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 Abstract--Against the background of the progression of HIV infection, there is an imbalance in the 

production of cytokines, characterized by the switching of the TV-1 response to TV-2. As the disease progresses, the 

prevalence of anti-inflammatory cytokines produced by Th-2 cells is observed, which shows the aggravation of 

immunosuppression and the development of opportunistic diseases. It was revealed that IL-2, IL-4 and IL-10 might 

have a multidirectional action depending on local conditions. Thus, cytokines can serve as markers for predicting 

the progression of HIV infection. 
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I. INTRODUCTION 

HIV infection, in addition to damaging the T-cell immunity link and polyclonal activation of the immunity 

humoral link, leads to the disruption of the normal balance of cytokines and the functioning of the cytokine network 

[2].  

In the pathogenesis of HIV infection, the imbalance of cytokines produced by ТV-1 and ТV-2 lymphocytes 

and monocytes is central, influencing the strength of the immune system's response to specific human 

immunodeficiency virus (HIV) antigens [5].  

All cytokine receptors are transmembrane glycoproteins in which the extracellular part is responsible for 

cytokine binding. As a rule, these receptors consist of more than one subunit, and high-affinity binding is a 

consequence of interaction with different subunits, each of which is capable of binding the corresponding cytokine 

itself, but with lower affinity. The cytokine network is involved in almost all stages of interaction of the virus-cell, 

the spread of HIV in the human body, the formation of immunodeficiency of the body and the development of 

opportunistic diseases. At the early stage of HIV infection there is an increase in the level of proinflammatory 

cytokines, which, according to most authors, act as cofactors of immunodeficiency virus activation. There is enough 

convincing data on the role of switching indicators of pro-inflammatory and anti-inflammatory cytokines to the 

development of HIV-associated diseases. The imbalance of cytokines contributes to the defeat of the CD4+ 

lymphocyte virus, leading to the progression of immunodeficiency (immunosuppression) and the subsequent 

development of opportunistic diseases [10]. 

IL-2 interacts with specific membrane receptors expressed on T- and B-lymphocytes, NK-cells and 

monocytes/macrophages. Currently, it is believed that the receptor complex of IL-2 consists of 3 subunits, which are 

polypeptides of different sizes, designated as α-, β- and γ-chains, each of which is encoded by its gene. In vitro 
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studies, it was found that the culture of monocytic cells of healthy donors in HIV-infection corresponded to an 

increase in the production of IL-4, TNF-α and INF-γ, while the levels of IL-8, IL-1RA and INF-α and an increase in 

the level of IL-8 [9, 10]. 

The highest level of circulating TNF-α is most clearly associated with the rapid progression of the disease. 

A soluble TNF receptor of type II seems to have a similar significance, and sTNFR-75 is considered to be an early 

marker of the intensity of HIV infection, in contrast to neopterin, which is a marker of prognosis of late stages of 

disease and death [7].  

The concentration of TNF-β and APO-1/Fas in blood serum also correlates with the intensity of antigen-

dependent cytolysis and the rapid rate of HIV progression [6].  

The data of a number of scientists demonstrate the connection between the progression of HIV infection 

not only with the level of TNF-α, but also with the concentration of IL-10, with a decrease in the IL-10/TNF-α 

coefficient being observed during the progression of HIV infection, which indicates a change in the healthy balance 

of these regulators [5].  

At the same time, it is known about the in vitro inhibitory effect of IL-10 on the production of TNF-α, as 

well as on the production of another cytokine stimulating HIV replication - IL-6, which may indicate a possible 

protective role of IL-10 in the development of the terminal clinical stage of HIV infection [8]. 

IL-10 is a key regulator of immune response. IL-10 produced by T-cells (Th2) can be considered as an 

antagonist of a number of cytokines. Thus, IL-10 suppresses the production of interferon by Th1-cells. It also 

inhibits the proliferative response of t cells to antigens and mitogens and inhibits the secretion of activated IL-6 

monocytes. At the same time, IL-10 stimulates IgE secretion. In its inhibitory effect on cellular immunity, IL-10 is 

synergistic with IL-4. Stimulation of lymphocyte maturation by influencing dendritic cells. Inhibition of the 

maturation of dendritic cells that activate Th2, their expression of class II molecules of the main histocompatibility 

