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Abstract 
Introduction: Tuberculosis (TBC) is a contagious chronic respiratory disease which despite the known cause, Mycobacterium tuberculosis 

(Mtb), and many decades of successful therapy, remains one of the leading global health problems. Immune responses against Mtb infection 

involve both of types of immunity, but cellular immunity, in which certain cytokines and Th1 cells play a key role, is crucial. A better 

understanding of the functions of the cytokine network involved in the state and progression of TBC could identify specific molecular markers 

for monitoring of disease activity as well as therapy outcomes in TBC patients. 

Methodology: We investigated expression of TNF-α, IL-6 and IRAK1 genes using an RT-qPCR technique in peripheral blood mononuclear 

cells of 33 TBC patients and 10 healthy individuals. 

Results: Comparison between TBC patients and healthy individuals revealed statistically significant differences for all analyzed genes. The 

levels of expression of TNF-α and IL-6 mRNA were higher, while the level of IRAK1 mRNA was lower in the TBC group compared to 

controls. Moreover, a strong positive correlation was observed between TNF-α and IL-6 gene expression. When clinical parameters were 

analyzed, increased levels of TNF-α mRNA were detected in patients with a longer duration of therapy (>2 months) compared to those with a 

shorter therapy duration (< 2 months), and in patients without anemia. 

Conclusions: Our results indicate that the inflammatory genes we examined play a crucial role in the pathogenesis of tuberculosis, and that the 

expression of the TNF-α gene could be a marker for monitoring the clinical effect of the ant-tuberculosis drugs during therapy. 
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Introduction 
Despite being one of the oldest human diseases, 

tuberculosis (TBC) is still a social and economic 

burden, especially in underdeveloped countries. One-

third of humanity has been infected, according to the 

2014 WHO Global Tuberculosis Report, resulting in 

nine million cases of active tuberculosis and 1.5 million 

deaths [1]. Both types of immunity appear in the host 

protective immune response against Mtb infection, but 

cellular immunity is crucial, in which certain cytokines 

and Th1 cells play a key role [2]. Better understanding 

of the mechanisms involved in the 

immunopathogenesis of TBC as well as the 

understanding of the functions of the cytokine network 

involved in these processes, is important to advance the 

control and prevention of this disease [3]. 

Tumor necrosis factor alpha (TNF-α) is a cytokine 

produced by macrophages, lymphocytes, neutrophils, 

and some endothelial cells. It participates in the 

development of systemic inflammation by stimulating 

the acute phase. The ability of Mtb to decrease the 

production of TNF-α in human peripheral blood 

mononucleated cells (PBMCs), leads to the chronicity 

of the TBC infection [4]. TNF-α influences the 

inflammatory response resulting in secretion of other 

cytokines (IL-1 and IL-6), and in migration of immune 

cells to sites of inflammation by promoting production 

of chemokines and adhesion molecules [5]. Also, TNF-

α increases the capacity of macrophages for 

phagocytosis and killing of Mtb and stimulates 

apoptosis of macrophages [6]. It has a role in the 

immunopathology of TBC, apart from creation and 
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maintenance of granulomas and thus control of the 

progression of disease, preventing its spread. TNF-α 

acts as a major mediator in the destruction of lung tissue 

[7,8]. Therefore, elevated TNF-α levels are associated 

with cachexia and necrosis, which means excessive 

inflammation [9,10]. The human TNF- α gene maps to 

chromosome 6 p. 

Interleukin 6 (IL-6) is a multifunctional cytokine, 

whose gene is located in humans on chromosome 7. 

Increased production of IL-6 is an indicator of many 

chronic inflammatory diseases. Together with TNF-α 

and IL-1β it is found in early proinflammatory 

responses and is also known as an initiator of acute-

phase protein production. The role of IL-6 in active 

TBC is predominantly negative, specifically, it 

accelerates the growth of Mtb in PBMCs and inhibits 

the production of TNF-α and IL-1β, which has a 

negative influence on the intracellular killing of 

microorganisms and development of granulomas [11], 

enhancing the spread of the disease. On the other hand, 

the role of IL-6 in the immune response to a subunit 

vaccine is positive [12]. 

