
ISSN: 0005-2523 

Volume 62, Issue 10, December, 2022 

  

6069 
 

The dynamics of Tumour Necrosis Factor-alpha (TNF-

α) in early phase of tuberculosis treatment: 

contribution of Nucleotide Binding Oligomerization 

Domain Containing 2 (NOD2) expression 
 

Nurjannah Lihawa1*,2,3, Irawan Yusuf, Irawaty Djaharuddin, Arif Santoso2,3, Najdah Hidayah5, Mochammad 

Hatta6, Muhammad Amin4 

 

Postgraduate Program, Faculty of Medicine, Universitas Hasanuddin, Makassar 90245, South Sulawesi, 

Indonesia1 

Department of Pulmonology and Respiratory Medicine, Faculty of Medicine, Universitas Hasanuddin, 

Makassar 90245, South Sulawesi, Indonesia2 

Dr. Wahidin Sudirohusodo Hospital, Makassar 90245, South Sulawesi, Indonesia3 

Department of Pulmonary and Respiratory Medicine, Faculty of Medicine, Airlangga University, Surabaya, 

East Java4 

Research Center for Vaccine and Drugs, National Research and Innovation Agency (BRIN), Tangerang 

Selatan, 15314, Banten, Indonesia5 

Department of Microbiology, Faculty of Medicine, Universitas Hasanuddin, Makassar, 90245, South 

Sulawesi, Indonesia6 

 

Corresponding Author: 1* 

 

Keywords: 
 

  ABSTRACT  
Pulmonary Tuberculosis, TNF-α, 

NOD2 

 Tuberculosis remains an old contagious disease that still has an impact 

on humanity. Despite the development of new diagnostic tools and 

drugs, the annual tuberculosis death rate remains high. It is known that, 

statistically, around 5–10% of people infected by MTB will actually 

develop active TB, due to the balance of immune system between host 

and the mycobacterium. Nucleotide-binding oligomerization domain-

containing protein 2 (NOD2) is part of the Pattern Recognition 

Receptors (PRR) which play the first role in recognizing invasion from 

MTB through NLRs (NOD-like Receptors). Specific role of NOD2 is the 

response to a fragment of the bacterial cell wall, muramyl dipeptide 

(MDP), and in turn activated NF-κB to release pro inflammatory 

cytokine e.g TNF-α. Several studies have reported on the activity of this 

NOD2 gene, but there are still not many that link it to the effect of 

treatment on pulmonary TB. This study was conducted to determine the 

expression of the NOD2 gene and the levels of the pro-inflammatory 

cytokine TNF-α in pulmonary TB patients before and after 2 months of 

treatment. This study was a cohort study that followed patients for two 

months of treatment. This study included 36 patients diagnosed as new 

cases of pulmonary tuberculosis, all of whom were over the age of 18 

and willing to sign informed consent. TNF- levels were investigated 

using the ELISA method, and NOD2 gene expression was investigated 

using the PCR method. There was a tendency to decrease NOD2 gene 
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expression and TNF-α levels after 2 months of treatment, although it was 

not statistically significant. NOD2 gene expression was found to be 

significantly higher after 2 months of treatment with TNF-α (p = 0.029). 

Changes in TNF-cytokine serum levels vary in this study, but tend to 

decrease after 2 months of ATT. This study also shows a decrease in 

NOD2 gene expression, and we discovered the possibility of TNF- 

against NOD2 gene regulation after 2 months of ATT. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis (MTB). This disease is 

known to have infected humans since BC and is still a health problem today [1]. Globally, it is estimated 

that a quarter of the world's population has been infected, and therefore, it is likely to be a source of 

transmission so that the spread of this disease is still ongoing. Indonesia is the third largest contributor of 

cases in the world and is the country with the highest burden of TB [2]. 

 

In the last decade, there have been advances in the diagnosis and treatment of TB. Currently, the use of 

rapid molecular tests has been recommended to accelerate the diagnosis of TB and determine the patient's 

resistance status. The discovery of the latest drugs and also the latest variations of the anti-tuberculosis 

treatment mix are expected to increase the patient's recovery rate so that it can reach 85%. However, the 

death rate from tuberculosis (TB) was estimated to be around 1.4 million cases (non-HIV TB) in 2021 [3]. 

