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ABSTRACT 

The mechanisms involved in resistance to HIV-1 infection, especially the role of innate immune response, have not 
been thoroughly explored in individuals who are repeatedly exposed to HIV-1, but do not get the infection, termed as 
Exposed sero-negative or ESN. Frequency and activation state of natural killer (NK) cells and plasmacytoid dendritic 
cells (pDC) in ESNs from North India were compared with those in recently infected HIV positives (RHIV), chroni- 
cally infected HIV positives (HIV+) and healthy controls (HC). The activation state of NK cells in terms of cytokine 
response (IFNγ & TNFα) was significantly higher in ESNs compared to the healthy controls, recently infected HIV+ 
and chronically infected HIV+. Although the number of circulating pDC in different study groups was not significantly 
different, yet these cells seem to have significantly higher activation state in terms of IFNα production (ex-vivo in re- 
sponse to CpG ODN) in ESNs when compared with other groups. Increased activation status of NK cells and pDC in 
Exposed but Seronegative individuals indicates their continuous stimulation with HIV antigens due to regular exposure 
with infected partners and which might be imparting resistance to viral infection in these individuals.  
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1. Introduction 

Over almost 3 decades since it was first identified, the 
HIV/AIDS epidemic has already caused an estimated 25 
million deaths worldwide [1]. We do understand that not 
all individuals who are repeatedly exposed to HIV-1 
show evidence of infection, sero-conversion and devel- 
opment of disease. Quite apart from those who serocon- 
vert but progress slowly to AIDS (i.e., slow progressors, 
long-term non-progressors, elite controllers), this rare 
category of exposed seronegative (ESN) individuals, 
either resist infection or harbour extremely low levels of 
virus. The correlates of protection that confer this unique 
status to a minority of HIV-exposed individuals remain a 
subject of intense interest, as no single genetic or immu- 
nologic parameter has yet been able to fully explain this 
phenomenon. However, studying the disease profile in 
these individuals in more details may provide invaluable 
information that will aid in the design of newer vaccines 
and therapeutic approaches [2,3]. 

The role of innate immunity in the modulation of sus- 
ceptibility to HIV infection is unclear and only a few 
recent reports describe a possible role for this arm of the 
immune response [3-5]. We had earlier reported that Hu- 
man immunodeficiency virus (HIV) gag antigen-specific 
T-helper and granule-dependent CD8 T-cell have en- 
hanced activities in exposed but uninfected (ESN) het- 
erosexual partners of HIV type 1-infected individuals in 
North India [6]. Further we tried to explore the associa- 
tion of gene polymorphisms in CCR5, CCR2, CX3CR1, 
SDF-1 and RANTES to protection in these individuals 
[7], but the role of cellular innate immune components 
remained unexplored. The innate immune system is 
composed of a wide variety of cellular components in- 
cluding NK cells and dendritic cells which play a sig- 
nificant role in preventing the infection by pathogens. 
Natural killer (NK) cells, which account for about 10% 
of peripheral blood lymphocytes, are very effective in 
producing cytokines like IFNγ, TNFα and GM-CSF 
which are important regulators of immune responses and 
haematopoiesis and link the innate to the adaptive im- 
mune response through a bidirectional cross-talk with 
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dendritic cells [8,9]. Although low numbers of NK cells 
have been shown to be associated with rapid progression 
to AIDS in HIV-infected individuals [10], their role in 
protection against the establishment of HIV-1 infection 
remains to be fully elucidated.  

The dendritic cells participate in the innate immune 
response against pathogens by producing cytokines IL-12, 
IL-6 and IFN thereby initiating the adaptive immune 
response [11]. Natural IFNα producing cells (IPCs), now 
called plasmacytoid dendritic cells (pDCs), are the major 
source of type-I interferons in antiviral innate immune 
responses [12,13]. The normal production of type-I in- 
terferons in HIV-infected subjects even with low CD4+ 
cell numbers appears to protect individuals from disease 
[14]. Loss of circulating pDCs correlates with a high 
HIV viral load and the occurrence of opportunistic infec- 
tions and Kaposi’s Sarcoma [15]. Moreover the LTNP 
patients, despite being able to avoid progression to AIDS 
for an extended period of time, are indeed infected, while 
the ESN individuals are not infected at the first place. 
Thus the identification of the immune correlates in ESN 
individuals could clarify how to design preventive vac- 
cine and newer therapeutic approaches. Accordingly the 
present study was designed with the aim to evaluate the 
status and possible role of innate immune responses in 
terms of NK cells and pDCs in HIV-1 exposed seronega- 
tive (ESN) individuals. 

