
University of Thi-QarJournal of Science (UTJsci) 
   E-ISSN:2709-0256,P-ISSN: 1991-8690 Vol. (10), No.1(Special Issue: ISCAMET), April 2023 

______________________________________________________________ 

Website: https://jsci.utq.edu.iq/index.php/main,  Email:utjsci@utq.edu.iq  https://doi.org/10.32792/utq/utjsci/v10i1(SI).1016 

158 

Studying the estimation levels of inflammatory 

markers and NF-κB in MDR and DS-TB patients  
 

Yassmeen A. Hussain 
Department of Medical LabTechnology, 

College of Health and Medical 

Technology, Southern Technical 
University, 

Basra/Iraq 

yassmenalsayamer@gmail.com 

 Khairallah A. S. Mohammed 
Department of Medical LabTechnology, 

College of Health and Medical 

Technology, Southern Technical 
University, 

Basra/Iraq 

dr.kmohammed@stu.edu.iq 

 Naael H. Ali  

College of Medicine, University of 

Basra 

Basra/Iraq 

naael.ali@uobasrah.edu.iq 

Abstract— Tuberculosis (TB) is one of the most infectious and 

deadly diseases, especially after the emergence of drug-

resistant bacteria. Therefore, in this study, we developed a 

method to evaluate the ability of using CXCL10, CXCL9, 

MMP9, suPAR and the expression gene (NF-κB) and their 

rolesin the diagnosis and treatment of the disease in patients. 

Also, we used ELISA and qPCR techniques to compare the 

serum levels of CXCL10, CXCL9, MMP9, suPAR and NF-κB 

gene in drug resistant and drug sensitive TB. The serum levels 

of CXCL10, CXCL9, MMP9, suPAR and the expression of NF-

κB gene was compared among drug resistant and drug 

sensitive TB using ELISA and qPCR Techniques, respectively. 

Our results showed an increasing in the serum levels of   

CXCL10, CXCL9 and suPAR, in the drug resistant of TB 

patients but not in the drug sensitive group, however, all of 

them did not reach the significant level, it was found that 

expression of NF-κB in drug sensitive group was higher (3.22-

fold) than that in the drug resistant-TB patients (2.70-fold). 
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I.INTRODUCTION  

Tuberculosis is an infectious disease that considers one of 

the top leading causes of mortality in the whole world.  

(Annabel et al., 2019). Itcaused by Mycobacterium 

tuberculosis, which Robert Koch initially identified in 1882 

(Marjanovic et al., 2010; Cole, 1999).Mycobacterium 

tuberculosis is a tiny, weakly gram-positive bacillus with a 

waxy, thick, and strong cell wall that renders it hydrophobic 

by nature (Grzegorzewicz et al., 2016). 

The resistant of tuberculosis to drug considers dangerous 

globally because of the difficulty to control the disease.. In 

2014, MDR-TB (multidrug-resistant tuberculosis) caused 

190,000. The majority of second-line medications were 

found to be ineffective for about 30% of Multi-Drug 

Resistant-Tuberculosis (MDR-TB) patients. Because of the 

high mortality rate (40%) and low diagnosis rate, the 

prevalence rate ofDrug Resistant-Tuberculosis (DR- 

TB)was only 4.9% of the reported TB patients reportedlow. 

Only 4.9% of the reported TB patientsreported underwent 

medication resistance testing in 2009.In 2015, the 

percentage increased to 30% (Nimmo etal., 2017).In all 

types ofTuberculosis infections, chemokines and cytokines 

playimportantof functions in proliferation, 

migration,mediating innate immunity, 

angiogenesis,inflammation of cells. (Domingo-Gonzalez et 

al., 2016; Torraca et al., 2017). Inactual, 

innatechemokine/cytokine pathways play importantroles in 

dominant primary infection and in helpingadaptation 

immune responses (Cooper et al., 2011). However, anti- the 

balanced activation between pro- and inflammatory 

cytokines/chemokines is critical for increasing effective host 

resistance against Mycobacterium tuberculosisinfection 

(Cooper et al., 2011; Domingo Gonzalez et al., 2016). 

