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Abstract 
A number of cytokines are secreted during HIV infection that enhances both innate and adaptive 
immune responses. Interferon-α/β/γ, IL-12, IL-15 and IL-18 have been found to contribute to the 
development, maturation, differentiation and function of NK and other immune cells. The levels of 
IFN-α/β/γ, IL-12, IL-15 and IL-18 were compared in the plasma of 90 HIV-1 infected and 90 HIV-2 
infected subjects by ELISA or Cytometric Beads Array assays. The HIV-infected subjects were 
stratified according to CD4+ T cell counts into three groups: >500, 200 - 500 and <200 cells/ul, 
with 30 subjects in each group. Cytokine levels were also determined in the plasma of 50 HIV un-
infected blood bank donors. Among the cytokines tested, IFN-α was found to be significantly in-
creased in HIV-2 infected compared to HIV-1 infected subjects at high CD4+ T cell counts (p = 
0.001). The levels of IFN-β were seen to differ between the two infections in patients from the 
category of medium CD4+ T cell counts: this was significantly increased in HIV-2 infected patients 
(p < 0.001) as well as compared to uninfected controls (p = 0.001). The levels of IFN-γ were similar 
at all the CD4+ T cell categories except for an increase in HIV-2 infected patients at low CD4+ T cell 
counts (p = 0.02). The levels of these cytokines were similar in all HIV-1 subjects. Also, the level of 
IL-12p70 was similar between the two infections but significantly higher in HIV-2 at low compared 
to medium CD4+ T cells categories (p = 0.047). Similar to IFN-γ and IL-12p70, the levels of both 
IL-18 and IL-15 were found to be significantly higher in HIV-2 infected patients compared to HIV-1 
at low CD4+ T cell counts (p < 0.05). These data show that there is variability in the levels of innate 
cytokines at different stages of HIV infection but the finding of increased IFN-α in HIV-2 infected 
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asymptomatic subjects is consistent with the high innate NK responses previously noted at this 
stage of infection. 
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1. Introduction 
HIV infection results in activation of the immune system [1], which is associated with the production of cyto-
kines that influence the outcome of the immune response to the virus. These cytokines are produced by both 
innate and adaptive immune cells and play a major role in coordinating the function of the cellular immune 
system [2]. Acute infection results in prominent Th1-like immune responses to activate cellular immunity but 
these switch over to Th2-like cytokine responses during chronic infection [3] [4]. However, during the course 
of the development of adaptive immunity, innate cytokines exert their roles early in infection for NK cell func-
tion.  

The development and survival of NK cells start with innate type-1 cytokines, IFN-α/β by parachymal den-
dritic cells which also enhance the secretion of IL-12 and IL-15 for the homeostatic maintenance of cells of both 
the innate and adaptive immune systems [5] [6]. The maturation of NK cells is then mainly facilitated by IL-15 
[7]-[9] which together with other cytokines such as IL-12 and IL-18, enhances NK cytotoxicity [10] and in-
creases the production of IFN-γ [11] [12]. The subsequent secretion of IFN-α and γ by both NK and T cells 
represents the key effector functions in the control of viral infection [13] [14]. Therefore, the development, sur-
vival and function of NK cells in HIV infection depend upon the interaction between innate and adaptive cyto-
kines. The role of cytokines for NK cell development and function in HIV infection was initially observed in the 
SIV model, where IFN-α was effective in blocking the attachment of the virus to infected cells as well as pre-
venting reverse transcription in simian immunodeficiency virus infection of Rhesus Macaques [15] [16]. Later 
studies showed that protection of cells from HIV infection was associated with high levels of production of 
IFN-α [17]-[19] which was found to be very important in the maturation of antigen presenting cells [20]. Similar 
effects have been observed in other viruses such as MCMV, when in vitro replication was effectively neutralised 
by IFN-α/β [21] and these cytokines were found to effectively enhance MCMV-specific NK cell cytotoxity in 
mouse [22]. However, fluctuating levels of IFN-α and IL-8 in chronic hepatitis B infection were associated with 
TRAIL-mediated killing of hepatocytes by NK cells [23].  

It is therefore not clear if the levels of these cytokines influence or have any impact on innate protective ef-
fector function during infection. With the observation of improved function of NK cells in HIV-2 compared to 
HIV-1 infection at high CD4+ T cell counts [24], the ex vivo plasma levels of innate cytokines, IFN-α/β, IFN-γ, 
IL-12, IL-15 and IL-18, were determined and compared in the two infections.  

2. Materials and Methods 
2.1. The Study Subjects 
Ninety HIV-1 and 90 HIV-2 subjects were recruited from a cohort of HIV infected subjects who attend clinic at 
the MRC Laboratories in Fajara, the Gambia [25]. The cohort were made up of female sex workers, cases of tu-
berculosis or suspected cases of sexually transmitted diseases and also clinically healthy HIV infected individu-
als. The patients visit the clinic every 3 months and samples are requested for their CD4 and viral load assess-
ment every 6 months. Regular counselling and treatment for the opportunistic infection are offered them. 
Trained field workers to ascertain the vital status of any of them who failed to visit the clinic for the 3-month 
follow-up check up carry out home visit. The subjects who were asymptomatic were not on antiretroviral treat-
ment. However, antiretroviral treatment is now available to HIV infected patients in the Gambia with acquired 
immunodeficiency syndrome. Samples were taken after obtaining a signed consent forms from of the subjects 
according to the regulation of Gambia Ethical Committee. The characteristic of the selected subjects and clinical 
outcome are shown in Table 1 and Table 2. 
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Table 1. Profile of HIV-infected patients and healthy control.                                                   

