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INTRODUCTION

Chronic obstructive pulmonary disease  (COPD) is a 
serious and expanding cause of global mortality and 
morbidity with 3.2 million deaths in the year 2015, 
ranking it as the fourth commonest cause of mortality 
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Aim: Data about polymorphism in tumor necrosis factor‑alpha  (TNF‑α) and its serum levels in chronic obstructive 
pulmonary disease (COPD) are conflicting. We aimed to evaluate the association of TNF‑α‑308 G > A polymorphism 
in patients with COPD in Kashmir (North India), a high burden area and also determined the serum TNF‑α levels in 
these patients. Materials and Methods: One hundred spirometrically confirmed COPD patients and 163 controls 
resident from Kashmir valley (North India) were recruited. Genotyping of the promoter region of TNF‑α was carried out 
using polymerase chain reaction‑restriction fragment length polymorphism. The serum TNF‑α was quantified using the 
Cytometric Bead Array flex system by flow cytometry. Results were subjected to appropriate statistical treatment and 
P < 0.05 was considered statistically significant. Results: Ninety‑one COPD patients (91%) had G/G (wild homozygous) 
genotype and nine patients (9%) had G/A (heterozygous) genotype. Among the control population, 150 (92%) had G/G 
genotype and 13 (8%) had G/A genotype. The variant allele “A” was not detected in either of the two groups. Serum 
levels of TNF‑α were significantly higher in patients compared to control group (8.0 ± 10.1 pg/ml vs. 3.3 ± 0.42 pg/ml, 
respectively, P = 0.0001). Conclusion: While serum levels of TNF‑α are higher in COPD patients compared to the controls, 
there was no difference in the prevalence of TNF‑α‑308 polymorphism in the ethnic Kashmiri population with COPD.
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worldwide.[1] COPD is marked by continuous irreversible 
airflow restriction, which is associated with an unusual 
inflammatory reaction of lungs to toxic gases or particles.[2] 
Although cigarette smoking is considered to be the most 
important environmental risk factor for developing 
COPD, only 10%–15% of cigarette smokers develop acute 
impairment related to COPD.[3] Regardless of the large 
amount of published work, the elements determining 
disease progression and vulnerability remain poorly 
understood.

The prevalence of COPD has increased by 44.3% globally 
in the past 25 years.[1] India shoulders a disproportionate 
burden of COPD, and the number of cases of COPD in 
India increased from 28.1 million in 1990 to 55.3 million 
in 2016.[4] In a recent Burden of lung disease study, we 
have reported the prevalence of chronic airflow limitation 
in Kashmir to be 17.3% in males and 14.8% in females.[5] 
The disease is punctuated with exacerbations and we 
have recently reported that acute exacerbations of COPD 
are associated with substantial cost to the patient and the 
exchequer.[6]

Genetic predisposition has been implicated in the 
causation of COPD, and even as the exact nature of the 
genetic impact remains unclear, evidence suggests that 
inflammation of large and small airways as a reaction 
of exposure to inhaled gases/particles is essential in the 
pathogenesis of COPD.[7] Deficiency of alpha-1 antitrypsin 
is recognized as one of the prominent genetic risk factors 
for COPD; however, such cases are reported to represent 
just 1%–2%.[8] Various studies have been performed to 
recognize genetic factors and till date almost 25 unique 
candidate genes have been shown to be variably associated 
with COPD.[9]

Tumour necrosis factor-α  (TNF‑α) is a pleiotropic 
pro-inflammatory cytokine mainly released by 
activated macrophages.[10] TNF-α plays a vital role 
in various cellular processes including proliferation, 
inflammation, differentiation, apoptosis, etc.[11-13] A 
biallelic single-nucleotide polymorphism in the promoter 
region at position 308 upstream of the transcription 
start site of TNF-α where nucleotide guanine  (G) is 
substituted by adenine  (A). Even as a large number of 
studies have been carried out to study the relationship of 
COPD risk and TNF-α polymorphism, the findings have 
been conflicting.[14] A meta-analysis of 24 investigations 
demonstrated that TNF-α-308 polymorphism is related 
with an increased hazard of COPD in the Asian population; 
however, this association is not significant among 
Caucasians.[14] Several investigations have found elevated 
levels of TNF-α in bronchial biopsies, induced sputum, 
and bronchoalveolar lavage fluids of COPD patients 
compared to healthy smokers.[15-17] In an experiment on 
mice models, overproduction of TNF-α led to inflammation 
and pulmonary emphysema[18] and is assumed to cause 
70% of emphysema and inflammation-induced due to 
cigarette smoke.[19]

