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Abstract 

Introduction: Human Immunodeficiency Virus (HIV) is a retrovirus that infects human immune cells, primarily CD4+ T cells 

and macrophages. During HIV disease progression, infected individuals have declining CD4+ T cell counts and increasing  

HIV RNA, indicative of virus replication. Numerous studies have identified important roles for cytokines in immune responses 

during the course of HIV infection. Cytokines are small molecular weight proteins that communicate signals between a broad 

range of cells in the immune system. This review aims to highlight a key subset of cytokines that bear potential as targets for 

the prevention and treatment of HIV infection. 

Methods: We conducted a literature review categorizing pertinent cytokines on the basis of four criteria: correlations with HIV 

replication, impact on host innate immune cells, characteristic expression in elite controllers, and therapeutic applications. 

Results: We identified several cytokines in the interleukin (IL) family and the C-C and C-X-C chemokine families with 

important roles in HIV-1 control. Indeed, the expression of many cytokines was correlated with reduced HIV-1 replication  

(e.g. IL-21, IL-32, IL-27). Several cytokines directly impact cells of the innate immune system in their HIV-1 control 

mechanisms. Among many, IL-7 and IL-15 are able to enhance natural killer cell function, while IL-27 enhances macrophage 

resistance to HIV infection. Elite controllers, individuals who have suppressed HIV-1 replication and preserved CD4+ T cell 

levels without exogenous antiviral drug treatment, express a uniquely characteristic array of chemokines. Namely, CCL14, 

CCL27, CCL21, XCL1 and CXCL12 are upregulated in elite controllers compared to non-controllers. Finally, considering the 

diversity and pleiotropic roles of cytokines during HIV-1 infection, many bear potential for inclusion in therapeutic designs. 

Conclusion: Herein, we have highlighted the antiviral roles of several cytokines, demonstrating that many cytokines are key 

regulators of HIV replication. This work provides a focus for future research aiming to better understand HIV pathogenesis 

and informs novel preventative and therapeutic designs. 
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Introduction 

The World Health Organization reports that as of 2017, 

a total of 36.9 million individuals were living with the 

Human Immunodeficiency Virus (HIV) [1]. In 2017 alone, 

nearly one million lives were claimed globally due to HIV 

infection [1]. Given the ongoing and immense global impact 

of HIV infection, studies of HIV pathogenesis are critically 

needed to inform new therapeutic mechanisms that can help 

to curb the HIV pandemic. 

HIV is a lentivirus (a subgroup of retroviruses) that 

infects cells of the immune system, primarily CD4+  

T lymphocytes and macrophages [2]. HIV can be categorized 

as either HIV-1 or HIV-2, where HIV-1 infection is more 

prevalent, results in higher viral loads, and is more 

transmissible [3]. The virus consists of a rigid capsid formed 

by several thousand copies of p24 Gag, the most abundant 

viral protein [2]. Within the capsid there exists two identical  

copies of a positive-sense, single-stranded RNA genome 

(nine genes encoded), along with viral enzymes important 

for virus integration and replication: reverse transcriptase, 

protease and integrase [2]. The outermost, external coat of 

the virus is termed the viral envelope, composed of a host-

derived lipid bilayer surrounding the viral capsid [2]. The 

key viral glycoprotein (gp) embedded within this envelope is 

a trimeric spike of gp120/gp41, with gp120 visible at the 

outermost spike, and gp41 concealed as a transmembrane 

protein important in fusion [4]. Importantly, gp120/gp41 is 

responsible for the attachment of the virus to the host cell 

receptors and subsequent fusion of viral and host membranes 

[5]. In short, gp120 first binds to the CD4 receptor on CD4+ 

T cells (or macrophages), subsequently followed by a 

binding event to a co-receptor, one of the chemokine 

receptors, C-C chemokine receptor 5 (CCR5) or C-X-C 

chemokine receptor 4 (CXCR4) [5]. HIV viruses that use the 
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CCR5 co-receptor are termed R5-tropic, while those that use 

the CXCR4 co-receptor are termed X4-tropic [6]. Upon 

binding to the co-receptor, conformational changes in 

gp120/gp41 occur such that the membrane of the virus and 

host cells fuse, releasing the viral capsid into the host cell 

cytoplasm [5]. The retrovirus is then reverse-transcribed by 

the viral reverse transcriptase and subsequently integrated 

into the host genome [7]. It can then be transcribed and 

translated into viral proteins within host cells (using host cell 

machinery) and subsequently assembled into de novo virus 

particles [7]. Ultimately this leads to the death of CD4+ T 

cells, resulting in declining CD4+ T cell counts over time, 

leaving the infected individual deficient of these essential 

immune cells [8]. Simultaneously, as CD4+ T cell levels drop 

circulating HIV-1 RNA (plasma viral load) rises. 

