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Introduction

HIV-1 infects mainly CD4+ T-cells, leading to their 
quantitative depletion and concomitant immunodefi-
ciency, which may finally result in opportunistic in-
fections and AIDS. The large extent of CD4+ T-cell 
depletion was puzzling for a long time since only a 
small fraction of these cells are infected by HIV-1. 
Further studies demonstrated that HIV-1 also affects 
uninfected effector cells of the immune system by 
induction of apoptosis, modulation of cytokine/
chemokine levels and related impairment of differen-
tiation, migration, and functionality of immune cells1. 
Furthermore, cells of the innate immune system can 

be directly infected. Cells of the innate immune system 
include dendritic cells (DC), monocytes, macrophages, 
and neutrophils, which originate from the myeloid 
lineage, and natural killer (NK) cells, which originate 
from the lymphoid lineage. Whereas macrophages are 
directly infected by HIV-1, DC capture the virus at 
mucosal surfaces and transmit it to T-cells in the lymph 
nodes. Although DC are not productively infected 
themselves, the virus influences essential functions of 
these cells concerning antigen presentation and im-
mune activation that have fundamental consequences 
on the subsequent priming of the adaptive immune 
response. Natural killer cells play a major role to con-
fine and defeat virus infections and bridge innate and 
adaptive immune responses; however, their role in 
HIV-1 infection is less clear. Interestingly, in order to 
weaken the host immune response, HIV-1 has evolved 
sophisticated mechanisms to inhibit NK cell cytotoxicity 
towards infected cells and to reroute NK cell killing to 
uninfected CD4+ cells2,3. Since NK cells are the major 
effector cells of the early immune response to HIV-1 
infection, we will first introduce these cells and sum-
marize their functions at the molecular level.
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Effector functions of natural killer cells

Natural killer cells were first described in the 1970s 
for their ability to spontaneously kill tumor cells, which 
was the origin of their name, “natural killer” cells4-9. 
NK cells are large granular lymphocytes, which mainly 
develop and differentiate in the bone marrow and then 
enter into circulation10,11. Significant numbers of NK 
cells also develop and differentiate in thymus, spleen, 
tonsils, and lymph nodes12,13. These cells constitute 
around 15% of peripheral blood lymphocytes and 
migrate to various tissues and organs of the body in 
response to proinflammatory stimuli10,14. Due to their 
different sites and pathways of development, NK cells 
are a heterogeneous cell population, defined by the 
absence of CD3 and the variable expression of CD56 
(neural cell adhesion molecule) and CD16 (FcγRIIIA) 
surface markers in humans. Based on the expression 
level of these two markers, NK cells can be subdivided 
into a CD56bright/CD16dim and a CD56dim/CD16bright 

subset10, differing in their body distribution and 
function. The CD56bright/CD16dim NK cells secrete 
large quantities of cytokines and play an important 
role as immune regulatory cells with limited cyto-
toxicity15, whereas CD56dim/CD16bright NK cells are 
highly cytotoxic10. The CD56brightCD16dim NK cells 
are the predominant species (> 90%) in secondary 
lymphoid tissues16, whereas the majority of cytotoxic 
CD56dimCD16bright NK cells (> 90%) are present in the 
peripheral blood.

Natural killer cells are known to fight viruses like 
members of the family of human herpes virus, human 
cytomegalovirus, and HIV17-20. Their impact on viral 
immune surveillance is underscored by the fact that 
patients with NK cell deficiencies21 and patients with 
low or dysfunctional NK cell activity22 suffer from 
recurrent, life-threatening herpes virus infections.

Upon encountering malignant or virus-infected cells, 
cytotoxic NK cells can mediate cytolysis by (i) release 
of cytoplasmic granules containing perforin and gran-
zymes23, representing the dominant killing mechanism 
of NK cells, (ii) induction of apoptosis via Fas ligand or 
TRAIL signaling24-26, or (iii) antibody dependent cellular 
cytotoxicity (ADCC)27. NK cell killing is regulated by a 
balance of downstream signals from agonistic and 
antagonistic cell surface receptors: (i) inhibitory re-
ceptors, which specifically recognize major histocom-
patibility complex class I (MHC-I) molecules and thus 
allow for the discrimination between normal cells and 
cells, which have lost their surface MHC-I molecules 
as a result of malignant transformation or viral infection, 

and (ii) activating receptors, which trigger the cytolytic 
activity against such cells28-30 (Fig. 1).