2. Patients & Methods 

2.1. Study Population and Study Design 

The study subjects were recruited from the Integrated 
Counselling and Testing Centre (ICTC) for HIV in a ter- 
tiary care hospital in North India. Twenty ESN individu- 
als were enrolled in this study. All participants had a 
history of prolonged unprotected penetrative sexual ex- 
posure with an HIV-1 infected partner, which was de- 
fined as sexual intercourse at least twice per week for a 
period of 4 months in the last 2 years [16]. Only one ESN 
was involved in homosexual activity with multiple part- 
ners while all others were cases of heterosexual exposure 
with a single partner (sero-discordant couples). None of 
the sexual partners of ESNs was receiving ART. Twenty 
chronically HIV-1-infected, therapy-naïve individuals 
with no opportunistic infection were also enrolled. As 
unexposed controls, 20 HIV-seronegative, apparently 
healthy individuals, with no known risk factors for HIV-1 
infection were recruited as healthy control (HC) group. 
Lastly, as a better control for comparison with ESNs, a 
group of 10 recently infected (infected within last 5 - 6 
months) HIV positive individuals was also enrolled for 
the study. Only those chronically infected HIV+ and in- 
dividuals with recent HIV infection were enrolled who 

had acquired the infection through sexual route in order 
to match their risk factors with those of ESNs. This study 
was approved by the Institutional Ethics Committee 
(IEC), and a clear explanation of the objectives and the 
implications of the results were given to each participant; 
subsequently, an informed consent was obtained. 

2.2. Sampling 

Peripheral blood was collected from each individual ei- 
ther in a K2 EDTA or sodium heparin vacutainer® vial 
(BD Biosciences, USA) for immunophenotyping or in 
vitro stimulation assay respectively. One mL of EDTA 
blood was used for phenotypic analysis of NK cells, 
pDCs, CD4 cell counts, TLC (total leukocyte count) and 
DLC (differential leukocyte count). Plasma was sepa- 
rated from the remaining EDTA blood for the determina- 
tion of HIV viral load. The leukocyte rich buffy coat was 
used for DNA and RNA extraction using commercially 
available kits (Qiagen, Germany). Total RNA isolated 
from EDTA blood was immediately reverse transcribed 
to cDNA using the RevertAid™ First Strand Synthesis 
Kit (Fermentas, Canada) and stored at –20˚C till further 
use. Heparinized blood was used for isolation of PBMC 
using Ficoll-Hypaque (Histopaque®, Sigma-Aldrich, 
USA) density gradient centrifugation. Purified lympho- 
cytes at the interphase were collected and cell viability 
was determined by Trypan blue dye exclusion. The cells 
were resuspended at a concentration of 1 × 106 cells/mL 
in RPMI 1640 with 10% FCS (Sigma-Aldrich), 10 mL/L 
antibiotic-antimycotic solution (Sigma-Aldrich) to be 
further used for the functional analysis of both the NK 
cells and the pDCs.  

2.3. Confirmation of the Absence of HIV 
Proviral DNA in ESNs by Nested PCR 

Absence of proviral DNA of HIV-1 was confirmed in 
each ESN subject using an in-house developed nested- 
PCR assay. Extracted DNA was used in the first PCR to 
amplify a 768 bp fragment of pol gene using primers 
POL Pr-1 [5’-TTC CCA TTA GTC CTA TTG AAA 
CTG T-3’] and POL Pr-2 [5’-TCA TTG ACA GTC CAG 
CTA TCC TTT T-3’] [17]. The amplified PCR product 
was then used as template in the second PCR to amplify 
a 540 bp internal sequence using nested primers: Pr-F1 
[5’-GCC TGA AAA TCC ATA TAA CAC TCC-3’] and 
Pr-F2 [5’-CCA TCC AAA GAA ATG GAG GTT C-3’]. 
DNA extracted from the whole blood of normal healthy 
individuals was used as negative control in the PCR re- 
action. For positive control, a full-length infectious clone 
of HIV-1 subtype-B cloned in pUC-18 plasmid DNA 
(pNL4-3) (gifted by Dr. Shahid Jameel, ICGEB, New 
Delhi) was used. DNA from a HIV serology positive 
individual was included as a positive control. 
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2.4. Confirmation of Absence of CCR5 32 
Mutation by PCR 

