HIV-1 obtained
from the same patient (25,15,36). The potential effects of
these vaccines are based on the capacity of DCs to enhance
HIV-1-specific immune responses due to their ability to act
as ‘‘professional’’ antigen-presenting cells (5,6,31).

In this study, the patients selected were immunized using
autologous monocyte-derived dendritic cells (MD-DCs), and
their effects were analyzed by measuring viral parameters
and certain components of the adaptative and innate im-
mune response at different time points. The results related to

the viral parameters and the adaptative response have re-
cently been published (26), showing a decrease in viral load
and an increase in HIV-specific T-cell responses in vaccinated
patients, but not in placebo subjects.

This article presents the results of the analyses of the
natural killer (NK) cells obtained from the same cohort of
patients used in our previous publication. The relevance of
this study is based on the demonstration that NK cells play
an essential role in the surveillance of viral infections due to
their secretory (mainly CD56bright) and cytolytic (mainly
CD56dim) functions. These cells are modulated by their reg-
ulatory receptors (11), and by their effects on the innate and
adaptative responses, resulting from cross-talk between NK
and dendritic cells (22,16,42,41) and T cells (48,49). Although
it has been shown that NK cell dysfunction contributes to the
progression of HIV-1 viral infection (3,18,20,38,41), these
cells have never previously been analyzed in trials of HIV-1
vaccines.

We studied the following NK subpopulations in patients
treated with three MD-DC-HIV-1 vaccines: NK CD56dim, NK
CD56bright, and NK CD56neg. We also studied the receptors
CD85j/ILT-2, CD94, NKG2A, and NKG2C in the NK sub-
populations, as these are known to be involved in regulating
NK-cell functions (27,33,46).
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Materials and Methods

Patients

We recruited 22 untreated chronic HIV-1 patients who had
not received ART for at least 2 y before enrollment, from the
Infectious Diseases Unit of the Hospital Clinic of Barcelona.
Inclusion criteria were: baseline CD4 + T-lymphocyte count
> 450/mm3 (nadir CD4 + T-cell count above 350 cells/mL),
and a plasma viral load (PVL) > 10,000 copies/mL. The
procedure followed in this double-blind study has been de-
scribed in detail by Garcia et al. (25). The objective and other
aspects of the study were explained to the patients in detail,
and all gave their written informed consent prior to partici-
pation. The study was approved by our respective ethical
review boards and by the Spanish regulatory authorities
(clinical trial NCT0042142).

Study design

MD-DC treatment. The patients were blindly random-
ized to receive three immunizations, at weeks 0, 2, and 4,
of at least 8 · 106 MD-DCs pulsed with heat-inactivated
autologous virus (DC-HIV arm, 109 copies/dose), or three
immunizations with non-pulsed autologous MD-DCs (DC-
placebo arm), according to the procedure explained in detail
in Garcia et al. (25). Blood samples were obtained at weeks
- 2, - 1, 1, 3, 16, 24, and 48 for immunological determina-
tions, including NK cells and their cytotoxic regulatory re-
ceptors. The results of weeks - 2 and - 1 were used as
baselines. Inactivated autologous viruses were prepared as
previously described (26).

Cell staining and flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) were iso-
lated by standard Ficoll gradient centrifugation from 150-mL
samples of EDTA-treated venous blood taken from 11

chronic HIV-1-infected patients and 11 immunized HIV-
1-infected patients. Cells were frozen at - 80�C for 1 wk and
then cryopreserved in liquid nitrogen at - 200�C for trans-
port and processing. Cryopreserved PBMCs were thawed
and washed with PBS supplemented with 1% bovine serum
albumin and 2 mM EDTA (FACS buffer).

The cell subpopulations NK CD56bright, NK CD56dim, and
NK CD56neg, defined as CD3 - CD56bright, CD3 - CD56dim,
and CD3 - CD16 + CD56neg, respectively, were measured by
flow cytometry in a four-color FACScalibur flow cytometer
(Becton Dickinson, San Jose, CA), using the fluorochrome-
labeled antibodies anti-CD3-PerCP (clone SK7), anti-CD16-
FITC (clone 3G8), and anti-CD56-APC (clone B159), obtained
from Becton Dickinson. A representative illustration of
cytometry analysis of NK cell subpopulations is shown in
Fig. 1.