Sothat the immune system is amongst the maximum vital 

inner                                                                                                                              

danger elements (Ali et al., 2021).Nuclear factor kappa 

B(NF-κB) activation controls the transcription of the 

majority of genes encoding pro-inflammatory cytokines 

(Gilmore, 2006). The stimulation of several inflammatory 

genes in response to diverse infections and inflammatory 

cytokines depends on Nuclear factor kappa B (NF-κB), a 

major mediator of inflammation. One such cytokine is 

tumor necrosis factor-α (TNF-α), a crucial regulator of 

human defenses against infection, particularly against the 

tuberculosis-causing bacteria Mycobacterium tuberculosis 

(MTB). TNF-α influences the immune response to MTB 

through a variety of mechanisms, such as inducing 

macrophage activation to effectively kill bacteria (Gutierrez 

et al., 2008) inducing chemokine and cytokine expression 

(Algood et al., 2003), and inducing apoptosis (Keane et al., 

2002).  Because of these activities, which are controlled by 

the NF-κB signaling pathway, TNF-α is essential for 

limiting bacterial development in granulomas, lung-based 

bacterial and immune cell aggregations (Davis & 

Ramakrishnan, 2008) Therefore, the management of 

intracellular NF-κB signaling dynamics may be essential for 

preventing MTB infection. The TNF-induced NF-κB 

signaling pathway is key to the MTB immune response.  
The current study based on the immunological biomarkers 
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TABLE (1) PCR PRIMERS FOR AMPLIFICATION THE  GENE 
ENCODE NF-ΚB 

 

 and their levels in(Multidrug resistant) MDR and Drug 

Sensitive (DS)tuberculosis patients(under treatment 

patients) andused previous studies that demonstrated the 

importance of these immune indicators in follow up 

patient’s response for treatment. We debated here some 

chemokines and immune indicators that tuberculosis 

patients (under treatment) display in resisting the disease as 

one of the defenses of the immune system. We also intended 

to study the control of NF-κB on these biomarkers and their 

concentrations in the patients’ bodies. 

 
II. MATERIALS AND METHODS 

A. Samples Collection  

Samples of blood were collected from pulmonary 
tuberculosis patients in the Advisory Clinic for Chest 
Disease and Respiratory (ACCDR), the only health center 

TABLE (2) LEVELS OF INFLAMMATORY MARKERS IN SERUM 
INUNDER TREATMENT TB PATIENTS’GROUPS. 

* Kruskal Wallis Test. 

that deals with TB patients in Basra province, from January 
2022 to May 2022.Thirty patientswere recruited in this 
study. The consent form was obtained from each 
participant.Treated patients were selected from TB patients 
who already diagnosed and had taken their treatment for 
more than three months.    

B. Assessment of immunological markers in serum 

The levels of four inflammatory markers in serum were 
evaluated by using ELISA (Enzyme–linked Immunosorbent 
assay) with specific commercial kits as following: CXCL10, 
CXCL9, MMP-9 and suPAR (Sunlong Biotech, China) all 
the ELISA procedures were carried out according to 
manufacture instructions. 

C. RNA Extraction 

The ribonucleic acid (RNA) was extracted from blood by 
using Kit GENE ZO "Tri RNA pure Kit (Geneaid, Taiwan) 
according to the manufacture’s guideline. Nanodrop 
spectrophotometer was used to determine the concentration 
and the purity of extracted RNA.  The extracted RNA was 
used as template and subjected to reverse transcription 
process by the first conversion of RNA that was used as a 
template to synthesize complementary DNA (cDNA) by 
transcription enzyme.  

  The analysis of gene expression of NF-κB was performed 
by using a real time PCR machine (Applied Biosystem, 
USA). The reaction tube contained (10µl of GoTaq® qPCR 
Master Mix with SYBR® Green (Promega, USA), sample 
cDNA (2µl), forward primer (1µl), revers primer (1µl) and 
Nuclease-free-water (6µl)) a total of 20µL. Two sets of 
specific primers were used to amplify the NF-κB and 
reference gene (GAP-DH). The primers synthesized by 
OriGene Company (USA) table (1). The program of 
thermocycle machine was set first at 95°C for 1 minute, then  
95°C for 15 seconds with 40 cycles. After that, it was set at 
55-63°C for 1 minutes and at 95°C for 15 seconds. The 
quantity of NF-κB expression in the blood was determined 
as units relative to the quantity of GAP-DH expression 
which was calculated using ΔΔCT formula (Livak & 
Schmittgen, 2001). 

