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Abstract

Diverse studies suggest that interleukin-6 (IL6), as a member
of cytokines family, has a major role in inflammatory processes
of airways and lungs. In this study, an attempt was made to
determine the serum level of IL6 in sulfur mustard (SM) injured
patients and its comparison with controls. The measured IL6
mean level in patients with chemical injuries (0.76±0.3 ng/ml) was
significantly higher than the control group’s mean level (0.34±0.12
ng/ml). Furthermore, patients with moderate to severe symptoms
had a serum level of (0.95±0.92 ng/ml) which was significantly
higher than mild (0.47±0.54) and control (0.34±0.12) groups.
The outcome of this research program demonstrates that an
increase in serum level of IL6 can have a role in pulmonary
complications of SM, similar to other well defined pulmonary
diseases. However, further studies are required to clarify the
role and mechanism of IL6 in such patients.
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The role of cytokines has become more important in the immune
and inflammatory processes. One of those important cytokines is
interleukin-6 (IL6), which is produced by mononuclear phagocyte,
fibroblasts, endothelial cells and few other cells in response to
microbes, foreign and inflammatory agents. The active form of IL6
is a homodimer where IL6 does its function by a receptor that consists
of a cytokines-binding protein and a signal-transducing compound.1
This compound activates a JAK/STAT signaling pathway as well as
the signaling pathway of other cytokine receptors. IL6 has various
activities among which stimulating synthesis of acute-phase protein
by liver cells is one of its main roles that contributes to the systemic
effects of inflammation. Additionally, IL6 stimulates production of
neutrophils, as important inflammatory cells in acute phase, from
bone marrow and it also stimulates the growth of B lymphocytes in
immune responses.1
One of the specific functions of IL6, which has recently been
discovered, is its prime role in the inflammatory processes
of lung disease, particularly chronic obstructive pulmonary
diseases (COPD), bronchiolitis and asthma. It is reported that
the change in the serum level of IL6 can affect exacerbations of
COPD patients.2 Similar changes in IL6 level has been observed
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in their sputum and condensate exhalation.3,4
Close correlation between IL6 serum level
and main symptoms of COPD, such as severe
dyspnea and pulmonary dysfunction, has been
reported.5,6 Besides, cigarette smoke which is
an important inflammatory agent, contribute
its inflammatory effect by stimulating IL6 and
few other cytokines production from bronchial
epithelial cells.7,8 Furthermore, in asthma
where complex inflammatory pathways lead to
diverse manifestations, serum level of IL6, its
soluble receptor and its gene-expression are
significantly correlated with asthma attacks.9-12
Chemical particles in polluted air create similar
inflammatory process in human airways and
are closely correlated with mRNA and serum
level of IL6.13 The majority of the Iran-Iraq war
victims subjected to sulfur mustard (SM) chemical
gas attacks, suffer from chronic pulmonary
complications14 where pulmonary complication
is one of the most important impediments of
chemical gases specially SM.15-17
Some of the main pulmonary complications of
SM are namely; COPD, bronchitis, emphysema,
asthma, bronchectasia and more commonly
Bronchiolitis Obliterans (BO).18 Unfortunately, a
majority of the regular therapies for war victims
subjected to SM chemical gas attack has been
unsatisfactory.19,20 Consequently, the main focus
of the current research program was to reveal
new mechanisms and to offer effective therapies
in pulmonary lesions of SM. This is done by
investigating the relationship between IL6 serum
level and chronic pulmonary complications of SM
like COPD in such patients.
Materials and Methods
A cross sectional study on the chemical victims
of SM with pulmonary symptoms was carried out
once a written agreement from the patients at the
Baqiyatallah hospital, Tehran, Iran was obtained.
Patients with documented exposure to SM during
the Iran-Iraq conflict in 1980’s who displayed
symptoms of SM lung injuries (including productive
cough, dyspnea in exertion, chest tightness, etc)
with diagnosis of BO, were recruited. The patients
were divided into two groups each consisting of thirty
individuals. The first group included thirty patients
with mild to moderate pulmonary symptoms and
the second group of thirty patients with moderate
to severe pulmonary symptoms. Recent pulmonary
and airways infections, as well as other toxicants
such as detergent exposure, were used as the
exclusion criteria. Next to the above sixty patients,
a third group of thirty individuals without any history
of lung diseases but with matched age and gender
was formed as a reference for comparisons.
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Categorization of war veteran patients into “mild to
moderate” and “moderate to severe” was according
to the severity of their pulmonary symptoms as well
as their spirometric results based on the American
Thoracic Society (ATS) guideline.21 The sample size
was calculated according to the formula:

The inclusion criteria were; 1) Pulmonary
exposure with SM, 2) Diagnosis of BO with
physical exam, spirometry, and high resolute
computed tomography 3) Age range between
20-70 and 4) Patients approval. The exclusion
criteria were; 1) Any malignancy, 2) Pneumonia
or bacterial bronchitis in the recent month, 3)
Addiction to cigarette or other opioids and 4) Any
inflammatory disorders such as rheumatologic
diseases or etc.
Following a routine physical examination and
a pulmonary function test (PFT), patients’ blood
samples were taken with a heparinated syringe
and then centrifuged. The purified plasma was
kept in a 1 milliliter (mL) tube in -70°C until the
start of the actual measurement. Then, step by
step, the IL6 kit (Cayman Chemical Company,
Michigan, USA) stages were followed, from which
results were taken with a ELISA reader in the wave
of 450nm (with the reference of 620 nanometer).
The complete set of data was analyzed with SPSS
software with ANOVA, and t test.
Results
As mentioned above, ninety individuals in three
groups were studied. Thirty patients with “mild to
moderate” pulmonary symptoms, an additional
thirty patients with “moderate to severe” pulmonary
symptoms and thirty individuals as control group
were categorized. The measured IL6 mean
concentration in patients with chemical exposure
was 0.76±0.3 picogram (pg)/ml, being significantly
higher than those in the control group 0.34±0.12
(P=0.17) as shown in figure 1.
In figure 2, analysis of data from patients
with moderate to severe pulmonary symptoms
revealed that the IL6 mean concentration in
this group (0.95±0.92 pg/ml) was significantly
more than those patients with mild to moderate
symptoms (0.47±0.54 pg/ml) as well as those in
the control group (0.34±0.12 pg/ml, P=0.004).
Discussion
In this study, the measured IL6 mean level in patients
with chemical exposure was significantly higher
than mean level of the control group. Moreover,
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Figure 1: Serum level of IL6 in cases and controls.

patients with moderate to severe symptoms had
significantly higher level of serum IL6 compared
with the mild or control groups. Few studies have
shown that the serum level of IL6 increases in
exacerbation periods of patients with COPD. This
causes the elevation in the serum fibrinogen level
and cardiovascular problems in such patients.2
Survey of condensed exhaled air with an
enzyme immunoassay kit in COPD patients, has
revealed high level of IL6 in those patients in
comparison with normal non-smokers.3 Another
study on the induced sputum of COPD patients
suggests that elevated levels of IL6, IL8 and tumor
necrosing factor alpha (TNFa) in such patients
are correlated with pathogenesis and progression
of COPD.4 In other research, raised IL6 level
is connected with fatigue of healthy people,
especially athletes.5 This result can be extended
to severe dyspnea and exhaustion of COPD
patients. Other research has shown significant
level increase of IL6 and TNFa transcripts (with
real-time PCR and ELISA) in COPD patients in
comparison with the control group.6
The main advantage of the current research
program is the study on humans rather than
animal. As noted in the reference list,22-24 there
are a number of articles regarding serum and
BAL fluid levels of some cytokines like IL6
(with ELISA) after exposure to SM. However,
these are restricted to studies on animal cases.
An investigation on animal cases has shown
enhanced level of IL6 in the serum and BAL fluid
of rats after exposure to SM.22 Clearly in this
study the most elevation is for IL9. This interleukin
(IL9) can be the focus for future studies on human
patients with chemical exposure. Inflammation,
particularly chronic inflammation, is one of the
main pathogenesis of SM induced lung disorders.
After acute exposure to SM, the repair process
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Figure 2: Serum level of IL6 in terms of severity of disease.