The most notable effect has been a marked decrease (compared to 2019) in the reported number of Tb cases 

receiving a new diagnosis in both 2020 and 2021, which suggests a rise in the number of Tb cases going 

undetected and untreated. The most serious impact has been an expected increase in the number of TB 

deaths. 

 

It is known that this MTB germ is an intracellular pathogen that can infect and survive in the host's body 

cells. So it requires good coordination and response from the body's natural and adaptive defense systems to 

be able to eliminate MTB from the body. According to statistics, only about 5–10% of people infected with 

MTB develop active TB with its various manifestations. This is due to the balance between the host's and 

bacteria's defense mechanisms [4]. So the authors estimate that one of the problems in TB elimination is the 

variety of immune responses in each individual. When MTB germs first enter the human body, the natural 

immune system plays an important role. The entry of MTB germs will then be recognized by pattern 

recognition receptors (PRRs) presented by macrophages. This situation will trigger the onset of a natural 

immune response, which will eventually activate the adaptive immune system type T-helper 1 (TH1) and 

play an important role in host defense against TB disease [4]. 

 

Nucleotide-binding oligomerization domain-containing protein 2 (NOD2) is part of the Pattern Recognition 

Receptors (PRR), which play the first role in recognizing invasion from MTB through NLRs (NOD-like 

Receptors). It is a protein encoded in humans by the NOD2 gene located on chromosome 16. A more 

specific role of NOD2 is the response to a fragment of the bacterial cell wall, namely muramyl dipeptide 

(MDP) [5]. Initially, NOD2 was thought to only play a role in natural immunity against MTB. However, a 

study conducted by [6] showed that NOD2 also plays a role in adaptive immunity, in that mice lacking 

NOD2 will show a decrease in the specific response of mycobacterial T-Ag cells. Research by [7] showed 
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that signaling from NOD2 and TLR2 together is a recognition mechanism for MTB that is no less important 

in inducing pro-inflammatory cytokines. This is consistent with other studies that show NOD2 coexists with 

other PRRs and activates the NF-B pathway, which secretes and produces pro-inflammatory mediators, 

particularly the cytokines TNF-α [8], [9]. 

 

The authors concentrate on TNF-cytokines, which have been studied and play a role in MTB infection. 

Where as we know that TNF-α is one of the cytokines that plays an important role in macrophage activation 

and the recruitment of immune cells in granulomas so as to keep the granulomas intact [10]. 

 

Several studies have reported on the activity of this NOD2 gene, but there are still not many that link it to 

the effect of treatment on pulmonary TB. The purpose of this study was to compare the expression of the 

NOD2 gene and levels of the pro-inflammatory cytokine TNF- in patients with pulmonary tuberculosis 

before and after 2 months of treatment. It is hoped that this research can provide information about the 

molecular dynamics of the host in TB patients in Indonesia, thus adding insight as an alternative before 

therapy to see sensitivity and protection against TB. 

 

2. Material and Methods 

 

2.1 Participants selection and sample collection 

The population in this study were pulmonary TB patients who came to Makassar Pulmonary Health Center 

(BBKPM) and the Pallangga Health Center, Gowa Regency, South Sulawesi. Samples were collected 

sequentially until the required number of samples were obtained. The inclusion criteria in this study were: 

male and female, aged 18 years and over, recently diagnosed with a positive smear of active pulmonary TB, 

and willing to sign a research informed consent form. TB patients who had any comorbid malignancy or 

dropped out when taking blood after the intensive treatment phase were excluded from this study. A sputum 

sample was taken for decontamination and culture examination for microbiological confirmation at the 

Hasanuddin University Medical Research Center Laboratory, Makassar, South Sulawesi, Indonesia. Blood 

sampling was carried out twice, namely during the initial visit when TB was diagnosed (before 

antituberculosis therapy was started) and after the intensive phase of treatment was completed. Each time, 

three milliliters of blood were drawn. 1 ml is centrifuged for plasma separation and will be used for TNF-α 

testing. The remaining 2 ml were continued for examination of NOD2 gene expression. Samples were 

stored at -20 °C until used in the next process. Clinical improvement was noted in the patient's general 

condition after receiving WHO standard anti tuberculous drugs for 2 months and a weight gain of more than 

10% of his initial body weight. 