Presence of CCR532 mutation (associated with resis- 
tance to HIV and slow progression to AIDS) was ex- 
cluded among ESNs by PCR as described by Barker et al. 
[18]. Primers CCR5-S [5’-TTA AAA GCC AGG ACG 
GTC AC-3’] and CCR5-AS [5’-GAC CAG CCC CAA 
GAT GAC TA-3’], which would amplify a fragment of 
either 204 or 172 bp, corresponding respectively to wild 
type and 32 bp-deleted CCR5 alleles were used. PCR 
products were resolved on a 2% agarose gel and visual- 
ised on a UV-transilluminator gel-doc. 

2.5. Identification of Recently Infected HIV 
Positives 

Newly diagnosed HIV positive individuals at the Inte- 
grated Counselling and Testing Centre were initially 
screened for recent infection (5 - 6 months) on the basis 
of Post-HIV test counselling. The individuals shortlisted 
on the basis of a recent sexual/matrimonial alliance with 
a known HIV positive were confirmed for recent sero- 
conversion using Calypte® HIV-1 BED Incidence EIA 
(Calypte Biomedical Corporation, USA). It is an in vitro 
quantitative enzyme immunoassay for the determination 
of the proportion of HIV-1 specific IgG in blood samples 
(including serum and plasma) with respect to total IgG as 
an aid in determining the elapsed time since HIV-1 in- 
fection occurred. A threshold cut-off based on a calibra- 
tor specimen determines the classification of recent sero- 
conversion. Standard protocol as described in the kit in- 
sert was followed. 

2.6. CD4 Counts and Plasma HIV Viral Load  

Absolute CD4 lymphocyte counts were determined by 
flow-cytometry using BD TritestTM CD3 FITC/CD4 PE/ 
CD45 PerCP with BD TrucountTM tubes as per manufac- 
turer’s protocol (BD Biosciences, USA). The sample was 
acquired on the BD FACSCaliburTM (BD Bioscience, 
USA) flow cytometer and analysed using the BD Mul- 
tiset™ software.  

HIV viral load in the plasma samples was quantified 
using the COBAS AMPLICOR HIV-1 MONITOR Test, 
version 1.5 (v1.5) (Roche Diagnostics, Switzerland).  

2.7. Enumeration of NK Cells and Plasmacytoid 
DCs by Immunophenotyping 

Fluorochrome-labeled monoclonal antibodies (mAbs) 
CD3-PECy5, CD16-PE, CD56-PE, CD4-PE, CD11c- 
PECy5, lineage cocktail (a mixture of anti CD3, CD14, 
CD16, CD19, CD20, CD56)-FITC and the corresponding 
isotype control antibodies were all from BD-Pharmingen 
(USA). Frequency and phenotype of NK cells (defined as 

CD3–/CD16+/CD56+) and pDCs (defined as CD4+/ 
Lineage–/CD11c–) [13] was determined by three colour 
flow-cytometry. 

For cell surface staining, 100 µl of EDTA anti-coagu- 
lated whole blood was incubated with the appropriate 
corresponding fluorochrome labelled mAb for 20 min at 
room temperature in the dark. The erythrocytes were 
lysed, washed with 2 ml of cold PBS and were fixed with 
250 µl of 2% formaldehyde. For all experiments, appro- 
priate isotype-matched control antibodies were also in- 
cluded. Flow cytometry was performed using the BD 
FACSCaliburTM instrument and the data analyzed with 
CellQuest ProTM software. The absolute number of the 
different leukocyte subpopulations was calculated on the 
basis of manually determined total and differential pe- 
ripheral blood cell counts. 