In each one of the NK cell subpopulations, the NK cell
regulatory receptor CD85j/ILT-2 was analyzed using the
fluorochrome-labeled antibody anti-CD85j-PE (clone GHI/
75) obtained from Becton Dickinson. In the NK CD56bright

and NK CD56dim subpopulations, the regulatory receptors
CD94-NKG2A and CD94-NKG2C were analyzed using the
fluorochrome-labeled antibodies anti-CD94-FITC (clone
HP-3D9) obtained from Becton Dickinson, and anti-NKG2A-
PE (clone 131411) and anti-NKG2C-PE (clone 134591), ob-
tained from R&D Systems, Inc. (Minneapolis, MN).

The percentage of antibody-positive cells was calculated
by comparison with the appropriate isotype control anti-
bodies. Cytometry data were analyzed using the CellQuest
software package (Becton Dickinson). All the results of the
analysis related to NK-cell subpopulations and their recep-
tors are expressed as percentages of the total lymphocyte
population.

Statistical analyses were performed using IBM SPSS
software (version 18.0.0). A p value < 0.05 was considered to
be statistically significant.

FIG. 1. Distribution of natural killer (NK) cell subsets in a representative cytometry study in placebo and vaccinated
patients. Quadrants represent the individual NK cell subpopulations, NK CD56neg (1) in placebo (17.79%) and vaccinated
patients (50.04%); NK CD56dim (2) in placebo (77.49%) and vaccinated patients (33.39%); and NK CD56bright (3) in placebo
(4.72%) and vaccinated patients (16.55%).
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Results

Changes in the percentages of the NK subpopulations
NK CD56dim, NK CD56bright, and NK CD56neg, and NK
subsets expressing the receptors CD85j/ILT-2, CD94,
NKG2A, and NKG2C, in immunized patients are shown in
Tables 1 and 2.

The levels of the three types of NK subpopulations analyzed
in HIV-1-immunized and placebo patients, as a percentage of
the total lymphocyte counts, indicate that there were no sig-
nificant differences between placebo and immunized patients
in the NK CD56bright cell subpopulation. However, a tendency
for NK CD56dim cell subpopulations to fall in immunized
patients could be observed at week 24 (Table 1). Interestingly,
the levels of the NK CD56neg cell subpopulation rose in im-
munized patients from week 24 until the end of follow-up,
although this difference became statistically significant only at
the 24th week ( p = 0.013; Fig. 2).

When the changes in the percentages of NK CD56 + sub-
populations expressing CD94-NKG2A and CD94-NKG2C
heterodimers were analyzed, no significant differences were
observed (Table 2). However, the percentages of NK sub-
populations expressing CD85j/ILT-2 in NK CD56dim and NK
CD56bright cells was lower in immunized patients than in
placebo individuals.

In the case of the NK CD56dim cell subpopulation, the
decrease in the percentage of expression of CD85j/ILT-2 in
immunized patients compared with the placebo group was
statistically significant at the first ( p = 0.04) and 16th
( p = 0.017) weeks of follow-up (Fig. 3A and Table 1).

With regard to the NK CD56bright cell subpopulation, the
decrease in the percentage of expression of CD85j/ILT-2 in
immunized patients compared to the placebo group was
statistically significant at the first, third, 16th, and 48th weeks
of follow-up ( p = 0.004, p = 0.01, p = 0.009, and p = 0.05, re-
spectively; Fig. 3B and Table 2). No changes in the CD56neg

NK cell subpopulation expressing CD85j/ILT-2 were ob-
served (Table 2).

Finally, when we compared the values of NK cells ex-
pressing the CD85j/ILT2 receptor with plasma viral loads,
no significant relationship was found between these pa-
rameters during the follow-up period, although a positive
correlation was seen in the case of NK CD56bright cells, which
was statistically significant at the 48th week ( p = 0.015,
R = 0.89; Fig. 4).

It is noteworthy that the three vaccinated patients who
best controlled their viral load as a consequence of the vac-
cine (data not shown), displayed greater decreases in the
expression of CD85j/ILT-2 in NK CD56bright cells than other
patients.

Table 1. Percent Changes in Levels of Natural Killer (NK) Cell Subsets

NK CD56dim NK CD56bright NK CD56neg

Placebo Immunized Placebo Immunized Placebo Immunized
Time p Value Median Median p Value Median Median p Value Median Median

W1 0.83 1.71 - 4.10 0.13 - 0.08 0.09 0.35 - 8.95 4.34
W3 0.14 - 7.87 0.08 0.96 - 0.07 0.02 0.66 2.44 - 0.99
W16 0.56 3.06 - 1.83 0.67 0.06 - 0.27 0.89 0.54 2.22
W24 0.04 8.49 - 18.64 0.87 0.05 - 0.84 0.03 - 8.75 10.62
W48 0.49 2.84 - 13.72 0.82 - 1.11 - 0.04 0.69 - 6.87 10.80