Groups CD4        

 counts/ul n Male Female Age CD4% CD8% Viral 

     Mean ± SE Mean ± SE Mean ± SE Load (log) 

 >500 30 10 20 31.25 ± 1.46 28.58 ± 1.14 41.47 ± 2.12 4.3 ± 0.1 a 

HIV-1 200 - 500 30 7 23 30.52 ± 1.33 21.03 ± 1.66 49.93 ± 1.89 4.6 ± 0.1 b 

 <200 30 10 20 36.38 ± 1.85 6.03 ± 0.69 63.73 ± 2.42 5.2 ± 0.01 c 

 >500 30 7 23 39.69 ± 2.44 33.80 ± 1.62 37.87 ± 2.08 3.2 ± 0.1 a 

HIV-2 200 - 500 30 19 11 39.75 ± 1.34 23.30 ± 1.40 45.87 ± 2.35 3.4 ± 0.2 b 

 <200 30 16 14 38.13 ± 2.16 9.17 ± 1.04 59.87 ± 3.13 4.9 ± 0.2 c 

Healthy         

Control - 50 36 1 4 33.02 ± 1.25 37.12 ± 0.99 26.80 ± 1.13 - 

a: p < 0.0001, b: p < 0.0001, c: p = 0.07. 
 

Table 2. Clinical data and opportunistic infections of subjects involved in the study.                                  

 HIV-1 HIV-2 

CD4+ T cell category, cells/ml >500 200 - 500 <200 >500 200 - 500 <200 

Mean weight (Kg) 56.03 61.07 52.02 56.31 59.34 54.07 

Acute primary retroviral infection 0 0 0 0 0 0 

Persistent generalised lymphadenopathy 0 2 0 0 0 0 

WHO, 1990, Performance Scale:       

(a) 21 21 15 25 20 17 

(b) 5 4 10 3 3 6 

(c) 0 0 2 0 2 2 

Diarrhoea ≥ 1 mnth 0 3 3 1 1 2 

Fever 5 7 8 6 3 6 

Cryptococcal meningitis 0 0 0 0 0 0 

Pulmonary tuberculosis 1 0 3 1 0 0 

Extra-pulmonary tuberculosis 0 0 0 0 0 0 

Kaposis sarcoma 0 0 0 0 0 0 

Candidiasis (oral and/or esophagous) 1 1 5 1 1 5 

Herpes zoster (shingles) 0 1 0 1 0 0 

Weakness ≥ 2 weeks 0 0 4 0 2 2 

(a) Asymptomatic, normal activity; (b) Symptomatic, normal activity; (c) Bedridden <50% of the time during the last month. 

2.2. Blood Samples 
Fifteen millilitres of blood were collected from the subjects during their usual clinic visits. The HIV infected 
subjects were classified into 3 categories according to their CD4-T cell count: high (>500 cells/ul), medium (200 
- 500 cells/ul) and low (<200 cells/ul). Each category consisted of 30 subjects. Fifteen millilitres of blood were 
also requested from the 50 healthy HIV-negative subjects at the Royal Victoria Teaching Hospital Blood Bank, 
Banjul The Gambia. Peripheral blood mononuclear cells (PBMCs) were separated from blood by high density 
Ficoll separation technique. 
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2.3. ELISA for Estimation of Plasma IFN-α, IFN-β and IL-18 
Interferon alpha, beta and IL-18 were measured in plasma samples from 90 HIV-1 and 90 HIV-2 infected sub-
jects using ELISA (Antigenix America Inc, USA). Plasma samples from 50 HIV uninfected controls were also 
assayed. Briefly, plasma samples for the IFN assays were diluted at 1 in 10 and for IL-18 at 1 to 5 in sample 
diluents and used with their respective serially diluted standards on monoclonal antibody-coated 96-well plates. 
The plates were incubated for 1 hour at room temperature and then washed once with wash solution (diluted 1 in 
20) to remove the unbound antigens from the coating antibodies. This was followed by addition of secondary 
antibody to bind to the antigen-antibody complex. Plates were washed following 1 hour incubation at room 
temperature. After 3 washes, horse-radish peroxidase was added, incubated for 1 hour, and then washed again 
four times before the substrate, tetramethyl-benzidine (TMB), was added. Development of a blue colour oc-
curred within 15 mins, the intensity of which depended on the extent of the antigen-antibody complex formed. 
The reaction was stopped by addition of H2SO4 stop solution. The plates were read at 450 wavelength using a 
Multiskan Ascent (Thermo Labsystem, Helsinki, Finland) ELISA plate reader. The plates for IL-18 were read at 
dual wavelength of 450nm and the reference at 620 nm; the concentrations were determined with reference to 
the standard curve plotted from the serially diluted calibrator concentrations.  

2.4. Cytokine Bead Array Bio-Plex Assay (CBA) for Estimation of IFN-γ, IL-12p70 and IL-15 
Interferon-γ, IL-12p70 and IL-15 were analysed using a Cytokine Bead Array assay (CBA, BIORAD, UK). 
Samples were diluted at a ratio of 1 to 3 with sample diluent and 50 ul was incubated with 50 ul beads attached 
to antibodies for the respective cytokines in a 96-well plate for 2 hrs on a shaker at room temperature. Standard 
solutions with decreasing concentrations of the cytokines were also added to the plates. The plates were washed 
three times with Bio-Plex washing buffer and 25 ul of biotinylated detection antibodies was added for 30 mins 
incubation to bind to the cytokine-antibody-beads complex. After incubation, the plates were washed again and 
50 ul streptavidin conjugated to PE (phycoerythrin) was added and further incubated for 10 mins on a shaker at 
room temperature. The plates were finally washed and 125 ul of Bio-Plex buffer was added to the wells before 
plates were read on Bio-Plex array machine (Bio Rad, France).  

