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Povzetek
Okužba z virusom HIV, kljub več kot 30 letom boja proti njej, še vedno ostaja eden večjih
javnozdravstvenih problemov na svetu. Epidemija okužb z virusom HIV narašča v obsegu
približno 2,5 milijona novih primerov na leto. Podsaharska Afrika, vključno z Ruando,
ostaja najbolj prizadeta regija na svetu, kjer število ljudi, ki so okuženi z virusom HIV,
predstavlja približno 70% vseh HIV-pozitivnih posameznikov na svetu. Zato zanj nujno
potrebujemo varno in učinkovito cepivo. Pri okužbi z virusom HIV imajo pomembno
vlogo citokini, topne proteinske signalne molekule, ki so del imunskega sistema. Citokini
bi lahko bili uporabni pri iskanju novih pristopov za razvoj učinkovitega cepiva proti HIV.
Seveda pa moramo najprej razumeti njihovo delovanje pri okužbi z virusom. To področje
so že intenzivno raziskali, pri tem pa dobili nasprotujoče si rezultate. V okviru magistrske
naloge smo določali prisotnost potencialnih zaščitnih označevalcev v serumu in slini 14
posameznikov iz Ruande, okuženih z virusom HIV. Pri tem smo primerjali koncentracije
izbranih citokinov s titri specifičnih protiteles proti HIV. Uporabili smo dve metodi, test
ELISA za detekcijo protiteles IgG in IgA proti proteinom HIV-Gag p24 in HIV-Env gp140
ter tehnologijo Luminex Multiplex za merjenje koncentracij 15 citokinov, ki sodelujejo v
imunskih poteh celic Th17 (TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A, IL-17F, IL17E, sCD40L, IL-21, IL-22, IL-23, IL-31 in IL-33). Dokazali smo statistično značilne
povezave med serumskimi koncentracijami IL-6 in protiteles IgA proti EnvA ter IL-33 in
protiteles IgG proti EnvA. Poleg tega smo z meritvami citokinov v vzorcih sline potrdili
tudi statistično značilne povezave med IL-1β ter protitelesi IgG proti EnvA, IL-4 in
protitelesi IgG proti EnvA ter protitelesi IgG proti p24, IL-17A in protitelesi IgA proti p24,
IL-17E in protitelesi IgG proti p24 ter IL-23 in protitelesi IgG proti EnvA. Zaključimo
lahko, da pri preiskovanih osebah, okuženih s HIV, obstajajo povezave med
koncentracijami citokinov (IL-6, IL-33, IL-1β, IL-4, IL-17A, IL-17E in IL-23) in titri
protiteles razredov IgG in IgA proti HIV-Gag p24 in HIV-Env gp140. Sistemska uporaba
citokinov v klinični praksi je zelo zahtevna. Statistično značilne povezave, ki smo jih
odkrili, zato predvsem nakazujejo smer, v katero bi lahko usmerili nadaljnje raziskave, ki
so nujno potrebne za boljše razumevanje morebitne zaščitne vloge posameznih citokinov
pri okužbi z virusom HIV.
Ključne besede: HIV, citokini, zaščitna protitelesa, ELISA, metoda Luminex Multiplex
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Abstract
Despite more than 30 years of scientific and medical efforts, HIV infection is still a major
global public health concern. The HIV pandemic continues to expand, with an average of
2,5 million new infections per year. Sub-Saharan Africa, including Rwanda, remains the
most affected region in the world, accounting for approximately 70% of all people living
with HIV. Therefore, safe and effective HIV prevention methods for Africa are urgently
needed. A number of studies have shown that the cytokine network plays a crucial role in
the pathogenesis of HIV infection. This raises the question whether cytokines in HIV
disease can be a target for new approaches to develop a safe vaccine. The aim of our work
was the assessment of potential protective biomarkers in serum and saliva samples of 14
HIV-1 infected participants from Rwanda. For this purpose, we used two methods to
analyze our samples, i.e. the in-house ELISA test for detection of IgG and IgA antibodies
against HIV-Gag p24 and HIV-Env gp140 proteins, and the Luminex Multiplex
technology for measuring 15 soluble proteins involved in the Th17 immune response
pathway (TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A, IL-17F, IL-17E, sCD40L, IL21, IL-22, IL-23, IL-31 and IL-33). Our results showed statistically significant correlations
between serum concentrations of IL-6 and IgA anti-EnvA, as well as IL-33 and IgG antiEnvA. Additionally, we found statistically significant correlations in saliva samples for IL1β with IgG anti-EnvA, IL-4 with IgG anti-EnvA and IgG anti-p24, IL-17A with IgA antip24, IL-17E with IgG anti-p24, and IL-23 with IgG anti-EnvA. Taken together, our results
suggested that there are correlations between specific HIV-1 antibody and cytokine
concentrations, indicating some potential protective biomarkers in HIV infection (IL-6, IL33, IL-1β, IL-4, IL-17A, IL-17E and IL-23). However, implicating cytokines in the
development of an HIV cure is not a simple task and several limitations of our results
should be noted. Therefore, further studies on the cytokine protective role in HIV disease
are necessary to clarify their role in the real clinical conditions.

Key words: HIV, cytokines, protective antibodies, ELISA, Luminex Multiplex method
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1 Introduction
1.1.

