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Abstract 

 

Pulmonary tuberculosis remains a significant global public health challenge. In efforts to overcome this disease, 
a deeper understanding of the role of individual genetics, such as IL-10 genetic variation, in the response to M. 

tuberculosis infection is critical. Research that has been conducted shows that IL-10, which has an important 

role in regulating the immune response, can also influence the development of TB. Genetic variations in the IL-

10 gene play a role in determining the extent of the immune response to TB infection and an individual's risk of 

this disease. The interaction between Treg cells, IL-10, and TB is also an important aspect in the pathogenesis 

and management of TB. Although Treg cells and IL-10 have a role in controlling excessive inflammation, too 

much of either can dampen the immune response needed to overcome infections. The implication of this 

research is that the development of more targeted and personalized therapy is an important step in overcoming 

TB. The use of individual genetic knowledge, such as IL-10 genetic variations, can help design more effective 

therapies and improve patient prognosis. However, challenges such as drug resistance and the complexity of 

genetic-immunological interactions remain challenges that need to be overcome in TB management. Overall, 

this study shows the importance of involving the fields of genetics and immunology in global efforts to address 
pulmonary tuberculosis. With a deeper understanding of the factors that influence the immune response to TB 

infection, we can hope to develop more effective strategies in the prevention, diagnosis and treatment of this 

disease and reduce the burden of TB worldwide. 
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Abstrak 

 

Tuberkulosis paru tetap menjadi tantangan global yang signifikan dalam bidang kesehatan masyarakat. Dalam 

upaya untuk mengatasi penyakit ini, pemahaman lebih dalam tentang peran genetika individu, seperti variasi 

genetik IL-10, dalam respon terhadap infeksi M. tuberculosis sangat penting. Penelitian yang telah dilakukan 
menunjukkan bahwa IL-10, yang memiliki peran penting dalam mengatur respon imun, juga dapat 

memengaruhi perkembangan TB. Variasi genetik dalam gen IL-10 memainkan peran dalam menentukan sejauh 

mana respons imun terhadap infeksi TB dan risiko individu terhadap penyakit ini. Interaksi antara sel Treg, IL-

10, dan TB juga merupakan aspek penting dalam patogenesis dan pengelolaan TB. Meskipun sel Treg dan IL-

10 memiliki peran dalam mengendalikan peradangan yang berlebihan, terlalu banyak dari keduanya dapat 

meredakan respons imun yang diperlukan untuk mengatasi infeksi. Implikasi penelitian ini adalah bahwa 

pengembangan terapi yang lebih terarah dan personalisasi adalah langkah penting dalam mengatasi TB. 

Penggunaan pengetahuan genetik individu, seperti variasi genetik IL-10, dapat membantu merancang terapi 

yang lebih efektif dan meningkatkan prognosis pasien. Namun, tantangan-tantangan seperti resistensi obat dan 

kompleksitas interaksi genetik-imunologi tetap menjadi tantangan yang perlu diatasi dalam pengelolaan TB. 

Dalam keseluruhan, penelitian ini menunjukkan pentingnya melibatkan bidang genetika dan imunologi dalam 
upaya global untuk mengatasi tuberkulosis paru. Dengan pemahaman yang lebih dalam tentang faktor-faktor 

yang memengaruhi respons imun terhadap infeksi TB, kita dapat berharap untuk mengembangkan strategi yang 

lebih efektif dalam pencegahan, diagnosis, dan pengobatan penyakit ini serta mengurangi beban TB di seluruh 

dunia. 
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I. INTRODUCTION 
 

Pulmonary tuberculosis is one of the most 

deadly infectious diseases in the world, 

caused by Mycobacterium tuberculosis. 

Despite great efforts to control it, pulmonary 

tuberculosis remains a significant global 

health challenge. This disease affects 

millions of people every year and is the main 

cause of death due to bacterial infections. 

Therefore, a deeper understanding of the 

mechanisms of pathogenesis, individual 

susceptibility to this disease, and the 

development of more effective therapies are 

essential. Amid scientific efforts to 

understand the factors that influence 

pulmonary tuberculosis, the role of genetics 

in susceptibility to infection and disease 

progression is a topic of increasing interest. 

Variations in human genes have long been 

known to play a key role in determining the 

response to infection and the development of 

disease, including pulmonary tuberculosis. 

One of the genes that is the center of 

attention in this research is the interleukin 10 

(IL-10) gene.
1
 

 

IL-10 is a cytokine that has an important role 

in regulating the body's immune response. 

This is a key factor in maintaining a balance 

between pro-inflammatory (fighting 

infection) and anti-inflammatory (preventing 

excessive tissue damage) immune responses. 