Central to HIV-1 pathogenesis and disease is the host 

immune system, which is comprised of an array of unique 

immune cells, such as CD4+ T cells, and immune proteins, 

such as cytokines. This review explores the roles of various 

cytokines in HIV-1 infection, while also highlighting the 

therapeutic potential of exploiting cytokine activities for use 

in the control of (i.e. blockade of) HIV-1 replication. 

Cytokines are small molecular weight proteins that 

communicate messages between cells of the immune system 

in order to elicit a response or effect [9]. There are several 

antiviral cytokines that play an integral role in HIV-1 

infection. Antiviral activities of cytokines can be elicited 

through direct antiviral activity of a particular cytokine, but 

can also be elicited indirectly, through suppression of other 

cytokines that act to enhance HIV replication [10]. Within 

the interleukin (IL) family of cytokines, several have been 

established to play a critical role in inhibiting HIV-1 

replication (IL-21, IL-27, IL-32) [11-14]. Many cytokines 

perform their antiviral functions by direct activity on cells of 

the innate immune system including macrophages and 

natural killer (NK) cells [15-17]. Importantly, elite 

controllers (ECs), individuals who can naturally fight HIV-1 

infection without therapeutic intervention, have an their 

interesting ‘signature’ of cytokine expression supporting 

natural ability to control infection [18]. Given the unique 

groups of cytokines with diverse functions, novel therapeutic 

interventions including cytokines are a viable option that 

could be explored. Despite this potential, a critical first step 

is to fully characterize the pleiotropic roles of cytokines and 

chemokines in the context of HIV infection, a major aim of 

this review article. 
 

Methods 

We conducted a literature review categorizing pertinent 

cytokines on the basis of four criteria: correlations with  

HIV-1 replication, impact on host innate immune cells, 

characteristic expression in elite controllers, and therapeutic 

applications. 
 

 

Results 

Cytokine Correlates in HIV-1 Infection 

This section considers cytokines, either antiviral or not, 

that have been shown to be involved in HIV-1 pathogenesis 

and control of replication. IL-21, IL-32 and IL-27  

are antiviral cytokines that when present at high levels, 

contribute to HIV-1 control (decreased virus  

replication) [11-14]. Firstly, Adoro et al. demonstrated that 

the cytokine IL-21 promotes upregulation of microRNA-29 

in CD4+ T cells, resulting in the suppression of HIV-1 

replication [11]. Using a humanized mouse model of HIV 

infection, it was demonstrated that exogenous treatment with 

IL-21 reduced HIV-1 replication and viral load [11]. 

Complimentary studies have demonstrated an antiviral 

role for IL-32 in HIV-1 infection. Using peripheral blood 

mononuclear cells (PBMCs) from HIV-1 infected 

individuals, it was demonstrated that upon knocking down 

IL-32 via small interfering RNA (siRNA), HIV-1 replication 

increases (p24 levels elevated), demonstrating that IL-32 

inhibits HIV-1 replication [19]. Nold et al. performed  

a similar study confirming the anti-HIV activity of IL-32, 

while also showing that IL-32 is involved in the upregulation 

of pro-inflammatory cytokines IL-6, interferon-gamma 

(IFN-) and tumor necrosis factor-alpha (TNF-) [12]. In the  

setting of IL-32 depletion, the NF-B and AP-1 transcription 
factors showed less DNA binding activity, resulting in 
decreased expression of IFN- [12], an antiviral cytokine 

involved in HIV-1 control [20]. Interestingly, upon addition 
of exogenous IFN- to the HIV-infected PBMCs  
with inhibited IL-32 expression, HIV-1 replication  
decreased [12]. Thus, this study shows that the antiviral role 
of IL-32 is dependent, in part, on NF-B-induced IFN- 
expression [12]. 