HIV/AIDS

The human immunodeficiency virus (HIV) is a member of the Lentivirus genus in the
Retroviridae family. The earliest reported case of infection with HIV appears to have
occurred in the Democratic Republic of Congo in 1959, and the devastating epidemic
phase made appearance in 1981. But it was not until 1983 when the virus was first
identified (1). Currently, two types of HIV circulate worldwide, HIV-type 1 (HIV-1) and
HIV-type 2 (HIV-2). Acquired immune deficiency syndrome (AIDS) is the last and most
advanced stage of HIV infection and it can take 2-15 years to develop depending on the
individual (2). The World Health Organization (WHO) defines AIDS by the development
of opportunistic infections, certain cancers, or other severe clinical manifestations (3).
Both viruses cause AIDS, though the global main agent of AIDS is HIV-1, while HIV-2 is
limited to some regions of Central and Western Africa. In fact, they differ in their genomic
organization, while the basic structure is the same (i.e. the existence of the three genes,
env, gag and pol). In addition, HIV-2 infection takes longer to advance to AIDS and it
seems less virulent than HIV-1 (4). Due to genetic variability, HIV-1 includes three major
groups, designed as M (Major), O (Outlier) and N (non-M or O). Moreover, there are 9
different subtypes/clades, designed as A to K. Among these, HIV-1 subtype C is the most
represented virus and accounts for 55-60% of all infections (5).
The HIV virion is spherical to pleomorphic in shape, has a diameter of 100 nm and a
lipoprotein-rich membrane. The viral membrane includes glycoprotein complexes of the
external surface glycoprotein (gp120) and the transmembrane spanning glycoprotein
(gp41) bound together. The matrix protein, called p17, is attached to the inside of the viral
particle membrane. Each viral particle includes the capsid of the core antigen p24
polymers. Furthermore, the capsid contains two copies of single-stranded RNA molecules.
The viral structural proteins of the core (p24, p6, p7) and matrix (p17) are encoded by the
gag gene, while the envelope glycoproteins gp120 and gp41 are encoded by the env gene.
The pol gene encodes enzymes vital for HIV replication, which are the viral reverse
transcriptase that is responsible for converting RNA into DNA, the integrase that is
involved in integration of the viral DNA into host chromosomal DNA (called the provirus)
and the protease that splits Pol and Gag precursors into their components. Moreover, the
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genome is characterized by six other accessory genes that help to regulate HIV replication
(tat, vif, vpu, vpr, nef and rev) (4).
HIV dies outside the bloodstream or lymphatic tissue, thus it is exclusively transmitted
through bodily fluids, i.e. blood, breast milk, semen and vaginal fluids. Despite the
different transmission methods, unprotected sexual intercourse accounts for about 70-85%
of total infections rates (5).

Figure 1: A) Schematic diagram of the HIV structural features B) Structure of the HIV
particle. Adapted from (6).

1.2.

The status of the HIV/AIDS pandemic

The Joint United Nations Programme on HIV/AIDS (UNAIDS) and The World Health
Organization (WHO) estimate that there were 2.1 million new HIV infections worldwide
in 2015, bringing the total number of people living with HIV up to 36.7 million (7). 40%
of people infected with HIV do not know their status, says WHO (3). The UNAIDS data
demonstrate both, a 35% reduction in new HIV infections, and a 28% reduction in AIDS-
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related deaths between 2000 and 2015. Despite these achievements, huge challenges lie
ahead. HIV remains a global public health issue, with 1.1 million AIDS-related deaths in
2015 (8).
The regions of Sub-Saharan Africa still remain the most affected region, with 25.6 million
(70%) people living with HIV. Moreover, the area contributes for two-thirds of the global
pool of new HIV infections (3).
Currently there is no cure for HIV infection and no vaccine in sight that provides effective
protection against the virus. However, HIV is treated using a combination of drugs called
antiretroviral therapy (ART). This can help most people living with HIV to maintain a
good quality of life (9).

Figure 2: Adult HIV infection prevalence (15-49 years old) in 2015; WHO data.

1.3.

HIV infection

HIV attacks a type of the host white blood cells called CD4+ cells using the CD4 receptor
and CCR5 or CXCR4 co-receptor. The virus hijacks the machinery of the CD4+ T helper
lymphocytes to replicate within them. HIV lyses the cells and new virions are released to
infect other CD4+ cells, resulting in progressively depleted CD4+ cell count during the
infection (13). In addition, the immune system of the host becomes crippled due to CD4+ T
helper lymphocytes depletion, which play a crucial role in coordinating and directing other
immune cells: CD8+ T lymphocytes, B lymphocytes, macrophages and monocytes (12).
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In the absence of antiretroviral therapy (ART), HIV infection results in a gradually
progressive and prolonged disease that ultimately leads to opportunistic infections and
eventually death. Furthermore, the host immune system is damaged with time, the CD4+
cell counts drop low enough and the clinical signs of AIDS become apparent. Generally, a
host immune response to HIV is unable to completely suppress or eradicate HIV or stop
the loss of CD4+ cells over time (13).

1.4.

Cytokines in HIV pathogenesis

Cytokines are small soluble proteins released by many cell populations, helper T cells (Th)
and macrophages being their predominant producers. They have a specific effect on the
communications and interactions between cells during immune response to pathogens (14).
A complex network of cytokines regulates the immune system and plays an important role
in controlling the immune homeostasis. When a pathogen enters the body, it causes the
specific immune response that is tailored to eliminate the foreign antigen. CD4+ T helper
lymphocytes are immune cells that play a vital role in regulating the response of the
immune system necessary to carry out this task (15). Cytokines have generally been
classified depending on the primary function they accomplish in the immune system.
Based on the production of the specific classes of cytokines, CD4+ T cells were historically
classified as T helper 1 (Th1) or T helper 2 (Th2) type (16). According to this historical
definition, Th1 cells favor to produce pro-inflammatory cytokines and increase cellular
immune responses important for the intracellular parasite elimination and the endurance of
autoimmune diseases. On the contrary, Th2 tend to up-regulate humoral immunity,
increasing antibody production, producing anti-inflammatory cytokines and thus balancing
out Th1 immune responses. It has been shown that both pathways are able to reduce the
activity of the other and over-activation of either can cause disease (20). However,
researchers have subsequently recognized that these broad definitions totally oversimplify
a really complex network of cytokines. The view has been refined with the discovery of
Th17, an additional CD4+ subset of T cells producing IL-17 and controlling pathogenic
infections (20).
HIV attacks CD4+ T cells causing activation of the immune system and immune cell
proliferation, leading to the change of activity and levels of different cytokines. These
alternations in the production of cytokines can affect the function of the immune system,
and thus are able to directly contribute to the course of HIV infection (15). Studies about
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the interaction between HIV-1 and cytokines have shown that cytokines can regulate HIV1 replication (21). Furthermore, HIV causes the imbalance between HIV pro-inflammatory
and anti-inflammatory, as well as inductive and inhibitory cytokines, and between Th1 and
Th2 cytokines. These imbalances between different cytokines affect the immune ability of
the host to control the replication of HIV. In addition, cytokines influence the production
and activity of other cytokines in the same microenvironment, making the interaction
between HIV and cytokines even more complex (15).
As mentioned above, studies have shown that cytokines play crucial roles in the HIV
pathogenesis and viral replication. Therefore, it is vital to measure cytokine levels in HIV+
individuals as an additional factor for evaluating the immune response of the host. In
addition, cytokines could be considered as potential protective biomarkers and could be
utilized in strategies for developing an HIV vaccine, which was studied in this thesis. The
following writing discusses 15 cytokines (TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A,
IL-17F, IL-17E, sCD40L, IL-21, IL-22, IL-23, IL-31 and IL-33) that were studied in our
project and their effects on the pathogenesis of HIV.
Tumor necrosis factor-α (TNF- α)
TNF-α is one of the best-studied pro-inflammatory cytokines that plays an important role
in various diseases including HIV-1 infection, as it is involved in initializing an
inflammatory cascade. During HIV infection TNF-α activates the nuclear transcription
factor NFκβ, which in turn initiates an inflammatory cascade and stimulates T-cell
apoptosis (22).