 

This study complies with the Helsinki Declaration and has been approved by the Health Research Ethics 

Committee of the Faculty of Medicine, Universitas Hasanuddin (No. 67/UN4.6.4.5.31/PP36/2022). The 

date of issuance is February 9, 2022. Each subject gave written informed consent and agreed to participate 

in the study. 

 

2.2 TNF-alpha concentration measurement 

TNF-α levels were determined using an enzyme-linked immunosorbent assay (ELISA kit from 

Mybiosource). 

 

2.3 RNA Isolation and cDNA synthesis 

Total RNAs were isolated from whole blood, which was drawn before and after the intensive phase of 

treatment, using a Qiagen RNeasy kit. The total RNAs were subsequently used as templates in cDNA 
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synthesis by using ReverTra AceTM qPCR-RT (Biorad). All procedures were performed according to 

manufacturer protocol. 

 

2.4 NOD2 relative gene expression by real time PCR 

NOD2 gene expression strength (up- or down-regulation) was assessed using SYBR green dye and the real-

time PCR (qPCR) method. Before amplification, the master mix was prepared by adding 10 µl SYBR green 

mix, 0.5 µl cDNA, 0.5 µl forward primer (5'- CTG CAA GGC TCT GTA TTT GC-3'), 0.5 µl reverse 

primer (5 '- CTC GCA GTG AAG AGC ACA TT-3') (each primer 10 pmol/µl) and 8.5 µl Nuclease Free 

Water, so the total volume is 20 µl. The same procedure was also carried out for the beta-actin gene as a 

control, but using a different primer sequence. Primer Beta Actin forward (5'-

CACCATTGGCAATGAGCGGTTC-3') and primer Beta Actin reverse (5'-

AGGTCTTTGCGGATGTCCACGT-3'). qPCR cycles at 50 oC for 2 minutes, 95 oC for 1 minute for 1 

cycle each, denaturation at 95 oC for 15 seconds, followed by annealing at 60 oC for 30 seconds and 72 oC 

extension for 30 seconds, repeated 40 times (cycles), the last cycle being the final extension at 72 oC for 10 

minutes. 

 

2.5 Statistical analysis 

The statistical analysis was estimated using SPSS version 25.0 (IBM SPSS Inc., Armonk, NY, USA). 

Categorical data were compared using the chi-squared test or Fischer's exact test. Student’s t-test or one-

way analysis of variance (ANOVA) is followed by Tukey’s multiple comparison test. A p-value less than 

0.05 was considered significant. 

 

This study uses the IBM SPSS Statistics application for Windows, Version 25.0. (IBM Corp., Armonk, NY, 

USA), to statistically analyze the data. Categorical data is displayed in amounts and percentages. Because 

the data were not normally distributed, the Wilcoxon test was used to compare NOD2 gene expression and 

TNF-α and IL-1 levels before and after treatment. Meanwhile, a Spearman's correlation coefficient test was 

performed to determine the relationship between NOD2 gene expression and TNF-α and IL-1 levels. 

 

The level of gene expression is known by the appearance of the amplicon signal on the graph. The signal 

detected after a small number of cycles indicates a higher level of gene expression. After the amplification 

process, a dissociation curve is obtained, which is then analyzed for its relative expression using a method 

that compares the Ct target with the selected reference value, namely the expression level of the Beta Actin 

control gene (housekeeping gene), with the calculation: 

∆ Ct = Ct gene target – Ct control. 

 

If the value of ∆ Ct is positive, then the Ct value of the target gene is higher than the Beta Actin value 

(+∆Ct) and vice versa, the value is negative if the target Ct is lower than Beta Actin (-∆Ct). Then the 

comparison of expression levels is obtained using the formula: 2 - ∆∆Ct. 