 D. Statistical analysis 

 For the purpose of statistical analysis, the Statistical 

Package for the Social Sciences (SPSS) versionsnumber 24 

was used. To describe quantitative data, the mean standard 

deviation, median and minimum- maximum values were 

calculated. For the description of qualitative data, absolute 

numbers with percentage were used. Normality of 

distribution was tested using appropriate tests including 

Kruskal Wallis and Mann Whitney tests. Any probability 

value of < 0.05 was considered significant. 

III. RESULTS 

A. Comparison of Inflammatory markers levels 

between MDR and DS TB patients 

As shown in table (2), our results showed an increasing in 

the serum levels of   CXCL10, CXCL9 and suPAR in drug 

resistant TB patients when compared with responding 

group, but none of them reached the significant level. 
 

B. Comparison the expression of NF-κB in two groups 

(MDR and DS-TB patients) 

The current resultsthat the expression of NF-κB in 
responding group was higher (3.22-fold change) in than the 
drug resistant-TB patients (2.70-fold change) (table 3). 

 

 

Gene Primer Sequence (5' to 3') Reference 

NF-kB Forward GCAGCACTACTTCTTGACC
ACC 

Ref:  

(Zhao & 
Erle,2018) 

 

Reverse TCTGCTCCTGAGCATTGAC
GTC 

GAP-
DH 

Forward TTCCAATATGATTCCACCC
A 

Reverse GATCTCGCTCCTGGAAGA
TG 

Inflammat
ory 

markers 

 

Under treatment TB 
Patients 

Healthy 
people 

 

P. 
value

* 
DS-TB 
patients 

N= (16) 

Median 
(Mini-
Maxi) 

MDR-TB 
patients 

N= (14) 

Median 
(Mini-
Maxi) 

N= (30) 

Median 
(Mini-
Maxi) 

CXCL10 
(pg/ml) 

14.75(11.53
-28.68) 

15.14(11.53
-30.12) 

19.07(0.96-
25.68) 0.755 

CXCL9 
(ng/ml) 

3.15 (1.40– 
4.65) 

3.07(1.92 – 
6.51) 

2.89(0.68-
7.00) 0.547 

MMP-9 
(ng/ml) 

18.97(10.00
-39.60) 

21.80(11.65
-37.00) 

20.70(0.88-
53.95) 

0.318 

suPAR 
(pg/ml) 

87.94(44.92
– 158.37) 

89.66(26.64
– 167.51) 

80.71(6.09-
226.14) 0.575 
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TABLE (3) NF- ΚB GENE EXPRESSION IN UNDER TREATMENT TB 
PATIENTS ACCORDING TO THEIR DRUG RESISTANCE. 

 

 

 

 

 

 

*Kruskal Wallis Test 

IV.  DISCUSSION 

Monitoring TB treatment response is very valuable and 
important in making clinical decision. It wasreported that 
the host immune markers play significant roles 
indevelopment or reduce and control TB infection, so they 
may be important in monitoring the extent of disease 
development or recovery(de Martino et al., 2019). The 
available methods were not fully adequate in detection and 
monitoring TB treatment. GeneXpert, for example, can 
detects Mycobacterium tuberculosis genome regardless dead 
or live bacilli found in clinical sample. Additionally, it is not 
available low- income countries (Li et 
al.,2017).Immunological markers base techniques are 
capable to provide more reliable method to follow up the 
prognosis and monitoring the treatment of TB. Based on 
may the previous studies, which showed the roles of   
CXCL10, CXCL9, MMP-9, suPAR in the pathology of TB 
disease, we selected these immune markers to study their 
roles in the prognosis of TB in drug-resistant-Pulmonary 
Tuberculosis (DR-PTB) and drug sensitive-Pulmonary 
Tuberculosis (DS-PTB) (Brahmbhatt et al., 2006; Djoba 
Siawaya et al., 2009; Adekambi et al., 2015). According to 
the results shown by the current study regarding the two 
participatedgroups of patients, the DR-PTB and DS-PTB, 
the levels of the tested immune markers were relatively 
higher in drug-resistant patients than in the drug sensitive 
group. 