Interleukin-6 (IL-6)
Il-6 is a pleiotropic cytokine and a major player in hematopoiesis, as well as in immune
responses of the organism (7). There are many papers showing the increased expression of
IL-6 within the cells infected by HIV, but not many suggesting what IL-6 does to HIV
(29).

Interleukin-1β (IL-1β)
IL-1β is a pro-inflammatory cytokine that can activate NFκβ transcription factor within the
host cells, which then mediate the production of NFκβ to regulate viral transcription. HIV1 infected CD4+ T cells can unregulate the expression of IL-1β (26).
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Interleukin-10 (IL-10)
IL-10 is a regulatory cytokine that has an important role in both innate and adaptive
immunity, and is generally produced by macrophages, T cells and dendritic cells (DCs).
Many studies have shown that IL-10 plays various roles at different stages of HIV
infection. Throughout acute viral phase, IL-10 may enhance HIV replication by inhibiting
the effector immune response. During chronic HIV infection, however, IL-10 may reduce
immune activation (16).

Interferon-γ (IFN-γ)
IFN-γ plays an important role in HIV infection, as it inhibits viral replication (38). It
promotes an antiviral state by heightening sensitivity to TNF-α and initiating Fas-mediated
cell killing. In addition, IFN-γ positively correlates with viral replication and T cell
activation (29).

Interleukin-4 (IL-4)
IL-4 plays a crucial role in regulating the phenotype of naïve T cells and is the primary
Th2 defining cytokine. It is known that a switch from Th1 to Th2 responses is important in
HIV pathogenesis. Despite this, the effects of IL-4 have not been fully elucidated.
However, it has been shown that IL-4 promotes viral expression via a transcriptional
mechanism (30).

Interleukin-17 (IL-17A, IL-17F, IL-25/IL-17E)
IL-17 is produced by Th17 cells and is composed of a family of IL-17A through F
cytokines (31). It is usually involved in innate immune signaling and plays a role in the
activation of pro-inflammatory mediators (32). IL-17 has been discovered recently,
therefore there is still much left to be examined regarding its role in HIV infection.

CD40 ligand (CD40L and sCD40L)
CD40L is expressed on epithelial cells, antigen-presenting cells (APCs) and
haematopoietic progenitor cells and plays a crucial role in T cell-dependent B cell
immunity. Increased CD40L expression on the surface of active CD4+ T cells stimulates
HIV replication, thus resulting in the depletion of CD4+ T cells. The sCD40L is a soluble
form of CD40L and is shed from platelets and activated T cells (33).
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Interleukin-21 (IL-21)
IL-21 is mainly produced by activated CD4+ T cells and natural killer (NK) cells, and has
pleiotropic effects. It plays a crucial role in sustaining and regulating B cell, T cell and NK
cell immune responses during chronic viral infections (34). The important effect of IL-21
in preservation of virus control in individuals living with HIV has been shown. In addition,
IL-21 enhances antibody response and can serve as s potent adjuvant for protective
immunity (35).

Interleukin-22 (IL-22)
Il-22 was first mentioned by Dumoutier et al. in 2000 (36). This cytokine is produced by
specific T cells, NK cells, monocytes, DCs and innate lymphoid cells. Th1 and Th17 CD4+
T-cell subsets are important producers of IL-22 (37). IL-22 plays an important role in
protection against fungal and bacterial infections. In addition, it promotes inflammation
and enhances proliferation and repair of epithelial cells (38). It has been suggested that IL22 may show antiviral activity in individuals living with HIV. IL-22 also enhances acutephase serum amyloid A production, resulting in decreased expression of CCR5 on
immature DCs, hence reducing their susceptibility to HIV-1 infection (37).

Interleukin-23 (IL-23)
IL-23 plays a crucial role in both protective and pathological mechanisms. Under
homeostatic conditions, the protective function of low levels of IL-23 includes attraction of
granulocytes, IL-17 and IL-22 secretion, as well as the release of antibacterial peptides. In
HIV-1 infection, macrophages upregulate IL-23 expression in response to the virus (39). It
has been suggested that sustained and strong IL-23 production by peripheral blood
mononuclear cells correlates with high viral load during primary HIV infection (16).

Interleukin-31 (IL-31)
IL-31 is mainly produced by activated CD4+ T cells, principally by the Th2 subset. IL-31
acts on a great variety of cells thus showing potential pleiotropic effects. However, its
pleiotropic functions on the immune system and HIV infection are poorly understood and
are still to be examined (40).
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Interleukin-33 (IL-33)
IL-33 is mainly produced by endothelial and epithelial cells at barriers sites, and acts both
as a cytokine and as a gene transcription-regulating factor. It has been demonstrated that it
strongly promotes Th2 cytokine production. However, the effects of IL-33 have been
shown to be either pro- or anti-inflammatory depending to the disease and the experimental
model used. Furthermore, Mehraj et al. reported stimulated Th1 response in HIV+
individuals (41).

1.5.