 

3. Results 

 

3.1 Characteristic of participants 

The number of participants in this study was originally 50, but 12 were considered to have resigned during 

the second month of follow-up because they were not willing to continue the study, the patient did not want 

to have their blood drawn, or they did not live at the address given; and there were also 2 samples with 

NOD2 gene expression that was too low and could not be read on the tool. Finally, there were 36 patients 

with TB who participated in this study, and 25 (69.4%) of them were male and 11 (30.6%) were female. 
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The mean age of the participants was 44 years (44 ± 10.8). There were 25 people (69.4%) who had normal 

nutritional status based on body mass index, and the rest (30.6%) had poor nutritional status before 

treatment. Patients were classified as severe if they had all three symptoms of tuberculosis: cough, bloody 

cough, and dyspnea; mild if they did not have all three symptoms. A more detailed explanation of the 

sample characteristics and clinical symptoms of the participants can be seen in Table 1. 

 

Table 1. Participants' characteristics 

Variable N % 

Sex   

Male 25 69.4 

Female 11 30.6 

Age   

<=40 y.o 11 30.6 

>40 y.o 25 69.4 

Nutritional status before treatment   

Underweight 11 30.6 

Normal 25 69.4 

Nutritional status after intensive 

phase of treatment 

  

Underweight  8 22.2 

Normal 26 72.2 

Overweight 2 5.6 

Symptoms   

Cough 35 97.2 

Productive cough 29 80.6 

Hemoptysis 3 8.3 

Shortness of breath 17 47.2 

Fever 28 77.8 

Chest pain 16 44.4 

Decreased of weight 20 55.6 

Night sweats  22 61.1 

Decreased of appetite 24 66.7 

History of drug use 0 0 

History of alcohol consumption 0 0 

Smoker 23 63.9 

Diabetes mellitus 0 0 

History of Use of 

Immunosuppressant Drugs 

0 0 

HIV-positive 0 0 

Malignancy 0 0 

Severity of TB   

Mild 33 91.7 

Severe 3 8.3 

 

3.2 Clinical improvement after intensive phase of treatment 
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The average participant had a body mass index of 19.3 ± 2.1 kg/m2 at the time of the initial examination. 

After the intensive phase of TB treatment administration was completed, the participants' average body 

mass index increased significantly (p<0.001) to 19.8 ± 2 kg/m2. With the paired T test, there was a 

significant increase in the patient's body weight after the intensive phase of TB drug administration 

(p<0.001). After two months of treatment, there were 25 patients (69.4%) who experienced weight gain 

with an average increase of 2.25 kg, five patients (13.9%) experienced weight loss, and six others (16 .7%) 

did not experience a change in body weight. 

 

TNF-α levels before and after two months of treatment 

Of the 36 samples of active pulmonary tuberculosis patients who were examined in this study, there were 

20 samples that had decreased levels of TNF-α after two months of treatment, and there were 16 samples 

that had increased levels of TNF-α after two months of treatment. The median before treatment was 21.52 

(5.04–25.26) pg/mL, and after two months of treatment, it was 20.43 (4.33-26.35) pg/mL. With the 

Wilcoxon test, there was no significant difference in TNF-α levels before and after two months of treatment 

with a p value of 0.396 (p>0.05). The results of examining TNF-α levels using the ELISA method are 

shown in figure 1 (a). 

 

NOD2 gene expression in pulmonary tuberculosis patients before and after two months of treatment 

NOD2 gene expression before and after two months of treatment is shown in Figure 1 (b). The results of 

examining NOD2 gene expression quantitatively relative to the real-time PCR method showed that the 

relative NOD2 gene expression ratio after two months of TB treatment to before treatment was 0.762:1 

(Table 2). This result means that the expression of the NOD2 gene after two months of treatment is 0.76 

times lower than the expression of the NOD2 gene at the start of treatment. This expression difference, 

however, did not reach a significant level at p=0.561 (p>0.05). Thus, NOD2 gene expression before and 

after two months of treatment in pulmonary tuberculosis patients was not significantly different (p=0.561). 

The median value of NOD2 gene expression after two months of treatment was lower than NOD2 gene 

expression at baseline before treatment. However, using the Wilcoxon test, this difference in expression did 

not reach a significant value (p=0.561). 