Therefore, IL-10 is particularly relevant in 

the context of pulmonary tuberculosis, where 

an appropriate immune response is key in 

controlling M. tuberculosis infection, but at 

the same time, excessive inflammation can 

cause serious lung damage. Genetic 

polymorphisms in IL-10 have been an 

important area of research in understanding 

the role of genetics in pulmonary 

tuberculosis. Genetic polymorphisms are 

variations in DNA sequences that can affect 

the expression or function of certain genes. 

These variations may influence how 

efficiently IL-10 regulates the immune 

response and its impact on pulmonary 

tuberculosis infection. Therefore, in this 

literature review, we will investigate the role 

of genetic variation in IL-10 in the context of 

pulmonary tuberculosis, focusing on 

understanding it from the viewpoint of 

genetics, pathogenesis, and immunology.
2,3

 

 

It is important to note that the role of IL-10 

in pulmonary tuberculosis is complex. On 

the one hand, IL-10 can help in controlling 

excessive inflammation that can damage 

lung tissue, but on the other hand, too much 

IL-10 can inhibit an effective immune 

response against M. tuberculosis. Therefore, 

genetic variations in IL-10 can have a 

significant impact on the development and 

outcome of pulmonary tuberculosis in 

different individuals. In this literature 

review, we will explore various aspects 

related to the role of IL-10 genetic variations 

in pulmonary tuberculosis. We will begin by 

providing background on pulmonary 

tuberculosis as a significant global disease, 

as well as the important role of interleukin 

10 in the immune system. We will also 

provide an explanation of the genetics of IL-

10, including the structure of the gene and 

the types of genetic polymorphisms that can 

influence the expression and function of this 

gene.
4,5

 

 

In the next section, we will discuss current 

efforts in the development of therapeutics 

and immunotherapy for pulmonary 

tuberculosis. We will discuss therapeutic 

approaches being developed and how 

knowledge of IL-10 genetics can be used to 

design more effective therapies. Thus, this 

literature review will provide a 

comprehensive understanding of the role of 

IL-10 genetic variation in pulmonary 

tuberculosis, with a focus on genetics, 

pathogenesis, and immunology perspectives. 

It is hoped that this knowledge will provide a 

strong foundation for further research and 

development of more effective therapies for 

this disease. 
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II. INTERLEUKIN 10 (IL-10) GENETICS 

 

A. IL-10 GENE STRUCTURE 

 

The interleukin 10 (IL-10) gene is an 

important component of the human immune 

system and has a significant role in 

regulating immune responses and 

inflammation. To understand the genetic role 

of IL-10 in pulmonary tuberculosis, we need 

to understand the basic structure of this gene. 

The IL-10 gene is located on chromosome 1 

in humans, more precisely on the long arm of 

chromosome 1 (1q31-q32). This gene 

consists of five exons separated by four 

introns. This basic structure is the basis for 

IL-10 protein synthesis, which in turn 

influences various aspects of the immune 

response.
1,6

 

 

IL-10 protein is an anti-inflammatory 

cytokine produced by various types of 

immune cells, including T cells, B cells, 

macrophages, and dendritic cells. The main 

function of IL-10 is to reduce inflammation 

and calm excessive immune responses. It 

achieves this by inhibiting the activation of 

cells that participate in pro-inflammatory 

immune responses and by inhibiting the 

production of pro-inflammatory cytokines 

such as interleukin 1 (IL-1), interleukin 6 

(IL-6), and nuclear factor kappa B (NF- κB). 

The IL-10 gene structure also contains a 

control region that regulates gene expression. 

Polymorphisms within these regions may 

influence how efficiently the IL-10 gene is 

expressed and, consequently, how efficiently 

IL-10 functions in regulating immune and 

inflammatory responses.
7,8

 

 

B. IL-10 GENETIC POLYMORPHISM 

 

Genetic polymorphisms are variations in 

DNA sequence that can be found between 

individuals in different populations. These 

variations can affect gene expression and the 

function of the proteins produced by those 

genes. In the context of IL-10, genetic 

polymorphisms are important factors that can 

influence an individual's response to 

infection and the development of pulmonary 

tuberculosis. There are several 

polymorphisms that have been identified in 

the IL-10 gene, and some of the most 

important are the polymorphisms at positions 

-1082 (referred to as -1082 G/A), -819 

(referred to as -819 C/T), and -592 (referred 

to as as -592 C/A) in the IL-10 gene 

promoter control region. This polymorphism 

may influence IL-10 expression levels.
9
 

 

The -1082 G/A polymorphism has been 

associated with differences in IL-10 

production, where individuals with the -1082 

A allele tend to have higher IL-10 production 

than individuals with the -1082 G allele. C/A 

has also been associated with varying levels 

of IL-10 production. Genetic variations in 

IL-10 may influence the body's ability to 

regulate the immune response to M. 