2.5. Statistical Analysis 
Statistical analysis was carried out using Stata version 8 and p values of less than 0.05 were considered statisti-
cally significant. HIV status and CD4 categories were used as predictors of the cytokines levels (IFN-α/β/γ, 
IL-12p70, IL-15 and IL-18) and their effects were considered using multivariate linear regression models after 
transforming the data. Where transformation was not possible logistic regression was used after dichotomising 
the data. Data were presented as medians with interquartile ranges. 

3. Results 
3.1. Higher Levels of Plasma IFN-α in Asymptomatic HIV-2 Infection 
The comparison of plasma levels of IFN-α showed significantly higher levels in HIV-2 compared to HIV-1 in-
fected individuals at high CD4+ T cell counts: 1.0 (0.0 - 19.5) pg/ml for HIV-1 versus 41.7 (0.0 - 53.6) pg/ml for 
HIV-2, p = 0.001 (Figure 1). The levels were similar at medium and low CD4+ T cell counts: 3.3 (0.0 - 31.1) 
pg/ml for HIV-1 versus 14.8 (0.0 - 35.4) pg/ml for HIV-2, p = 0.793 and 1.0 (0.0 - 3.04) pg/ml for HIV-1 versus 
1.0 (0.0 - 11.4) g/ml for HIV-2, p = 0.838, respectively. At low CD4+ T cell counts, the levels of IFN-α in HIV-1 
(p = 0.017) and HIV-2 (p = 0.017) infected individuals were significantly lower than in the uninfected controls, 
6.5 (0.0 - 26.4) pg/ml. There were similar levels of IFN-α in HIV-1 infected subjects at all categories of CD4+ T 
cell counts, p > 0.05. In HIV-2 infected subjects, the levels decreased as CD4+ T cell counts decreased, but were 
similar between higher and medium CD4+ T cell counts (p > 0.05) and significantly decreased at low CD4+ T 
cell counts (p = 0.001). 

3.2. The Levels of IFN-β and IFN-γ in the Plasma of HIV-1 and HIV-2 Infected Subjects and  
HIV Uninfected Controls 

Unlike IFN-α, the levels of IFN-β showed no differences between the two infections at high CD4+ T cell counts:  
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Figure 1. The level of IFN-α in the plasma of HIV-1and HIV-2 infected 
subjects and HIV uninfected controls. The median concentration repre- 
sented by a bar at >500, 200 - 500 and <200 cell/ml CD4+ T cell cate- 
gories. p values, when significant, are shown in the figure.                      

 
257.9 (0.0 - 1413) pg/ml for HIV-1 and 74.57 (0.0 - 511.8l) pg/ml for HIV-2, p = 0.437 (Figure 2(a)). However, 
there were significantly lower levels in HIV-1 infected compared to HIV-2 infected individuals at medium CD4+ 
T cells counts: 10.0 (0.0 - 414.5) pg/ml for HIV-1 versus 436.5 (384.8 - 589.4) pg/ml for HIV-2, p < 0.001. The 
levels became similar again at low CD4+ T cells counts: 39.4 (0.0 - 218.2) pg/ml for HIV-1 versus 176.6 (0.0 - 
396.3) pg/ml for HIV-2, p = 0.247. Subjects with HIV-1 infection maintained similar levels of IFN-β at all CD4+ 
T cell categories which were similar to uninfected controls whereas in HIV-2 infected subjects it was signifi-
cantly elevated at medium CD4+ T cell counts (p = 0.004) compared with uninfected controls. The levels of 
IFN-γ, assayed by multiplex beads rather than ELISA, showed a similar trend (Figure 2(b)): levels were similar 
between the two infections at all categories of CD4+ T cell counts. At high CD4+ T cell counts, levels were 2.5 
(2.5 - 4.01) pg/ml for HIV-1 versus 2.5 (1.5 - 2.5) pg/ml for HIV-2, p = 0.897, at medium CD4+ T cell counts, 
0.5 (0.5 - 2.5) pg/ml for HIV-1 versus 0.5 (0.5 - 4.0) pg/ml for HIV-2, p = 0.06 and at low CD4+ T cell counts, 
3.6 (0.33 - 9.35) pg/ml for HIV-1 versus 6.5 (3.6 - 17.5) pg/ml for HIV-2, p = 0.09. In HIV-1 infected subjects, 
the levels of IFN-γ were similar at all the CD4+ T cell count categories. However, in HIV-2 infected people there 
was significantly lower levels at high compared to low CD4+ T cell counts (p = 0.02). The level of IFN-γ pro-
duction in the plasma of HIV-2 subjects at low CD4+ T cell counts was also significantly higher than in HIV 
uninfected controls, 2.5 (0.5 - 3.6) pg/ml, p = 0.01.  