Natural killer cell receptors

The pool of inhibitory receptors of human NK cells is 
comprised of (i) the promiscuous ILT2 receptor, (ii) the 
killer immunoglobulin-like receptors (KIR), which recog-
nize different allelic groups of human leukocyte antigen 
(HLA) -A, -B or -C molecules, and (iii) the CD94/NKG2A 
receptor, which recognizes HLA-E31. Each type of KIR 
is expressed only by a subset of NK cells, and most 
NK cells express only one type of MHC-I-specific 
receptor. Therefore, in contrast to the entire NK cell 
pool, an individual NK cell might not be able to detect 
the absence of an HLA allelic variant on the surface of 
a target cell, as is the case in many cancer cells32.

The major activating NK cell receptors are NKG2D 
and the non-homologous natural cytotoxicity receptors 
NKp30, NKp44, and NKp4633,34. The importance of 
natural cytotoxicity receptors for NK cell activity is un-
derscored by the fact that expression of an insufficient 
amount of these receptors results in resistance of leuke-
mia cells to NK cell cytotoxicity in patients with acute 
myeloid leukemia35. Receptor NKG2D binds to the stress-
inducible cellular ligands MICA and MICB (MHC class I 
chain-related gene A/B), and to the unique long (UL) 
16-binding proteins (ULBP) on target cells36. In contrast, 
the corresponding cellular ligands of natural cytotoxicity 
receptors are mostly unknown and poorly characterized 
at the molecular level. There is evidence that NKp44 
and NKp46 bind to viral hemagglutinins37,38, while 
NKp30 binds to pp65 of human cytomegalovirus, the 
HLA-B-associated transcript 3 (BAT3) and to the recently 
discovered B7-H6 ligand on target cells39-41. Besides 
these inhibitory and activating receptors, it is assumed 
that NK cells express a number of functional Toll-like 
receptors, allowing NK cells to respond rapidly to 
invading pathogens42.

Natural killer cells contribute  
to adaptive immunity

The activation level of NK cells can be increased by 
cytokines, which are secreted by other immune cells 
upon infection10. As a consequence, the expression 
level of activating NK cell receptors is increased, 
thus lowering the threshold for a cytotoxic response43. 
Additionally, viral replication is suppressed by several 
chemokines and cytokines which are secreted from 
activated regulatory CD56bright/CD16dim NK cells16.
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Natural killer cells can promote the development of 
adaptive immunity via a bidirectional cross-talk with DC44. 
Upon encountering pathogen products, DC produce 
IL-12 and IL-15 to prime NK cells, which in turn secret 
cytokines (TNF-α, IFN-γ) to induce maturation of antigen-
loaded DC. These mature DC can then migrate to sites 
where they activate effector cells of the adaptive immune 
system. Interestingly, the lack of MHC-I expression on 
immature DC leads to their clearance by NK cells. Thus, 
NK cells contribute to DC maturation and at the same 
time to removal of immature tolerogenic DC. This quality 
control over DC by NK cells is mediated through the 
interaction of inhibitory (CD94/NKG2A) and activating 
(NKp30) NK cell receptors with their corresponding 
cellular ligands on DC.

Immune evasion of HIV from  
immuno-surveillance by natural killer cells

In co-evolution with the immune system, viruses have 
developed diverse mechanisms to evade immunosur-
veillance in order to propagate and disseminate within 
the population. Among others, escape from NK cell 
immunosurveillance is a common strategy of persistent 
viruses, such as human cytomegalovirus, herpes simplex 

virus type 1 and 2, varicella zoster virus, hepatitis C virus, 
and HIV-145,46. The strategies to modulate the activity 
of NK cells and to evade detection by NK cells fall into 
five categories: (i) selective down- or upregulation of HLA 
class I alleles from the host cell surface, (ii) expression 
of MHC-I homologs, (iii) expression of cytokine-binding 
proteins or cytokine receptor antagonists, (iv) inhibition 
of NK cell activating receptors, and (v) infection of NK 
cells47,48. In the following we will focus on the manifold 
inventions of HIV to compromise immunosurveillance 
by NK cells (Fig. 2, Table 1).