 

 
Figure 1. (a) TNF-α levels before and after two months of treatment (b) NOD2 relative expression before 

and after two months of treatment. ns: non-significant (p-value>0.05) 
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Table 2. NOD2 relative gene expression before and after two months of treatment using real-time PCR 

method 

Target Biological 

Group 

Control Expression Expression 

95% CI 

Low 

Expression 

95% CI 

High 

p-

value 

ACTIN POST Control     

ACTIN PRE Control     

NOD2 POST  0.76218 0.41207 1.40974 0.561 

NOD2 PRE  1.00000 0.58280 1.71584  

 

3.3 Relationship of NOD2 gene expression after two months of treatment with TNF-α and IL-1β levels 

after two months of treatment 

Multivariate analysis was also performed to determine the relationship between NOD2 gene expression 

with TNF-α levels; after two months of treatment. The results of the analysis revealed that NOD2 gene 

expression after two months of treatment was associated with TNF-α levels after two months of treatment 

after controlling for variables such as gender, age, smoking history, nutritional status, and degree of TB 

disease severity. The results of the analysis are presented in Table 3 below. 

 

Table 3. Relationship of NOD2 gene expression after two months of treatment with TNF-α level after two 

months of treatment 

Predictor ORa (95% CI) p-value 

Sex 

Male 

Female 

 

1.298 (0.95-1.774) 

1 

 

0.101 

Age 

≤ 40 y.o 

>40 y.o 

 

0.87 (0.739-1.024) 

1 

 

0.095 

Smoking History 

No 

Yes 

 

1.174 (0.869-1.586) 

1 

 

0.295 

Nutritional Status 

Underweight 

Normal 

Overweight 

 

0.81 (0.587 -1.118) 

0.861 (0.641-1.156) 

1 

 

0.2 

0.319 

TB disease severity 

Mild 

Severe 

 

1.116 (0.848-1.467) 

1 

 

0.434 

NOD2 gene expression after 

two months of treatment 

1.014 (1.001-1.026) 0.029 

a adjusted to sex, age, smoking history, nutritional status, TB disease severity, and NOD2 gene expression 

after two months treatment. 

 

4. Discussion 

This study aims to analyze the activity of NOD2 gene expression associated with TNF-α level in pulmonary 

TB patients before and after 2 months of TB treatment. An analysis was also carried out to see if there was 
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a change in TNF-α level before and after 2 months of TB treatment. Based on the characteristics of the 

study participants, there were more male participants (69.4%), and the average age of the participants was 

44 years (44 ± 10.8). This is consistent with WHO data, which shows that the majority of TB cases occur in 

adult males [11]. This situation may be due to men and women acting differently when seeking health care 

[12]. In addition, there are differences in exposure and risk of infection because adult men more often carry 

out social activities outside the home, such as earning a living and praying [13]. 

 

Elimination of the infectious agent by the host is essential for survival. In response to pathogens that enter 

the body, the host develops natural and adaptive defense systems to eliminate and kill these invasive 

pathogens. Initial recognition of pathogens by the host is mediated by recognition of Pathogen-Associated 

Molecular Patterns (PAMPs) by Pattern-Recognition Receptors (PRRs). Nucleotide-binding 

Oligomerization Domain (NOD)-like receptors (NLRs) are components of PRRs that reside in the cytosol 

[14]. NOD2 is a member of the large NLR family, and NOD2 gene expression is most commonly found in 

antigen presenting cells (APCs). NOD2 will recognize peptides derived from the degradation of 

peptididoglycan (PGN), which is a component of the MTB cell wall, in this case is Muramyl Dipeptide 

(MDP) [15]. This will then activate a protein complex (NF-κB) and result in the release of pro-

inflammatory cytokines. 

 

Several studies have been conducted to investigate the role of NOD2 in MTB invasion defense. A 

systematic review study by [16] regarding the NOD2 gene to see the risk of developing TB showed a 

significant relationship between single nucleotide polymorphisms (SNPs) rs1861759 and rs194886, 

increasing the likelihood of TB disease in the Han Chinese population. However, different things were 

found in the African-American race, which showed a low risk of TB disease occurring in carriers of the 

minor allele (CG or GG) in the SNPs rs2066842 and rs2066844 of NOD2. Research to see whether the 

expression of the NOD2 gene is associated with TB treatment has not been widely carried out. In this study, 

NOD2 gene expression after treatment was 0.76 times lower than before treatment, but statistically it had 

not reached a significant value (p = 0.561). This is consistent with the hypothesis that there is a decrease in 

NOD2 gene expression before and after treatment. It is hoped that many MTB germs will die after 

treatment, so that the expression of the NOD2 gene will decrease. However, this is not in line with Lala's 

study, which showed surprising results, namely that there was a significant increase in NOD2 mRNA levels 

after the completion of treatment [17]. This difference might be due to Lala's research on NOD2 gene 

expression after 6 months of treatment, so it is assumed that MTB will defeat this innate immune response 

by reducing NOD2 expression, so that its level will increase again after completion of treatment. 