3.3. Plasma Levels of IL-12p70, IL-18 and IL-15 in HIV-1 and HIV-2 Infected Subjects and  
HIV Uninfected Controls 

The levels of IL-12p70, IL-18 and IL-15 are shown in Table 3. The level of IL-12p70 was low in general and 
similar between the two infections at all the CD4+ T cell categories. However, in HIV-2 subjects there was a 
significant increased in IL-12p70 at low compared with medium CD4+ T cells counts, p = 0.047. As observed 
with IFN-γ, the levels of both IL-18 and IL-15 were found to be significantly increased in HIV-2 infected sub-
jects compared with HIV-1 infected subjects at low CD4+ T cell counts only (p = 0.014 and p = 0.031) respec-
tively. The levels of these cytokines were similar at high and medium CD4+ T cell counts and between the two 
infections. There was a significantly higher level of IL-15 in HIV-2 infected people with low CD4+ T cell counts 
compared to that of uninfected controls (p = 0.01). 

4. Discussion 
Human Immunodeficiency Virus infection is associated with production of several cytokines as a result of im-
mune activation. These cytokines are essential in the development and maturation of cells that exert subsequent 
effector functions in the attempt to control infection. In addition, these secreted molecules determine the cyto-
kine polarization of cells that influence the level and type of function of the immune cells. This study showed  
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Figure 2. Plasma levels of (a) IFN-β and (b) IFN-γ in HIV-1and HIV-2 infected subjects and HIV uninfected 
controls. The median concentration represented by a bar at >500, 200 - 500 and <200 cell/ml CD4+ T cell 
categories. P values, when significant, are shown in the figures. IFN-β was assayed by ELISA and IFN-γ by 
CBA.                                                                                          

 
Table 3. Plasma levels of IL-12p70, IL-18 and IL-15 in HIV-1 and HIV-2 infected subjects and HIV 
uninfected controls. IL-12p70 and IL-15 were assayed by CBA whereas IL-18 was assayed by ELISA.              

 HIV-1 HIV-2 Healthy control 

CD4 Median, pg/ml Median, pg/ml Median, pg/ml 

Counts Interquartile Interquartile Interquartile 

IL-12p70    

>500 1.08 (1.01 - 1.1) 1.01 (1.01 - 1.08) 0.8 (0.02 - 1.01) 

200 - 500 0.07 (0.0 - 0.1) 0.01 (0.0 - 0.1)θ  

<200 0.8 (0.02 - 1.3) 0.4 (0.02 - 0.9)θ  

IL-18    

>500  301.1 (129 - 616) 201.8 (97.7 - 426.2) 159.8 (58.3 - 285.2) 

200 - 500 373.1 (225.6 - 973.3) 333.4 (162.0 - 656.8)  

<200 568.9 (418.0 - 777.4)α 1173.0 (559.6 - 2139.0)α  

IL-15    

>500 55.0 (45.5 - 72.5) 48.0 (40.0 - 61.0) 52.5(43.0 - 59.5)ε 

200 - 500 52.0 (44.0 - 67.0) 53.5 (46.0 - 66.0)  

<200 63.0 (53.5 - 91.0)δ 76.5 (62.0 - 76.5)δε  
θp = 0.047, αp = 0.014, δp = 0.031, εp = 0.01. 

 
that innate and proinflammatory cytokine levels of IL-12, IL-15, IL-18, IFN-α/β/γ in the plasma of both HIV-1 
and HIV-2 infected subjects are variable and exhibit different patterns at different stages of infections. However, 
for type 1 interferon, there was a higher level of IFN-α in the plasma of HIV-2 infected compared with HIV-1 
infected subjects at high CD4+ T cell counts. Type 1 interferon is produced in the early immune response to in-
fection and it acts as an effective regulator of adaptive immunity [26] making the most potent natural signal in 
viral infections. Our results suggest that the levels of IFN-α but not IFN-β are crucial for control of HIV infec-
tion, as increased NK cell function was found in long-term non-progressive HIV-2 infection [24]. Besides regu-
lating adaptive immunity and increasing the lytic potential of NK cells, type 1 interferon has other biological 
functions such as inhibiting viral replication [27] through the increased synthesis of enzymes, oligoadenylate 
synthetases, that collectively interfere with the replication and proliferation of virus and modulate MHC-I ex-
pression [28]. Early in infection, the secretion of induce type 1 interferons dendritic cells to produce IL-12 and 
IL-15 which are very important in enhancing the activity of both NK and cytotoxic T cells [5]. In this study, the 
levels of IFN-β and IFN-α showed a different pattern: the levels of IFN-β were generally high but a significantly 
higher level was found in HIV-2 subjects with medium CD4+ T cell counts. The impact of IFN-β on the control 
of infection may not necessarily be dependent on plasma levels but perhaps this cytokine works in concert with 



S. V. Nuvor et al. 
 

 
21 

other cytokines such as IFN-α. However, the two cytokines come from different cell sources, for the major 
source of IFN-α is mononuclear phagocytes (leukocyte IFN) whilst that of IFN-β is fibroblast interferon [29] 
and this may be the reason why they exhibit a different pattern of secretion. Interferon-α has, however, been 
noted to be elevated in chronic HIV-1 infection [27] and therefore the decreased level of IFN-α in HIV-2 in-
fected subjects at low CD4+ T cell counts further indicates its likely role in primary infection for the support of 
an effective immune response. HIV-2 infection is characterised by prolonged stable CD4+ T cell counts and in-
deed IFN-α assists in preventing apoptosis of both CD4+ and CD8+ T cells in HIV infection [19] [29] [30]. 
Therefore, the high levels of type 1 interferons may be supporting the persistently high CD4+ T cell numbers in 
HIV-2 infection from an early stage of infection.  