Downregulation of cellular ligands  
of natural killer cell receptors

Since cytotoxic T-lymphocytes (CTL) can recognize 
viral peptides presented on HLA class I molecules on 
the surface of infected cells, a common strategy used 
by a variety of viruses is to interfere with the process 
of antigen presentation46,49,50. However, global inhibi-
tion of MHC class I antigen presentation bears the risk 
of NK cell-mediated killing due to a lack of signals from 
inhibitory receptors29. In order to circumvent this 
problem, the HIV-1 protein Nef downregulates HLA-A 
and HLA-B molecules, which are the major mediators 

Signaling via
activating

NK cell receptors
(NKG2D, NCRs)

Predominance of
activating signal

Predominance of
inhibitory signal

Survival
of healthy cell

Killing
of virus infected

or transformed cell

Signaling via
inhibitory

NK cell receptors
(KIRs)

TC: T-cell; NK: natural killer; NCR: natural cytotoxicity receptor; 
MHC: major histocompatibility complex; KIR: killer immunoglobulin-like receptor.

Figure 1. Regulation of natural killer cell cytotoxicity by antagonistic and agonistic activating and inhibitory receptors. Natural killer cell 
recognition of target cells is regulated by the balance of activating and inhibitory signals delivered by activating and inhibitory receptors 
on the NK cell surface. MHC class I molecules on the target cell trigger inhibitory NK cell receptor signaling, blocking target cell lysis. In 
the case of tumor cells or virus-infected cells, the cell-surface expression of MHC class I molecules is downregulated and signaling via 
inhibitory receptors is reduced. Instead, triggering through activating receptors dominates, resulting in target cell lysis. 
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of CTL killing, from the cell surface of HIV-infected cells 
by redirecting them to the endo-lysosomal pathway51-53, 
while the HLA-C and HLA-E alleles are not affected 
and can still be recognized by the inhibitory KIR or 
CD94/NKG2A receptors of NK cells51. As a result, HIV 

achieves inhibition of both CTL-mediated as well as NK 
cell-mediated killing of the host cell51,54.

Virus infection and cellular stress might lead to up-
regulation of cellular ligands of NKG2D and render the 
infected cells sensitive to NKG2D-dependent killing by 

Infected cell

Effect on NK cell

↑ Inhitory receptors
↓ Activating receptors

↓ ADCC

↓ Target cell lysis

↑ Viral replication

↓ Innate-adaptive
Immunity crosstalk

↓ Chemokine secretion

↓ Cytokine secretion

↓ NK cell/DC interaction

Consequence
for immune response

NK: natural killer; ADCC: antibody-dependent cell-mediated cytotoxicity; DC: dendritic cell.

Figure 2. Effects of HIV viremia on natural killer cell function. HIV viremia results in reduced ability of NK cells to lyse virus-infected target 
cells via reduction of activating and increase of inhibitory NK cell surface receptors. This effect is further promoted by the impairment of 
HIV envelope-specific antibody-dependent cell-mediated cytotoxicity. HIV viremia also inhibits the secretion of CC-chemokines by NK cells, 
which enhances their susceptibility to infection by HIV-1 through unblocked CC-chemokine receptors. The reduction of cytokine secretion as 
well as an impaired interaction of NK cells with dendritic cells leads to defective crosstalk between the innate and the adaptive immunity.

Table 1. HIV proteins affecting natural killer cell-mediated immunity

Immune evasion Mode of action References

Nef Downregulation of HLA-A and HLA-B, but not HLA-C or HLA-E 51,54

Degradation of NKG2D ligands 56

Retention of NKp44 ligands 112

Modulation of cytokine milieu 113,114

Tat Blocking de novo synthesis of HLA class I molecules 115

Modulation of cytokine milieu 116-120

Vpu, Vpr Blocking de novo synthesis of HLA class I molecules 121

Regulation of NK cell degranulation 122,123

p24 Stabilization of HLA-E on the cell surface 124,125

gp120 Epitope masking and mutation 59

Modulation of cytokine milieu 126

gp41 Epitope masking and mutation 59

HLA: human leukocyte antigen; NK: natural killer. N
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NK cells and CTL28,55. In order to escape from elimination, 
HIV-Nef mediates downregulation of MICA, ULBP-1, 
and ULPB-2, thus limiting the number of activating 
contacts and the degree of cytotoxicity56.