The Kashmir region of North India has reported a high 
burden of COPD.[5] The population also has a distinct 
ethnic character as reported earlier by us with the genetic 
admixture characterized by mixing of the European and 
North Indian DNA.[20] While there is a high prevalence of 
smoking in the studied populations and also a high level 
of exposure to biomass fuels exists, an inquiry into the 
possible genetic determinants leading to a high burden of 
COPD is mandated. The present study has been designed 
to study the association of TNF-α polymorphism in COPD 
patients and also determine any alterations of the serum 
levels of TNF-α among such patients.

MATERIALS AND METHODS

Study population
A case–control study was conducted during the years 
2016–2019 in Sheri Kashmir Institute of Medical 
Sciences  (SKIMS), an 850‑bedded tertiary care cum 
referral center located in Srinagar, the summer capital of 
the northern Indian state of Jammu and Kashmir. A total 
of 100 patients (68 males, median age = 70 years) with 
spirometrically defined COPD and 163 controls  (with 
normal spirometry, 111 males, median age = 65 years) 
were randomly selected and included in the study. COPD 
was defined according to the global initiative for chronic 
obstructive lung disease with a postbronchodilator forced 
expiratory volume in 1 sec/forced vital capacity ratio 
of <0.7.[21] The inclusion criteria were: Patients suffering 
from COPD and confirmed by spirometry, patients 
aged >40 years of age and who had at least smoked one 
cigarette/day for 1 year. A current smoker was defined as a 
person who had smoked 100 cigarettes in his/her lifetime 
and who currently smokes. A  nonsmoker was defined 
as a person who had smoked <100 cigarettes in his/her 
lifetime. The criteria for exclusion from the study among 
COPD group were patients with lung cancer, asthma, or 
pulmonary tuberculosis.

Data collection
A structured questionnaire was designed to collect 
the patient information. The information pertinent to 
the investigation concerning all the patients including 
demographic information, smoking history, clinical 
parameters, blood investigation reports, and spirometry 
data was obtained from the patients’ medical records.

Sample preparation and genomic DNA extraction
A volume of 5–6  ml of venous blood was obtained 
by phlebotomy, of which 2  ml was transferred in 
ethylenediaminetetraacetic acid vacutainers for genotyping 
and the remaining was put into a serum clot activator vial 
for cytokine serum measurement. The blood samples 
for genotyping were stored at  −80°C until processing 
and analysis. Genomic DNA was extracted from blood 
using QIAGEN blood mini kit (Qiagen, Germany) using 
the manufacturer’s instructions. Extracted DNA samples 
were stored at −20°C until used. The quantitative and 
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qualitative analysis of the extracted DNA was carried 
out by measuring the absorbance at 260 nm and 280 nm 
using a UV‑visible spectrophotometer (Nanodrop, Applied 
Biosystems, USA) and also by agarose gel electrophoresis.

Genotyping of tumor necrosis factor‑α‑308
Genotyping of TNF-α (‑308 G >A) was done by polymerase 
chain reaction (PCR) using Veriti thermocycler (supplied 
by  Appl ied  B iosys tems) .  Pr imers  sequences 
5’‑AGGCAATAGGTTTTGAGGGCCAT‑3’  (forward) and 
5’‑TCCTCCCTGCTCCGATTCCG‑3’ (reverse) were utilized 
to amplify the 107 base pair fragment of TNF-α carrying 
the ‑308 variable nucleotide. The amplification reaction 
was carried out in a final volume of 25 µl containing 10 pmol 
each of forward and reverse primer (Sigma technologies), 
100–200 ng of genomic DNA, 2 mM MgCl2, 200uM each 
of deoxyribonucleoside triphosphate  (dNTPS, Thermo 
Fischer Scientific), 1 U of DNA polymerase  (Biotools, 
Spain), ×10 DNA polymerase reaction buffer and 
nuclease‑free water (Applied biosystems, USA) to make 
the final volume upto 25 µl.