in the lungs and its airways as the main target
of toxicants is activated but it would not control
the inflammation.25 On the other hand, chronic
inflammation decreases the ability of epithelium
and pulmonary tissue to properly reconstruct.
Low supply of anti-oxidant could induce such
imbalance between inflammation and tissue
repair. Therefore, the inflammation as well as the
inflammatory molecules such as IL6 is the result
of imbalance between the ineffective cell repair
and the anti-oxidant insufficiency.26
In other studies, the inflammatory effects
of cigarette smoking and the main role of IL6
in inducing bronchial inflammation has been
presented. The inhibitory effect of NAC (N-acetylL-cysteine) on releasing IL6 from bronchial
epithelial cells has been shown7 which in turn
could pave the way for a new treatment approach
for chemically exposed patients with COPD
manifestations.
In a similar animal study the increased levels
of IL6, IL8 and LPO (lipoperoxide) in smokers with
chronic bronchitis is compared with non-smokers.
The study also shows the protective effects of
B-carotene intake in reducing serum and tissue
levels of IL6, IL8 and LPO and in alleviation of
pathologic changes in chronic bronchitis.8 This
could be helpful in treatment plans for chemically
exposed patients.
Genetic study on the effect of chemical
particles in polluted air shows enhanced IL6-gene
expression in the pulmonary epithelial cells which
are exposed to such particles.13 Furthermore,
significant elevation of serum level of IL6 and
its soluble receptor during asthmatic attacks is
reported in a few studies.9,10,12
The literature review presented in table 1,
highlights similar studies to the current research
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Table 1: Iranian reports about Serum Level of IL6 in SM injured patients with chronic lung sequels
Study
year
case
vs. Correlation
Other findings
control
2009
348 vs. 120
Significantly lower than
IL6 was associated with wheezing
Pourfarzam
controls
et al.24
2010
50 vs. 30
Significantly higher than
Significant correlation between IL6 level and Global
Attaran
controls
Initiative for Chronic Obstructive Lung Disease
et al.23
stage, and BODE index (including body mass index,
obstruction, dyspnea, and exercise capacity) and FEV1
Present
2012
60 vs. 30
Significantly higher than
Serum IL6 level was higher in severe cases vs.
controls
moderate or mild cases.
Vs.: Versus; IL6: Interleukin 6; BODE index: body mass index, obstruction, dyspnea, and exercise capacity; FEV1: Forced
Expiratory Volume in 1st second

program. Results presented by Attaran et
al. concur with the data from this study but
Pourfarzam et al.’s finding is different. 23,24
Pourfarzam demonstrated that serum level of
IL6 is lower in SM injured patients than controls
and that the IL6 is associated with wheezing.
However, Attaran showed that IL6 level is higher
in SM injured patients. Attaran also declares
significant correlation between IL6 level and
global initiative for chronic obstructive lung
disease stage, and BODE index (including
body mass index, obstruction, dyspnea, and
exercise capacity) and FEV1.23,24 It seems that
the difference between our findings and those of
Pourfarzam are due to the status of the patients
(stable or in exacerbation), severity of diseases
and the type of diseases (COPD vs. BO).24
Another
interesting
research11 has
demonstrated that there is a balance between
IL6 pro and anti-inflammatory actions during
airways inflammation in such a way that an
increased level of soluble form of IL6-receptor
leads to raise airway inflammation. On the
other hand, blockade of membrane form of IL6receptor leads to increase regulatory T cells and
prevents overactive inflammatory responses in
airways. This finding could be useful in defining
a treatment plan.
On a final note, prior to selecting chemically
exposed patients and the matched controls no
ambiguous factors that could affect present
findings were anticipated. However, due to
probable unforeseen uncertainties, multivariate
analysis is not preformed. This could be
considered as a limitation of this study.
Conclusion
This research program shows that the mean serum
level of IL6 (with ELISA) in patients exposed to
mustard chemical with COPD manifestations is
significantly higher than those in the control group.
It is also shown that the proportion of this elevation
is distinctly related with the degree of the disease
and being clearly higher in patients with moderate to
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severe symptoms than those with mild to moderate
symptoms. Simulation of the latter genomic study
could pave the way in finding new inflammatory
pathways of other chemical gases similar to
mustard.
Acknowledgment
We would like to thank all participants for their kind
cooperation.
Conflict of Interest: None declared.
References
1
2