complex and co-stimulating molecules and, as a consequence, the suppression of Th2 activation. Anti-inflammatory 

cytokines: IL-4, IL-10. IL-13, TGF-b, receptor antagonist IL-1 are able to reduce HIV replication by inhibiting the 

production of proinflammatory cytokines IL-1b, IL-6 and TNF-α. Didion S.P. and co-authors (2009) note that high 

levels of TGF-β in HIV-infected plasma are combined with low viral load of HIV, although in contrast to the 

unambiguously blocking effect of IFN-α, IFN-β, and IL-16 on the replication of the virus, INF-γ, IL-2, IL-4, IL-10, 

and TGF-β may have a multidirectional effect depending on local conditions [3].  

With the progression of the disease and its transition to the IV-clinical stage (AIDS stage), a shift towards 

the prevalence of anti-inflammatory cytokines produced by Th-2 cells is observed. It is known that the decrease in 

the stimulated production of Th-1 lymphocytes INF-γ and IL-12 is associated with an increase in the expression of 

the virus [1].  

It has been established that HIV-infected patients at different stages of the disease experience a change in 

the level of cytokine INF-γ, which reflects the functional activity of type 1 T-helpers and is a regulator of immune 

inflammation, the main activator of NK cells and macrophages. Thus, at the initial and asymptomatic stages of HIV 
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infection, the average concentration of INF-γ was the highest and amounted to 597.5 pg/ml; during the transition to 

the stage of generalized lymphadenopathy, a tendency to reduce interferons - INF was revealed, and in the stage of 

secondary diseases, accompanied by the growth of opportunistic infections, the level of INF-γ was even lower - 425 

pg/ml was noted in the final stage of HIV infection [2].  

These data testify to the suppression of the interferon system, which aggravates with the progression of the 

disease and is one of the pathogenetic mechanisms for the formation of generalization of viral infections. However, 

there is an opinion that the progression of HIV infection is mainly accompanied by a decrease in the content of type 

2 T-lymphocytes [6]. 

The biological effect of IL-4 is the immunological deflection of CD4+ T-lymphocyte differentiation 

towards Th-2, regulation of B-cell immunity activation [2].  

It has been shown that the IL-4 inhibits the expression of coreceptors for the immunodeficiency virus on 

the surface of T-lymphocytes, reducing the possibility of the virus's introduction, but at the same time strengthening 

the replication of the virus in the already infected cells [4].  

The increase in the IL-4 level contributes to changes in the HIV phenotype from non-sintium to syncytium, 

thus changing the degree of progression of the disease. A change in the migration activity of leukocytes has been 

found as a result of the induction of IL-4, which increases with the progression of the disease [8].  

As for endogenous IL-2, its role, as well as that of IL-4, is ambiguous in terms of HIV replication control. 

On the one hand, IL-2 can stimulate HIV replication in activated and proliferating T-lymphocytes. High-affinity 

interaction of IL-2 with its receptor requires the participation of all three subunits that perform different functions in 

the receptor complex [9]. 

II. CONCLUSION 

However, it should be noted that IL-2 does not cause replication of the immunodeficiency virus in the 

absence of T-cell proliferation. On the other hand, IL-2 reduces the expression of receptors on antigen-presenting 

cells, thus reducing the rate of their infection with the virus. In addition, IL-2 reduces apoptosis of T-lymphocytes 

and increases their survival rate. Also essential factors in suppressing HIV replication are the destruction of the virus 

of infected immune cells by activated cytotoxic T-lymphocytes and NK-cells as a result of IL-2 stimulation. Due to 

this deterrent mechanism, the virus does not actively replicate during the first years of the disease [3]. 

Thus, the pathogenesis of HIV infection is characterized by chronic immunological dysfunction, which 

results in hyperproduction of proinflammatory cytokines. During the infectious process of HIV are influenced by a 

fairly large number of factors: virulence of the pathogen, the characteristics of the patient's genotype and the 

conditions and mechanisms of the immune response. Objective assessment of the set of parameters characterizing 

the effectiveness of counteraction to the body's immune system and control of HIV replication can determine with a 

certain degree of reliability the individual prognosis of the disease at the early asymptomatic stages and initiate 

intensive preventive therapy in persons with an adverse prognosis. 
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