2.8. Intracellular Staining for IFNγ and TNFα in 
NK Cells 

Intracellular staining for IFNγ and TNFα in NK Cells 
was carried out as described elsewhere [9]. Prior to in- 
tracellular staining for cytokine production, cells were 
stimulated with PMA (50 ng/mL) and ionomycin (1 µg/ 
mL, Sigma-Aldrich, USA). Briefly, cells were cultured in 
the presence of Brefeldin A (Sigma-Aldrich, USA) and 
were surface stained with CD3, CD16 and CD56 anti- 
bodies. After fixation with 2% paraformaldehyde, and 
permeabilisation with 0.1% saponin (Sigma-Aldrich, 
USA) in PBS, cells were stained with antibodies directed 
against the appropriate cytokines (IFNγ-FITC, TNFα- 
FITC). The cells were acquired on the flowcytometer and 
analyzed as described above. 

2.9. IFNα and Inflammatory Cytokine 
Estimation after Stimulation with 
CpG-ODN 

One million PBMCs from each subject were cultured 
with or without 10 µg/ml of A-Class CpG ODN 2216 
(5’-GGGGGACGATCGTCGGGGGG-3’) (Sigma Al- 
drich, USA), for 18 hrs at 37˚C and 5% CO2. IFNα levels 
were assessed in culture supernatants using a comer- 
cially available ELISA kit (Bender Medsystems, Austria) 
as per manufacturer’s protocol. Levels of inflammatory 
cytokines i.e. IL-6, IL-8, TNF and IL-12p70 were as- 
sessed in culture supernatants by flow cytometry using 
the BDTM Cytometric Bead Array (CBA) Human In- 
flammation Kit (BD Biosciences, USA) according to 
manufacturer’s protocol. 

2.10. IRF7 Gene Expression by Real Time PCR 

Relative quantification of IRF7 gene expression was 
done by Real Time PCR using SYBR Green chemistry. 
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The expression of IRF7 gene was normalized to the 
house-keeping gene GAPDH using the primers: IRF7-F: 
5’-TGG TCC TGG TGA AGC TGG AA-3’, IRF7-R: 
5’-GAT GTC GTC ATA GAG GCT GTT GG-3’, 
GAPDH-F: 5’-GAA GGT GAA GGT CGG AGT-3’ and 
GAPDH-R: 5’-GAA GGT GAA GGT CGG AGT-3’. 

2.11. Statistical Analysis 

The statistical analysis was carried out using Graph Pad 
Prism v5.00 software (Graph Pad Software Inc., USA) 
and the level of significance was set at p < 0.05. Multiple 
comparisons among different groups were performed by 
analysis of variance (ANOVA). Correlation analysis was 
done using the non-parametric Spearman’s Rank Corre- 
lation Coefficient Analysis.  

3. Results 

3.1. Characteristics of Study Population 

All individuals included in this study were from the 
North Indian states. The demographic profile of indi- 
viduals in different study groups is summarized in Table 
1. None of the subjects presented clinical evidence of any 
other infectious disease at the moment of blood sampling. 
The recently infected HIV+ individuals (RHIV) were from 
a significantly younger age group (23.50 ± 3.03 years) as 
compared to the other study groups (All > 30 years). The 
HC, ESN and RHIV study groups had almost equal dis- 
tribution of individuals from both sexes. However, the 
chronic HIV positives (HIV+) were predominantly males 
(Table 1). All ESNs were negative for HIV-1 infection 
by serology as well as by DNA PCR assay. Additionally, 
none of the ESNs were positive for the presence of 
CCR5 32 mutation. The mean CD4 cell count in ESNs 
was similar to that of HCs but was found to be signifi- 
cantly higher in comparison to RHIV (p < 0.005) and 
ART naïve HIV+ group (p < 0.001) (Table 1). 

3.2. Frequency of NK Cells and pDCs in 
Peripheral Blood 

The frequency and absolute counts of NK cells (Figure  

1(a)) and Plasmacytoid DCs (Figure 1(b)) was deter- 
mined in the peripheral blood by flow cytometry. NK 
cell percentage (data not shown) as well as absolute 
count in ESNs were found to be similar to HC individu- 
als but significantly higher when compared with RHIV 
(p < 0.005 and p < 0.05 respectively) or chronically in- 
fected HIV+ individuals (p < 0.005 and p < 0.001 re- 
spectively), (Figure 1(c)). Although there was no sig- 
nificant difference in terms of the percentage of circulat- 
ing pDCs in peripheral blood of different groups, the 
absolute count of pDCs was significantly higher in ESNs 
when compared with the chronic HIV+ individuals (Fig- 
ure 1(d); p < 0.05). The Spearman’s correlation analysis 
revealed no significant correlation between NK cell 
numbers and CD4 counts in both RHIV and HIV+ study 
groups (Figure 1(e)). On the other hand a significant 
positive correlation was observed between the CD4 cell 
counts and absolute pDC numbers (Figure 1(f), p < 
0.005) in the peripheral blood of both the study groups.  