Interleukin-1 receptor-associated kinase 1 (IRAK1) 

is an enzyme that functions in transmission of a signal 

crucial to the activation of nuclear factor kappa B (NF-

kB). IRAK1 is a putative serine/threonine kinase, and 

NF-kB has an effect on the gene expression of cytokines 

(TNF-α, IL-6, IL-1β, IL-8). It also affects various 

micro-RNA (miRNA). Orchestrating the action of 

specific factors such as miR-146a inhibits the 

expression of IRAK1 and impairs NF-κB activity, 

which in turn suppresses expression of IL-6, IL-8, IL-

1β, and TNF-α genes [13]. This is an example of 

negative feedback in cytokine regulation. 

In this study, we investigated expression of TNF-α, 

IRAK1 and IL-6 genes and their correlation with clinical 

severity of TBC in a Serbian population. Analyses of 

changes in gene expression during Mtb infection as well 

during treatment could help in better understanding the 

mechanisms of host response to Mtb, and in identifying 

specific molecular markers of disease state and 

progression. 

 

Methodology 
Patients and controls 

Patients were recruited at the Clinic for Pulmonary 

Diseases, Clinical Center of Serbia, between February 

2013 and February 2014. The patient group consisted 

of 33 patients with active pulmonary TBC, with a mean 

age of 52.34 ± 17.61 years, 13 females and 20 males. 

Fourteen patients were smokers and two of them were 

ex-smokers. Family history of TBC was recorded in 

18.2% of the patients. Massive changes in both lungs 

were found at X ray in 66.7% of patients; 15.1% were 

recurrent cases.  

Laboratory examinations revealed positive 

inflammatory syndrome in 42,4% of patients, who had 

increased values of C-reactive protein, sedimentation 

and fibrinogen. Four patients had complications such as 

hemoptysis, and three patients had elevated levels of 

transaminases as a result of therapy. 

The control group consisted of 10 healthy 

volunteers, who had no history of TBC and who were 

matched to the patient’s group by ethnicity, age and 

gender. Expressions in control samples were 

homogeneous without deviation in terms of outliers. 

Because the differences were statistically significant, 

we did not increase the number of controls. We assume 

that the number of controls, one third of the number of 

test samples, is a good ratio for this type of analysis. 

The exclusion criteria for patients with active TBC 

was presence of severe pathologies, including cancer, 

HIV infection, diabetes, cardiovascular diseases, atopy 

or autoimmune diseases. The exclusion criteria for the 

control group included the presence of active TBC or a 

pulmonary infection or other severe illness.  

The study was performed in conformitye with the 

Declaration of Helsinki ethical guidelines. Informed 

consent was obtained from each patient and the protocol 

for the research project was approved by the Ethics 

Committee of the Clinical Centre of Serbia, permission 

number 2656/10.  TBC diagnosis was as recommended 

by WHO: one positive result is required for a diagnosis 

of smear-positive pulmonary TBC. In our study we 

used sputum smear microscopy for all patients as well 

as culture. Twenty-three patients were direct smear 

positive, 10 were negative; all were culture positive, but 

while we were waiting for results of culture, we 

acquired positive Hains tests and MGIT identification 

for these patients. The Hain test has benefits when 

direct smears are negative. We followed the selection 

criteria from the national guidelines for microbiological 

diagnosis of tuberculosis, which was prepared and 

published within the project of the Ministry of Health 

of the Republic of Serbia “Control of Tuberculosis in 

Serbia”. 