Many studies have shown that IL-27 is an antiviral 

cytokine important for suppressing HIV-1 in a type I IFN-

dependent manner [13,14]. For example, IL-27 induces  

type I IFNs which then upregulate apolipoprotein B mRNA-

editing catalytic polypeptide-like (APOBEC) cytidine 

deaminases in macrophages and CD4+ T cells, which 

interferes with correct genome replication [13]. In line with 

these reports, numerous studies by Guzzo et al. have 

demonstrated an impact of HIV infection on IL-27 function, 

including altered IL-27-induced gene expression in  

HIV-infected patients [21], and reduced serum IL-27 in 

patients with high viral loads [22]. indicating that HIV-1 may 

inhibit IL-27 function. In terms of direct anti-HIV activity, 

Guzzo et al. showed that IL-27 can induce the expression of 

tetherin (BST-2), a key host restriction factor implicated in 

tethering viral particles to the cell surface and limiting virus 

infection [23]. 

HIV-1 infection is positively correlated with IL-10 

levels in the plasma and blocking IL-10 signalling with an 

IL-10R-blocking antibody leads to increased HIV-specific  
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CD4+ T cell proliferation in untreated infected  

individuals [24-26]. Interestingly, Kwon et al. demonstrated 

that CD25+ CD4+ regulatory T cells can induce IL-10 

expression from monocytes through a paracrine or contact-

dependent manner [24]. Thus, the crosstalk of regulatory  

T cells and monocyte-derived IL-10 signalling may represent 

a potential HIV-1 control mechanism. 

Furthermore, IFN- has important antiviral functions in 

the early stage of HIV-1 infection. Initially, IFN- has an 

antiviral role through the upregulation of interferon 

stimulated genes (ISGs) that function to reduce HIV-1 

replication [27-31]. However, as viruses persist into the 

chronic phase they become resistant to IFN-; during 

chronic HIV-1 infection viral load decreases, less IFN- is 

induced, and consequently, the interferon activity becomes 

neglible [27]. 

 

Cytokines that Interact with Innate Immune Cells 

There are several cytokines that combat HIV-1 infection 

by means of altering or interacting with cells of the innate 

immune system. Lum et al. studied the roles of IL-7 and  

IL-15 in boosting the function of NK cells, which in turn can 

inhibit HIV-1 replication [15]. IL-7-treated NK cells of both 

HIV-infected and non-infected individuals resulted in 

increased target cell death via NK cell activity compared to 

the control (no cytokine treatment) [15]. IL-7 increases 

expression of Fas ligand in NK cells [15]. which binds Fas 

(CD95) on CD4+ T cells and induces apoptosis [32]. IL-15-

treated NK cells of HIV-infected and non-infected 

individuals also showed enhanced target cell death [15].  

IL-15 increases expression of the tumor necrosis factor 

related apoptosis-inducing ligand (TRAIL) [15]. TRAIL is a 

cytokine that induces apoptosis upon binding to its  

receptor [33]. This study also demonstrated that  

IL-15-stimulated NK cells lead to undetectable levels of HIV 

p24 in vitro, while IL-7-stimulated NK cells lead to lowered 

HIV p24, but not to undetectable levels [15]. Overall, this 

work demonstrates the potential of IL-7 and IL-15 to 

stimulate antiviral activity from innate immune cells. 

Dai et al. showed that IL-27 has an essential function in 

macrophage resistance to HIV-1 infection [16]. Indeed,  

IL-27 can downregulate Spectrin  noneyrthrocyte 1 

(SBTBN1), a necessary component for HIV-1 infection of 

macrophages. Thus, IL-27 reduces macrophage 

susceptibility to HIV-1 infection by targeting SBTBN1 [16]. 

Moreover, Cassol et al. investigated how the differentiation 

of monocytes to macrophages (classical- M1 or 

alternatively-activated M2) affects susceptibility to 

R5-tropic HIV-1 [34]. HIV-1 replication was reduced in both 

the M1 and M2 macrophages compared to their monocyte 

counterparts, however the suppression was most prevalent in 

the M1 polarized macrophages [34]. Both M1 and M2 

macrophages exhibited downregulated cell surface 

expression of CD4 and CXCR4 receptors, but not  

CCR5 [17]. Although CCR5 was not decreased on the cell  

surface, the C-C motif chemokine receptor ligands CCL3 

and CCL4 were elevated in M1 and M2, and CCL5 was 

particularly elevated in the M1 macrophages [34]. The 

increased expression of these CC ligands is significant 

because they can bind CCR5 and block subsequent infection. 

These studies exemplify how cytokines can play key roles in  

HIV-1 control via direct effects on innate immune cells such 

as NK cells and macrophages. 