3.3. Cytotoxic Potential of NK Cells 

The percentage of specific lysis in case of ESNs was 
found to be similar to HC subjects but significantly 
higher when compared to the RHIV or the HIV+ groups 
(Figure 2(a), p < 0.001 for both). The increased cytotox- 
icity in case of ESNs indicates the activated state of NK 
cells among these individuals. Spearman’s correlation 
analysis revealed a significant inverse relationship be- 
tween CD4 cell counts and NK cell cytotoxicity in case 
of RHIV (Figure 2(b); Spearman’s ρ = –0.7939, p < 
0.05). An inverse correlation trend was also observed in 
case of ART naïve chronic HIV+ group, but the results 
were not statistically significant (Figure 2(b)). 

3.4. Production of IFNγ and TNFα by NK Cells 

The percentages of CD3–/CD16+/CD56+ NK cells that 
expressed IFNγ (Figure 2(c)) or TNFα (Figure 2(e)) 
after PMA Ionomycin stimulation were found to be sig- 
nificantly higher in ESNs when compared with the RHIV 
group (p < 0.001), the chronically infected HIV+ group 
individuals (p < 0.05) or the healthy controls (p < 0.05).  

 
Table 1. Demographic profile of individuals in different study groups. 

Age (Years) CD4+ Count (Cells/µL) Viral Load (Copies/mL)
Group n 

Mean ± SD Range Mean ± SD Range Mean ± SD 

HC 20 30.55 ± 6.69 23 - 48 659 ± 304 296 - 1387 N.A. 

ESN 20 31.30 ± 6.54 24 - 50 718 ± 313 339 - 1544 N.A. 

RHIV 10 23.50 ± 3.03 20 - 28 461 ± 151 258 - 772 N.D. 

HIV 23 35.39 ± 7.11 19 - 45 130 ± 58 28 - 215 4.46E5 ± 1.45E5 

HC: Healthy Controls, ESN: Exposed Seronegatives, RHIV: Recently infected HIV+, HIV: ART naïve chronic HIV+; N.A.: Not applicable, N.D.: Not done. 
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Figure 1. Absolute number of NK cells and pDCs in peripheral blood of individuals in different study groups (a) NK cells 
were identified as CD3–/CD16+/CD56+ after gating the lymphocytes on the basis of forward and side scatter. Representative 
dot plots show the NK cells in the upper left quadrant in different study groups; (b) Absolute count of NK cells per micro 
litre of blood for each individual in different study groups. Each point represents one individual and the horizontal line 
represents the mean. Significant differences are indicated on the top (ANOVA Dunnett’s multiple comparison test; *p < 0.05, 
***p < 0.001); (c) pDCs were identified, after gating Lineage (CD3/CD14/CD16/CD19/CD20/CD56) negative mononuclear 
cells (plots not shown), as being CD4+/CD11c-. Representative contour plots show the gated pDCs in different study groups; 
(d) Absolute count of pDCs per micro litre of blood, determined on the basis of frequency and absolute blood counts. Each 
point epresents one individual and the horizontal line epresents the mean. Significant differences are indicated on the top 
(ANOVA Dunnett’s multiple comparison test; **p < 0.01); (e) Linear regression analysis carried out and the best fit line with 
95% confidence band plotted along CD4 counts vs absolute NK cells/µL blood and (f) CD4 counts vs absolute pDC/µL blood 
in order to find if any correlation existed. r2 and significant p values are indicated. 
 
Spearman’s correlation analysis however revealed no 
significant correlation between percentage of IFNγ pro- 
ducing NK cells and CD4 cell counts in the patient 
groups (Figure 2(d)) or CD4 counts vs % TNFα positive 
NK cells (Figure 2(f)). These findings suggest that the 
enhanced capability of NK cells from ESNs to produce 
IFNγ and TNFα could be associated with natural resis- 
tance to HIV-1 infection in these individuals, which need 

to be demonstrated through a further study on larger 
number of individuals. 