Table 2. Percent Changes in Levels of Receptor Expression in Natural Killer (NK) Cell Subsets

NK CD56dim NK CD56bright NK CD56neg

Placebo Immunized Placebo Immunized Placebo Immunized

Time p Value Median Median p Value Median Median p Value Median Median

CD85j/ILT2 W1 0.04 - 1.98* - 9.63* 0.04 - 0.74* - 6.19* 0.70 - 1.84 - 4.68
W3 0.19 - 4.57 - 8.47 0.01 - 1.07* - 6.25* 0.49 - 6.03 - 7.55

W16 0.01 1.03* - 11.16* < 0.01 0.50* - 5.45* 0.21 2.27 - 12.45
W24 0.10 - 3.28 - 13.30 0.06 - 1.99 - 5.10* 0.96 - 9.07 - 16.14
W48 0.11 - 6.04 - 15.54 0.05 - 0.82* - 5.97* 0.91 - 10.35 - 8.29

CD94-NKG2A W1 0.04 10.98* - 0.27* 0.47 1.97 1.90
W3 0.16 2.73 - 0.34 0.46 2.47 - 4.06

W16 0.43 - 4.42 - 0.80 0.43 - 13.17 - 2.12
W24 0.34 - 3.42 2.03 0.06 - 3.73 8.38
W48 0.43 - 6.40 - 1.81 0.87 - 5.55 - 14.69

CD94-NKG2C W1 0.22 3.75 - 1.06 0.19 3.68 - 4.22
W3 1.00 - 1.79 1.82 0.65 0.57 0.94

W16 0.70 2.53 - 2.91 0.73 1.77 3.13
W24 0.26 - 1.35 3.18 0.74 - 2.35 - 1.49
W48 0.85 1.29 - 4.04 0.85 3.69 0.88

*Differences statistically significant.
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Discussion

NK cell subpopulations

Recent evidence suggests that abnormalities not only in
the number of the NK cells, but also in their secretory and
cytolytic capacity, are relevant to the progression of HIV-1
infections (37). Specifically, in HIV-1 infection a larger sub-
population of dysfunctional NK CD56neg cells (39), and an
augmented expression of certain inhibitory receptors (38,30),
have been observed. Defective cytolytic (29) and ADCC ac-
tivity (1,12,45), and dysfunction in cytokine production have
also been detected (34,38).

A further objective of this work was to determine whether
the balance of NK cell subsets in HIV-1-infected patients is
altered when they are vaccinated with autologous HIV-
1-pulsed dendritic cells. This would tell us if the vaccine has
the ability to modify NK cell distributions, as normally ex-
pressed in HIV-1-positive individuals (2,28,39), and whether
any such changes are actually a consequence of the specific
vaccine used.

Our results identified no large differences between the
changes in percentages of NK CD56bright and NK CD56dim cell
subpopulations in immunized patients and placebo individu-
als, which suggests that the vaccine probably has no effect on
these subpopulations. However, we found that the level of the
NK CD56neg cell subpopulation rose in immunized patients
from week 24 until the end of the follow-up period (Fig. 2). The
rise seen in NK CD56neg cells could be a consequence of the
improvement in the adaptative immune response observed in
vaccinated patients, as reported in the preliminary article in-
cluding these same patients (26), although it does not exclude
the possibility that it may be due to the effect of the vaccine on
T-regulatory lymphocytes (47,35).

We do not know the reason for the rise in the NK CD56neg

cell subpopulation observed in the immunized patients, al-

though this may be due to the loss of NK CD56 + cells, as
originally described by Brunetta et al. (13) under other con-
ditions.

The observed increase in CD56neg cells after the adminis-
tration of the vaccine may be of significance as a mechanism
that blocks the progression of HIV-1 infection in vaccinated
individuals. Obviously, these important immunological ef-
fects of the vaccine could be based on the biological char-
acteristics of these cells, which may act via their cytotoxic
capacity, and via the production of cytokines and IFN-c (9).
However, most importantly, they could interfere with the
progression of the infection, because CD56neg NK cells are
particularly relevant due to their capacity to produce and
secrete chemokines such as CCL3, CCL4, and CCL5 (10),
which are not only capable of acting as macrophage in-
flammatory proteins, facilitating chronic inflammation (9),
but can also interfere with the entry of HIV-1 into host cells
(8), and recruitment of NK cells, T cells, and macrophages to
block HIV infection and reinforce the cytotoxic function of
these cells.