 

Characteristic Cytokines in Elite Controllers 

Elite controllers (ECs), individuals who can naturally 

suppress HIV-1 infection without therapeutic intervention, 

express a characteristic array of cytokines that are involved 

in innate HIV-1 control [18]. Jacobs et al. studied 87 

cytokines with the goal of determining the differential 

cytokine expression levels between ECs and  

non-controllers [18]. This study consisted of several sample 

groups: 48 uninfected individuals, 42 non-controllers  

(>2000 copies HIV-1 RNA/mL), 42 individuals treated with 

anti-retroviral therapy (<80 copies HIV-1 RNA/mL), and  

73 ECs (<80 copies HIV-1 RNA/mL) [18]. Jacobs et al. 

identified that CCL14 and CCL27 exhibited increased 

expression levels in the ECs in comparison to the uninfected 

group and the anti-retroviral therapy treated group.18  

Interestingly, these cytokines were not elevated in the non-

controllers, suggesting that they are likely implicated in 

HIV-1 control [18]. CCL21 was expressed significantly 

more in ECs in comparison to both non-controllers and 

uninfected individuals, as well as increased levels in the anti-

retroviral therapy group compared to non-controllers [18]. 

Furthermore, XCL1 (lymphotactin), an antiviral chemokine 

employing a unique mechanism of direct binding to the  

HIV-1 envelope [35], was also highlighted by Jacobs et al 

[18]. ECs expressed increased levels of XCL1 in comparison 

to the anti-retroviral therapy treated group [18]. Lastly, 

CXCL12 (SDF-1), the natural ligand of the CXCR4  

co-receptor [36] with anti-HIV activity [6,37], was elevated 

in all infected groups, and was particularly elevated in ECs 

compared to non-controllers [18]. In summary, Jacobs et al. 

characterized 5 key chemokines, CCL14, CCL27, CCL21, 

XCL1 and CXCL12, with unique mechanisms through 
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which they enhance the ability of ECs to naturally block 

HIV-1 replication without exogenous therapeutic treatment. 

Viremic controllers (VCs) differ from ECs in that they 

have detectable HIV-1 RNA, while in ECs the HIV-1 RNA 

levels are undetectable [38,39]. Platten et al. showed that in 

comparison to VCs, ECs had lower levels of select  

cytokines, including macrophage inflammatory protein  

1 (MIP-1/CCL4), IFN--induced protein-10  

(IP-10/CXCL10), and monokine induced IFN- 

(MIG/CXCL9) [40]. More generally, ECs had lower levels 

of these cytokines compared to non-controllers [40]. It was 

also found that CD4+ T cell levels decreased over the course 

of the HIV-1 infection in VCs, but not in ECs [40]. Thus, the 

work of Platten et al. establishes that ECs have reduced  

levels of certain cytokines, which may in part explain the 

lower HIV-1 RNA and more stable CD4+ T cell levels 

observed in ECs [40]. 

IL-21 is a cytokine produced by CD4+ and CD8+ T cells, 

and plays a key role in the effector and memory responses of 

CD8+ T cells.41 Increased levels of IL-21 results in 

augmented CD8+ T cell function, differentiation and 

proliferation, and a greater ability to control HIV-1 

replication [41]. Williams et al. investigated the potential 

role of IL-21 in enhancing the HIV-1 control response in  

ECs [42]. It was shown that ECs have elevated levels of  

IL-21-producing CD8+ T cells compared to non-controllers 

[42]. Also, both ECs and VCs had elevated levels of 

polyfunctional T cells (cells producing more than one type 

of cytokine) [42]. This has implications regarding protection 

against HIV-1 in that the several cytokines produced by a 

single T cell could enhance the HIV-1 control response [42]. 

In summary, several studies have established that elite 

controllers express a unique array of cytokines and 

chemokines which help control HIV-1 infection more 

effectively; these cytokines provide insight regarding novel 

therapeutic targets.  

 

Therapeutic Applications of Cytokines 

It is evident that there is a multitude of cytokines 

involved in HIV-1 pathogenesis and control of replication. 

Whether these cytokines impact disease progression in 

general or directly inhibit virus replication, there are many 

potential therapeutic applications of cytokines involved  

in HIV-1. 