Antiretroviral therapy (ART) and the need for anti-HIV vaccine

Despite great successes that have been recorded in reducing HIV-associated mortality and
morbidity in Sub-Saharan Africa, the development of an effective vaccine against the virus
remains challenging. Enormous challenges continue to lie in the high viral diversity within
HIV and its remarkable adaptation to elude host immune control. Furthermore, our poor
understandings of the immune activity that can control the replication of the virus make the
development of an HIV-1 vaccine rather difficult.
As stated before, if HIV infection is left untreated, the virus will attack the host immune
system and eventually lead to AIDS. Therefore, antiretroviral therapy (ART) is
recommended for all people living with HIV. ART is the combination of several
antiretroviral drugs used to suppress HIV and therefore the resulting disease progression
by targeting different stages of the HIV cycle. This is not a cure, but is able to control the
virus so that HIV+ individuals can live a healthier and longer life (42). It has been shown
that effective treatment with ART has resulted in impressive morbidity and mortality
reduction among people living with HIV. Despite these advances, ART drugs have been
limited by their inability to completely eliminate virus in HIV+ individuals, resulting in the
need for costly lifelong treatment. Moreover, ART has been associated with only partial
immune restoration, persistent viral reservoirs, chronic inflammation and also the
development of viral resistance (43). Additionally, ART associates with the higher risk for
development of non-AIDS diseases, including metabolic, hepatic, renal, cardiovascular,
vascular and neurological disorders (44). Furthermore, the growing numbers of ART drugs
resistant HIV strains are being reported. These highly resistant strains are becoming a
serious public health problem and could exceed the capacities of health system (45). Also,
due to ART cytotoxicity, the need for finding a safe and effective HIV vaccine for Africa
to stop the spread of HIV-1 is well known. It is important to develop HIV vaccines that
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could induce CD4+ and CD8+ T cell immunity, as well as humoral immunity. It has been
shown that both humoral and cellular immune responses play crucial roles in HIV
infection, but far less is known about associations between these two responses.
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2 The aim of the study
The aim of our study will be to look for potential protective biomarkers in HIV infection.
For this reason, we will analyze both serum and saliva samples of HIV infected individuals
from Rwanda. Firstly, we will use an in-house enzyme linked immunosorbent assay
(ELISA) method to measure titers of IgG and IgA antibodies against HIV-Gag p24 and
HIV-EnvA gp140 antigens. We will select 14 individuals with the highest levels of
antibodies. Then, we will use those samples to measure 15 soluble proteins involved in the
Th17 immune response pathway: TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A, IL-17F,
IL-17E, IL-21, IL-22, IL-23, IL-31, IL-33 and sCD40L. Lastly, we will compare cytokine
measurements with levels of specific HIV-1 antibodies to see if there are any significant
correlations. Our work may be useful for improving the understanding of cytokine roles in
HIV disease and may provide some useful data for the development of an effective cure for
HIV-1 infection.
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3 Material and Methods
3.1.

Material

3.1.1. Chemicals and reagents
-

Dulbecco’s Phosphate Buffered Saline (DPBS), Sigma Aldrich (USA)

-

Tween 20, Sigma Aldrich (USA)

-

Phosphate Buffered Saline with Tween 20, dry powder, Sigma Aldrich (USA)

-

Heat inactivated fetal calf serum (HI-FCS), Sigma Aldrich (USA)

-

Recombinant HIV antigen EnvA gp140 (UG37), Polymun Scientific (Austria)

-

Recombinant HIV antigen p24, Aalto Bio Reagents (Ireland)

-

Anti-human IgG (Fc specific)-Peroxidase antibody produced in goat, Sigma
Aldrich (USA)

-

Goat anti-human IgA-Biotin conjugate, Sigma Aldrich (USA)

-

Avidin-peroxidase conjugate, Sigma Aldrich (USA)

-

Standard – positive serum sample (HIVPC1), obtained and qualified at the
laboratory conducting the assay

-

Standard – negative serum pool (HIVNC1), Sigma Aldrich (USA)

-

SureBlueTM TMB 1-Component Microwell Peroxidase Substrate, KPL (USA)

-

TMB Stop Solution, KPL (USA)

-

Rely+On™ Virkon® tablets, DuPont (USA)

-

Ethanol 99.7-100%, BDH (UK)

-

Purified water

3.1.2. Buffers and solutions
-

PBS Buffer: the content of 1 packet of PBS Tween 20 powder was dissolved in 1
liter of deionised water

-

Washing Buffer PBST (0.05% Tween 20 in PBS): to prepare 500 mL of buffer 250
µL of Tween 20 was added to 500 mL of DPBS

-

Assay Buffer (10% HI-FCS in PBST): to prepare 500 mL of buffer 50 mL of HIFCS was added using a 0.45 µm filter in 450 mL of PBST

-

Goat anti-human IgG-HRP conjugate: the conjugate antibody was diluted to
1:2.000 by adding 2.5 µL of IgG-HRP in 5 mL of assay buffer
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-

Goat anti-human IgA-Biotin conjugate: the conjugate antibody was diluted to
1:5.000 by adding 5 µL of IgA-Biotin in 25 mL of PBST

-

Avidin-peroxidase conjugate: the conjugate was diluted to 1:10.000 by adding 2 µL
of avidin-peroxidase conjugate in 20 mL of PBST

3.1.3. Laboratory equipment
-

Molecular Devices SkanWasher 300 SkanStacker microplate washer

-

Tecan SunriseTM plate reader

-

Tecan Infinite® 200 PRO plate reader

-

Galaxy S incubator set to 37±10C

-

Purite water purifier

-

Schuttler MTS2 microtiter shaker, IKA, China

-

ELISA plates: 96 well F-Bottom plate, 448-076, Greiner Bio One, Germany

-

Dilution plates: 96 well U-Bottom plates, 650-101, Greiner Bio One, Germany

-

12-channel pipette 50 – 300 μL, Thermo Fisher Scientific, USA

-

Pipettes 0,5 – 10 μL, 10 – 100 μL and 100 – 1000 μL, Eppendorf, Germany

-

Serological pipettes, disposable, sterile, individually wrapped (5 mL, 10 mL, 25
mL or 50 mL), Sarstedt, Germany

-

Sterile pipette tips, Gilson, USA

-

Sterile tubes 50 mL, Sarstedt, Germany

-

60 mL BD™ syringe with BD Luer-Lok™ tip, BD, USA

-

Minisart® NML Syringe Filters 0.45 μm, Sartorius, Germany

-

Adhesive film for microplates, 60941-064, VWR, USA

-

Adhesive foil for microplates, pierceable, VWR, USA

-

Reservoir 100 mL sterile Pk50, Anachem, UK

-

Latex disposable gloves

3.2.