However, none of these differences reached the significant 
level. This could be due to several reasons. One of these 
reasons might be the condition of the pathological process in 
the treated patients. in general, due to the granulomas and 
sputum from big cavities both contain latent foci where 
bacteria may be able to persist (Ojha et al., 2008). 

      For example, suPAR level is relatively steadily 

maintained in the serum of relapse TB patients, according to 

the previous study's findings (Mardining Raras et al., 2012). 

A tiny percentage of Mycobacterium tuberculosis in the 

macrophages of tuberculosis relapse patients survives first-

line anti-tuberculosis therapy, survives for an undetermined 

period of time, then reemerges following 

immunosuppression of host, according to one hypothesis 

(Wayne & Sohaskey, 2001). Furthermore, this could be due 

to the small sample size wasused in this study. Despite of 

the non-significant results obtained in this study, but the 

increasingin the serum levels of the investigated 

immunomarkers in MDR TB patients in comparing with DS 

TB patients suggests further study using more sensitive 

method and large samples size to verify the importance of 

these immunomarkers in differentiating Multidrug resistant 

tuberculosis patients.   

      In an attempt to know the response of DR patients in 

tuberculosis, the NF-κB gene expression level was 

evaluated and compared with the rest of the DS patients, and 

its level was lower (2.70-fold change) in DR patients than 

DS patients (3.22-fold change).  

      The reason of decreasing NF-κB gene expression in DR 

patientsmay be due to the intensive treatment in MDR 

patients, especially with the presence of new drugs that have 

shown their high efficacy in reducing inflammation and a 

noticeable immune response. Where some drugs have 

proven effective in inhibiting NF-κB, as was observed in a 

previous study (Shree et al., 2016) where they proved that 

Clofazimine, a medication used to treat TB cases who have 

developed extensive drug resistance and multidrug 

resistance. It was believed to successfully restore the 

antimycobacterial cellular response, reinforcing the theory 

that M. tuberculosis directly inhibits NF-κB activation to 

suppress host resistance. 

Both the NLRP3 inflammasome and the NF-κB pathway 

may serve as crucial targets for the development of 

innovative treatments to treat Mycobacterium 

tuberculosisinfection when combined with the processes 

involved in inflammatory signaling pathways. The 

inhibition of NLRP3 inflammasome and NF-κB signaling 

pathway by MCL may participate to its anti-inflammatory 

role during Mycobacterium tuberculosis infection (Zhang, 

Jiang, et al., 2017). Bai et al., (Bai, et al.,2013) found that 

the NFκB inhibition involved in decreasing the viability of 

intracellular MTB in human macrophages through 

prompting the apoptosis and autophagy. 

However, decreasing the expression of NF-κB in MDR 

patients’ needs for further immunological and molecular 

studiesto clarified and understood. 

 

V. ACKNOWLEDGMENT 
 All the authors extend their sincere thanks to the entire 

staff of the Advisory Clinic for Chest Diseases and 
Respiratory, Ms. Zahra Haeder for her assistance in the 
molecular analysis and to Prof. Dr.  Alaa Hussain Abid for 
his assistance in the statistical analysis of research data. 

REFERENCES 

Adekambi, T., Ibegbu, C. C., Cagle, S., Kalokhe, 

A. S., Wang, Y. F., Hu, Y., Day, C. L., Ray, S. M., & 

Rengarajan, J. (2015). Biomarkers on patient T cells 

diagnose active tuberculosis and monitor treatment 

response. Journal of Clinical Investigation, 125(5), 1827–

1838. https://doi.org/10.1172/jci77990 

 

Algood, H. M. Scott., Chan, J., & Flynn, J. L. 

(2003). Chemokines and tuberculosis. Cytokine & Growth 

Factor Reviews, 14(6), 467–477. 

https://doi.org/10.1016/s1359-6101(03)00054-6 

 

Ali, Z. A., Mankhi, A. A., & Ad’hiah, A. H. 