3.5. IFNα and Inflammatory Cytokine 
Production by pDC after Ex-Vivo 
Stimulation with CpG-ODN 

The ability of circulating PB C (predominantly pDC) to  M 
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Figure 2. Functional analysis of NK cells in terms of cytotoxicity and cytokine production in different study groups (a) NK 
cell cytotoxicity assessed against K562 cell line using a commercially available LDH enzyme release assay. Individual values 
of % cytotoxicity in each study group represented in the scatter plot. The horizontal line represents the mean and significant 
difference indicated on the top (ANOVA Dunnett’s multiple comparison test; ***p < 0.001); (b) Linear regression analysis 
carried out to find correlation between NK cell cytotoxicity and the CD4 cell counts and best fit line with 95% confidence 
band plotted. r2 and significant p values are indicated; (c) Intracellular levels of IFNγ and (d) Correlation between CD4 
counts and intracellular IFNγ and TNFα levels assessed by linear regression analysis and best fit line with 95% confidence 
band plotted along CD4 counts vs % IFNγ positive NK cells and (e) TNFα in NK cells assessed after stimulating the PBMC 
with PMA and Ionomycin. The points represent individual values in different study groups with the horizontal line repre- 
senting the mean and significant differences indicated on the top (ANOVA Dunnett’s multiple comparison test; *p < 0.05, 
***p < 0.001) and (f) CD4 counts vs % TNFα positive NK cells. r2 and significant p values are indicated.  
 
produce IFNα and inflammatory cytokines ex vivo in 
response to stimulation with pDC specific stimulant CpG 
ODN was determined in the study groups. The cells from 
ESNs produced significantly higher amount of IFNα in 
comparison to the RHIV (Figure 3, p < 0.001), the HIV+ 
group (p < 0.001) as well as the healthy controls (p < 
0.001). The levels of inflammatory cytokines IL6, IL8 in 
culture supernatants of CpG induced PBMCs from ESNs 
were less but not significantly different from those of 
RHIV, HIV+ and the control HC group (Figure 3). How- 
ever, the levels of TNFα were found to be significantly 
lower in the ESN group when compared with HIV+ (p < 
0.05) but not when compared with RHIV and HC groups. 
Significantly higher levels of IFNα in ESNs compared to 
the healthy controls and HIV positive study groups, in- 
dicate the activated state of circulating pDC in these in- 
dividuals.  

3.6. Interferon Regulatory Factor-7 (IRF-7) 
Gene Expression 

The expression of IRF-7, major transcription factor con- 
trolling the expression of IFNα in plasmacytoid DCs (19) 
as evaluated by real-time PCR, was found to be signifi- 
cantly higher in case of chronic HIV positives as com- 

pared to ESNs when the data was normalized to GAPDH 
(Figure 4; p < 0.005). Although the expression of IRF7 
was higher in ESNs compared to the RHIV and the HC 
groups the difference was not statistically significant.  

4. Discussion 

Several genetic and adaptive immune mechanisms of 
natural resistance have been reported in both ESN and 
long-term nonprogressors (LTNP) [18-24]. However, 
these mechanisms only partially explain the phenomenon 
of natural resistance observed in some individuals ex- 
posed to HIV-1. To date, only a genetic factor, the ho- 
mozygous Δ32 mutation in the CCR5 gene, has been 
shown to confer a high degree of resistance to HIV-1 
infection. However, this genetic trait explains why the 
ESN individuals remain uninfected in only 2% - 4% of 
this group, thereby strongly suggesting that other, yet 
unexplored, mechanisms mediate this resistance [25]. 
Although rare in Asian population [26], the presence of 
CCR5 Δ32 mutation was ruled out with none of the ESNs 
recruited in our study found to be carrying this mutation. 

There have been some reports highlighting the role of 
soluble factors, such as type I IFNs, chemokines and α 
and β-defensins produced by cells of the innate immune  
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Figure 3. Cytokine levels in culture supernatants after incubation of PBMCs with/without CpG ODN 2216 for 18 hrs. Cyto- 
kine levels were assessed using ELISA (IFNα) and flow cytometry (CBA, Human Inflammatory kit, BD Pharmingen). IFNα 
levels are represented as Box and Whisker plots. Mean ± SEM values of inflammatory cytokines are represented after sub- 
tracting the values of unstimulated controls. Data was subjected to ANOVA followed by Dunnett’s multiple comparison test 
with significant values indicated on the top. (*p < 0.05, ***p < 0.001). CpG ODN: oligodeoxy nucleotides with CpG motifs; 
PBMC: peripheral blood mononuclear cells. 
 