The PCR reaction conditions for amplification of 107 base 
pair region were as follows: Initial denaturation of 95°C for 
5 min followed by 30 cycles of denaturation at 95°C for 
30 s, annealing at 63°C for 30 s and extension of 72°C for 
30 s, followed by a final extension at 72°C for 10 min. PCR 
products were digested using the restriction endonuclease 
NCoI  (New England Biolabs, UK) in a 30 µl reaction 
volume containing 10 U of restriction enzyme and 10 µl of 
PCR product, incubated overnight at 37°C. On digestion, 
the digested products were subjected to separation using 
electrophoresis in 3.5%–4% agarose  (Thermo Fischer 
Scientific). TNF1 (wild) allele digests into two fragments 
87 bp and 20 bp, whereas TNF2 (variant) allele remains 
undigested and produces a single fragment of 107  bp. 
TNF1/2 (heterozygous) allele produces three fragments, 
i.e., 107 bp, 87 bp, and 20 bp.

The determination of serum tumor necrosis factor‑α level
The serum concentration of TNF-α was determined 
using a flow cytometry‑based array  (BD) following 
the manufacturer’s protocol. Briefly, 100 µl of serum 
sample from each group was incubated using capture 
beads against TNF-α for 1 h at room temperature. It was 
followed by incubation using detection reagent for 2 h at 
room temperature. The beads were centrifuged at 200 g 
for 5 min at room temperature and resuspended in 200 
µL of wash buffer. Data acquisition was performed on BD 
fluorescence-activated cell sorting verse and analyzed 
using the FCAP   Array software (Soft Flow Hungary 
Ltd). Concentration was obtained using a standard curve 
generated using recombinant TNF-α provided in the kit, 
following the above-mentioned protocol.

Statistical analysis
SPSS software  (version  21.0, SSPS Inc., Chicago, 
USA) was used for data analyses. For each categorical 
variable, percentage, and numbers were presented along 

with median and interquartile range. Demographic 
characteristics and parameters were compared using the 
student’s t-test or Mann–Whitney U-test for the continuous 
variables, where appropriate. The allelic distribution and 
comparison of genotyping between patients and controls 
were analyzed by the Chi-square test. Differences were 
considered statistically significant when P < 0.05.

A written consent for participation was obtained from 
all participants. The study protocol was approved by 
the Institute Ethics Committee (IEC/SKIMS‑PROTOCOL 
#24/2014).

RESULTS

The patient group (n = 100) constituted of 68 males 
and 32  females. The mean age among the cases 
was 68.3  years  (media n  =  70  years; interquartile 
range  [IQR] 64.5–75  years), whereas the controls 
consisted of 111 males and 52 females with a mean age of 
63.8 years (media n = 65 years IQR 58–70 years). With 
respect to the smoking status, the patient group included 
85 smokers and 15 nonsmokers. Of the 85 smokers, 
12  patients were exclusive cigarette smokers, 48 were 
exclusive hookah smokers, and 25 were both cigarette and 
hookah smokers. There was no significant difference in 
the pack‑year history among cases and controls (20.4 vs. 
18.7, P = 0.445). Of the 32 (32%) females recruited in 
the COPD group, 13 reported exposures to the biomass 
fuel for at least 10–20 years, mostly for domestic cooking 
purposes. The characteristics of the case group and the 
control group are summarized in Table 1.

The genotype frequencies of TNF-α‑308 G >A polymorphism 
among the cases and controls were found to be in concurrence 
with Hardy–Weinberg equilibrium (cases: χ2  =  0.22; 
P = 0.63 and controls: χ2 = 0.281; P = 0.595). Ninety‑one 
COPD patients (91%) had G/G (wild homozygous) genotype 

Table 1: Demographics characteristics of chronic 
obstructive pulmonary disease patients and healthy 
controls
Characteristics COPD patients 

(n=100)
Controls 
(n=163)

P

Age	(years),	mean±SD 68.3±8.9 63.8±11.6 0.001*
Age,	median	(range) 70	(42-90) 65	(40-95)
Gender,	n	(%)
Male 68	(68) 111	(68) 0.986
Female 32	(32) 52	(32)