(2021). Significance of the chemokine CXCL10 and human 

beta-defensin-3 as biomarkers of pulmonary tuberculosis. 

Tuberculosis, 128, 102078. 

https://doi.org/10.1016/j.tube.2021.102078 

 

Under 
treatment TB 
Patients 

NF-κB gene expression 
(fold) 

Median (Mini-Maxi) 

P. value* 

MDR 2.70 (0.25 – 41.61) 

1.000 

DS-TB 3.22 (0.009 – 50.52) 



161 

 

Annabel, B., Anna, D., & Hannah, M. (2019). 

Global tuberculosis report 2019. Geneva: World Health 

Organization, 7-9. 

 

Bai, X., Feldman, N. E., Chmura, K., Ovrutsky, 

A. R., Su, W. L., Griffin, L., ... & Chan, E. D. (2013). 
Inhibition of nuclear factor-kappa B activation decreases 

survival of Mycobacterium tuberculosis in human 

macrophages. PloS one, 8(4), e61925. 

 

Brahmbhatt, S., Black, G. F., Carroll, N. M., 

Beyers, N., Salker, F., Kidd, M., Lukey, P. T., Duncan, 

K., Van Helden, P., & Walzl, G. (2006). Immune markers 

measured before treatment predict outcome of intensive 

phase tuberculosis therapy. Clinical and Experimental 

Immunology, 146(2), 243–252. 

https://doi.org/10.1111/j.1365-2249.2006.03211.x 

 

Cole, S. T. (1999). Learning from the genome 

sequence of Mycobacterium tuberculosis H37Rv. FEBS 

letters, 452(1-2), 7-10. 

 

Cooper, A. M., Mayer-Barber, K. D., & Sher, A. 

(2011). Role of innate cytokines in mycobacterial infection. 

Mucosal Immunology, 4(3), 252–260. 

https://doi.org/10.1038/mi.2011.13 

 

Davis, J. M., & Ramakrishnan, L. (2008). “The 

Very Pulse of the Machine”: The Tuberculous Granuloma in 

Motion. Immunity, 28(2), 146–148. 

https://doi.org/10.1016/j.immuni.2008.01.002 

 

de Martino, M., Lodi, L., Galli, L., & Chiappini, 

E. (2019). Immune Response to Mycobacterium 

tuberculosis: A Narrative Review. Frontiers in Pediatrics, 7, 

350. https://doi.org/10.3389/fped.2019.00350 

 

Djoba Siawaya, J. F., Beyers, N., Van Helden, P., 

& Walzl, G. (2009). Differential cytokine secretion and 

early treatment response in patients with pulmonary 

tuberculosis. Clinical and Experimental Immunology, 

156(1), 69–77. https://doi.org/10.1111/j.1365-

2249.2009.03875.x 

 

Domingo-Gonzalez, R., Prince, O., Cooper, A., & 

Khader, S. A. (2016). Cytokines and Chemokines in 

Mycobacterium tuberculosis Infection. Microbiology 

Spectrum, 4(5), 10.1128/microbiolspec.TBTB2-00182016. 

https://doi.org/10.1128/microbiolspec.TBTB2-0018-2016 

 

Gilmore, T. D. (2006). Introduction to NF-κB: 

players, pathways, perspectives. Oncogene, 25(51), 6680–

6684. https://doi.org/10.1038/sj.onc.1209954 

 

Grzegorzewicz, A. E., De Sousa-D'Auria, C., 

McNeil, M. R., Huc-Claustre, E., Jones, V., Petit, C., ... 

& Jackson, M. (2016). Assembling of the Mycobacterium 

tuberculosis cell wall core. Journal of Biological Chemistry, 

291(36), 18867-18879. 

 

Gutierrez, M. G., Mishra, B. B., Jordao, L., 

Elliott, E., Anes, E., & Griffiths, G. (2008). NF-κB 

Activation Controls Phagolysosome Fusion-Mediated 

Killing of Mycobacteria by Macrophages. The Journal of 

Immunology, 181(4), 2651–2663. 

https://doi.org/10.4049/jimmunol.181.4.2651 

 

Keane, J., Shurtleff, B., & Kornfeld, H. (2002). 
TNF-dependent BALB/c murine macrophage apoptosis 

following Mycobacterium tuberculosis infection inhibits 

bacillary growth in an IFN-γ independent manner. 