All the TBC patients at the time of blood sampling 

were receiving anti-tuberculous therapy and were 

respondi ng to the first line treatment (isoniazid, 

rifampicin, ethambutol, pyrazinamide). Treatment 

takes place in two phases. In the first, the initial phase 

is aimed at achieving negative sputum smear 

microscopy and significant improvement of clinical 

findings. The second phase of treatment serves to 



Buha et al. – The significance of TNF-α, IL-6 and IRAK1 in TBC     J Infect Dev Ctries 2019; 13(5):419-425. 

421 

stabilize the process and prevent worsening of the 

disease. At the time of diagnosis, patients receive all 

four drugs for two months, followed by two drugs for 

four months ( isoniazid and rifampicin). For those who 

have previously been treated for pulmonary 

tuberculosis, a longer course is applied. Our aim also 

was to measure any differences in expression of the 

genes between the two phases of TBC treatment. 

Clinical data such as weight loss, anemia, sputum, 

diagnostic imaging such as thoracic X-Ray (XR), 

computed tomographic (CT) scan of the chest, and also, 

presence of hypoxia were analyzed for all patients. The 

diagnosis of TBC was made in those patients positive 

for acid-fast bacilli microscopy and/or culture. Patients 

were considered to have anemia when their hemoglobin 

was < 12 g/dL (women) or < 14g/dL (men). Diagnostic 

imaging was performed to analyze the existence or 

absence of pulmonary destruction. For assessment of 

severity of disease, we used the following scoring 

system: thoracic X-ray/chest CT finding of normal 

scored as 0, altered finding, without cavity = 1, with 

cavity = 2, without anemia = 0, anemia = 1, without 

hypoxia = 0, with hypoxia = 1, without weight loss = 0; 

with weight loss = 1 [14]. For the purpose of this study, 

the clinical severity of each patient was estimated with 

score obtained by summing these numerical values (1 

would mean the lowest severity and 5, the highest). 

 

RNA extraction and preparation of cDNA 

Venous blood was collected with sodium citrate as 

anticoagulant, and peripheral blood mononuclear cells 

(PBMNC) were isolated by density-gradient 

centrifugation using Ficoll-Histopaque (GE Healthcare, 

Gothenburg, Sweden). Extraction of total RNA was 

performed using TRI Reagent Solution (Ambion, 

Foster, USA). Complementary DNA (cDNA) was 

synthesized starting from 1µg of total RNA. For cDNA 

synthesis RevertAid M-MuLV Reverse Transcriptase 

and random hexamer primers (Thermo Fisher 

Scientific, Waltham, Massachusetts, USA) were used. 

 

Relative quantification (RT-qPCR) 

Expression level of TNF-α and IL-6 genes was 

determined using following primers: TNF-α gene F: 5’-

CCCAGGCAGTCAGATCATCTTC-3’, R: 5’-

AGCTGCCCCTCAGCTTGA-3’; IL-6 gene: F: 5’-

GCAAAGAGGCACTGGCAGAA-3’, R: 5’-

GGCAAGTCTCCTCATTGAATCC-3’. RT-qPCR 

was performed using SYBR Green Universal qPCR kit 

(KAPA Biosystems, Waltham, Massachusetts, USA).  

GAPDH gene was used as endogenous control 

(primers: F: 5’-GTGAAGGTCGGAGTCAACG-3’, R: 

5’-TGAGGTCAATGAAGGGGTC-3’). For 

quantification of IRAK1 mRNA, standard gene 

expression assays (Hs01018347_m1; ThermoFisher 

scientific, Waltham, Massachusetts and KAPA PROBE 

qPCR kit (KAPA Biosystems, Waltham, Massachusetts 

USA) were used. GAPDH gene was used as 

endogenous control, with following primers: F: 5’-

GAAGGTGAAGGTCGGAGT-3’, R: 5’-

GAAGATGGTGATGGGATTTC-3’, probe: 5’-

GGCTGAGAACGGGAAGCTTG-3’. Real-time PCR 

was performed on an ABI 7500 Real-Time PCR System 

(Applied Biosystems, Waltham, Massachusetts USA). 