 

Interleukin-2 (IL-2) and granulocyte-macrophage 

colony-stimulating factor (GM-CSF) demonstrate an 

interesting example of the applications of cytokines in a 

therapeutic vaccine design. In 2014, Herasimtschuk et al. 

administered IL-2, GM-CSF, recombinant human growth 

hormone (rhGH) in combination with DNA Clade B vaccine 

in HIV-1 infected individuals taking combination 

antiretroviral therapy (cART) [43]. Importantly, it was 

observed that the combined treatment of the vaccine, 

cytokines and rhGH resulted in the highest counts of CD4+ 

and CD8+ T cells compared to receiving only cytokines and 

growth hormone, or only the vaccine alone [43]. 

CCR5, one of two essential co-receptors for HIV-1 

entry, is a key therapeutic target for therapeutic antagonists.5 

RANTES, MIP-1 and MIP-1, which are HIV-1 

suppressive factors secreted by CD8+ cells, were identified 

to be antagonists of the CCR5 receptor in a  

landmark study [44]. Interestingly, the activity of RANTES 

has been targeted in the iterative development of an antiviral 

drug class aimed at inhibiting HIV entry. Analogs of 

RANTES have been produced to increase its efficacy as a 

CCR5 antagonist, however some of these analogs retained 

downstream signaling resulting in the adverse effect of 

inducing HIV-1 replication [45-47]. More recently, 

maraviroc, a synthetic analog, was developed through high-

throughput screening as a potent CCR5 antagonist and has 

started to be included in combination antiretroviral  

therapies [48]. Maraviroc also inhibits chemokine-induced 

downstream signaling, and as such it is not an agonist of 

CCR5 [48]. 

It has been previously demonstrated that humans and 

chimpanzees have decreased CD8 responses in HIV-1 

infection [49,50]. This phenomenon was also demonstrated 

in macaques infected with the monkey equivalent of HIV, 

simian immunodeficiency virus (SIV) [51]. However,  

a series of promising studies showed that IL-12-treated 

PBMCs can elicit enhanced CD8 responses [52-54], and that 

IL-12-treated macaques also benefit from restored NK cell 

counts and activity which are normally decreased post-SIV 

infection [55]. 

Taken together, whether it is through direct 

administration, synthetic analogs, or DNA vaccines, 

cytokines exhibit diverse roles during HIV-1 infection and 

bear potential as highly effective therapeutic targets  

and strategies (Table 1). 
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Table 1: Summary of cytokines in HIV-1 pathogenesis, control, and therapy 

Cytokine  Role(s) in HIV-1 Infection 

Expression in 

Elite 

Controllers 

Therapeutic 

Applications 
References 

CCL14 
 Elevated in ECs compared to uninfected 

group; not elevated in NCs 
Elevated  NR. [18] 

CCL21 
 Elevated in ECs compared to uninfected 

group and NCs 
Elevated  NR. [18] 

CCL27 
 Elevated in ECs compared to uninfected 

group; not elevated in NCs 
Elevated  NR. [18] 

CXCL12 (SDF-1) 

 Elevated in all HIV-infected groups 

compared to uninfected; elevated in ECs 

compared to NCs; anti-HIV activity 

Elevated  NR. [18, 37] 

IFN-  Antiviral in early stage of HIV-1 infection NR. NR. [27-31] 

IFN-  Decreases HIV-1 replication NR. NR. [12, 20] 

IL-10 
 IL-10 levels positively correlated with  

HIV-1 infection 
NR. NR. [24-26] 

IL-12 

 Enhances CD8 responses 

 Restores NK cell activity in SIV-infected 

macaques 

NR. 

 IL-12 treatment 

for enhancing 

cellular immunity 

[52-55] 

IL-15  IL-15-stimulated NK cells decrease viral load NR. NR. [15] 

IL-2, GM-CSF 
 Administered with vaccine resulting in 

increased CD4+ and CD8+ T cell counts 
NR.  Vaccine designs [43] 

IL-21 

 Suppresses HIV-1 replication and decreases 

viral load 

 Elevated levels of IL-21-producing CD8+ T 

cells in ECs in comparison to NCs 

Elevated  NR. [11, 42] 

IL-27 

 Decreases viral load 

 Reduces macrophage susceptibility to  

HIV-1 infection 

NR. NR. 
[13-14, 16, 

22-23] 

IL-32  Inhibits HIV-1 replication NR. NR. [12, 19] 

IL-7  IL-7-stimulated NK cells decrease viral load NR. NR. [15] 

IP-10 (CXCL10) 
 Lowered levels in ECs in comparison to  

VCs and NCs 
Reduced NR. [40] 

MIG (CXCL9) 
 Lowered levels in ECs in comparison to  

VCs and NCs 
Reduced NR. [40] 

MIP-1 (CCL3)  HIV-1 suppressive factor NR. 
 CCR5 therapeutic 

antagonist 
[44] 

MIP-1 (CCL4) 

 Lowered levels in ECs in comparison to  

VCs and NCs 

 HIV-1 suppressive factor 

Reduced 

 CCR5 therapeutic 

antagonist 

 

[40, 44] 

RANTES 

(CCL5) 
 HIV-1 suppressive factor NR. 