tuberculosis. Some studies have shown that 

individuals with certain polymorphisms in 

the IL-10 gene may have a higher risk of 

developing pulmonary tuberculosis or may 

have a different immune response to M. 

tuberculosis infection. In addition, IL-10 

genetic polymorphisms can also influence 

the effectiveness of therapy and response to 

treatment. Therefore, further understanding 

of IL-10 genetic polymorphisms is critical in 

efforts to develop more targeted and 

personalized therapeutic approaches in the 

treatment of pulmonary tuberculosis.
7,8,10

 

 

C. TYPES OF GENETIC POLYMORPHISMS IN 

IL-10 

 

Genetic polymorphisms in the interleukin 10 

(IL-10) gene include variations in the DNA 

sequence that can be found between 

individuals in different populations. In the 

context of IL-10, there are several types of 

genetic polymorphisms that have been 

identified and studied in depth. 

 

First, there is a polymorphism at position -

1082 in the IL-10 gene promoter control 

region, which is often referred to as -1082 
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G/A. This polymorphism can influence the 

level of IL-10 expression, where individuals 

with the -1082 A allele tend to have higher 

IL-10 production than individuals with the -

1082 G allele. Second, there is a 

polymorphism at position -819, called -819 

C/ T, as well as at position -592, called -592 

C/A, also in the promoter region of the IL-10 

gene.
11,12

 

 

Variations in these two positions have also 

been associated with differences in IL-10 

production. For example, individuals with 

the -819 T allele and -592 A allele tend to 

have lower levels of IL-10 production. 

Additionally, there are other genetic 

polymorphisms that can occur in different 

regions of the IL-10 gene, which can also 

influence IL-10 expression and function. The 

combination of these polymorphisms can 

create complex genetic diversity in 

populations, which can have a significant 

impact on an individual's immune response 

to infection and the development of disease, 

including pulmonary tuberculosis.
8,10

 

 

D. Geographic and Ethnic Distribution of 

Il-10 Polymorphisms 

 

Genetic polymorphisms in IL-10 not only 

vary between individuals, but can also vary 

in geographic and ethnic distribution. 

Various human populations around the world 

have different patterns of genetic 

polymorphisms in the IL-10 gene. The 

geographic distribution of IL-10 

polymorphisms may be reflected in the 

allelic variations of the gene in different 

ethnic groups in different regions of the 

world. Studies have shown that the 

frequencies of different alleles in the IL-10 

gene can differ between different 

populations. This could be the result of 

evolution and environmental differences in 

different regions, which can influence 

patterns of genetic variation in 

populations.
13,14

 

 

Additionally, the geographic distribution of 

IL-10 polymorphisms may also have 

implications in susceptibility to certain 

diseases. Populations with certain genetic 

polymorphisms may have different risks of 

developing diseases such as pulmonary 

tuberculosis. Therefore, understanding the 

geographic and ethnic distribution of IL-10 

polymorphisms may provide important 

insights into disease epidemiology and 

differences in response to infection based on 

genetic and geographic factors.
12,15,16

 

 

E. ASSOCIATION OF IL-10 GENETIC 

POLYMORPHISMS WITH SUSCEPTIBILITY 

TO PULMONARY TUBERCULOSIS 

 

One of the most important aspects of 

research on IL-10 genetic polymorphisms is 

their relationship to individual susceptibility 

to pulmonary tuberculosis. Genetic 

polymorphisms in IL-10 have been a focus 

of research because of their potential role in 

regulating the immune response against 

Mycobacterium tuberculosis, the bacterium 

that causes pulmonary tuberculosis. 

Epidemiological and genetic studies have 

shown that individuals with certain 

polymorphisms in the IL-10 gene may have a 

higher risk of developing pulmonary 

tuberculosis. These genetic variations may 

influence how the body responds to M. 

tuberculosis infection, and in some cases, 

individuals with polymorphisms that affect 

lower IL-10 production may have a better 

ability to control the infection.
1
 

 

However, the association between IL-10 

polymorphisms and susceptibility to 

pulmonary tuberculosis remains the subject 

of active research. The role of IL-10 in 

regulating complex immune responses 

makes it an interesting focal point in 

understanding the pathogenesis of this 

disease. Therefore, further research is needed 

to better understand how genetic variation in 

IL-10 may influence an individual's risk of 

pulmonary tuberculosis and its potential 
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implications in the development of more 

targeted therapies.
12,15

 

 

III. PATHOGENESIS OF PULMONARY 

TUBERCULOSIS 

 

A. MECHANISM OF MYCOBACTERIUM 

TUBERCULOSIS INFECTION 

 

To understand the pathogenesis of 

pulmonary tuberculosis, it is important to 

look at how Mycobacterium tuberculosis (M. 