Dwelling,	n	(%)
Rural 61	(61) 113	(69.3) 0.166
Urban 39	(39) 50	(30.6)

Smoking	status,	n	(%)
Smokers 85	(85) 79	(48.4) <0.05*
Nonsmokers 15	(15) 84	(51.6)

Pack	(years),	mean±SD 20.4±20.3 18.7±15.6 0.445
BMI	(kg/m2),	mean±SD 21.1±3.93 24.4±3.54 0.0001*
TNF-α	serum	level	(pg/ml),	mean±SD 8.0±10.1 3.3±0.42 0.0001*

COPD: Chronic obstructive pulmonary disease, SD: Standard deviation, 
BMI: Body mass index, TNF‑α: Tumor necrosis factor‑alpha, *P < 0.05 
(statistical significance)
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and nine patients (9%) had G/A (heterozygous) genotype. 
Among the control population, 150 (92%) had G/G genotype 
and 13 (8%) had G/A genotype. A/A (variant) genotype 
was not determined in any of the groups and hence was 
absent in the study population. The overall association of 
TNF-α-308 polymorphism with the risk of developing COPD 
was determined to be statistically nonsignificant (P > 0.05)
[Table 2]. The frequency of the wild type “G” allele was 
similar in controls and cases (96% vs. 95.5%) and the 
frequency of the variant allele “A” was common in cases 
than in controls (4.5% vs. 3.9%).

Patients with COPD had significantly higher serum levels 
of TNF-α as compared to the controls (8.0 ± 10.1 ng/ml 
vs. 3.3 ± 0.42, P = 0.0001) [Figure 1]. When the serum 
TNF-α levels between GA and GG genotypes of cases versus 
controls were compared, we found that mean serum TNF-α 
levels were higher in both GA and GG genotype of cases as 
compared to controls [Figure 2], but the trend did not reach 
statistical significance. There was no statistical correlation 
between BMI and TNF-α when compared among cases and 
controls.

DISCUSSION

COPD is represented by chronic inflammation and 

oxidative stress. Cigarette smoke, air pollution, and 
reactive oxygen species (generated by inflammatory cells) 
are considered to be the source of oxidative stress emanated 
through inhaled noxious gases/particles. Increasing 
evidence propose a contributing role of genetic factors in 
COPD pathogenesis. TNF-α-308 polymorphism has been 
extensively studied for its possible role in various cancers 
and diseases.

Our data reveal that there was no difference in the 
frequency of G/G and G/A genotype among COPD patients 
and control group in the ethnic Kashmiri population. 
A/A, the variant genotype of TNF-α-308 was nonexistent 
in the study population. The frequency of ‑308A allele 
in our study was marginally higher in patients than in 
controls  (4.5  vs. 3.9%) which is in concordance with 
another study that was conducted in North India by  Shukla 
et al.[22] wherein they reported the presence of ‑308A allele 
to be higher in COPD patients than controls. There are a 
few case–control studies examining the relationship of 
TNF-α polymorphisms and the risk of COPD,[14] yet most 
of them[17,19,23-27] exhibited no relationship of TNF-α-308 
G/A with COPD. The frequencies of the TNF-α-308 G/A 
polymorphism in this investigation were congruous with 
the reports previously demonstrated in other studies.[28] 
A meta‑analysis by Zhan et al. revealed that there was a 
significant association of TNF-α-308 polymorphism with 
an increasing risk of COPD, and the ‑308A allele emerged 
as an important risk factor in COPD development among 
Asian population but not in Caucasian population.[14,29] 
However, we did not find the ‑308A allele in any of our 
patients or controls. Characteristic ethnic background[20] 
could have contributed to this finding which requires 
further corroboration by further studies.

Cigarette smoking is considered as a major etiological 
factor for the development and advancement of COPD. 
The risk of developing COPD among individuals with a 
comparative history of smoking might be unique owing 
to the genetic susceptibility and/or different lifestyle. 
Despite having a similar pack-year history of smoking 
among cases and controls (20.4 vs. 18.7), TNF‑α-308 gene 
polymorphism was not found to be a significant factor in 
the association of COPD in our patient population.