Escape from antibody-dependent  
cellular cytotoxicity

HIV envelope proteins (gp120, gp41) are found on 
the surface of infected cells. Moreover, shed soluble 
variants can decorate uninfected cells after binding to 
CD4 and/or corresponding coreceptors. Consequently, 
these gp120 and gp41 bearing cells are a prime target 
for binding of neutralizing antibodies, which in turn 
trigger NK cell cytotoxicity via CD16 signaling57,58. This 
process is referred to as antibody-dependent cellular 
cytotoxicity (ADCC). In order to circumvent antibody 
binding to infected cells, the virus employs several 
strategies: (i) mutation of epitopes for these antibodies, 
(ii) masking of epitopes by glycosylation and trimeriza-
tion of gp120/gp41 spikes or (iii) shedding of the en-
velope proteins59. Moreover, HIV-1 can induce shedding 
of CD16 from the surface of cells other than NK cells and 
thus produce soluble CD16 molecules, which act as 
competitors of ADCC60.

Modulation of expression levels  
of natural killer cell receptors

Another clue for HIV-1 to subvert the immune response 
is to shift receptor pools of NK cells. Previous studies 
showed a significant increase in inhibitory KIR levels 
on NK and T-cells61-63 and decreased levels of the 
natural cytotoxicity receptors63,64, leading to compen-
sation of predominant signaling of activating NK cell 
receptors, reduced cytotoxicity, and promotion of viral 
replication65. Interestingly, modulation of receptor 
expression levels was mainly observed in viremic 
patients and correlated with viral load66,67. Notably, the 
expression and function of NKG2D and several activating 
co-receptors, including 2B4, NKp80, and NTBA, are 
not affected by HIV-163,68.

Impaired interactions between natural 
killer and dendritic cells

Besides reduction of NK cell cytotoxicity, HIV-1-in-
duced downregulation of activating NK cell receptors 
affects the crosstalk of NK cells and DC during 
establishment of an adaptive immune response. In 
this context, the maturation of DC is tightly controlled 

by NKp30-dependent killing of immature DC by NK 
cells. A decreased expression of natural cytotoxicity 
receptors mediated by HIV-1 leads to impaired clear-
ance and thus accumulation of immature DC69,70. As a 
consequence, cytokine secretion is limited leading to 
impaired activation of NK cells63,64.

HIV-1-induced killing of uninfected CD4+ 
T-cells by natural killer cells

Interestingly, HIV-1 infections can result in increased 
sensitivity of uninfected cells to NK cell-mediated killing71. 
This phenomenon was first described by Debré, et al. 
who showed that NK cells actively contribute to CD4+ 
T-cell depletion in HIV-1-infected patients, a major 
cause of the progression to AIDS71. Natural killer cell 
cytotoxicity is mediated by recognition of an HIV-1-
induced cellular ligand of NKp44 (NKp44L) on CD4+ 
T-cells. Surprisingly, mainly uninfected CD4+ T-cells are 
sensitive to killing by NK cells (see below). The induction 
of NKp44L was HIV-1-dependent and was observed on 
20% (in vivo) and 40% (in vitro) of the CD4+ T-cells, 
respectively. The expression level of NKp44L correlated 
with viral load, and HAART diminished the proportion of 
CD4+ T-cells that expressed NKp44L.

Surprisingly, in a SHIV/macaque model, Vieillard, et al.72 
could show in vivo that CCR5-dependent (R5) virus 
strains induced NKp44L and mediated killing of CD4+ 
T-cells by NK cells, whereas dual tropic (facultative use 
of CCR5 and CXCR4, R5X4) virus strains failed to medi-
ate NK cell killing. This observation might be explained 
by the fact that R5X4 virus strains lead to a much 
faster lysis of the host cell than R5 virus strains and 
might therefore not benefit from NK cell-mediated CD4+ 
cell killing73.

The expression of NKp44L on CD4+ T-cells is induced 
by the highly conserved 3S motif (S102WSNKS107, num-
bers refer to gp41 of the HXB2 HIV-1 strain) within the 
HIV1 gp41 envelope protein71. Interestingly, the 3S mo-
tif is absent in HIV-2 or SIV strains, which may partially 
explain their lower pathogenicity. The 3S motif of HIV-1 
is located in the extracellular part of gp41 between the 
N-terminal and the C-terminal heptad repeats and plays 
an important role in six helix bundle formation and fusion 
(Fig. 3 A). It is supposed that the 3S motif becomes 
accessible during conformational changes induced by 
docking of HIV-1 Env to cellular receptors74,75.