tuberculosis), the bacteria that causes this 

disease, infects and persists in the human 

body. The infection process begins when a 

person is exposed to M. tuberculosis through 

the air, for example through coughing or 

sneezing from an infected individual. After 

entering the body, M. tuberculosis reaches 

the lungs and spreads into the alveoli, the 

small units where gas exchange occurs. This 

is where these bacteria begin to multiply and 

form infectious lesions known as 

tuberculomas. M. tuberculosis has thick cell 

walls and a lipid content that makes it 

resistant to the acidic environment inside 

macrophages, the first defense cells in the 

immune system.
5
 

 

Macrophages are immune cells that are 

phagocytic, meaning they can engulf and 

digest pathogens such as bacteria. When 

macrophages engulf M. tuberculosis, the 

bacteria are not always completely 

destroyed. In contrast, some M. tuberculosis 

can live in macrophages and inhibit 

damaging immune responses. This is one 

way M. tuberculosis avoids detection and 

destruction by the immune system. During 

initial infection, pulmonary tuberculosis may 

not show significant symptoms. This is a 

form of infection known as latent 

tuberculosis, in which the bacteria remain in 

the body but do not cause active disease. Part 

of the reason why M. tuberculosis can persist 

in the body is its ability to modulate the 

immune response.
16

 

 

B. IMMUNE RESPONSE TO 

MYCOBACTERIUM TUBERCULOSIS 

 

 The immune response to M. tuberculosis 

involves various components of the immune 

system, including immune cells that play a 

role in fighting infection. When M. 

tuberculosis enters the lungs, macrophages 

are one of the first defense cells that try to 

destroy the bacteria. Macrophages recognize 

M. tuberculosis through molecular patterns 

known as pattern recognition. They 

recognize bacterial cell components, such as 

lipopolysaccharide (LPS), peptidoglycan, 

and other substances, which are danger 

signals to the immune system. When 

macrophages recognize M. tuberculosis, they 

activate an immune response by producing 

pro-inflammatory cytokines such as 

interleukin-12 (IL-12) and interferon-gamma 

(IFN-γ).
15–17

 

 

IL-12 is a cytokine that triggers the 

activation of T helper type 1 (Th1) cells. Th1 

cells, which also produce IFN-γ, play an 

important role in coordinating the immune 

response against M. tuberculosis. IFN-γ 

plays a central role in activating 

macrophages to destroy M. tuberculosis. 

When active, macrophages try to bind and 

digest bacteria more effectively. Apart from 

Th1 cells, cytotoxic T cells (CTL) also have 

a role in destroying cells infected by M. 

tuberculosis. CTL can recognize infected 

cells and damage them directly. All of these 

components work together to try to control 

the infection.
1
 

 

C. THE ROLE OF IL-10 IN THE 

REGULATION OF THE IMMUNE RESPONSE 

TO M. TUBERCULOSIS 

 

Although this immune response is an 

important part of the body's defense against 

M. tuberculosis, the bacterium has strategies 

to evade the damaging immune response. 

One way M. tuberculosis inhibits immune 

responses is through the production of 

interleukin 10 (IL-10). IL-10 is an anti-
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inflammatory cytokine produced by various 

types of immune cells, including 

macrophages, T cells, and B cells. The main 

function of IL-10 is to inhibit excessive 

inflammation and maintain balance in the 

immune response. When M. tuberculosis 

infects macrophages, this bacteria can 

stimulate the production of IL-10 by these 

cells.
9
 

 

The main role of IL-10 in the regulation of 

immune responses is to inhibit the 

production of pro-inflammatory cytokines, 

such as interleukin 1 (IL-1), interleukin 6 

(IL-6), and nuclear factor kappa B (NF-κB). 

This reduces inflammation that can damage 

lung tissue but also inhibits the body's ability 

to quickly eliminate M. tuberculosis. In other 

words, IL-10 plays a dual role in the context 

of pulmonary tuberculosis. On the one hand, 

it helps control excessive inflammation that 

can cause serious lung damage, but on the 

other hand, too much IL-10 can inhibit an 

effective immune response against M. 

tuberculosis. Genetic polymorphisms in the 

IL-10 gene may influence how efficiently 

IL-10 regulates the immune response, and 

therefore, may influence disease progression 

at the individual level. In addition, IL-10 can 

also influence the response to pulmonary 

tuberculosis therapy. A number of studies 

have attempted to understand how IL-10 

regulation may influence treatment success. 