3

4

5

6

Abul Abbas K, Lichtman AH, Pilla S.
Cellular and Molecular Immunology. 7th ed.
Philadelphia, PA: Elsevier Saunders; 2007.
Wedzicha JA, Seemungal TA, MacCallum
PK, Paul EA, Donaldson GC, Bhowmik A, et
al. Acute Exacerbation of Chronic obstructive
pulmonary Disease Are Accompanied by
Elevations of plasma fibrinogen and Serum
IL6 levels. Thromb Haemost. 2000;84:210-5.
PubMed PMID: 10959691.
Bucchioni E, Kharitonov SA, Allegra L, Barnes
PJ. High levels of interleukin 6 in the exhaled
breath condensate of patients with COPD.
Respir Med. 2003;97:1299-302. doi: 10.1016/j.
rmed.2003.07.008. PubMed PMID: 14682411.
Song SH, Kim CH, Kwon SS, Kim YK, Kim
KH, Moon HS, et al. Nuclear Factor-kappa
B(NF-kappa B) Activity and Levels of IL-6,
IL-8 and TNF-alpha in Induced Sputum in
the Exacerbation and Recovery of COPD
Patients. Tuberc Respir Dis. 2005;58:152-9.
Korean.
Robson-Ansley PJ, de Milander L, Collins M,
Noakes TD. Acute interleukin-6 administration
impairs athletic performance in healthy,
trained male runners. Can J Appl Physiol.
2004;29:411-8. doi: 10.1139/h04-026. PubMed
PMID: 15317982.
Casadevall C, Coronell C, Ramírez-Sarmiento
AL, Martínez-Llorens J, Barreiro E, Orozco-Levi
385

Shohrati M, Harandi AA, Najafian B, Saburi A, Ghanei M

7

8

9

10

11

12

13

14

15

386

M, et al. Upregulation of pro-inflammatory
cytokines in the intercostal muscles of COPD
patients. Eur Respir J. 2007;30:701-7. doi:
10.1183/09031936.00152005. PubMed PMID:
17626109.
Kim MC, Jung J, Jung JH, Kim HR, Yang SH,
Jeong ET, et al. The Comparison of the effect
of cigarette and stop smoking- aiding cigarette
on Release of IL6 from Bronchial Epithelial
Cell. Tuberc Repir Dis. 2005;59:530-5.
Korean.
Pang B, Wang C, Weng X, Tang X, Zhang
H, Niu S, et al. Beta-carotene protects rats
against bronchitis induced by cigarette
smoking. Chin Med J (Engl). 2003;116:5146. PubMed PMID: 12875713.
Neveu WA, Allard JL, Raymond DM, Bourassa
LM, Burns SM, Bunn JY, et al. Elevation
of IL-6 in the allergic asthmatic airway is
independent of inflammation but associates
with loss of central airway function. Respir
Res. 2010;11:28. doi: 10.1186/1465-992111-28. PubMed PMID: 20205953; PubMed
Central PMCID: PMC2842243.
Rincon M, Irvin CG. Role of IL-6 in asthma
and other inflammatory pulmonary diseases.
Int J Biol Sci. 2012;8:1281-90. doi: 10.7150/
ijbs.4874. PubMed PMID: 23136556; PubMed
Central PMCID: PMC3491451.
Doganci A, Sauer K, Karwot R, Finotto S.
Pathological role of IL-6 in the experimental
allergic bronchial asthma in mice. Clin Rev
Allergy Immunol. 2005;28:257-70. doi:
10.1385/CRIAI:28:3:257. PubMed PMID:
16129910.
Lordan JL, Bucchieri F, Richter A,
Konstantinidis A, Holloway JW, Thornber M,
et al. Cooperative effects of Th2 cytokines and
allergen on normal and asthmatic bronchial
epithelial cells. J Immunol. 2002;169:407-14.
PubMed PMID: 12077271.
Quay JL, Reed W, Samet J, Devlin RB.
Air pollution Particles induces IL6 gene
expression in human airway epithelial cells via
NF-KB activation. Am J Respir Cell Mol Biol.
1998;19:98-106. PubMed PMID: 9651185.
Ghanei M, Mokhtari M, Mohammad MM,
Aslani J. Bronchiolitis obliterans following
exposure to sulfur Mustard: Chest high
resolution computed tomography. Eur
J Radiol. 2004;52:164-9. doi: 10.1016/j.
ejrad.2004.03.018. PubMed PMID: 15489074.
Saber H, Saburi A, Ghanei M. Clinical and
paraclinical guidelines for management of sulfur
mustard induced bronchiolitis obliterans; from
bench to bedside. Inhal Toxicol. 2012;24:9006. doi: 10.3109/08958378.2012.725783.
PubMed PMID: 23121299.