The secretion of cytokines IFN-γ, IL-12p70, IL-15 and IL-18 were found to be low and similar between the 
two infections but elevated in subjects with decreased CD4+ T cell counts. As with IFN-β, these cytokines may 
require minimal levels of secretion for an effective function in infection. Although, the reason for increased lev-
els of these cytokines at low CD4+ T cell counts is not clear, it is likely they may be a means to drive Th1 type 
immune response as in the case of IL-18 [31] [32]. Both normal and decreased levels of IL-12 have been re-
ported in primary HIV-1 infection [33]. IL-18 enhances IFN-γ production in the presence of IL-12 [34] and has 
been implicated in increased antiviral activity in some animal models [35] [36]. However, an elevated level of 
IL-18 has been noted in chronic HIV-1 infection as proviral cytokine which may disrupt the expression of NK 
receptors and induce apoptosis [37] [38]. Under normal signal transduction, these cytokines act synergistically 
with IFN-α/β to enhance the development and activation of both NK and T cells [5] [39] [40] which then results 
in the production of IFN-γ to activate both innate and adaptive immune responses. Not only is the differentiation 
and maturation process of NK cells regulated by IL-12, IL-15, IL-18 and IFN-α [21] [41] but combinations of 
cytokines such as IL-2 and IL-15 enhance the expression of NKp44 on NK cells [42]. Therefore the balance of 
the levels of these cytokines in vivo at different stage of the developmental process may influence NK and T 
cells in controlling viral replication. It is therefore possible that the effectiveness of cytokines in HIV infection 
may depend not only on the levels of production but also on their ability to work synergistically. This hypothesis 
is supported by the fact that the levels of IL-12, IL-15 and IL-18 in both HIV-1 and HIV-2 infected subjects at 
high CD4+ T cell counts were found to be similar, even though our previous studies showed significantly in-
creased functional NK cytolytic activity, together with secretion of MIP-1β, RANTES, IFN-γ and TNF-α in 
HIV-2 compared with HIV-1 infected subjects with a similar frequency of NK cells [24]. This may therefore 
suggest that an efficient coordinated production and activity of these cytokines on NK cells in early HIV-2 in-
fection promotes stable CD4+ T cell counts. This further supports the similar clinical outcome observed in the 
subjects from both infections according to CD4+ T cell groupings (Table 2) although primary infections were 
not known. Thus effective immune response occurs in early stage of HIV infection and sustained for a longer 
period in HIV-2 subjects with stable CD4+ T cells counts. Further studies involving determination of cytokine 
levels in isolated and cultured NK cells in vitro may support these observations. 

5. Conclusion 
In conclusion, production of innate cytokines is variable in intensity during HIV-1 and HIV-2 infections. 
Whereas high levels of IFN-α may be associated with the asymptomatic HIV-2 non-progressive state, the impact 
of others such as IL-12, IL-15, IL-18 and IFN-β on infection may not so much be dependent on their absolute 
levels but more on their synergistic effect in the control of viral replication during primary infection. 

Acknowledgements 
We thank Bakary Sanneh and Abdoulai Jabang for their technical contribution to this work at the HIV Category 
111 Laboratory. Special thanks to Aleksandra Leligdowicz, Tumelo Mashishi and Dr Kerstin Luhn for their 
technical assistance. Our sincere thanks also go to The MRC Unit Director in the Gambia, Tumani Corrah, for 
his support. This work was supported by MRC, Head Office, London, United Kingdom. 

References 
[1] Derdeyn, C.A. and Silvestri, G. (2005) Viral and Host Factors in the Pathogenesis of HIV Infection. Current Opinion 

in Immunology, 17, 366-373. http://dx.doi.org/10.1016/j.coi.2005.06.001 
[2] Kundu, S.K. and Merigan, T.C. (1997) Heterogeneity of Cytokine Functions in HIV Infection. Immunology, 91, 234- 

http://dx.doi.org/10.1016/j.coi.2005.06.001


S. V. Nuvor et al. 
 

 
22 

238. http://dx.doi.org/10.1046/j.1365-2567.1997.00247.x 
[3] Clerici, M. and Shearer, G.M. (1993) A TH1-->TH2 Switch Is a Critical Step in the Etiology of HIV Infection. Immu-

nology Today, 14, 107-111. http://dx.doi.org/10.1016/0167-5699(93)90208-3 
[4] Tudeka, E.V., Singh, M.K., Lagman, M., Ly, J., Patel, N., Onchoa, C. and Venketaranan, V. (2014) Cytokine Levels in 

Plasma Samples of Individuals with HIV Infection. Austin Journal of Clinical Immunology, 1, 1-5. 
[5] Meier, U.C., Owen, R.E., Taylor, E., Worth, A., Naoumov, N., Willberg, C., et al. (2005) Shared Alterations in NK 

Cell Frequency, Phenotype, and Function in Chronic Human Immunodeficiency Virus and Hepatitis C Virus Infections. 
Journal of Virology, 79, 12365-12374. http://dx.doi.org/10.1128/JVI.79.19.12365-12374.2005 

[6] Hosmalin, A. and Lebon, P. (2006) Type I Interferon Production in HIV-Infected Patients. Journal of Leukocyte Biol-
ogy, 80, 984-993. http://dx.doi.org/10.1189/jlb.0306154 