Interestingly, NKp44L induction occurs only on unin-
fected CD4+ T-cells, which recognize receptor-activated 
Env molecules on virions or cells after an aborted 
fusion process called hemifusion or “kiss of death”76,77. 
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The identity of NKp44L is unclear; however, the signal 
transduction pathway that finally leads to the presenta-
tion of NKp44L was recently deciphered78. The authors 
could prove that the 3S motif binds to the complement 
receptor gC1qR on the surface of CD4+ cells, known 
to mediate entry of several pathogens79-84. Subse-
quently, the 3S motif triggers a signaling cascade, 
which leads to production of H2O2 and exocytosis of 
intracellular NKp44L (Fig. 3 B). Interestingly, about 
30% of HIV-1-infected patients possess protective 
anti-3S antibodies, which lead to preservation of CD4+ 
cell counts and suppress NKp44L expression and 
related NK cell lysis85. These protective anti-3S anti-
bodies arise early after infection; however, they disap-
pear during the course of the disease. This fatal effect 
is due to the dependency of antibody production on 
anti-3S-specific CD4+ T-cells, which express high 
amounts of NKp44L and are therefore very sensitive to 
killing by NK cells.

These observations are in accordance with results 
from a 3S peptide vaccination study in macaques86. 
Here, the raised anti-3S antibodies inhibited NKp44L 
presentation on CD4+ cells and promoted stable CD4+ 
cell counts due to prevention of NK cell cytotoxicity. 
In humans, the NKp44L expression levels correlated 

with the virus load, as progressors showed a high 
level of NKp44L, long-term nonprogressors an inter-
mediate level, and elite controllers a very low level 
(comparable to healthy individuals). Interestingly, anti-3S 
antibodies inhibited CD4+ T-cell lysis in progressors and 
long-term nonprogressors, preserving CD4+ T-cell counts 
close to those of uninfected individuals or controllers. 
Based on these results, NKp44L seems to be the major 
determinant for NK sensitization by HIV-1 and repre-
sents a promising therapeutic target.

Effects of HIV-1 on natural killer cell 
phenotype and function

Changes in the cytokine/chemokine  
milieu during HIV infection

HIV-1 affects the ability of NK cells to secrete cytokines 
and chemokines, which are essential for an effective NK 
cell responses in the host87. Whereas NK cells secrete 
more IL-10, IL-18, and transforming growth factor-beta  
upon infection, decreased levels of IL-2, IL-12, and 
IL-15 lead to an impaired crosstalk between NK cells 
and DC and concomitant malfunctions. In addition, HIV-1 
reduces the ability of NK cells to secrete chemokines, 

gp120

gp41

c

N-heptad
repeat

Fusion
peptide

3S motif

3S motif
gC1qR

PI3K

Conformational
change
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O2

H2O2
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Figure 3. A: NKp44 ligand (NKp44L) induction by the 3S motif of HIV-1 gp41. The 3S motif (SWSNKS), responsible for NKp44L ligand 
induction in noninfected CD4+ T-cells, is located between the N- and the C-heptad repeat within the extracellular part of gp41. B: Upon 
binding of HIV-1 Env to its cellular receptors, conformational changes render the 3S motif accessible for interaction with the complement 
receptor gC1qR. Activated PI3K leads to elevated PIP3 and GTP-activated Rac levels that account for the production of reactive oxygen 
species (H2O2). Phosphorylated p190 RhoGAP-A, RhoA and TC10 finally mediate the translocation of NKp44L from intracellular vesicular 
bodies to the cell membrane.
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such as CCL3, CCL4, and CCL5, and leads to reduced 
NK cell-mediated inflammation and a higher number of 
surface-exposed, non-chemokine-engaged receptors 
for docking and entry of HIV88-90.

Changing natural killer cell subsets

Although the overall NK cell number remains constant 
during the chronic phase of HIV infection, a significant 
change in the composition of the NK cell pool occurs 
during the course of the disease91-93. Progressive HIV-1 
infection results in reduction of cytotoxic CD56dimCD16bright 

NK cells and a simultaneous accumulation of anergic 
CD56negCD16pos NK cells94-96. This CD56negCD16pos NK 
cell subset is rare in healthy individuals and is char-
acterized by impaired cytokine secretion and higher 
levels of inhibitory and lower levels of activating NK cell 
receptors94,95.