Tuberculosis, 82(2-3), 55–61. 

https://doi.org/10.1054/tube.2002.0322 

 

Li, S., Liu, B., Peng, M., Chen, M., Yin, W., Tang, 

H., Luo, Y., Hu, P., & Ren, H. (2017). Diagnostic accuracy 

of Xpert MTB/RIF for tuberculosis detection in different 

regions with different endemic burden: A systematic review 

and meta-analysis. PLOS ONE, 12(7), e0180725. 

https://doi.org/10.1371/journal.pone.0180725 

 

Livak, K. J., & Schmittgen, T. D. (2001). Analysis 

of relative gene expression data using real-time quantitative 

PCR and the 2− ΔΔCT method. methods, 25(4), 402-408 

 

Mardining Raras, T. Y., Astuti, T., & Noor 

Chozin, I. (2012). Soluble Urokinase Plasminogen 

Activator Receptor Levels in Tuberculosis Patients at High 

Risk for Multidrug Resistance. Tuberculosis Research and 

Treatment, 2012, 1–5. https://doi.org/10.1155/2012/240132 

 

Marjanovic, O., Miyata, T., Goodridge, A., 

Kendall, L. V., & Riley, L. W. (2010). Mce2 operon 

mutant strain of Mycobacterium tuberculosis is attenuated in 

C57BL/6 mice. Tuberculosis, 90(1), 50-56. 

 

McHugh, T. D., ... & Breuer, J. (2017). Rapid 

identification of a Mycobacterium tuberculosis full genetic 

drug resistance profile through whole genome sequencing 

directly from sputum. International Journal of Infectious 

Diseases, 62, 44-46. 

Nimmo, C., Doyle, R., Burgess, C., Williams, R., 

Gorton, R.,  

 

Ojha, A. K., Baughn, A. D., Sambandan, D., Hsu, 

T., Trivelli, X., Guerardel, Y., ... & Hatfull, G. F. (2008). 
Growth of Mycobacterium tuberculosis biofilms containing 

free mycolic acids and harboring drug‐tolerant bacteria. 

Molecular microbiology, 69(1), 164-174. 

 

Shree, S., Singh, A. K., Saxena, R., Kumar, H.,  

Agarwal, A., Sharma, V. K., ... & Ramachandran, 

R. (2016). The M. tuberculosis HAD phosphatase 

(Rv3042c) interacts with host proteins and is inhibited by 

Clofazimine. Cellular and molecular life sciences, 73(17), 

 .3401-3417

 

Torraca, V., Tulotta, C., Snaar-Jagalska, B. E., & 

Meijer, A. H. (2017). The chemokine receptor CXCR4 

promotes granuloma formation by sustaining a 

mycobacteria-induced angiogenesis programmer. Scientific 

Reports, 7(1). https://doi.org/10.1038/srep45061 

 

https://doi.org/10.1038/sj.onc.1209954


162 

 

Wayne, L. G., & Sohaskey, C. D. (2001). 
Nonreplicating Persistence of Mycobacterium Tuberculosis. 

Annual Review of Microbiology, 55(1), 139–163. 

https://doi.org/10.1146/annurev.micro.55.1.139 

 

Zhang, Q., Jiang, X., He, W., Wei, K., Sun, J., 

Qin, X., Zheng, Y., & Jiang, X. (2017). MCL Plays an 

Anti-Inflammatory Role in Mycobacterium Tuberculosis-

Induced Immune Response by Inhibiting NF-κB and 

NLRP3 Inflammasome Activation. Mediators of 

Inflammation, 2017, 1–12. 

https://doi.org/10.1155/2017/2432904 

 

Zhao, W., & Erle, D. J. (2018). Widespread Effects 

of Chemokine 3′ Untranslated Regions on mRNA 

Degradation and Protein Production in Human Cells. The 

Journal of Immunology, 201(3), 1053-1061. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