[7] Vosshenrich, C.A., Samson-Villeger, S.I. and Di Santo, J.P. (2005) Distinguishing Features of Developing Natural 
Killer Cells. Current Opinion in Immunology, 17, 151-158. http://dx.doi.org/10.1016/j.coi.2005.01.005 

[8] Lieto, L.D., Borrego, F. and Coligan, J.E. (2005) CD94 1A/1B: A Window Opens into NK-Cells Development. Blood, 
106, 3338-3339. http://dx.doi.org/10.1182/blood-2005-08-3493 

[9] Rodriguez, A.R., Arulanandam, B.P., Hodara, V.L., McClure, H.M., Cobb, E.K., Salas, M.T., et al. (2007) Influence of 
Interleukin-15 on CD8+ Natural Killer Cells in Human Immunodeficiency Virus Type 1-Infected Chimpanzees. Jour-
nal of General Virology, 88, 641-651. http://dx.doi.org/10.1099/vir.0.82154-0 

[10] Carson, W.E., Giri, J.G., Lindemann, M.J., Linett, M.L., Ahdieh, M., Paxton, R., et al. (1994) Interleukin (IL) 15 Is a 
Novel Cytokine That Activates Human Natural Killer Cells via Components of the IL-2 Receptor. Journal of Experi-
mental Medicine, 180, 1395-1403. http://dx.doi.org/10.1084/jem.180.4.1395 

[11] Carson, W.E., Ross, M.E., Baiocchi, R.A., Marien, M.J., Boiani, N., Grabstein, K., et al. (1995) Endogenous Produc-
tion of Interleukin 15 by Activated Human Monocytes Is Critical for Optimal Production of Interferon-Gamma by 
Natural Killer Cells in Vitro. Journal of Clinical Investigation, 96, 2578-2582. http://dx.doi.org/10.1172/JCI118321 

[12] Colucci, F., Caligiuri, M.A. and Di Santo, J.P. (2003) What Does It Take to Make a Natural Killer? Nature Reviews 
Immunology, 3, 413-425. http://dx.doi.org/10.1038/nri1088 

[13] Harari, A., Cellerai, C. and Pantaleo, G. (2006) Role of HIV-1-Specific CD4 T Cells. Current Opinion in HIV and 
AIDS, 1, 22-27. http://dx.doi.org/10.1097/01.COH.0000194103.28063.35 

[14] Abdel-Mohsen, M., Deng, X., Liegler, T., Guatelli, J.C., Salama, M.S., Ghanem Hel, D., et al. (2014) Effects of Alpha 
Interferon Treatment on Intrinsic Anti-HIV-1 Immunity in Vivo. Journal of Virology, 88, 763-767. 
http://dx.doi.org/10.1128/JVI.02687-13 

[15] Taylor, M.D., Korth, M.J. and Katze, M.G. (1998) Interferon Treatment Inhibits the Replication of Simian Immunode-
ficiency Virus at an Early Stage: Evidence for a Block between Attachment and Reverse Transcription. Virology, 241, 
156-162. http://dx.doi.org/10.1006/viro.1997.8964 

[16] Diop, O.M., Ploquin, M.J., Mortara, L., Faye, A., Jacquelin, B., Kunkel, D., et al. (2008) Plasmacytoid Dendritic Cell 
Dynamics and Alpha Interferon Production during Simian Immunodeficiency Virus Infection with a Nonpathogenic 
Outcome. Journal of Virology, 82, 5145-5152. http://dx.doi.org/10.1128/JVI.02433-07 

[17] Stylianou, E., Aukrust, P., Bendtzen, K., Muller, F. and Froland, S.S. (2000) Interferons and Interferon (IFN)-Inducible 
Protein 10 during Highly Active Anti-Retroviral Therapy (HAART)-Possible Immunosuppressive Role of IFN-Alpha 
in HIV Infection. Clinical & Experimental Immunology, 119, 479-485.  
http://dx.doi.org/10.1046/j.1365-2249.2000.01144.x 

[18] Swindells, S., Baldwin, T., Kelly, C., Baca-Regen, L., Loomis, L., Post, D., et al. (1996) Regulation and Characteriza-
tion of the Interferon-Alpha Present in Patients with Advanced Human Immunodeficiency Virus Type 1 Disease. Jour- 
nal of Interferon & Cytokine Research, 16, 127-137. http://dx.doi.org/10.1089/jir.1996.16.127 

[19] Rodriguez, B., Lederman, M.M., Jiang, W., Bazdar, D.A., Garate, K., Harding, C.V., et al. (2006) Interferon-Alpha 
Differentially Rescues CD4 and CD8 T Cells from Apoptosis in HIV Infection. AIDS, 20, 1379-1389. 
http://dx.doi.org/10.1097/01.aids.0000233571.51899.ab 

[20] Lapenta, C., Santini, S.M., Proietti, E., Rizza, P., Logozzi, M., Spada, M., et al. (1999) Type I Interferon Is a Powerful 
Inhibitor of in Vivo HIV-1 Infection and Preserves Human CD4(+) T Cells from Virus-Induced Depletion in SCID 
Mice Transplanted with Human Cells. Virology, 263, 78-88. http://dx.doi.org/10.1006/viro.1999.9869 

[21] Nguyen, K.B., Salazar-Mather, T.P., Dalod, M.Y., Van Deusen, J.B., Wei, X.Q., Liew, F.Y., et al. (2002) Coordinated 
and Distinct Roles for IFN-αβ, IL-12, and IL-15 Regulation of NK Cell Responses to Viral Infection. The Journal of 
Immunology, 169, 4279-4287. http://dx.doi.org/10.4049/jimmunol.169.8.4279 