Methods

3.2.1. Study population
We analyzed cryopreserved serum and saliva samples of 14 individuals from Rwanda, who
were originally a part of the Project San Francisco (PSF), Kigali, Rwanda (46). Approvals
were granted by the Rwanda National Ethics Committee and the Emory University

12

Institutional Review Board. In this study, only known HIV-1 infected volunteers were
enrolled. The group consisted of women only (18-60 years of age).
3.2.2. Sample collection and processing
Peripheral blood was collected into serum-separating vacuatiners (SST tubes; BD, UK) by
venipucture and centrifuged. Whole oral fluids were pooled in the volunteer’s mouth and
then transferred into a 50 mL Falcon tube by drooling. Samples were centrifuged and
collected from the Falcon tube, ensuring any mucus was left in the tube. Aliquoted saliva
and serum samples were stored at -80 ºC until analyzed at the Human Immunology
Laboratory, IAVI London.
3.2.3. HIV-1 IgG and IgA antibody determination
To detect IgG and IgA antibodies against HIV-Gag p24 and HIV-Env subtype A UG37
gp140 antigen, an indirect ELISA was performed according to instructions. Microplates
(Medium binding; Nunc, UK) were coated with HIV-Gag p24 antigen (2.5 µg/mL; Aalto
Bio Reagents, Ltd, Ireland) or recombinant HIV-Env subtype A UG37 gp140 antigen (5
µg/mL; Polymun, Austria) for 1 hour at 37 ºC. The plates were washed with phosphate
buffered saline solution PBS supplemented with Tween (PBS-T; Sigma, UK), using a plate
washer (Molecular Devices SkanWasher 300 SkanStacker microplate washer). Unoccupied
sites were blocked with 10% heat-inactivated fetal calf serum HI-FCS in PBS-T (assay
buffer) and incubated for 1 hour at 37 ºC. The plates were then frozen at -80 ºC and stored
for up to 6 months. Before sample analysis, microplates were thawed and washed, as
described above. Serum and saliva samples (50 µL each) from selected individuals and 50
µL of positive and negative controls were used in the microplates. Serum samples were
diluted 1:100 and mucosal samples 1:20 in the assay buffer (PBS-T), incubated for 1 hour
at 37 ºC, and then washed with PBS-T. To detect IgG antibodies, 50 µL of peroxidase
labelled goat anti-human IgG (Sigma, UK) diluted 1:2.000 using the assay buffer, was
added to ech well. After 1 hour incubation at 37 ºC, the microplates were washed and the
colour developed by adding 50 µL of SureBlueTM TMB Microwell Peroxidase Substrate
(Insight Biotechnology Ltd, UK). The colour reactions were stopped after 5 minutes with
50 µL of TMB Stop Solution (Insight Biotechnology Ltd, UK). IgA antibodies were
detected by adding 50 µL of biotin labelled goat anti-human IgA (Insight Biotechnology
Ltd, UK) diluted 1:5.000 in PBS-T, followed by adding 50 µL of the avidin peroxidase
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(Sigma, UK) diluted 1:10.000 in PBS-T. The colour reactions were stopped after 10
minutes as described above. Then, the optical density (OD) of each sample was determined
at 450 nm using a microplate reader (Tecan SunriseTM plate reader). All samples were run
in triplicates and the results were reported as the mean OD values. Cut-off values were
expressed as the mean OD of the negative sera plus two standard deviations (SD). A
sample was considered positive when the sample/cut-off ratio was ≥ 0.2 for IgG and ≥ 0.3
for IgA. All positive samples were subsequently titrated for limiting dilution assessment.
3.2.4. Human Th17 cytokine assay
Cytokines TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A, IL-17F, IL-17E, IL-21, IL-22,
IL-23, IL-31, IL-33 and the soluble CD40L were measured by using Luminex fluorescent
bead human immunoassay (Bio-Plex Pro Human Th17 Cytokine Panel, BioRad, UK)
according to the manufacturer’s instructions (47). Briefly, the Th17 assays are designed on
magnetic beads according to a capture sandwich immunoassay format. The capture
antibody-coupled beads were first incubated with antigen standards, samples, or controls in
the dark, for 1 hour at room temperature with vigorous shaking. Subsequently they were
incubated with biotinylated detection antibodies for 30 minutes. After washing away the
unbound biotinylated antibodies, the beads were incubated with a reporter streptavidinphycoerythrin conjugate (SA-PE) for 10 min. Following the removal of excess SA-PE, the
beads were passed through the Bio-Plex suspension array reader, which measures the
fluorescence of the beads and of the bound SA-PE. All washes were performed using a
Bio-Plex Pro wash station. Data acquisition was performed using Bio-Plex ManagerTM 6.0
at a low photomultiplier (PMT) setting. The t-test function in Bio-Plex Data ProTM
software was used to perform statistical analysis on sample data.
3.2.5. Statistical analysis
The 2-tailed Spearman rank test with 95% confidence intervals was used to assess
correlations between cytokine levels and specific HIV-1 antibodies. P values < 0.05 were
considered statistically significant. All analyses were performed using GraphPad Prism,
version 6.0 (GraphPad Software, USA).
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4 Results and discussion
4.1.

Introductive discussion

Antiretroviral drugs for treating HIV-1 have significantly improved the quality of life and
extended the lifespan of HIV+ individuals because they are very effective at maintaining
clinical stability and low viral loads. However, chronic application of these drugs can
result in resistant HIV-1 strains that can become a potent threat for healthcare and
humankind (45). Sub-Saharan Africa accounts for 70% of all people living with HIV (3).
Therefore, novel therapeutic strategies for fighting HIV in Sub-Saharan Africa are urgently
needed. Cytokines are important mediators of host innate and adaptive immune responses,
and modulation of these cytokines has been demonstrated to alter anti-HIV reactivity in
vitro (24). The central goal is to find ways that could more durably suppress HIV
replication and ultimately eliminate the virus. These cytokine modulations could be used in
strategies for the development of an effective and safe HIV vaccine. Studies have shown
that TNF-α, IL-1 and IL-6 stimulate HIV-1 replication in monocyte-derived macrophages
(MDM) and T cells, while IL-2, IL-7 and IL-15 up-regulate HIV-1 in T cells. Contrary,
IFN-α, IFN-β and IL-16 inhibit HIV-1 replication in MDM and T cells, while IL-10 and
IL-13 inhibit the virus in MDM (29). Current knowledge about the interaction between
HIV and cytokines supports the rationale for continued discovery of the potential
protective roles of cytokines in people living with HIV.
Despite knowledge stated above, application of cytokines to clinical practice and vaccine
development has been restricted by their low levels in circulation, complex relationships,
and transient effects. To help more clearly characterize the complex cytokine network in
HIV infection, our objective was to identify the relevance of cytokines that are involved in
the pathways of Th17 cells. In order to do that, we measured levels of 15 proteins: TNF-α,
IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A, IL-17F, IL-17E, sCD40L, IL-21, IL-22, IL-23,
IL-31 and IL-33, as well as titers of IgG and IgA antibodies against HIV-Gag p24 and
HIV-Env gp140 antigens in sera and saliva of 14 HIV+ individuals from Rwanda. We used
highly sensitive multiplex technology to measure cytokine levels and an in-house ELISA
to measure specific HIV-1 antibody levels. We were looking for possible associations
between cytokines and antibodies for the assessment of potential protective biomarkers in
HIV infection. We decided to study correlations with antibody titers because they reflect a
humoral immune response to the virus (51). The specificities of measured antibodies are
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characterized by the recognition of specific epitopes of the HIV core p24 and the HIV
envelope gp120 proteins. To our knowledge, this is the first study to examine correlation
between specific HIV-1 antibodies and cytokines involved in the pathways of Th17 cells.
Therefore we could not compare our results to any other studies. In this section we will
discuss roles of cytokines in HIV infection and their correlations with IgG and IgA
antibodies against HIV-Gag p24 and HIV-Env gp140 in serum and saliva. We will also
discuss relevance and limitations of our study.

