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ABSTRACT: The Human Immunodeficiency 

Virus (HIV) continues to be a major global health 

issue, affecting millions of individuals globally, in 

developing countries, specifically. HIV infection is 

indicated by the complex interactions between the 

virus and the host immune system. Among the 

various immune cell subsets involved, T regulatory 

cells (Tregs) and T helper 17 cells (Th17) play 

pivotal roles in preserving immunological 

homeostasis. This review provides a 

comprehensive overview of the current 

understanding of Treg and Th17 cell activities 

during HIV infection, exploring their complex 

interactions, how they affect immune dysregulation 

and disease progression, and possible therapeutic 

implications.  
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I. INTRODUCTION 
The Human immunodeficiency virus 

(HIV) is a virus that attacks the human immune 

system and then causes AIDS. This virus can be 

passed from mother to child during childbirth and 

breastfeeding, as well as through sexual contact, 

blood transfusions, and sharing intravenous 

needles. HIV infection is characterized by a 

declining immune system, which can result in 

cancer, autoimmune disorders, and opportunistic 

infections.1 The virus attacks vital organs in the 

immune system, such as T4 CD4+ macrophages 

and dendritic cells, causing their depletion and 

malfunction.2-6 Progressive disruption and 

massive dysregulation of the immune system in 

humans, particularly the loss of CD4+ T helper 

cells, which ultimately leads to the development of 

acquired immunodeficiency syndrome (AIDS).5-6 

Under normal conditions, the human 

immune system fights various kinds of incoming 

foreign objects, including pathogens. HIV infects 

human immune system cells and destroys or 

disrupts their function. This viral infection causes a 

continuous decline in the immune system, resulting 

in immune deficiency. The immune system is 

considered deficient when the system can no longer 

carry out its function of fighting infections and 

diseases. People who are immune deficient become 

more susceptible to various conditions, most of 

which rarely affect people who do not have an 

immune deficiency. 

In HIV, several cells experience 

dysregulation, including regulatory T cells (Tregs)7 

and helper T cells (Th17). Tregs are known for 

their immunosuppressive functions, and Th17, 

crucial for mucosal immunity. Therefore, Treg and 

Th17 cells are two distinct subsets of CD4+ T cells 

that can develop to promote or regulate tissue 

inflammation.8 

This article will discuss the role of Tregs 

and Th17 cells in HIV pathogenesis, shedding light 

on their interactions and the consequences for the 

host immune response. Thus, it can increase 

understanding of the human immune system in 

abnormal conditions, especially viral infections. 

 

II. DISCUSSION 

Human Immunodeficiency Virus (HIV) 
Human immunodeficiency virus (HIV) is 

a virus that attacks the human immune system and 

then causes AIDS. HIV is an RNA virus belonging 

to the Retroviridae family, Lentivirinae subfamily.
9
 

Retroviruses can use their RNA and host DNA to 

form DNA viruses and are recognized during long 

incubation periods. Once infected with a retrovirus, 

this infection will be permanent for life. 

HIV consists of an envelope and a core. 

The HIV consists of 2 sub-types, namely HIV-1 

and HIV-2. HIV-1 mutates faster because it 

replicates more quickly.
9
 Structurally and 

morphologically, HIV forms consist of A cylinder 

surrounded by a circular fat covering. At the center 

of the circle is a strand of RNA. HIV has three 

genes, which are functional and structural 

components, namely gag (group antigen), pol 

(polymerase), and env (envelope) (See Fig.1). 

HIV has a reverse transcriptase enzyme, 

which can change genetic information and then 

integrate it into the knowledge of the attacked 

lymphocyte cells. In this way, HIV can utilize the 

lymphocyte cell mechanism to copy itself into a 
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new virus that has the characteristics of HIV.
10

 HIV 

attacks the human immune system by attacking T 

helper lymphocytes with CD4 receptors on their 

surface. T helper lymphocytes, among other 

functions, produce chemicals that act as stimulants 

for the growth and formation of other cells in the 

immune system and the construction of antibodies 

so that not only T lymphocytes are disturbed but 

also B lymphocytes, monocytes, macrophages, and 

so on and damage the immune system.
11

 

Furthermore, it can facilitate opportunistic 

infections in the body. This condition is called 

AIDS. 

 

 
Figure 1. Structure of HIV

10 

 

In its original form, HIV is an inert 

particle, unable to grow or injure until it enters the 

target cell. Therefore, the target cells of this virus, 

especially lymphocyte cells, have a receptor for 

HIV called CD-4.
12 

In lymphocyte cells, the virus 

can develop and, like other retroviruses, can remain 

alive for a long time in cells in an inactive state. 