[22] Orange, J.S. and Biron, C.A. (1996) Characterization of Early IL-12, IFN-αβ, and TNF Effects on Antiviral State and 
NK Cell Responses during Murine Cytomegalovirus Infection. The Journal of Immunology, 156, 4746-4756. 

http://dx.doi.org/10.1046/j.1365-2567.1997.00247.x
http://dx.doi.org/10.1016/0167-5699(93)90208-3
http://dx.doi.org/10.1128/JVI.79.19.12365-12374.2005
http://dx.doi.org/10.1189/jlb.0306154
http://dx.doi.org/10.1016/j.coi.2005.01.005
http://dx.doi.org/10.1182/blood-2005-08-3493
http://dx.doi.org/10.1099/vir.0.82154-0
http://dx.doi.org/10.1084/jem.180.4.1395
http://dx.doi.org/10.1172/JCI118321
http://dx.doi.org/10.1038/nri1088
http://dx.doi.org/10.1097/01.COH.0000194103.28063.35
http://dx.doi.org/10.1128/JVI.02687-13
http://dx.doi.org/10.1006/viro.1997.8964
http://dx.doi.org/10.1128/JVI.02433-07
http://dx.doi.org/10.1046/j.1365-2249.2000.01144.x
http://dx.doi.org/10.1089/jir.1996.16.127
http://dx.doi.org/10.1097/01.aids.0000233571.51899.ab
http://dx.doi.org/10.1006/viro.1999.9869
http://dx.doi.org/10.4049/jimmunol.169.8.4279


S. V. Nuvor et al. 
 

 
23 

[23] Dunn, C., Brunetto, M., Reynolds, G., Christophides, T., Kennedy, P.T., Lampertico, P., et al. (2007) Cytokines In-
duced during Chronic Hepatitis B Virus Infection Promote a Pathway for NK Cell-Mediated Liver Damage. The Jour-
nal of Experimental Medicine, 204, 667-680. http://dx.doi.org/10.1084/jem.20061287 

[24] Nuvor, S.V., van der Sande, M., Rowland-Jones, S., Whittle, H. and Jaye, A. (2006) Natural Killer Cell Function Is 
Well Preserved in Asymptomatic Human Immunodeficiency Virus Type 2 (HIV-2) Infection but Similar to That of 
HIV-1 Infection When CD4 T-Cell Counts Fall. Journal of Virology, 80, 2529-2538.  
http://dx.doi.org/10.1128/JVI.80.5.2529-2538.2006 

[25] Schim van der Loeff, M.F., Jaffar, S., Aveika, A.A., Sabally, S., Corrah, T., Harding, E., et al. (2002) Mortality of 
HIV-1, HIV-2 and HIV-1/HIV-2 Dually Infected Patients in a Clinic-Based Cohort in The Gambia. AIDS, 16, 1775- 
1783. http://dx.doi.org/10.1097/00002030-200209060-00010 

[26] Smith, P.L., Lombardi, G. and Foster, G.R. (2005) Type I Interferons and the Innate Immune Response—More than 
Just Antiviral Cytokines. Molecular Immunology, 42, 869-877. http://dx.doi.org/10.1016/j.molimm.2004.11.008 

[27] Hardy, G.A., Sieg, S., Rodriguez, B., Anthony, D., Asaad, R., Jiang, W., et al. (2013) Interferon-α Is the Primary 
Plasma Type-I IFN in HIV-1 Infection and Correlates with Immune Activation and Disease Markers. PLoS ONE, 8, 
e56527. http://dx.doi.org/10.1371/journal.pone.0056527 

[28] Harcourt, B.H., Sanchez, A. and Offermann, M.K. (1999) Ebola Virus Selectively Inhibits Responses to Interferons, 
but Not to Interleukin-1β, in Endothelial Cells. Journal of Virology, 73, 3491-3496. 

[29] Lombardi, G., Dunne, P.J., Scheel-Toellner, D., Sanyal, T., Pilling, D., Taams, L.S., et al. (2000) Type 1 IFN Main-
tains the Survival of Anergic CD4+ T Cells. The Journal of Immunology, 165, 3782-3789.  
http://dx.doi.org/10.4049/jimmunol.165.7.3782 

[30] Dondi, E., Roue, G., Yuste, V.J., Susin, S.A and Pellegrini, S. (2004) A Dual Role of IFN-α in the Balance between 
Proliferation and Death of Human CD4+ T Lymphocytes during Primary Response. The Journal of Immunology, 173, 
3740-3747. http://dx.doi.org/10.4049/jimmunol.173.6.3740 

[31] Sailer, C.A and Shapiro, L. (2007) Reply to Torre. The Journal of Infectious Diseases, 196, 804-805.  
http://dx.doi.org/10.1086/520524 

[32] Stylianou, E., Bjerkeli, V., Yndestad, A., Heggelund, L., Waehre, T., Damas, J.K., et al. (2003) Raised Serum Levels 
of Interleukin-18 Is Associated with Disease Progression and May Contribute to Virological Treatment Failure in 
HIV-1-Infected Patients. Clinical & Experimental Immunology, 132, 462-466.  
http://dx.doi.org/10.1046/j.1365-2249.2003.02179.x 