The ability of these three chemokines to bind to CC-
chemokine receptor 5 (CCR5) and to interfere with the re-
ceptor that acts as a co-ligand of HIV, has also been fre-
quently described. NK CD56neg cells are thus able to inhibit
HIV-1 entry into CD4 + and other HIV-1 target cells (17,) and
subsequently to suppress HIV-1 replication (21,43). How-
ever, this potential beneficial effect of the vaccine caused by
NK CD56neg cell activity needs further study.

NK cell receptors

As the expression of CD94, NKG2A, and NKG2C, mea-
sured in NK CD56 + bright and CD56 + dim cell subpopulations
displayed no statistically significant differences between
placebo and immunized patients, we can conclude that the

FIG. 2. Distribution of natural killer (NK) CD56neg cells in HIV-1-seropositive vaccinated and placebo patients. A rise in NK
CD56neg cells can be observed from the 24th week to the end of the study period in HIV-1-immunized patients. The values
were statistically significant at the 24th week of treatment ( p = 0.013).
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vaccine has no effect on these receptors. However, when the
expression of the inhibitory receptor CD85j/ILT-2 was
measured, we found significant changes between both
groups. Our data show a statistically significant decrease in
the expression of CD85j/ILT-2 in both NK cell subpopula-
tions, NK CD56bright and NK CD56dim, in immunized pa-
tients, while no changes were observed in the placebo
group.

Given that CD85j/ILT-2 is expressed in NK cells and in
the majority of myelomonocytic cells (11), and that it binds
to different forms of HLA-I, including the regulatory mol-
ecule HLA-G (44), our results should be of both biological
and clinical significance. Our finding of diminished ex-
pression of this receptor, which has an inhibitory functional
effect on NK cells (11), and also inhibits the adhesion of

NK cells to their target cells (23), is of importance in that its
low expression in NK CD56dim and NK CD56bright cell
subsets in immunized patients may facilitate enhanced NK
cell function. Specifically, it may be that an increase in
the secretory activity of NK CD56bright NK cells and the
cytolytic function of NK CD56dim cells are consequences
of the vaccine. This may have been due to a rise in the
cytotoxicity and secretory capability of NK cells obtained
from MD-DC-immunized patients (7). Furthermore, this
effect could even be beneficial, as CD85j/ILT-2 has a tol-
erogenic effect on the production of IL-15 by dendritic cells,
and it also inhibits the adhesion of NK cells to target
cells (40).

Although an increase in NK cells expressing the CD85j/
ILT-2 receptor when ART is interrupted has been reported

FIG. 3. Trend lines reflecting changes in the percentages of (A) natural killer (NK) CD56dim-and (B) NK CD56bright-
expressing CD85j/ILT-2 cells in HIV-1-seropositive vaccinated and placebo individuals. (A) Trend line [equation: y = -
3.912ln(x) – 1.7675], which shows that changes in the percentage of NK CD56dim cells expressing CD85j/ILT-2 were reduced
in vaccinated patients relative to the placebo group. (B) Trend line [equation: y = - 1.341ln(x) – 2.4406], which shows that
changes in the percentage of NK CD56bright cells expressing CD85j/ILT-2 were reduced in vaccinated patients relative to the
placebo group.

NK CELLS IN HIV-1 + PATIENTS VACCINATED WITH DENDRITIC CELLS 41



(37), this study demonstrates the opposite effect in im-
munized patients, since even though our patients were off
ART treatment, the level of expression of this receptor was
reduced. Further studies are needed to extend our
knowledge of the real effects of downregulating CD85j/
ILT-2 expression, and its influence on the inhibition of the
activity of NK cells and other immunoreactive cells as
consequences of employing the DC vaccine in HIV-1-in-
fected individuals.

The positive correlation seen between the levels of NK
CD56bright-expressing CD85j/ILT-2 cells and the viral load in
the 48th week of follow-up (Fig. 4) could be of biological
interest, although we do not know why this relationship did
not appear at any other time point when both NK CD56dim

and NK CD56neg cell subpopulations expressing the CD85j/
ILT-2 receptor were analyzed.

These results regarding NK cells and their receptors could
be of clinical relevance, since to our knowledge no data
concerning the role of NK cells in previous therapeutic vac-
cines are available. It may also be of interest in view of the
cross-talk described between NK cells and dendritic cells,
which were used as part of the vaccine in this work
(16,22,42). In any case, further functional studies to clarify the
hypotheses suggested here are required to better understand
the changes seen in NK cells and their receptors in vacci-
nated patients.
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