However, the virus in the body of a person with 

HIV is always considered infectious, can be active 

at any time, and can be transmitted during the life 

of the sufferer. The genetics of the infected person 

play an important role. Some people are immune to 

some strains of HIV. An example is a person with 

the CCR5-Δ32 mutation (a 32 nucleotide deletion 

in the gene encoding the chemokine receptor CCR5 

that affects T cell function).
13 

The primary basis of HIV pathogenesis is 

the lack of helper/inducer types of T lymphocytes 

that contain the CD4+ marker (T4 cells). T4 

lymphocytes are the central cells that directly or 

indirectly induce immunological functions. The 

decrease or loss of the cellular immune system 

occurs because HIV selectively infects T4 

lymphocyte cells.
14 

HIV infects CD4 receptor molecules and 

chemotactic cytokines through the virus's 

glycoprotein, gp120.
15

 The mechanism of action of 

HIV infection is that GP 120 binds to the CD4 

receptor and chemokine receptors (CXCR 4 and 

CCR5).
16-17

 HIV only effectively binds to this 

receptor and thus proves that viral infection only 

occurs in specific cells, for example, T helper 

lymphocyte cells in the human body's 

immunization system.
 
Once HIV binds to the CD4 

molecule and co-receptor, the virus enters, and the 

envelope falls off.
12

 By the reverse transcriptase 

enzyme, RNA will be changed in shape so that it 

can combine with the DNA of the target cell. 

Furthermore, the cells that multiply will contain the 

virus's genetic material. HIV infection thus 

becomes irreversible and lasts a lifetime. 

The viral DNA, which is perceived by the 

body as stem cell DNA, will form RNA with the 

facility of the stem cell, while protease enzymes 

will convert the MRNA in the cytoplasm into HIV 

particles. The particle then takes the envelope of 

the stem cell material to be released as another 

HIV.
18

 This mechanism in the immune system 

(immunosuppression) will cause a reduction and 

disruption of the number and function of T 

lymphocyte cells. 

At the start of infection, HIV does not 

immediately cause the death of the infected cells 

but first undergoes replication (doubling) so that 

there is an opportunity to develop in the sufferer's 

body, which will gradually deplete or damage up to 

a certain number of T4 lymphocyte cells. After 

several months to several years, the sufferer will 

show clinical symptoms as a result of the HIV 

infection.  

 

Regulatory T-cells (Tregs) 
The immune system has regulatory 

mechanisms that prevent sustained inflammatory 

responses and attacks on healthy tissue. Regulatory 

T lymphocytes are a subset of CD4+ T cells that 

suppress immune responses and maintain self-

tolerance.
19

 Most of these CD4+ Treg lymphocytes 

express interleukin-2 (IL-2) receptor α chain 

(CD25) at high levels but not other markers of T 

cell activation.
20

 A transcription factor called 

FoxP3 is essential for the development and 

function of most regulatory T cells. Mice with 

mutations in the Foxp3 gene and mice in which this 

gene has been knocked out develop a multisystem 

autoimmune disease associated with the absence of 

CD25+ regulatory T cells.
21 

Another primary function of Treg cells is 

to inhibit the function of antigen-presenting cells 

and T effector cells (Teff cells). Regulatory T cells 
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inhibit the ability of APCs to stimulate T cells. One 

of these mechanisms relies on CTLA-4, expressed 

by FoxP3+ regulatory cells, and appears to be 

required for their function.
22

 CTLA-4 on regulatory 

cells may bind to B7 molecules on APCs and either 

block these molecules or eliminate them by 

internalizing them, thereby reducing the 

availability of B7 and being unable to provide 

adequate costimulation for the immune response.
23-

24 

Regulatory T cells are produced through 

self-antigen recognition in the thymus (sometimes 

called natural regulatory cells) through self-antigen 

recognition in peripheral lymphoid organs, called 

inducible or adaptive regulatory cells. The 

development and survival of these regulatory T 

cells require IL-2 and the transcription factor 

FoxP3.
25-26.

 Activated Tregs will suppress the 

reactivity of autoregressive cells.  

Tregs will be activated if CTLA-4 on their 

surface binds to the CD80/CD86 molecules on the 

APC surface. CTLA-4:CD80/CD86 binding will 

increase the expression of IDO (Indoleamine 2, 3-

dioxygenase) in APC. An increase in IDO will 

deplete the availability of tryptophan in the area 

around the APC. This situation results in the 

cessation of proliferation of effector T cells and 

other autoreactive cells. Several other facts show 

that a lack of tryptophan will cause effector cells to 

undergo apoptosis. Tregs that have been activated 

by an antigen not only suppress the cells carrying 

the antigen, but they will carry out non-specific 

work on all effector cells, so the use of Tregs in 

therapy must consider matters related to the 

importance of effector cell function.
23-24

 

 

T-helper 17 (Th17) cells 

CD4+ T cells are essential in initiating 

immune responses by assisting other cells and 

assuming various effector functions during immune 

reactions. Naive CD4+ T cells respond to antigenic 

stimulation by activating, proliferating, and 

differentiating into effector subsets known as T 

helpers (Th1), Th2, Th9, Th17, and Th22. These 

subsets are distinguished by their production of 

unique cytokines and effector functions.
27

  