[33] Sinicco, A., Biglino, A., Sciandra, M., Forno, B., Pollono, A.M., Raiteri, R., et al. (1993) Cytokine Network and Acute 
Primary HIV-1 Infection. AIDS, 7, 1167-1172. http://dx.doi.org/10.1097/00002030-199309000-00003 

[34] Nakanishi, K., Yoshimoto, T., Tsutsui, H. and Okamura, H. (2001) Interleukin-18 Regulates Both Th1 and Th2 Re-
sponses. Annual Review of Immunology, 19, 423-474. http://dx.doi.org/10.1146/annurev.immunol.19.1.423 

[35] Kimura, K., Kakimi, K., Wieland, S., Guidotti, L.G and Chisari, F.V. (2002) Interleukin-18 Inhibits Hepatitis B Virus 
Replication in the Livers of Transgenic Mice. Journal of Virology, 76, 10702-10707.  
http://dx.doi.org/10.1128/JVI.76.21.10702-10707.2002 

[36] Tanaka-Kataoka, M., Kunikata, T., Takayama, S., Iwaki, K., Ohashi, K., Ikeda, M., et al. (1999) In Vivo Antiviral Ef-
fect of Interleukin 18 in a Mouse Model of Vaccinia Virus Infection. Cytokine, 11, 593-599.  
http://dx.doi.org/10.1006/cyto.1998.0453 

[37] Torre, D., Speranza, F., Martegani, R., Pugliese, A., Castelli, F., Basilico, C., et al. (2000) Circulating Levels of IL-18 
in Adult and Paediatric Patients with HIV-1 Infection. AIDS, 14, 2211-2212.  
http://dx.doi.org/10.1097/00002030-200009290-00023 

[38] Ahmad, R., Sindhu, S.T., Toma, E., Morisset, R. and Ahmad, A. (2002) Elevated Levels of Circulating Interleukin-18 
in Human Immunodeficiency Virus-Infected Individuals: Role of Peripheral Blood Mononuclear Cells and Implica-
tions for AIDS Pathogenesis. Journal of Virology, 76, 12448-12456.  
http://dx.doi.org/10.1128/JVI.76.24.12448-12456.2002 

[39] Pirhonen, J., Matikainen, S. and Julkunen, I. (2002) Regulation of Virus-Induced IL-12 and IL-23 Expression in Hu-
man Macrophages. The Journal of Immunology, 169, 5673-5678. http://dx.doi.org/10.4049/jimmunol.169.10.5673 

[40] Ahmad, R., Sindhu, S.T., Toma, E., Morisset, R. and Ahmad, A. (2003) Studies on the Production of IL-15 in 
HIV-Infected/AIDS Patients. Journal of Clinical Immunology, 23, 81-90. http://dx.doi.org/10.1023/A:1022568626500 

[41] Loza, M.J and Perussia, B. (2004) Differential Regulation of NK Cell Proliferation by Type I and Type II IFN. Inter-
national Immunology, 16, 23-32. http://dx.doi.org/10.1093/intimm/dxh001 

[42] Loza, M.J and Perussia, B. (2004) The IL-12 Signature: NK Cell Terminal CD56+High Stage and Effector Functions. 
The Journal of Immunology, 172, 88-96. http://dx.doi.org/10.4049/jimmunol.172.1.88 

http://dx.doi.org/10.1084/jem.20061287
http://dx.doi.org/10.1128/JVI.80.5.2529-2538.2006
http://dx.doi.org/10.1097/00002030-200209060-00010
http://dx.doi.org/10.1016/j.molimm.2004.11.008
http://dx.doi.org/10.1371/journal.pone.0056527
http://dx.doi.org/10.4049/jimmunol.165.7.3782
http://dx.doi.org/10.4049/jimmunol.173.6.3740
http://dx.doi.org/10.1086/520524
http://dx.doi.org/10.1046/j.1365-2249.2003.02179.x
http://dx.doi.org/10.1097/00002030-199309000-00003
http://dx.doi.org/10.1146/annurev.immunol.19.1.423
http://dx.doi.org/10.1128/JVI.76.21.10702-10707.2002
http://dx.doi.org/10.1006/cyto.1998.0453
http://dx.doi.org/10.1097/00002030-200009290-00023
http://dx.doi.org/10.1128/JVI.76.24.12448-12456.2002
http://dx.doi.org/10.4049/jimmunol.169.10.5673
http://dx.doi.org/10.1023/A:1022568626500
http://dx.doi.org/10.1093/intimm/dxh001
http://dx.doi.org/10.4049/jimmunol.172.1.88

	Higher Type 1 Interferon Levels in Plasma of Asymptomatic HIV-2 than in HIV-1 Individuals
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. The Study Subjects
	2.2. Blood Samples
	2.3. ELISA for Estimation of Plasma IFN-α, IFN-β and IL-18
	2.4. Cytokine Bead Array Bio-Plex Assay (CBA) for Estimation of IFN-γ, IL-12p70 and IL-15
	2.5. Statistical Analysis

	3. Results
	3.1. Higher Levels of Plasma IFN-α in Asymptomatic HIV-2 Infection
	3.2. The Levels of IFN-β and IFN-γ in the Plasma of HIV-1 and HIV-2 Infected Subjects and HIV Uninfected Controls
	3.3. Plasma Levels of IL-12p70, IL-18 and IL-15 in HIV-1 and HIV-2 Infected Subjects and HIV Uninfected Controls

	4. Discussion
	5. Conclusion
	Acknowledgements
	References