 CCR5 therapeutic 

antagonist 

 Antiviral drug 

[44] 

XCL1 

(lymphotactin) 

 Elevated in ECs compared to ART-treated 

individuals; antiviral chemokine 
Elevated  NR. [18, 35] 

NR: Not reported within this review  

ECs: Elite controllers 

NCs: Non-controllers 

ART: Anti-retroviral therapy 

VCs: Viremic controllers 
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Discussion 

Herein we have investigated the roles of several major 

cytokines and chemokines in HIV-1 pathogenesis and 

replication control. To date, there has been extensive 

research covering the antiviral roles of cytokines and their 

mechanisms of action. This fundamental knowledge is 

crucial to better understand the virus pathology and potential 

for new therapeutic designs. Despite this optimism, the 

intricate system of cytokines and their cross-talk during 

infections are major hurdles in precisely delineating cytokine 

potential in therapeutic targets and pathways. 

In this review, we have discussed many chemokines that 

are prevalent in ECs in comparison to HIV-infected non-

controllers. Jacobs et al. showed that CCL14, CCL27, 

CCL21, XCL1 and CXCL12 are upregulated in ECs 

compared to non-controllers [18]. However, Jacobs et al. is 

one of the few studies to have demonstrated differences in 

ECs and non-controllers. For example, Nunnari et al. did 

indeed study selected cytokines (IL-18, IFN- and IL-1 in 

ECs, however they did not find any significant differences in 

ECs compared to non-controllers [56]. Nonetheless, this 

study demonstrates that cytokine expression in ECs largely 

overlaps with non-controllers, and it is likely that the few 

cytokines that differ (along with several other mechanisms 

in ECs) are those supporting the innate capacity to control 

HIV-1 infection. Further research identifying additional 

antiviral cytokines that are characteristic in ECs will be 

critically helpful to inform therapeutic strategies.  

The field of cytokines in immune infections like HIV-1 

holds great potential for the development of novel therapies. 

However, additional detailed mechanistic studies are 

warranted to inform the most optimal cytokines to target.  

It is essential to not only study the antiviral activity  

of cytokines, but also cytokines that contribute greatly  

to immune activation and disease progression. One 

promising method of modulating cytokine activity is with 

cytokine-specific antibodies, which can be used as 

treatments to target and neutralize potent cytokines involved 

in HIV-1 infection. Kwon et al. demonstrated that blocking 

IL-10 signalling results in increased CD4+ T cell 

proliferation in untreated HIV-1 infected individuals [24]. 

Thus, an anti-IL-10 antibody could potentially be used in 

conjunction with other neutralizing antibodies targeting 

cytokines.  

On the other hand, the synergistic functions of cytokines 

can be exploited via administration of cytokine cocktails, 

with formulations specific to disease states or individual 

pathogenesis. Taking into account the stage of disease 

progression, the deficient cytokine levels and various other 

factors, a cytokine cocktail can be administered in a  

case-by-case manner so as to meet the needs of each 

individual patient. For instance, given the supporting data 

that IL-27, CCL14, CCL27, CCL21, XCL1 and CXCL12 

can inhibit HIV-1 infection [16,18], one could surmise that 

benefit of developing an optimized combination of these  

 

cytokines to maximize HIV inhibition and limit adverse 

immune effects. However, any given blend of cytokines 

would require extensive study to determine effectiveness, 

safety, and suitability to individual patients. 

 

Conclusions 

Taken together, this review highlighted the roles of 

several cytokines during HIV-1 pathogenesis and host 

control mechanisms. It is evident that many cytokines play a 

key role during infection and exploiting them may inform 

novel therapeutic targets. It remains crucially imperative to 

continue mechanistic studies that investigate the 

effectiveness of cytokine therapies, critically analyze the 

potential for resistance mechanisms, and minimize off-target 

activities that may have toxicity in patients. Moving forward, 

this field has great potential to unravel highly effective 

therapeutic methods in order to treat or prevent HIV-1 

infection. 
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