16 Ghabili K, Agutter PS, Ghanei M, Ansarin K,
Shoja MM. Mustard gas toxicity: the acute and
chronic pathological effects. J Appl Toxicol.
2010;30:627-43. PubMed PMID: 20836142.
17 Emad A, Rezaian GR. The diversity of the
effects of sulfur mustard gas in halation on
respiratory system 10 years after a single,
heavy exposure: analysis of 197 cases. Chest.
1997;112:734-8. PubMed PMID: 9315808.
18 Emad A, Rezaian GR. Immunoglobulins
and cellular constituents of the BAL Fluid
of patients with sulfur mustard gas- induced
pulmonary fibrosis. Chest. 1999;115:1346-51.
PubMed PMID: 10334151.
19 Thomason JW, Rice TW, Milstone AP.
Bronchiolitis obliterans in a survivor
of achemical weapons attack. JAMA.
2003;290:598-9. PubMed PMID: 12902361.
20 Laohaburana kit P, Chan A, Allen RP.
Bronchiolitis obliterans. Clin Rev Allergy
Immunol. 2003;25:259-74. PubMed PMID:
14716071.
21 Standardization of Spirometry, 1994 Update.
American Thoracic Society. Am J Respir Crit
Care Med. 1995;152:1107-36. PubMed PMID:
7663792.
22 Ahmadi K, Solgue G. Cytokine pattern in sera
and broncho-alveolar lavage six months after
single exposure to sulfur mustard. Medical
Journal of the Islamic Republic of Iran.
2006;20:52-5.
23 Attaran D, Lari SM, Towhidi M, Marallu HG,
Ayatollahi H, Khajehdaluee M, et al. Interleukin-6
and airflow limitation in chemical warfare
patients with chronic obstructive pulmonary
disease. Int J Chron Obstruct Pulmon Dis.
2010;5:335-40. PubMed PMID: 21037957.
24 Pourfarzam S, Ghazanfari T, Yaraee R,
Ghasemi H, Hassan ZM, Faghihzadeh S,
et al. Serum levels of IL-8 and IL-6 in the
long term pulmonary complications induced
by sulfur mustard: Sardasht-Iran Cohort
Study. Int Immunopharmacol. 2009;9:14828. PubMed PMID: 19748599.
25 Saburi A, Ghanei M. Comments on “Sulfur
Mustard and Respiratory Diseases,” Tang
& Loke (2012) and a prepared integrated
mechanism for chronic pulmonary
disease from exposure to sulfur mustard.
Crit Rev Toxicol. 2013;43:275-6. doi:
10.3109/10408444.2013.764842. PubMed
PMID: 23387376.
26 Saburi A, Shohrati M, Karbasi-Afshar R.
Immune-based pathogenesis of sulfur
mustard; much still need to be done! Iran J
Allergy Asthma Immunol. 2012;11:349-50.
doi: 011.04/ijaai.349350. PubMed PMID:
23264414.
Iran J Med Sci July 2014; Vol 39 No 4