Serum levels of TNF-α were significantly higher 
in COPD patients as compared to the control 

Figure  1: Serum tumor necrosis factor‑α levels among chronic 
obstructive pulmonary disease patients and controls

Table 2: Distribution of genotype and allele frequencies 
of tumor necrosis factor‑alpha‑308 G>A among case and 
control population

COPD patients 
(n=100), n (%)

Controls 
(n=163), n (%)

OR (95% CI) P

Genotype
GG 91	(91) 150	(92) 1.0	(reference)
GA 9	(9) 13	(8) 1.14	(0.46-2.7) 0.82
AA 0 0
GA	+	AA 9	(9) 13	(7.9) 1.14	(0.46-2.7) 0.82

Allele
G 191	(95.5) 313	(96) 1.0	(reference)
A 9	(4.5) 13	(3.9) 1.13	(0.47-2.7) 0.77

ORs (95% CIs) were obtained from conditional logistic regression 
models. P values calculated using Chi‑square tests. n: Number of subjects 
or individuals, G: Guanine, A: Adenine, CIs: Confidence intervals, 
ORs: Odds ratios, COPD: Chronic obstructive pulmonary disease

Figure 2:  Mean serum TNF‑α levels. (a) Among cases and controls 
for GG genotype (b) Among cases and controls for GA genotype

ba
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population (P = 0.0001). Our results are in concordance 
with the outcomes reported by El-Shimy et al.[30] Various 
studies that have been conducted previously,[31-34] have 
also demonstrated elevated levels of TNF-α in serum 
samples of COPD patients as compared to the healthy 
counterparts. A recent study by Singh et al.[35] reported 
an elevated serum TNF-α levels in COPD patients when 
matched against healthy controls. Mitra et al.[36] studied 
30 tobacco smoking COPD patients and 20 tobacco 
smoking non-COPD patients and found statistically 
significant difference in TNF-α concentration among the 
study groups. In the present study, even though the mean 
serum concentrations of TNF-α were higher in wild (GG) 
and heterozygous genotype (GA) among COPD patients 
than control population, the association was statistically 
nonsignificant.

To the best of our knowledge, this is the first study 
reported on the association of TNF-α-308 polymorphism 
among COPD patients and controls from a similar ethnic 
background. The variant genotype was absent in both 
the study populations. Although the sample size was a 
limitation of the study, we believe that our results, the 
first for this unique ethnicity with a high COPD burden, 
would be useful for future investigations on larger samples 
regarding better understanding of the role of TNF-α and 
possible association with other candidate genes identified 
in different populations across the globe.

CONCLUSION

From the present investigation, it is established that the 
TNF-α-308G/A gene polymorphism is not associated 
with COPD. However, to ascertain whether TNF-α 
plays a role in the development of COPD, other TNF-α 
polymorphisms  (−376G/A, +489G/A and  −  238G/A) 
need to be studied. The limitation of the study was the 
smaller sample size and the impact of TNF-α-308G/A gene 
polymorphism in relation to impact on the inflammatory 
processes and susceptibility of COPD needs to be explored 
in a larger cohort. The circulating serum levels of TNF-α 
are significantly elevated in patients with COPD, which 
may be associated with the episodes of AECOPD and 
hence is not reliable to be used as a prognostic marker 
for COPD.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. GBD 2015 Chronic Respiratory Disease Collaborators. Global, regional, 
and national deaths, prevalence, disability‑adjusted life years, and years 
lived with disability for chronic obstructive pulmonary disease and 
asthma, 1990‑2015: A  systematic analysis for the Global Burden of 
Disease Study 2015. Lancet Respir Med 2017;5:691‑706.

2. Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS; GOLD 
Scientific Committee. Global strategy for the diagnosis, management, 
and prevention of chronic obstructive pulmonary disease. NHLBI/
WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
Workshop summary. Am J Respir Crit Care Med 2001;163:1256‑76.

3. Snider GL. Defining chronic obstructive pulmonary disease. In: 
Calverley P, Pride N, editors. Chronic Obstructive Pulmonary Disease. 
London, UK: Chapman and Hall; 1995. p. 1‑8.