Th17 cells have been identified as one of 

the significant Th cell populations. Like Th1 and 

Th2 cells, Th17 cells require specific cytokine and 

transcription factors to differentiate. Th17 cells 

have an important role in driving the inflammatory 

process, a direct protective response of the body 

against foreign pathogens. Those cells can also 

produce tumor necrosis factor (TNF)-a, IL-6, IL-

22, IL-21, and IL-26,
28

 but as cytokines, these are 

also produced by other Th cell subsets. The 

chemokine and cytokine receptor expression 

patterns of human Th17 cells have been studied 

extensively, and it is now generally accepted that 

they express CCR4, CCR6, and IL-23R but not 

CXCR3.
29-31 

Many studies suggested that Th17 cells 

are crucial in maintaining mucosal barrier integrity 

and defending against pathogens. The lack of Th17 

cells contributes to chronic immune activation and 

inflammation, hallmark features of progressive 

HIV infection. HIV preferentially targets mucosal 

CD4+ T cells, depleting Th17 cells and 

compromising mucosal immunity.
8 

 

Treg and Th17 Cells Activity in HIV 

Pathogenesis  

Th17 cells are functionally distinct from 

Th1 and Th2 cells and are associated with chronic 

inflammatory diseases and autoimmune disorders. 

Th17 can enhance host defense against microbial 

agents and may be essential in maintaining the 

inflammatory state, especially in gastrointestinal 

(GI) enterocyte homeostasis in progressive HIV 

disease. Loss of Th17 cells in HIV infection may 

result in bacterial translocation from the intestine to 

the systemic circulation and may lead to immune 

activation, leading to HIV infection.  

Meanwhile, Treg cells can interfere with 

protective immune responses and control T cell 

self-reactivity. The influence of Tregs on HIV 

infection is still unclear. Several research groups 

have reported that Tregs can explain HIV 

pathogenesis by altering the function of HIV-

specific T cell responses, thereby accelerating viral 

replication. Other studies have shown that Tregs 

play a beneficial role by limiting or suppressing 

immune system activation, which is also one of the 

main mechanisms in T cell dysfunction and 

depletion.  

Tregs secrete TGFβ and IL-10 and require 

the specific cytokine TGFβ and the transcription 

factor FoxP3 to differentiate. While Th17 cells 

promote autoimmunity
32

, Tregs control Th17 cells. 

Thus, the Th17/Treg ratio is necessary to control 

immunity mediated by Th17 cells. Some studies 

found that the frequency of Th17 decreased 

continuously over time in the peripheral blood of 

HIV-infected individuals.
33

 Changes in the 

frequency of Th17 cells and the number of CD4+ T 

cells had a strong positive correlation during the 

progression of HIV-1 infection. These data are 

consistent with many recent studies showing 

preferential depletion of Th17 cells from infection 

with the pathogen simian immunodeficiency virus 

(SIV) in the gut and HIV in the blood. 
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Contrary to the decrease in Th17 cells, the 

frequency of Treg cells was markedly higher in 

HIV-1-infected patients and increased post-HIV 

infection. In addition, the frequency of Treg cells 

was inversely related to the number of CD4+ T 

cells and positively correlated with viral load. The 

progressive loss of Th17 and increase in Treg cells 

in HIV-1-infected individuals, especially those 

with advanced disease, suggests that a functional 

Th17/Treg imbalance exists, and the Th17/Treg 

ratio gradually decreases throughout disease 

progression.
34

 This conclusion is supported by 

recent studies showing that IDO 1 (indoleamine 2, 

3-dioxygenase 1)-dependent tryptophan catabolism 

may be important in controlling the Th17/Treg 

balance.
35

 Various studies emphasize that the 

Th17/Treg ratio plays quite an important role in the 

pathogenesis of chronic HIV infection. 

This Th17/Treg functional imbalance 

provides a paradigm. It also gives a new target for 

our understanding of HIV pathogenesis and future 

considerations regarding the treatment of chronic 

HIV infection and the development of an HIV 

vaccine. It is also possible to manipulate Th17 and 

Treg function to cure immunodeficiency.  

 

Therapeutic Implications 

HIV infection affects the human immune 

system, causing immunodeficiency and 

immunosuppression, ultimately increasing 

vulnerability to opportunistic infections and 

illnesses. Some studies have shown that many 

immunotherapies can enhance and control the 

immune system of HIV-infected individuals. 

Restoring Immune Balance is a potential strategy to 

rebalance Th17 and Treg cells. Th17/Treg balance 

is strictly maintained in a healthy state and is 

essential to preserving the immunological 

homeostasis of human beings. Antiretroviral 

therapy (ART), for instance,  significantly 

decreases the incidence and severity of 

opportunistic diseases and death.
36

 Mucosal 

Immunity Restoration is also an alternative strategy 

to restore Th17 cells, enhance mucosal barrier 

integrity, and defend against pathogens. Improving 

mucosal immunity will minimize the impact of 

HIV on mucosal tissues.  

 

III. CONCLUSION 
Understanding the dynamic interplay 

between Tregs and Th17 cells during HIV infection 

is essential for unraveling the complexities of 

immune dysregulation. Therapeutic approaches that 

target immunological homeostasis and mucosal 

immunity have the potential to improve clinical 

outcomes in HIV-positive patients. More 

investigation is necessary to fully understand the 

mechanisms underlying Tregs-Th17 dynamics and 

convert these discoveries into helpful treatment 

strategies. 
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