4.2.

Results

4.2.1. TNF- α
Alfano et al. reported that HIV infection increases TNF-α production by triggering
macrophages, monocytes, and NK cells. Regulation of TNF-α is maintained by a negative
feedback loop, where TNF-α stimulates anti-inflammatory IL-10 cytokine production,
which in turn inhibits TNF-α production and activity. Moreover, it has been shown that
TNF-α is HIV-1 suppressive and it can, in infected cells, inhibit HIV-1 replication.
Interestingly, however, TNF-α can induce production of NF-кB, which increases pro-viral
gene transcription and therefore drives HIV replication (15). In our study, there were no
significant correlations for TNF-α with any of specific anti-HIV-1 antibodies in serum or
saliva. This does not mean that there are no correlations at all, but rather reflects the
limitations of our study. In addition, we would recommend using additional laboratory
techniques, e.g. the enzyme linked immunospot assay (ELISPOT), a highly sensitive
method for measurment of specific cytokine release at the single cell level (52).
4.2.2. IL-6
Nakajima et al. have shown that macrophages and monocytes produce IL-6 consequent to
stimulation with HIV. However, in infected monocytes IL-6 has been shown to induce
HIV expression by increasing HIV transcription or enhancing the activity of reverse
transcriptase and expression of viral proteins. IL-6 has been shown to induce immune cell
activation, proliferation, apoptosis and differentiation (23). We found no significant
correlations for IL-6 with any of specific HIV-1 antibodies in saliva. On the other hand,
there was a statistically significant correlation between serum IL-6 levels and IgA
antibodies against HIV-Env gp140, indicating that both, humoral and cellular immunity
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were activated and showing a potential protective role of IL-6 in HIV-1 infection.
However, as we are well aware of limitations of our study, we remain cautious and propose
further investigations.

Table I: Correlation between IL-6 and IgA anti-EnvA antibodies present in serum samples
of HIV-infected individuals; 2-tailed Spearman test.
IgA anti-EnvA
p = 0,006,
r = 0,830
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Figure 3: Correlation between IL-6 and IgA anti-EnvA antibodies present in serum
samples of HIV-infected individuals.
4.2.3. IL-1β
IL-1β plays a pivotal role in HIV infection by binding to the IL-1 receptor and thus
inducing more proinflammatory cytokines. However, it has been shown that IL-1β inhibits
HIV-1 replication in primary peripheral blood mononuclear (PBMC) and Jurkat CD4+ T
cell-line (53). We found no significant correlations of IL-1β with any of specific anti-HIV1 antibodies in serum samples. However, there was a rather weak statistically significant
correlation between IL-1β and IgG anti-EnvA antibodies in saliva. This indicates the
activation of both, humoral and cellular immunity and a possible protective role of IL-1β in
HIV-1 infection. Due to limitations of our study we should not jump into uncertain
conclusions and recommend further research.
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Table II: Correlation between IL-1β and IgG anti-EnvA antibodies present in saliva
samples of HIV-infected individuals; 2-tailed Spearman test.
IgG anti-EnvA
p = 0,040,
r = 0,607
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Figure 4: Correlation between IL-1β and IgG anti-EnvA antibodies present in saliva
samples of HIV-infected individuals.
4.2.4. IL-10
IL-10 is known to reduce the production and action of several cytokines, like IL-1β, IL-12,
IL-6, and TNF-α by inhibiting the expression of major histocompatibility complex (MHC)
class II molecules. It also stimulates B cell activation and cytotoxic T cell proliferation. It
has also been shown that IL-10 concentrations during the chronic phase of HIV disease are
positively associated with better CD4+ T cell recovery and negatively with viral load (16).
In our study, there were no significant correlations of IL-10 levels and any of specific antiHIV-1 antibodies measured in serum or saliva samples. This does not mean that there are
no correlations at all, but rather shows limitations of this study, which demands further
investigations.
4.2.5. IFN-γ
IFN-γ is the most common used marker of antigen-specific T cell responses, measured by
either ELISPOT or flow cytometry. In vaccine trials where the aim is to elicit a specific T
cell response, IFN-γ is the gold standard, also for measuring HIV-specific vaccine efficacy
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due to its strong responsiveness to vaccination. However, despite its wide use in these
trials, IFN-γ shows no significant protection against HIV infection (54). In our study, we
also could not find any significant correlations between IFN-γ and specific anti-HIV-1
antibodies assessed in serum or saliva samples.
4.2.6. IL-4
It has been reported that increased IL-4 levels correlate with higher HIV replication.
Conversely, IL-4 inhibits CCR5 expression in T cells, hence down-regulating HIV
infection. These studies identify IL-4 as a significant regulator of HIV-1 and suggest its
important role in the viral control (30). In our study, there were no significant correlations
found between IL-4 and any of specific anti-HIV-1 antibodies in serum samples. But we
found a weak statistically significant correlation between IL-1β and IgG anti-EnvA and a
bit stronger one with IgG anti-p24 in saliva, once again indicating the engagement of both,
humoral and cellular immunity and potential protective role of IL-4 in HIV-1 infection.
However, we have to be aware of limitations of this study and be careful regarding the
interpretation of results.