4. India State‑Level Disease Burden Initiative CRD Collaborators. The 
burden of chronic respiratory diseases and their heterogeneity across the 
states of India: The Global Burden of Disease Study 1990‑2016. Lancet 
Glob Health 2018;6:e1363‑74.

5. Koul PA, Hakim NA, Malik SA, Khan UH, Patel J, Gnatiuc L, et  al. 
Prevalence of chronic airflow limitation in Kashmir, North India: Results 
from the BOLD study. Int J Tuberc Lung Dis 2016;20:1399‑404.

6. Koul PA, Nowshehr AA, Khan UH, Jan RA, Shah SU. Cost of severe 
chronic obstructive pulmonary disease exacerbations in a high burden 
region in North India. Ann Glob Health 2019;85(1):13.

7. Saetta M, Di Stefano A, Maestrelli P, Ferraresso A, Drigo R, Potena A, 
et al. Activated T‑lymphocytes and macrophages in bronchial mucosa 
of subjects with chronic bronchitis. Am Rev Respir Dis 1993;147:301‑6.

8. Koyama H, Geddes DM. Genes, oxidative stress, and the risk of chronic 
obstructive pulmonary disease. Thorax 1998;53 Suppl 2:S10‑4.

9. Molfino NA. Genetics of COPD. Chest 2004;125:1929‑40.
10. Schwabe RF, Brenner DA. Mechanisms of liver injury. TNF‑alpha‑induced 

liver injury: Role of IKK, JNK, and ROS pathways. Am J Physiol 
Gastrointest Liver Physiol 2006;290:G583‑9.

11. Aggarwal BB, Gupta SC, Kim JH. Historical perspectives on tumor 
necrosis factor and its superfamily: 25 years later, a golden journey. 
Blood 2012;119:651‑65.

12. Beutler B, Bazzoni F. TNF, apoptosis and autoimmunity: A common 
thread? Blood Cells Mol Dis 1998;24:216‑30.

13. Esposito E, Cuzzocrea S. TNF‑alpha as a therapeutic target in 
inflammatory diseases, ischemia‑reperfusion injury and trauma. Curr 
Med Chem 2009;16:3152‑67.

14. Zhan P, Wang J, Wei SZ, Qian Q, Qiu LX, Yu LK, et al. TNF‑308 gene 
polymorphism is associated with COPD risk among Asians: Meta‑analysis 
of data for 6,118 subjects. Mol Biol Rep 2011;38:219‑27.

15. Keatings VM, Collins PD, Scott DM, Barnes PJ. Differences in 
interleukin‑8 and tumor necrosis factor‑alpha in induced sputum from 
patients with chronic obstructive pulmonary disease or asthma. Am J 
Respir Crit Care Med 1996;153:530‑4.

16. Churg A, Wang RD, Tai H. Macrophage metalloelas‑tase mediates acute 
cigarette smoke‑induced inflammation via tumour necrosis factor‑a 
release. Am J Respir Crit Care Med 2003;167:1083‑9.

17. Mueller R, Chanez P, Campbell AM, Bousquet J, Heusser C, Bullock GR. 
Different cytokine patterns in bronchial biopsies in asthma and chronic 
bronchitis. Respir Med 1996;90:79‑85.

18. Lundblad LK, Thompson‑Figueroa J, Leclair T, Sullivan MJ, Poynter ME, 
Irvin CG, et  al. Tumor necrosis factor‑alpha overexpression in lung 
disease: A single cause behind a complex phenotype. Am J Respir Crit 
Care Med 2005;171:1363‑70.

19. Churg A, Wang RD, Tai H, Wang X, Xie C, Wright JL. Tumor necrosis 
factor‑alpha drives 70% of cigarette smoke‑induced emphysema in the 
mouse. Am J Respir Crit Care Med 2004;170:492‑8.

20. Downie JM, Tashi T, Lorenzo FR, Feusier JE, Mir H, Prchal JT, et al. 
A genome‑wide search for Greek and Jewish admixture in the Kashmiri 
population. PLoS One 2016;11:e0160614.

21. Global Initiative for Chronic Obstructive Lung Disease. Global Strategy 
for the Diagnosis, Management and Prevention of Chronic Obstructive 
Pulmonary Disease. Available from: http://goldcopd.org/wp‑content/
uploads/2018/11/GOLD‑2019‑v1.7‑FINAL‑14NOV2018‑wms.pdf.[Last 
accessed on 2019 Mar 22].