Direct infection of natural killer  
cells by HIV-1

HIV-1 infects predominantly CD4+ T cells, but other 
CD4+ cell types of the brain, bowel, heart, kidney, liver, 
and other organs are infected as well97. Although NK 
cells express CCR5 and/or CXCR463,98-101, NK cells in 
the peripheral blood of infected and healthy individuals 
were reported to lack CD4 expression, and consequently 
no proviral DNA could be detected63. In contrast, other 
studies showed CD4-independent and nonproductive 
infection of NK cells in vitro102,103. Studies of Valentin, 
et al.99 and Bernstein, et al.104 identified a novel cyto-
toxic NK cell subpopulation, which expresses CD4, 
CCR5, and/or CXCR4 at the same time and can thus 
be productively infected by HIV-199,100. Therefore, 
these NK cells could serve as an important viral reser-
voir in vivo. Although CD4+ NK cells are rare in the 
peripheral blood (< 7% of NK cells), they comprise 
14% of the NK cell pool in human tonsils and 60-80% 
in the thymus104,105. The CD4+ NK cells display some 
unique features as (i) they are highly activated and 
express the activation markers HLA-DR and CD25105,106, 
(ii) they express increased levels of IFNγ and TNFα, 
and (iii) they are capable of migrating towards the 
proinflammatory cytokine IL16104. Interestingly, high 
CD4+ NK cell counts were found in the peripheral 
blood of HIV-1-infected individuals as a result of NK 
cell activation99,100,104,105. This phenomenon is reminis-
cent of the known CD4 induction on activated CD8+ 
T-cells in the peripheral blood, which renders them 
susceptible to HIV-1 infection107-109. In contrast, HIV-1 

infection of CD4+ T-cells results in downregulation of CD4 
expression and reduced migration to sites of acute 
inflammation100,110. This reflects another mechanism 
of HIV-1 to avoid NK cell killing at primary sites of 
virus replication (see above)100.

Controversial data exist on the susceptibility of NK cells 
to HIV-1 infection. Several in vitro studies showed that 
stimulated NK cells expressing both CD4 as well as the 
chemokine co-receptors were infected by HIV-199,100,105. 
Moreover, Valentin, et al.99 and Bernstein, et al.100 con-
firmed the infection of CD4+ NK cells with X4-tropic HIV 
strains by entry inhibitors, specifically blocking CXCR4-
mediated entry. However, as R5-tropic HIV-1 strains are 
responsible for most primary infections, several studies 
analyzed the infectivity of CD4+ NK cells by these strains. 
While Valentin, et al.99 reported that NK cells could be 
infected by R5-tropic HIV-1 strains in the absence of 
any other cell type, Harada, et al. could not detect 
infection of NK cells with R5 viruses105. However, upon 
co-culture of stimulated CD4+ NK cells with CD4+ T-cells, 
proviral DNA was detected in both cell types105.

Future perspectives

As discussed in this review, HIV-1 affects NK cell 
activity in multiple ways in order to overcome both NK 
cell-mediated killing of infected cells and NK cell-me-
diated triggering of adaptive immune responses. Some 
open questions still remain, especially with regard to 
the sensitivity of NK cells to HIV-1 infection. A more 
detailed understanding of the early effects of HIV-1 
infection on NK cell activity may help to develop thera-
peutic strategies to maintain or restore the crucial 
antiviral NK cell functions. Due to the central role of 
NK cells in orchestrating innate and adaptive immune 
responses, such strategies would enable a much more 
efficient antiviral immune response and might prevent 
viral spread and progression to AIDS. However, clear-
ance of infected NK cells might be complicated by the 
fact that NK cells express a higher level of P-glycoprotein 
compared with other lymphocytes and are therefore 
more resistant to antiretroviral drugs, such as protease 
and reverse transcriptase inhibitors99,111.

In summary, NK cells act as a double-edged sword: 
on the one hand NK cells directly mediate killing of 
HIV-1-infected cells, and on the other hand they con-
tribute to killing of noninfected CD4+ T-cells. Moreover, 
NK cells can be infected by HIV-1 and thus provide a 
reservoir for viral replication on their own. Therefore, 
NK cells represent a challenging but promising target 
for future antiviral therapies.
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