Table III: Correlations between IL-4 and IgG anti-EnvA and IgG anti-p24 antibodies
present in saliva samples of HIV-infected individuals; 2-tailed Spearman test.
IgG anti-EnvA
p = 0,050,
r =-0,585
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Figure 5: Correlation between IL-4 and IgG anti-EnvA antibodies present in saliva
samples of HIV-infected individuals.
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Figure 6: Correlation between IL-4 and IgG anti-p24 antibodies present in saliva samples
of HIV-infected individuals.
4.2.7. IL-17 (IL-17A, IL-17F, IL-17E)
It has been shown that IL-17 induction and regulation in CD4+ or CD8+ T cells could be
very different. It is suggested that IL-4 plays a crucial role in IL-17A regulation in CD8+ T
cells. However, the IL-17 mechanism in HIV infection remians unclear (16). We observed
no significant correlations between IL-17A, IL-17F or IL-17E and any of specific antiHIV-1 antibodies in serum samples. On the other hand, we found statistically significant
correlation between IL-17A and IgA anti-p24 and between IL-17E and IgG anti-p24 in
saliva samples. However, we have to be aware of study limitations and therefore be
cautious about proposed protective roles of IL-17A and IL-17E in HIV-1 infection.

Table IV: Correlations between IL-17A and IgA anti-p24 antibodies and between IL-17E
and IgG anti-p24 antibodies, present in saliva samples of HIV- infected individuals; 2tailed Spearman test.
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Figure 7: Correlation between IL-17A and IgA anti-p24 antibodies present in saliva
samples of HIV-infected individuals.
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Figure 8: Correlation between IL-17E and IgG anti-p24 antibodies present in saliva
sample of HIV-infected individuals.
4.2.8. sCD40L
Soluble CD40L molecules (sCD40L) play an important role in stimulating humoral B cell
responses. In addition, elevated sCD40L concentrations were reported in HIV-infected
patients (33). There were no significant correlations found between sCD40L and any of
specific anti-HIV-1 antibodies present in serum and saliva samples, in our study. However
we should be cautious about these results in view of study limitations.

21

4.2.9. IL-21
A recent study has reported lower plasma levels of IL-21 in patients living with HIV in
comparison to uninfected individuals. IL-21 levels associate with CD4+ T cell counts,
implying that these cells are the main source of IL-21. On the other hand, another study
observed that individuals living with HIV have greater amounts circulating IL-21 in blood,
as compared to non-infected subjects (16). We found no statistically significant
correlations between IL-21 and any of the specific anti-HIV-1 antibodies either in serum or
saliva samples.
4.2.10. IL-22
In individuals infected with HIV-1 subtype C, high systemic levels of IL-22 were
correlated with low viral replication in vitro (15). In our study, we found no statistically
significant correlations between IL-22 and any of specific anti-HIV-1 antibodies assessed
in serum or saliva samples. However, limitations of our study should be considered when
interpreting the results.
4.2.11. IL-23
Strong inflammatory stimulus in HIV infection causes increased IL-23 production. It has
been demonstrated that strong production of IL-23 correlates with high viral load (39). We
were not able to find any significant correlations between IL-23 and any of specific antiHIV-1 antibodies in serum. However, there was statistically significant correlation
observed between IL-23 and IgG anti-EnvA in saliva samples, meaning that both humoral
and cellular immunity against HIV were activated and indicating a potential protective role
of this cytokine in HIV-1. However, limitations of this study should be considered,
therefore further investigations are needed to confirm our observations.

Table V: Correlation between IL-23 and IgG anti-EnvA antibodies present in saliva
samples of HIV-infected individuals; 2-tailed Spearman test.
IgG anti-EnvA
p = 0,032,
r = 0,629

IL-23

22

80
70

IL-23 (pg/mL)

60
50
40
30
20

10
0
0

2000

4000

6000
8000
10000
IgG anti-EnvA (titer)

12000

14000

Figure 9: Correlation between IL-23 and IgG anti-EnvA antibodies present in saliva
samples of HIV-infected individuals.
4.2.12. IL-31
Several studies have shown that IL-31 exerts extensive pleotropic effects on the immune
system during HIV infection (40). To date, its functions are still poorly understood and
much work remains to be done. No statistically significant correlations between IL-31 and
any of specific anti-HIV-1 antibodies measured in serum or saliva samples were found in
our study. However we are well aware of its limitations therefore further research is
needed.
4.2.13. IL-33
IL-33 is thought to have both pro- and anti-inflammatory roles, depending on the disease
and the experimental model used (55). Not much is known about the role of IL-33 in HIV
infection. We observed no significant correlations between IL-33 and any of specific antiHIV-1 antibodies in saliva samples. On the other hand, however, a statistically significant
correlation between IL-33 and IgG anti-EnvA was found in serum samples, indicating a
possible protective role of IL-33 in HIV-1 infection. However, due to limitations of our
study further investigations are needed.
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Table VI: Correlation between IL-33 and IgG anti-EnvA antibodies present in serum
samples of HIV-infected individuals; 2-tailed Spearman test.
IgG anti-EnvA
p = 0,022,
r = 0,751
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Figure 10: Correlation between IL-33 and IgG anti-EnvA antibodies present in serum
samples of HIV-infected individuals.

4.3.