22. Shukla RK, Kant S, Bhattacharya S, Mittal B. Association of cytokine gene 
polymorphisms in patients with chronic obstructive pulmonary disease. 
Oman Med J 2012;27:285‑90.

23. Gan WQ, Man SF, Senthilselvan A, Sin DD. Association between chronic 
obstructive pulmonary disease and systemic inflammation: A systematic 
review and a meta‑analysis. Thorax 2004;59:574‑80.

24. Chierakul N, Wongwisutikul P, Vejbaesya S, Chotvilaiwan K. Tumor 
necrosis factor‑alpha gene promoter polymorphism is not associated 
with smoking‑related COPD in Thailand. Respirology 2005;10:36‑9.

25. Seifart C, Dempfle A, Plagens A, Seifart U, Clostermann U, Müller B, 
et al. TNF‑alpha‑, TNF‑beta‑, IL‑6‑, and IL‑10‑promoter polymorphisms 



Mir, et al.: TNF-α -308 polymorphism and COPD

Lung India • Volume 37 • Issue 3 • May-June 2020 209

in patients with chronic obstructive pulmonary disease. Tissue Antigens 
2005;65:93‑100.

26. Chomarat P, Vannier E, Dechanet J, Rissoan MC, Banchereau J, Dinarello CA, 
et al. Balance of IL‑1 receptor antagonist/IL‑1 beta in rheumatoid synovium 
and its regulation by IL‑4 and IL‑10. J Immunol 1995;154:1432‑9.

27. Lee H, Clark B, Gooi HC, Stoves J, Newstead CG. Influence of recipient 
and donor IL‑1alpha, IL‑4, and TNFalpha genotypes on the incidence of 
acute renal allograft rejection. J Clin Pathol 2004;57:101‑3.

28. Ishii T, Matsuse T, Teramoto S, Matsui H, Miyao M, Hosoi T, 
et  al. Neither IL‑1beta, IL‑1 receptor antagonist, nor TNF‑alpha 
polymorphisms are associated with susceptibility to COPD. Respir 
Med 2000;94:847‑51.

29. Sakao S, Tatsumi K, Igari H, Shino Y, Shirasawa H, Kuriyama T. 
Association of tumor necrosis factor alpha gene promoter polymorphism 
with the presence of chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med 2001;163:420‑2.

30. El‑Shimy WS, El‑Dib AS, Nagy HM, Sabry W. A study of IL‑6, IL‑8, and TNF‑a 
as inflammatory markers in COPD patients. Egypt J Bronchol 2014;8:91‑9.

31. Abd El‑Maksoud MD, Samy N, EL Khayyal A. Clinical utility of biomarkers 

as predictors of lung function in chronic obstructive pulmonary disease. 
N Y Sci J 2010;3:25‑32.

32. Garcia‑Rio F, Miravitlles M, Soriano JB, Muñoz L, Duran‑Tauleria E, 
Sánchez G, et al. Systemic inflammation in chronic obstructive pulmonary 
disease: A population‑based study. Respir Res 2010;11:63.

33. Xie J, Yang XY, Shi JD, Deng XQ, Long W. A new inflammation marker 
of chronic obstructive pulmonary disease‑adiponectin. World J Emerg 
Med 2010;1:190‑5.

34. Ibrahim EE, Zidan MH. The relation between the inflammatory mediators 
quality of life and classification of the gold guidelines of COPD patients. 
Egypt J Chest 2011;60:117‑25.

35. Singh S, Verma SK, Kumar S, Ahmad MK, Nischal A, Singh SK, et al. 
Correlation of severity of chronic obstructive pulmonary disease with 
potential biomarkers. Immunol Lett 2018;196:1‑10.

36. Mitra A, Vishweswaraiah S, Thimraj TA, Maheswarappa M, Krishnarao 
CS, Sundararaja Lokesh K, et al. Association of elevated serum GM‑CSF, 
IFN‑γ, IL‑4, and TNF‑α concentration with tobacco smoke induced 
chronic obstructive pulmonary disease in a South Indian Population. 
Int J Inflam 2018;2018:  2027856.