In some cases, high levels of IL-10 

production have been associated with a 

slower response to therapy.
13,14

 

 

IV. INTERACTION BETWEEN IL-10 

GENETIC VARIATIONS AND PULMONARY 

TUBERCULOSIS 

 

In efforts to understand the role of genetic 

variation in the interleukin 10 (IL-10) gene 

in the context of pulmonary tuberculosis, 

epidemiological research has become an 

important component. Epidemiological 

evidence includes observational studies 

involving different human populations to 

identify correlations between IL-10 genetic 

polymorphisms and risk for pulmonary 

tuberculosis. Early epidemiological studies 

suggest that individuals with certain genetic 

polymorphisms in IL-10 may have a higher 

risk of developing pulmonary tuberculosis. 

For example, the -1082 G/A polymorphism 

in the promoter region of the IL-10 gene has 

been associated with an increased risk of 

pulmonary tuberculosis in some populations. 

However, this epidemiological evidence is 

not always consistent across studies and 

populations. Some studies show a strong 

association between IL-10 genetic 

polymorphisms and pulmonary tuberculosis, 

while other studies find a weaker association 

or no association at all. This variability in 

results may be due to factors such as 

differences in the geographic and ethnic 

distribution of genetic polymorphisms, as 

well as differences in research methodology. 

 

A. GENETIC STUDY OF IL-10 

POLYMORPHISMS AND PULMONARY 

TUBERCULOSIS 

 

In addition to epidemiological evidence, 

further genetic studies have been conducted 

to better understand how genetic variations 

in IL-10 may influence the risk and 

progression of pulmonary tuberculosis. 

These studies often involve in-depth 

molecular analysis of IL-10 genetic 

polymorphisms, with a focus on their 

relationship to the body's response to M. 

tuberculosis infection. Genetic studies have 

identified various genetic polymorphisms in 

IL-10 that may influence IL-10 production 

and activity. Some studies suggest that 

individuals with certain alleles, such as the -

1082 A allele and the -819 T allele, may 

have higher IL-10 production. This may lead 

to changes in the body's immune response to 

M. tuberculosis. Genetic studies are also 

trying to reveal the relationship between IL-

10 genetic polymorphisms and susceptibility 

to pulmonary tuberculosis. In several studies, 

individuals with polymorphisms that affect 

lower IL-10 production have demonstrated 

better ability to control infection and disease 
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progression. Conversely, individuals with 

high IL-10 production may have a higher 

risk of developing severe disease. 

 

However, the results from this genetic study 

also demonstrate the complexity in the 

interaction between IL-10 genetic variation 

and pulmonary tuberculosis. There is no 

universal consistency in findings, and many 

other factors, including environmental and 

genetic factors, also play a role in disease 

risk and progression. Therefore, genetic 

research continues to advance to provide a 

deeper understanding of the role of IL-10 in 

pulmonary tuberculosis and how individual 

genetic variability may influence the 

response to this infection. In the context of 

developing personalized therapies and better 

understanding individual vulnerabilities, this 

research has great potential to advance our 

understanding of pulmonary tuberculosis. 

 

B. MOLECULAR MECHANISMS INVOLVED  

 

In an effort to understand how genetic 

variations in the interleukin 10 (IL-10) gene 

interact with pulmonary tuberculosis at the 

molecular level, research has attempted to 

identify the mechanisms involved. This 

research involves an in-depth analysis of 

how IL-10 genetic polymorphisms influence 

cellular and molecular responses to 

Mycobacterium tuberculosis (M. 

tuberculosis). One of the mechanisms 

involved is the impact of genetic variations 

in IL-10 on the production of IL-10 itself. 

Certain polymorphisms, such as the -1082 A 

allele, have been associated with higher IL-

10 production. This may result in increased 

concentrations of IL-10 in the 

microenvironment surrounding tuberculous 

lesions in the lung. These high 

concentrations of IL-10 can inhibit an 

effective immune response against M. 

tuberculosis by inhibiting the production of 

pro-inflammatory cytokines such as 

interleukin 12 (IL-12) and interferon-gamma 

(IFN-γ).
5
 

 

Additionally, genetic polymorphisms in IL-

10 can also influence IL-10 receptor 

expression on immune cells. Cells that have 

lower levels of IL-10 receptors may be more 

susceptible to the inhibitory effects of IL-10. 

This may impact the extent to which the 

immune response can be modulated by IL-10 

in response to M. tuberculosis infection. 