All experiments were performed in duplicate. Relative 

quantification analysis was performed by the 

comparative ddCT method, using median expression 

level of the healthy control group as calibrator for TNF-

α and IL-6 expression levels, and the HL-60 cell line as 

the calibrator for IRAK1 gene expression (SDS 

1.3.1.21, Applied Biosystems, Waltham, 

Massachusetts, USA). After initial denaturation which 

Table 1. Baseline and clinical characteristics of patients with tuberculosis. 

 TB patients (n = 33) TB male (n = 20) TB female (n = 13) Control (n = 10) 

Age 52.3 ± 17.6 51.4 ± 17.2 53.7 ± 18.8 53.6 ± 4.6 

Gender 
Male 20 (60.6%) 

NA NA 
5 (50%) 

Female 13 (39.4%) 5 (50%) 

TBC dg* 
DM- 10(30.3%) 4 (20.0) 6 (46.2) 

NA 
DM+ 23 (69.7%) 16 (80.0) 7 (53.8) 

Therapy duration 
< 2 month 28 (84.8%) 18 (90.0) 10 (76.9) 

NA 
> 2 month 5 (15.2%) 2 (10.0) 3 (23.1) 

Presence of cavitation 21 (63.6%) 13 (65.0) 8 (61.5) NA 

Anemia 12 (36.4%) 10 (50.0) 2 (15.4) NA 

Hypoxia 4 (12.1%) 2 (10.0) 2 (15.4) NA 

Weight loss 21 (63.6%) 14 (70.0) 7 (53.8) NA 

Recurrence of TB 
new 28 (84.9%) 16 (80.0) 12 (92.3) 

NA 
recidivism 5 (15.1%) 4 (20.0) 1 (7.7) 

Complication 7 (21.2%) 4 (20.0) 3 (23.1) NA 

*DM-Direct sputum smear microscopy; TB-Tuberculosis; TBC dg-tuberculosis diagnosis; NA-non applicable. 
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was performed according to manufacturer’s 

instructions, all reactions were done at 95°C/15s; 60°C/ 

1min for 40 cycles. We did not measure serum 

concentrations of these cytokines. 

 

Statistical analysis 

Data are analyzed by descriptive and analytic 

statistics. Testing between groups was performed using 

Mann-Whitney U test. Spearman`s rank-order 

correlation coefficient (r) was used to test relationships 

between variables. Differences were considered to be 

statistically significant when the p-value was less than 

0.05. Nominal data are presented as n (%). Numerical 

data were tested for normality of distribution (graphic 

and mathematical methods). According to normality of 

distribution, data were presented as means ± sd (for 

normally distributed data) or medians (25th-75th 

percentile) for skewed data. For graphic presentation, 

skewed data were log transformed. The figure 

parameters shown, like relative expression data, were 

analyzed using SPSS for Windows 20.0 software 

(SPSS, Inc, Chicago, IL, USA). 

 

Results 
Baseline and clinical characteristics of the patients 

are presented in Table 1. There was no difference 

regarding age and gender between the TBC and control 

groups (p = 0.717; p = 0.551). Most of our patients had 

been on anti-tuberculosis therapy for less than two 

months. More than 2/3 of patients had cavitation and 

weight loss. When we compared clinical characteristic 

between men and women, there was no difference with 

regard to age (p = 0.726), TBC diagnosis (p = 0.110), 

presence of cavitation (p = 0.840), days of therapy (p = 

0.306), hypoxia (p = 0.643), weight loss (p = 0.346), or 

recidivism (p = 0.335). There was a significantly higher 

frequency of anemia in men (p = 0.043). 