 

Figure 4. mRNA expression of Interferon regulatory factor 
7 (IRF 7) was examined in different study groups by real- 
time RT-PCR and normalized to the housekeeping gene 
GAPDH. Data expressed as box and whisker plots with the 
median and significant values are indicated on the top (**p 
< 0.005). 
 
system, as protective mechanisms during HIV-1 expo- 
sure [27,28]. In order to explore new mechanisms associ- 
ated with the phenomenon of natural resistance to HIV-1 
infection, we evaluated the frequency and functional re- 
sponse of NK cells and plasmacytoid DCs, which are 

known to have direct effector functions as well as play a 
role in the modulation of the adaptive immune response.  

To the best of our knowledge, ours is the first study to 
have recruited a group of recently infected HIV positives 
(5 - 6 months) as a control group along with chronically 
infected HIV positive individuals to compare the findings 
from ESNs. Most of the reports on ESNs so far, have 
compared them with chronically infected HIV positives 
[18,25,29] or healthy controls only [4], which may not 
actually present the true picture considering the long 
term effects of HIV infection on the immune system The 
reduced CD4 cell count during progressive stages of dis- 
ease as observed in our study is a hallmark of HIV infec- 
tion. Individuals who maintain the CD4 count due to 
many different mechanisms which may be intrinsic to the 
individual, are resistant to disease progression as seen in 
LTNPs. Somewhat similar mechanisms may be playing 
role in the ESN group of individuals where the CD4 
count was found to be significantly higher as compared 
to the HIV positive groups in our study which is in line 
with an earlier report from Fowke et al., [30] who have 
reported higher CD4 counts in a cohort of HIV resistant 
commercial sex workers from Nairobi and have also 
demonstrated the presence of HIV-specific T-helper (Th) 
cell responses.  
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The NK cells are critical in the early control of various 
viral infections and work in synergy with CD8+ T cells to 
clear infection. Work in the herpes simplex virus type 1 
(HSV-1) model has demonstrated that NK cells are the 
largest fraction of the lymphocyte infiltrate during the 
first 1 - 5 days of infection but decline as CD8+ T cell 
numbers expand by day 5 of infection [31]. The analysis 
of the total CD3–CD16+CD56+ NK cell population in the 
peripheral blood in our study groups revealed a signifi-
cantly higher percentage and absolute count in the ESN 
group as compared to the recently and chronically in-
fected HIV positives. Although the NK cell frequency in 
ESNs was also higher compared to the uninfected con-
trols, the difference was not statistically significant. NK 
cell counts were found to be similar in the RHIV and 
chronic HIV positive groups. A possible explanation to 
this observation lies in the emergence of a novel dys- 
functional subset of NK cells, the CD3 neg CD56 neg 
CD16 pos NK cells [32]. This subset becomes more 
prominent in individuals with active viral replication at 
the expense of the two other subsets of NK cells, result- 
ing in an overall stable number of NK cells over the 
course of HIV infection. No significant correlation be- 
tween NK cell numbers and the clinical stage of the dis- 
ease in HIV positive subjects (in terms of CD4 counts) 
was observed in our study although a positive correlation 
between the two has earlier been reported in a few stud- 
ies [33,34]. Elevated NK cell activity was observed in 
ESNs in terms of significantly higher IFNγ and TNFα 
production as compared to the uninfected controls, re- 
cently and chronically infected HIV positives. The in- 
creased production of cytokines by activated NK cells in 
ESNs may play a role in anti-HIV-1 defence. Both IFNγ 
and TNFα modulate HIV-1 infection in vitro and can 
suppress viral replication in certain conditions [35]. IFNγ 
is known to have direct anti-HIV-1 activity, mainly me- 
diated through antagonism of tat-induced LTR transacti- 
vation [36] and has been previously proposed as one of 
the possible mechanisms responsible for resistance to 
HIV-1 infection [37]. Our results are in concordance with 
a study in a cohort of Vietnamese IDUs [29] in which 
NK cells from the exposed but uninfected individuals, 
produced considerably more of the chemokines CCL3, 
CCL4 and CCL5 as well as cytokines IFNγ and TNFα 
than did NK cells from HIV positive individuals and 
HIV-negative volunteers. Increased IFNγ and TNFα 
production by ESNs in our study, as a possible correlate 
of protection from HIV, is also supported by Montoya et 
al. [25] who have reported similar results in an ESN co- 
hort. These findings support the hypothesis that IFNγ and 
TNFα production by NK cells contributes to protection 
from acquiring HIV infection. NK cell cytotoxicity was 
also found to be significantly higher in ESNs in our study 
compared to the recently and chronically infected HIV 