Additionally, studies have revealed that 

genetic polymorphisms in IL-10 can 

influence the regulation of the production of 

other pro-inflammatory and anti-

inflammatory cytokines. These genetic 

variations may alter the balance between the 

pro-inflammatory immune response needed 

to control infection and the anti-

inflammatory response that protects lung 

tissue from excessive damage. In some 

cases, certain genetic polymorphisms can 

trigger a shift in this balance in one direction 

or another, with direct implications for the 

development and outcome of pulmonary 

tuberculosis.
1,5 

 

C. IMPLICATIONS IN DIAGNOSIS, 

PROGNOSIS, AND THERAPY 

 

Understanding the interactions between IL-

10 genetic variations and pulmonary 

tuberculosis has important implications in 

the diagnosis, prognosis, and therapy of this 

disease. Individual genetic variability may 

influence how a person responds to M. 

tuberculosis infection and the extent to 

which the disease may progress. In the 

context of diagnosis, knowledge of IL-10 

genetic polymorphisms may aid in the 

identification of individuals who may have a 

greater susceptibility to pulmonary 

tuberculosis. This could be useful in 

monitoring high-risk individuals or in the 

development of more sensitive diagnostic 

tests for early detection of the disease. 

Additionally, in disease prognosis, 

knowledge of IL-10 genetic variations can 

help predict the extent to which the disease 

will progress and potentially become severe. 

Individuals with genetic polymorphisms that 

result in high IL-10 production may be at 
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greater risk for serious disease progression 

and associated complications. This may 

allow more accurate assessment of prognosis 

and more intensive treatment planning.
11,12,18

 

 

In therapeutic management, knowledge of 

IL-10 genetic polymorphisms can help 

design more targeted and personalized 

therapeutic approaches. Several studies have 

attempted to understand how IL-10 

regulation may influence response to 

pulmonary tuberculosis therapy. Individuals 

with high IL-10 production may require a 

different therapeutic approach than those 

with lower IL-10 production. As research 

continues to develop, a deeper understanding 

of the interactions between IL-10 genetic 

variations and pulmonary tuberculosis has 

great potential to improve the management 

of this disease. With more targeted 

approaches, more sensitive diagnostics, and 

therapies tailored to individual genetic 

characteristics, we can hope to reduce the 

burden of pulmonary tuberculosis and 

improve clinical outcomes for those 

infected.
9
 

 

V. THE ROLE OF IL-10 IN THE IMMUNE 

SYSTEM 

 

A. FUNCTION OF IL-10 IN THE 

REGULATION OF IMMUNE RESPONSES  

 

Interleukin 10 (IL-10) is an important 

cytokine in the human immune system that 

has a major role in regulating the immune 

response. The main function of IL-10 is to 

control excessive inflammation and maintain 

balance in the immune response. It plays an 

important role in keeping the immune system 

balanced, avoiding immune responses that 

damage healthy tissue, and preventing 

various autoimmune diseases and excessive 

inflammation. One way IL-10 regulates the 

immune response is by inhibiting the 

activation of pro-inflammatory immune cells 

such as macrophages and T cells. IL-10 can 

inhibit the production of pro-inflammatory 

cytokines such as interleukin 1 (IL-1), 

interleukin 6 (IL- 6), and tumor necrosis 

factor alpha (TNF-α). This reduces 

inflammation and calms excessive immune 

responses. 

 

In addition, IL-10 can also inhibit the 

activation of T helper type 1 (Th1) cells, 

which produce cytokines such as interferon-

gamma (IFN-γ). Cellular Th1 is important in 

fighting intracellular infections such as 

pulmonary tuberculosis. By inhibiting Th1 

activation, IL-10 can limit excessive immune 

responses to infections and prevent tissue 

damage caused by excessive inflammation. 

However, although IL-10 has an important 

role in regulating the immune response, too 

much IL-10 or inappropriate regulation of its 

production and activity can have a negative 

impact on the body's ability to fight 

infections. Therefore, a proper balance in IL-

10 regulation is key to maintaining a healthy 

immune system. 

 

B. IMPACT OF IL-10 GENETIC 

POLYMORPHISMS ON IL-10 FUNCTION 

 

Genetic polymorphisms are variations in 

DNA sequence that can be found between 

individuals in different populations. In the 

context of IL-10, genetic polymorphisms 

may influence the function and regulation of 

IL-10 in the immune response. There are 

several genetic polymorphisms in the IL-10 

gene that have been identified, the most 

important of which is the polymorphism at 

positions -1082, -819, and -592 in the 

promoter region of the IL-10 gene. This 

polymorphism may influence the level of IL-

10 production. For example, the -1082 G/A 

polymorphism has been associated with 

differences in IL-10 production. Individuals 

with the -1082 A allele tend to have higher 

IL-10 production than individuals with the -

1082 G allele. This may result in differences 

in the body's ability to regulate the immune 

response.
19

 

 

Genetic polymorphisms in IL-10 may also 

influence responses to infection and 
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inflammation. Individuals with 

polymorphisms that affect lower IL-10 

production may have a stronger immune 

response to infection. In contrast, individuals 

with high IL-10 production may have a 

weaker immune response. However, the 

impact of IL-10 genetic polymorphisms on 

IL-10 function is not always simple. Genetic 

variability in IL-10 may influence the 

balance between pro-inflammatory and anti-

inflammatory immune responses. This 

condition can impact an individual's 

susceptibility to infectious diseases, 

including pulmonary tuberculosis.
1
 

 