 

Figure 1. Relative expression levels of TNF-α, IL-6 and IRAK1 genes in TBC patients and healthy individuals. A) TNF-α; B) IL-6; C) 

IRAK1. Data are shown as box plots. The line inside the box represents the median. Each box represents the 25th to 75th percentiles of 

data. P values were calculated by Mann–Whitney U test. A p value of < 0.05 is taken to indicate statistical significance. 
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Expression level of TNF-α, IL-6 and IRAK1 genes  

When expression levels of TNF-α, IL-6 and IRAK1 

and genes of TBC patients were compared to those of 

the control group, statistically significant differences 

were observed for all the analyzed genes. The 

expression levels of TNF-α were median 2.51 (1.06-

13.47 vs median 0.96 (0.68-2.05); p = 0.038. For IL-6, 

the median was 33.91 (1.98-212.77) vs median 0.92 

(0.44-1.57); p = 0.012. (Figure 1 A, B). These two were 

thus higher in the TBC group. The levels of mRNA for 

the IRAK1 gene were median 0.17 (0.12-0.42) vs 

median 1.26 (0.34-2.30); p = 0.002, thus significantly 

lower in the TBC group compared to the control group 

(Figure 1 C). 

 

Comparison of expression levels of TNF-α, IL-6 and 

IRAK1 genes according to clinical characteristics of 

TBC patients 

We further analyzed the TNF-α, IL-6 and IRAK1 

gene expression in relation to to clinical characteristics. 

Expression of TNF-α gene was similar between men 

and women (median 1.0 (0.7-2.1) vs 2.5 (1.1-13.5), p = 

0.912). Analysis of TNF-α gene expression showed 

increased levels of TNF-α mRNA in patients with 

longer duration of therapy (>2 months) (median 14.79 

(13.47-34.59) compared to those with shorter therapy 

duration (< 2 months) (median 1.89 (0.96-9.19); this 

difference was statistically significant (p = 0.026). 

When different clinical parameters were analyzed, there 

was a significant difference between the groups of 

patients with and without anemia (median 14.79 (13.47-

34.59) vs median 1.89 (0.96-9.19); p = 0.026). (Figure 

1 D). 

When the levels of IL-6 gene were analyzed, we 

found a trend of increased expression in women as 

compared to men (median 33.9 (2.0-212.8) vs 0.9 (0.4-

1.6), p = 0.071), in patients with complications (median 

176.15 (68.74-583.45) vs 11.79 (0.44-187.35); p = 

0.074) and in patients without anemia (median 135.07 

(12.73 vs 0.61 (0.22-606.35); p = 0.056), but these 

differences did not reach statistical significance.  

Expression of the IRAK1 gene was similar between 

men and women (median 0.2 (0.1-0.9) vs 0.2 (0.1-0.4), 

p = 0.839). Expression levels of the IRAK1 gene were 

similar between patients with different days of therapy, 

anemia, hypoxia; no statistical significant difference 

was observed between these groups. 

 

Correlation of expression level of TNF-α, IL-6 and 

IRAK1 genes 

When we evaluated the expression of TNF-α, IL-6 

and IRAK1 genes in TBC patients, statistically 

significant positive correlation was observed between 

expression of the TNF-α and IL-6 genes (r = 0.776, p < 

0,001) (Figure 2). There was no correlation between 

expression of TNF-α and IRAK1 genes (r = 0.163, p = 

0.364), and IRAK1 and IL-6 (r = 0.027, p = 0.880). 

 

Discussion 
The respiratory tract is the main target of Mtb 

infection. Macrophages are responsible for intracellular 

killing of Mtb, but they also process and display antigen 

to lymphocytes and are therefore included in the 

effector phase of the specific immune response. At the 

same time, they are the principal target cells. After 

macrophages phagocytose Mtb, that leads to secretion 

of various cytokines, particularly proinflammatory 

cytokines, from the same macrophages and indirectly, 

of other immune cells. These cytokines are responsible 

for both the initial and the delayed expression of 

inflammation. Thus, an immune response against Mtb 

infection is mediated primarily by macrophages and T 

lymphocytes (delayed type hypersensitivity, or IV-T 

cell-mediated type) which plays a key role in the 

process of gaseous necrosis and formation of 

granulomas. The response causes tissue damage but at 

the same time, limits and localizes inflammation. 