positives. However, the difference was not significant 
when compared with uninfected controls. NK cell cyto- 
lytic activity has been shown to be higher in Vietnamese 
EU IDUs than in healthy unexposed individuals or in 
IDUs who eventually underwent seroconversion [29]. 
More recent studies have demonstrated either reduced or 
enhanced cytolytic activity of NK cells in HIV-1 infec- 
tion. [38,39]. Continuous surveillance of virally infected 
cells by NK cells and increased NK cell activity of 
virally infected cells despite reduced numbers in viremic 
HIV positives has been shown using CD107a expression 
which is a recently established marker for NK cytotoxic- 
ity [40]. As a result of these conflicting data, the role of 
NK cell cytotoxicity in conferring resistance to HIV in- 
fection calls for further evaluation. 

In our study we found a significantly higher pDC 
number in ESNs compared to the chronically infected 
HIV positives, but not significantly different compared to 
the control (HC & RHIV) groups. IFNα exhibits potent 
antiviral activity as it regulates the responses of numer- 
ous cell subsets involved in both innate and adaptive 
immune responses against viral pathogens [41]. The en- 
gagement of TLR7 and TLR9 by PAMPs activates pDCs 
to rapidly produce high levels of type 1 IFNs and moder- 
ate amounts of inflammatory cytokines, including TNFα 
and IL-6 [42]. Our results indicate a possible role of 
IFNα in conferring protection to ESNs from getting in- 
fected with HIV as we observed significantly higher 
production of IFNα in ESNs compared to the other study 
groups and uninfected controls. Interestingly, a high fre- 
quency of plasmacytoid dendritic cells (pDC) and in- 
creased production of IFN-α in response to viral infection 
have earlier been reported in the blood of long-term non- 
progressors and long-term survivors [13]. The presence 
of higher number of males in our chronically infected 
HIV positive study group could have influenced our as- 
sessment of IFNα levels as it has recently been reported 
that pDCs derived from women produce significantly 
more interferon-α (IFN-α) in response to HIV-1-encoded 
TLR7 ligands [43]. Among the ART naïve chronically 
infected HIV positives in our study the mean IFNα levels 
in females were found to be higher than males but the 
difference was not significant. IFNα production has been 
shown to be inversely correlated with HIV disease status 
in several studies [12,44] but not in all including our 
study, probably because multiple parameters are involved 
in HIV replication control.  

Interferon regulatory factor 7 (IRF7) has been indi- 
cated to be the master regulator of IFNα production in 
pDC signal transduction pathway [18]. In our study, al- 
though the ESNs had a higher expression of this tran- 
scription factor compared to the recently infected HIV 
positives or the HIV uninfected healthy controls, the dif- 
ference was not statistically significant. Significantly, a 
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higher level of IRF7 RNA in ART naïve viremic subjects 
is in discrepancy with lower IFNα production by these 
subjects. There is some recent evidence which suggests 
that IFNα production is high in vivo in HIV infected pro- 
gressors but a combination of feedback inhibition and 
prior direct activation through TLRs by HIV RNA leads 
to diminished ex-vivo IFNα production upon exposure to 
CpG-A or HIV particles [45]. While the IRF7 gene ex- 
pression was assessed in terms of its mRNA abundance 
in the peripheral blood of the subjects, the IFNα levels 
were based on an in vitro stimulation assay, the two pa- 
rameters could not be correlated and may be the reason 
of this discrepancy. Retention of PDC function in EU- 
IDUs without an increase in PDC numbers as reported by 
Tomescu et al. [4] suggests that exposure route may also 
play an important role and calls for further evaluation. 
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