C. CONTRIBUTION TO THE PATHOGENESIS 

OF PULMONARY TUBERCULOSIS 

 

The role of IL-10 in the pathogenesis of 

pulmonary tuberculosis has been the focus of 

intensive research. M. tuberculosis infection 

can stimulate the production of IL-10 in 

response to the inflammation produced by 

the bacteria. This IL-10 production can then 

inhibit the immune response needed to 

eliminate the infection. M. tuberculosis is an 

intracellular bacterium that infects 

macrophage cells in the lungs. Macrophages 

are the first defense cells that try to destroy 

these bacteria. However, by stimulating IL-

10 production, M. tuberculosis can inhibit 

macrophage activation and inhibit the ability 

of these cells to destroy bacteria. 

 

In addition, IL-10 can also influence the 

activation of T cells, including T helper type 

1 (Th1) cells which are important in fighting 

M. tuberculosis infection. Th1 activation 

triggers the production of pro-inflammatory 

cytokines such as interferon-gamma (IFN-γ), 

which has a central role in activating 

macrophages to fight M. tuberculosis. By 

inhibiting Th1 activation, IL-10 can inhibit 

IFN-γ production and dampen the immune 

response necessary to control infection. In 

the context of IL-10 genetic polymorphisms, 

genetic variations in this gene may influence 

IL-10 production and regulation. As a result, 

individuals with certain polymorphisms may 

have different immune responses to M. 

tuberculosis infection. Some studies suggest 

that individuals with higher IL-10 

production, which may be associated with 

certain polymorphisms, may have a higher 

risk of developing pulmonary tuberculosis or 

may have the progression of more serious 

disease. 

 

The role of Treg cells (T-cell regulatory) and 

interleukin 10 (IL-10) in the pathogenesis of 

tuberculosis (TB) is an important aspect 

related to the regulation of the immune 

response to infection with Mycobacterium 

tuberculosis (M. tuberculosis), the bacteria 

that causes TB. Treg cells are a group of T 

cells that have a major role in regulating the 

immune response to prevent excessive 

immune reactions and damage to body 

tissue. IL-10 is an anti-inflammatory 

cytokine produced by various types of cells, 

including Treg cells, and plays a role in 

reducing inflammation. Below is a further 

explanation regarding the role of Treg cells 

and IL-10 in TB pathogenesis: 

 

VI. TREG CELLS IN TB PATHOGENESIS 
 

Treg cells are a type of T cell that have the 

ability to inhibit the activation and 

proliferation of T cells and other immune 

cells. The main function of Treg cells is to 

maintain immune tolerance to the body's 

own antigens, thereby preventing damaging 

autoimmune reactions. 

 

In the context of TB, the role of Treg cells is 

to inhibit excessive immune responses 

against M. tuberculosis. Uncontrolled TB 

infection can cause inflammation that 

damages lung tissue, and Treg cells help 

prevent this by dampening excessive 

immune responses. 

 

A. INTERACTION BETWEEN TREG CELLS 

AND IL-10 IN TB PATHOGENESIS 

 

Treg cells have the ability to produce IL-10 

as a mechanism to control inflammation. IL-
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10 is an anti-inflammatory cytokine that 

plays a role in inhibiting the activation of 

pro-inflammatory immune cells, such as 

macrophages and T cells, as well as 

inhibiting the production of pro-

inflammatory cytokines. In the context of 

TB, Treg cells that produce IL-10 may help 

control excessive immune responses against 

M. tuberculosis. IL-10 produced by Treg 

cells can reduce the activation of Th1 cells, 

which play a role in fighting intracellular 

infections such as TB. Thus, Treg cells and 

IL-10 contribute to maintaining the balance 

between the immune response that fights 

infection and prevents excessive tissue 

damage. 

 

B. IMPACT ON ACTIVE AND LATENT 

TUBERCULOSIS 

 

The role of Treg cells and IL-10 in TB 

pathogenesis may have consequences for the 

type of TB disease that develops. In active 

tuberculosis, high Treg cell activity and 

excessive IL-10 production may help M. 

tuberculosis evade detection and dampen an 

effective immune response, allowing the 

infection to progress to active disease. On 

the other hand, Treg cells and IL-10 may 

also play a role in tuberculoma formation 

and the development of latent tuberculosis. 