Therefore, a better understanding of the interaction 

between Mtb and macrophages may contribute to the 

better control of TBC [15]. Despite this response, in 

early stages of the innate immune response, Mtb can 

avoid the macrophage defense functions and actively 

grow and replicate in the host [16]. In addition to 

Figure 2. Correlation between expression of TNF-α and IL-6 

genes. A strong positive correlation was observed between 

mRNA level of TNF-α and IL-6. Each symbol represents an 

individual TBC patient. The correlation 
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successfully avoiding phago-lysosomal degradation, 

Mtb can also inhibit the production of proinflammatory 

cytokines (TNF-α and IL-1), which can reduce the 

responses by infected cells facilitate survival within the 

cells [17]. The regulation of early immune responses by 

affecting the induction of proinflammatory cytokines is 

important for the outcome of disease [12,18]. 

It is well known that TNF-α has an important role 

in maintaining granulomas and protection of 

reactivation of latent TBC. 

Our results showed increased levels of TNF-α in 

PBMNs of TBC patients compared to healthy 

individuals. Moreover, there were increased levels of 

TNF-α in patients with longer therapy duration (> 2 

months) compared to those treated for less than two 

months. These results point to the significance of TNF-

α in the defense against mycobacteria. Previous studies 

have reported controversial results concerning the 

levels of TNF-α during antitubercular therapy. Tang et 

al., [19] and Portales-Pérez et al. [20] found decreased 

TNF-α levels in TBC patients after therapy. However, 

Moura et al. [21] did not observe significant differences 

in TNF-α levels after treatment. These studies in a 

certain way confirm the role of TNF-α in both the 

pathophysiology and the protective immunity against 

TBC.  

Both the anti-inflammatory and the 

proinflammatory roles of IL-6 could contribute to the 

pathogenesis of TBC [22]. Our results showed 

increased levels of IL-6 mRNA in the patient group 

compared to healthy subjects. Levels of IL-6 were 

found to be somewhat increased in women compared to 

men, as well as in patients with complications and in 

patients without anemia, but these differences did not 

reach statistical significance. 

Mycobacterial components activate the NF-kB 

signaling pathway, leading to miRNA expression. The 

activity of various miRNAs, resulting in the production 

of a number of cytokines, depends on level of 

transcription. Expression of negative control factors 

may be initiated by activation of the IL-1 receptor (IL-

1R), working on the principle of negative feedback. 

There are regulatory mechanisms working to inhibit IL-

1R at all levels of the transmission signal. Thus, control 

by miRNA146a,targeting its downstream molecules 

such as IRAK1, can limit the extent of the inflammatory 

reaction [15] and may be switched off when there is no 

infection. This system could, on the one hand, avoid the 

additional damage caused by excessive immune 

responses; on the other hand, it could also be utilized by 

mycobacteria to facilitate their better replication [23]. 

The lower levels of IRAK1 found in our study support 

the strategy of Mtb to downregulate inflammatory 

processes in the granuloma, which is in concordance 

with other studies in which IRAK1 down-regulation 

robustly reduced inflammatory responses [24,25]. 

It has long been assumed that the central role of Th1 

cells in the defense against TBC is due to their ability 

to activate macrophages and to stimulate phagocytosis, 

the maturation of the phagosome, production of reactive 

nitrogen intermediates, and antigen presentation. The 

differentiation of Th17 and regulatory T cells (Treg) 

depends on the balance of IL-6, IL-1β and TGF-β. It is 

possible that there is involvement of IL-6 and IL-1β in 

Th17 and Treg cell differentiation. Therefore, further 

studies of IL-6 and IL-1β expression and activities may 

be needed to explain the interaction among these factors 

in TBC infection, pathogenesis and treatment [26,27]. 

 

Conclusion 
The results of our study suggests that TNF-α gene 

expression is an important indicator to evaluate both the 

severity of TBC and the clinical response to 

antitubercular drugs (DOTS) over a period of 

prescribed drug therapy. 
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