Limitations of our study

Cytokines are very important regulators of innate and adaptive immune responses. An
appropriate balance of cytokine levels in the body is crucial to achieve protective
immunnity and to avoid various immunopathologies (14). However, cytokines form a very
complex network and thus using single or combined cytokines for inducing protective
immunity is a very demanding task. In this section we will discuss limitations of our study
and potential reasons why in some cases we did not find any correlations between markers
of humoral (specific anti-HIV antibodies) and cellular immunity (cytokines).
4.3.1. Study features and characteristics of participants
One obvious limitation is the small number of individuals included in the study. We
analyzed serum and saliva samples of only 14 HIV+ individuals from Rwanda. The small
number of participants always introduces the possibility of bias, which could lead to an
underestimation of potentially true differences. Furthermore, we analyzed our results
without accounting for participant characteristics, such as age, gender, race, etc. It has been
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shown that increased levels of IL-6 correlate with the non-black race, older age, lower
HDL-cholesterol, higher body mass index (BMI), ongoing HIV replication and low CD4+
T cell counts (56). This suggests that there are different and multiple causes of
inflammation in HIV infection. Therefore, contribution of inflammation should be
investigated when looking for any correlations between cytokine and antibody levels. In
our study, all participants were women, because, unfortunately, these were the only
samples available at the time, therefore furthure research on more participants is required.
4.3.2. Time and length of HIV exposure and the laboratory techniques used
One of the potential reasons why we did not find an association between some of the
cytokines studied and antibody levels in HIV+ individuals could be the time and the length
of HIV exposure. We found no detectable levels of IFN-γ, IL-17A, IL-17F, IL-17E, IL-21,
IL-22, IL-23 and IL-31 in serum samples. This could be due to the Th switch in patients.
One of the key ways by which cytokines exert their main influences on immunity, is the
ability to direct T cell subset differentiation (57). HIV alters the cytokine network to favor
its installation, therefore making the design of an effective vaccine particularly
challenging. In such situation, vaccines should both, induce protective immunity and
compensate HIV-induced immunoregulatory mechanisms. It is believed that HIV
influences host immune system also by shifting cytokine profiles from Th1 to Th2 during
progression of infection. Namely, early studies have shown that elevated levels of IL-4 and
reduced concentration of IL-2 correlated with HIV-caused disease (58). However, more
recent studies did not find such cytokine polarization shifts (59). Still, other reports have
demonstrated higher levels of both Th1 and Th2 cytokines in people being HIV infected,
as compared to uninfected individuals, but these did not change with HIV progression (60).
Overall, the role of cytokines in HIV infection remains controversial. The reasons for these
disagreements could be attributed to different time and length of HIV exposure, differences
in populations studied, as well as differences between used laboratory measurement
techniques. It is important to note that cytokines can be measured either at the protein or at
the mRNA level. At the protein level, immunoassays are the methods of choice for their
quantitification (61).
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4.3.3. Antiretroviral therapy (ART)
ART decreases the replication of HIV-1 and significantly improves the survival of infected
persons. Its ability to increase CD4+ T cell numbers is of great importance in HIV
infection. Autran et al. demonstrated a T cell pool reconstruction following ART,
consequently resulting in altered levels of cytokines (62). We evaluated cytokine
associations without accounting for the presence or absence of ART therapy. We know
that ART drugs affect the cytokine profile in HIV infection, therefore data about ART
therapy should be accounted for when looking for the presence of potential protective
cytokines in HIV-associated disease.
4.3.4. Other cytokines present in the same microenvironment and cells they

target
As mentioned before, cytokines often exert pleotropic actions with diverse and specific
consequences in targeted cell types. In addition, they are not only involved in infection
responses and inflammation but also in the regulation of regenerative, metabolic, neural
and other physiological processes (14). Thus, it could be suggested that studying single
cytokines, which we did in or study, does not shed light on their protective roles, neither
can elucidate the immune status of an individual. The interactions between anti- and proviral cytokines, as well as their net effects on the immune system of the host during
development and course of HIV-associated disease are of great importance. Studying these
interactions is therefore crucial for finding a safe and effective HIV cure and should be
carefully considered in future studies.
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5 Conclusion
The HIV epidemic has been plaguing the world for almost 35 years, destroying families
and communities and killing tens of millions of people. 70% of all HIV+ individuals live
in Sub-Saharan Africa (3). Therefore, the development of an effective HIV vaccine is
urgently needed especially for African countries. Researches discovering novel HIV
vaccines have raised the importance of cellular immunity in the protection of host from
HIV infection. As humoral and cellular immune responses are closely intertwined,
cytokine production by T cells is an integral part of development of an effective anti-HIV1 vaccine.
The aims of our work were to assess the presence of potential HIV-1 protective biomarkers
in serum and saliva of HIV-1 infected patients, and to try to determine associations
between cellular and humoral immunity in this type of viral infection. For this purpose, the
concentrations of protein biomarkers were correlated with the levels of IgG and IgA antiHIV antibodies detected in sera and saliva of 14 HIV-1 infected participants from Rwanda.
An in-house ELISA method was used to detect IgG and IgA anti Gag p24 and anti
envelope gp140 antibody levels, and the Luminex Multiplex technology was applied to
measure the levels of 15 soluble proteins (TNF-α, IL-6, IL-1β, IL-10, IFN-γ, IL-4, IL-17A,
IL-17F, IL-17E, sCD40L, IL-21, IL-22, IL-23, IL-31 and IL-33), involved in the T-helper
cell type 17 immune response pathways. To our knowledge, this is the first report to
compare concentrations of these cytokines with specific anti-HIV-1 antibody levels in
HIV+ individuals.
We found only minor associations between biomarkers of T cell responses, as measured by
the amounts of the produced cytokines and specific anti-HIV-1 antibody levels in serum or
saliva samples. The cytokines that were found to be significantly correlated with antibody
levels were the following:
-

IL-1β with IgG anti-EnvA in saliva,

-

IL-4 with IgG anti-EnvA and anti-p24 in saliva,

-

IL-6 with IgA anti- EnvA in serum,

-

IL-17A with IgA anti-p24 in saliva,

-

IL-17E with IgG anti-p24 in saliva,

-

IL-23 with IgG anti-EnvA in saliva, and

-

IL-33 with IgG anti-EnvA in serum.

27

Our results suggested that some cytokines may play a protective role in HIV infection and
could thus be utilized in the development of an effective vaccine. However, there were
quite some limitations in our study, including the small number of participating patients.
Furthermore, the study did not account for participant characteristics, such as age, gender,
stage of HIV infection and the presence or absence of ART therapy. Therefore care should
be taken when making conclusions from these correlations. However, due to complexity of
cytokine functions, manipulation of cytokine network to influence host immunity is not an
easy task. Additionally, each cytokine’s final effect on the immunity will depend on the
length and time laps of HIV infection, cells being targeted and its interactions with other
soluble bioactive factors present in the same microenvironment.
In conclusion, our study is the first to examine correlations between cytokines and specific
anti-HIV-1 antibodies, in order to assess potential protective biomarkers present in serum
and/or saliva of HIV+ individuals from Rwanda. Our results showed some statistically
significant correlations that could form the foundation for future research, especially
because a deeper understanding of the cytokine network in HIV infection could elucidate
novel mechanisms needed for an effective vaccine developement. In addition, cytokines
could be used as potential adjuvants to vaccines or could have important diagnostic or
prognostic potential. We would suggest further studies to focus also on mucosal samples,
such as semen and vaginal secretions, because sexual activity is the most common route of
HIV transmission (1).
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