They help prevent an excessive immune 

response to the bacteria, allowing M. 

tuberculosis to persist in the body without 

causing active disease. Understanding the 

role of Treg cells and IL-10 in TB 

pathogenesis is important in the development 

of more effective therapeutic strategies and 

vaccines. Several studies have attempted to 

identify ways to regulate Treg cell activity or 

alter the balance between pro-inflammatory 

and anti-inflammatory immune responses in 

an effort to control TB infection. This is an 

important area of research in efforts to 

address the global TB burden and better 

understand the complex interactions between 

the human body and M. tuberculosis. 

 

Interaction between Treg Cells, IL-10, and 

TB: Treg cells, which have the ability to 

produce IL-10, play a role in controlling 

excessive immune responses against M. 

tuberculosis. However, too many Treg cells 

and IL-10 can affect the body's ability to 

eliminate TB infection. Knowledge of IL-10 

genetic variations may help in designing 

more personalized therapeutic approaches. 

This allows doctors to identify individuals 

who may have a different immune response 

to TB infection and prescribe more 

appropriate therapy. A deeper understanding 

of the role of IL-10 and Treg cells in TB 

pathogenesis opens the door to the 

development of new therapies focused on 

regulating the balance of the immune 

response. This includes the development of 

drugs that can influence IL-10 activity or 

alter Treg cell activity. IL-10 genetic 

variations can also be used in disease 

monitoring and prognosis assessment. 

Individuals with certain genetic 

polymorphisms may be at higher risk for the 

development of serious disease, and closer 

monitoring or different therapeutic 

approaches may be implemented. 

 

VII. IMMUNOTHERAPY AND TARGETED 

THERAPY IN PULMONARY TUBERCULOSIS 

 

A. POTENTIAL FOR UTILIZING IL-10 

GENETIC KNOWLEDGE IN THERAPY 

 

Knowledge of the role of IL-10 and genetic 

variations of IL-10 may provide the basis for 

more targeted therapeutic approaches. 

Genetic polymorphisms in IL-10 may 

influence an individual's response to M. 

tuberculosis infection and therapy. For 

example, individuals with polymorphisms 

that result in higher IL-10 production may 

have a more inhibited immune response to 

infection. In such cases, a more aggressive 

therapeutic approach may be necessary, 

including administration of stronger anti-TB 

drugs or adjuvant therapy aimed at 

overcoming immune barriers. On the other 

hand, individuals with lower IL-10 
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production may have a stronger immune 

response to infection. They may benefit from 

milder therapies or strategies that focus on 

enhancing the body's natural immune 

response. 

 

Additionally, understanding the molecular 

mechanisms involved in IL-10 regulation 

may open the door to the development of 

drugs that can influence IL-10 activity. 

These drugs can be used to change the 

balance between pro-inflammatory and anti-

inflammatory immune responses in the body, 

with the aim of increasing the body's ability 

to overcome TB infection 

 

B. CHALLENGES AND OPPORTUNITIES 

 

Although immune-based and targeted 

therapies offer great opportunities in treating 

TB, there are a number of challenges that 

need to be overcome. One of them is the 

complexity of the interactions between 

individual genetics, immune response, and 

TB infection. In some cases, a stronger 

immune response does not necessarily mean 

better protection, and vice versa. Another 

challenge is the development of effective 

drugs and vaccines. The process of 

developing new drugs and vaccines requires 

time, rigorous clinical trials, and large 

financial investments. However, with ever-

growing knowledge in the fields of genetics 

and immunology, opportunities to develop 

better therapies are increasing. 

 

In addition, target-based therapy must also 

consider the issue of drug resistance. As a 

slow-growing bacterium, M. tuberculosis can 

develop resistance to drugs quickly. 

Therefore, there needs to be continued 

efforts to develop more robust and diverse 

therapies. Overall, the development of 

immunotherapy and target-based therapy in 

the treatment of pulmonary tuberculosis is an 

important step in the global effort to 

overcome this disease. With a deeper 

understanding of individual genetics and the 

immune response to M. tuberculosis, we can 

hope to develop more personalized and 

effective therapies, and minimize the disease 

burden of pulmonary tuberculosis 

worldwide. 

 

VIII. CONCLUSION 

 

The role of interleukin 10 (IL-10) and its 

genetic variations in the pathogenesis and 

management of pulmonary tuberculosis (TB) 

has been discussed. The following is a 

summary of the main findings that can be 

concluded from this study: Role of IL-10 in 

TB: IL-10 is an important cytokine in the 

immune system that has a primary function 

in regulating the immune response. 

However, excessive production of IL-10 can 

inhibit the immune response required to 

overcome M. tuberculosis infection in 

pulmonary tuberculosis. IL-10 Genetic 

Variations: Genetic polymorphisms in the 

IL-10 gene can influence the production and 

regulation of IL-10 in the body. Some 

polymorphisms have been associated with 

higher or lower risk of TB, and this raises the 

question of how these genetic variations 

influence the response to infection. 
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