 

TNF-α secretion is induced by MTB bacteria via macrophages, dendritic cells, and T cells [18]. TNF-α is a 

pleiotropic cytokine with numerous functions, the most important of which is the recruitment of cells that 

form and maintain intact granulomas [19], [20]. It also helps dendritic cells mature and produces cytokines 

that activate macrophages and promote phagocytosis and mycobacterial killing [21]. It is also a strong 

inducer of the death of cells through apoptosis [22]. Various studies have been conducted regarding the 

various roles of TNF-α, but not many studies have examined systemic cytokine levels changes in TB 

patients related to treatment, and the results obtained have varied. 

 

This study was found that 20 participants had decreased TNF-α levels and 16 had increased TNF-α levels 

after 2 months of treatment with a p-value of 0.396 (p>0.05). In line with the study by [23] which showed 

no significant decrease in TNF-α levels after 2 months of treatment, but there was a significant decrease 

after the 4th and 6th months of treatment. Another study by [24] also showed a decrease in TNF-α serum 

levels after 6 months of treatment. However, different results were obtained in a study by [25] where there 
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was a transient increase in TNF-α levels at the start of treatment in patients with severe TB, which was 

associated with clinical worsening of patients observed during the initial period of treatment. 

 

In this study, statistical tests also found no significant results for NOD2 gene expression before treatment 

with TNF-α level after two months of treatment. However, significant results were obtained on NOD2 gene 

expression after 2 months of treatment with TNF-α levels after treatment (p=0.029). This is in line with the 

results of a study conducted by Chen et al which showed that TNF-α is a positive regulator for the function 

of NOD2 through up-regulation of NOD2 itself [26]. Thus the authors conclude that NOD2 gene regulation 

in inducing pro-inflammatory cytokines is also influenced by positive feedback from the TNF-α cytokine 

itself. 

 

Limitations: Apart from being carried out during a pandemic situation, there were several limitations to this 

study, including the fact that most of the patients were recruited from primary health care, so they tended to 

be homogeneous. Hence, to assess the degree of disease severity, there is no record of bacterial load from 

the Xpert-MTB/RIF results, and it also cannot be done by assessing the results of chest X-rays. 

 

All cases had positive smears at the beginning; unfortunately, the AFB smear result was not recorded in 

detail, so the mycobacterial burden was not included in the analysis in this study. Furthermore, there was no 

data on sputum conversion after two months of therapy, so we couldn't investigate whether TNF-α levels 

and NOD2 expression influenced sputum conversion. However, previous studies found no correlation 

between serum TNF-α levels and sputum conversion rate. [27]. The clinical improvements recorded in this 

study were only weight gain and improvement of clinical symptoms. And we hope that this research will 

provide new insights into the theoretical mechanisms underlying TB pathogenesis and host defense against 

MTB. In the future, recommendations for further studies to compare the degree of severity of disease not 

only clinically but also semi-objectively by using the patient's chest X-ray will be made. 

 

5. Conclusion 

To summarize, changes in TNF- α levels in TB patients before and after two months of treatment were 

found to be quite variable. However, there was a tendency to decrease TNF-α levels after 2 months of TB 

treatment. NOD-2 gene expression also tended to decrease in patients after 2 months of TB treatment, 

although it was not statistically significant because some patients also experienced increased NOD2 gene 

expression. Furthermore, NOD2 gene expression was observed to have an effect on TNF-α levels after two 

months of treatment. This study may demonstrate the possibility of positive feedback of TNF-α against 

NOD2 gene regulation after intensive phase of treatment after 2 months of TB treatment. 
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