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ABSTRACT

Bronchiolitis has been known as one of the pathological features of lung injuries in
mustard gas exposed patients
The purpose of this research was to evaluate the efficacy of interferon gamma-1b on
the lung function in mustard gas exposed patients with bronchiolitis. In multicenter
research interferon gamma-1b was effective in pulmonary fibrosis with unknown
reason, but assessment of effect of interferon gamma-1b in the chemical injured
patients has not so far been reported.
Thirty six patients with bronchiolitis whose lung lesion had been diagnosed through
the chest high resolution computerized tomography (HRCT) and pathological study
were divided into two eighteen member case and control groups. The case group was
treated for 6 months with a combination of 200 µg of interferon gamma-1b (given three
times per week subcutaneously) and 7.5mg of prednisolone (given once a day), while
the control group received their previous medications (prednisolone 7.5mg/day +
salbutamol and beclomethasone spray PRN).
In the two groups, FEV1 did not have statistical differences at base line (49.3±2.9
and 48.7±4.1, respectively, p = 0.6), whereas after treatment the data for FEV1 showed
a significant increase in the case group (66.3±5.4) when compared with those in the
control group (57.3±8.6, p=0.001).
The findings of this study indicate that a 6-month treatment with interferon gamma
-1b plus a low-dose of prednisolone is associated with the improvement of the lung
function in mustard gas exposed patients with bronchiolitis
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INTRODUCTION
Thousands of Iranians were exposed to sulfur
mustard (SM) agent during Iran-Iraq war (19801988).1 Currently, myriads of survivors, with different
degrees of exposure, are suffering from respiratory
complications.2 Chronic bronchitis, bronchiectasis and
lung fibrosis have been reported as late complications
of sulfur mustard exposure.3
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Moreover, according to a newly published study,
bronchiolitis should be considered as another longterm sequel following mustard gas exposure.4
Transforming growth factor-beta 1 (TGF-ß1) is
known as an important contributor to the pathophisiological factor of lung fibrosis and bronchiolitis.5
Moreover, it has been demonstrated that the level
of TGF –β1 is above normal range in bronchiolitis
and lung fibrosis.6 On the other hand, IFN-γ can also
negatively regulate the transcription of selected TGF
beta genes.7
Available evidence suggests that patients with
moderate clinical manifestations may experience a
shift from Th1 to Th2 cytokine patterns since
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leukocyte cultures from these patients show a
decrease in IFN-γ levels.8 It has been shown
previously that IFN-γ inhibits the transcription of
collagen in fibroblasts independent of Statl–promoter
interactions and abrogates its stimulation induced by
TGF β1.9-13 Thus, TGF- β1 and IFN-γ exert opposite
effects on collagen synthesis. Since these two
cytokines are secreted by inflammatory cells at the
sites of tissue injury, their antagonistic interactions
regulating collagen synthesis are likely to be of great
importance in the maintenance of connective tissue
homeostasis.
Therefore, in the light of previous observations,
we assumed that 6 months of treatment with
interferon gamma-1b could improve the lung function
in mustard gas exposed patients, whose bronchiolitis
is one of the pathological features of their lungs.
MATERIALS AND METHODS
Thirty six male patients (mean age: 38±2 years)
with bronchiolitis oblitrans were tested in a
randomized clinical trial study, during March 2001 to
September 2002 in Baghiatallah hospital of Tehran,
Iran.
All of these subjects were exposed to sulfur
mustard (SM) from 1985 to 1987 during Iran-Iraq
war. The documentation of SM exposure was based
on official certification issued by the Veterans’
(Janbazan) Foundation. None of these patients was
smoker or addict.
patients with the following characteristics were
included in our study: pathological findings
compatible with bronchiolitis in trans bronchial lung
biopsy (TBLB) resolution computerized tomography
(HRCT), which was the presence of air trapping equal
or more than 25% of the cross-sectional area of an
affected lung on at least one scan level and at least 3
months free of immunosuppressive drug use. Patients
with depression, uncontrolled vomiting, diabetes
mellitus, uncontrolled hypertension and multiple
sclerosis were excluded.
Having obtained additional written consents from
the patients, we performed fiber optic bronchoscopy
and obtained specimens of the lung during peripheral
transbronchial biopsy for the assessment of lung
pathology.
The effectiveness of therapeutic effects of this
regime was assessed during drug administration.
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Therapeutic response criteria included: dyspnea
indices (defined in table 1), hospitalization (the
admission days in hospital over a 6 months period),
and pulmonary function test (PFT) and arterial blood
gas (ABG) changes at rest.14
Table 1. Dyspnea Index (SEPAR).
0. No dyspnea exept for very intense efforts
1. Dyspnea with accelerated on walking or when climbing
a hill
2. The patient walks/ed more slowly than people of his age
3. The patient has/had to stop after walking for 5 minutes
4. Dyspnea at dressing or undressing; could not leave home

The patients were randomly divided to two groups
(computer generated randomization list). The case
group received 200 µg of interferon γ–1b (Imukin,
Boehringer Ingelheim. Vienna, Austria) subcutaneously three times per week and 7.5mg of oral
prednisolone daily for 6 months. The control group
was treated with their previous drug regimen, which
contained prednisolone 7.5 mg/day. Salbutamol and
Beclomethasone spray were administered for them
only when their symptoms exacerbated. Assessment
of drug side effect was done by the doctor who
examined the patients. Also patients were informed if
they observed any new sign and symptom they should
consult their physicians.
Pulmonary Function Test
Lung function was measured at base line and after
1-3 and 6months of treatments. The PFT tests were
performed using pneumotachography with a
computerized analysis of Spiro gram (Auto box DL
6200, Sensormedics, Austria). The tests were
performed by experienced lung- function technicians
who were blinded to our study, and all the patients
were familiar with the equipment and experienced in
performing maneuvers while seated with a nose clip
in place.
The subjects were asked to perform at least three
forced expiratory maneuvers with verbal encouragement to blow maximally throughout until they felt
there was no air to expel. Both patients and
technicians received visual feedback from a monitor
screen during the test, which was repeated until three
technically satisfactory curves with reproducible
contours were obtained.15 All the indices used for
analysis were derived from the same maneuver, which
was the one with the largest FVC and FEV1.
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Arterial Blood Gas Evaluation
Arterial-blood gases at rest were measured with a
gas analyzer (model AVL 510, Radiometer,
Copenhagen, Denmark)
Chest High Resolution Computerized Tomography
Chest HRCT examinations were obtained on one
scanner (Hi Speed Advantage: General Electric
Medical Systems). Each HRCT examination consisted
of five 1.0 mm collimation images obtained during
both deep inspiration and full expiration, respectively,
with the patient lying in a supine position. Images were
obtained at the levels of the aortic arch, midway
between the aortic arch and the tracheal carina, midway
between the tracheal carina and the right hemi diagram
and finally, 1 cm above the right hemi diagram.
No contrast was administered. All the images were
reconstructed using a high-spatial-resolution algorithm and displayed at standard (level-700, width
1500) and narrow (level 700, width 1000) lung
window settings. The HRCT scans were reviewed by
a radiologist and a pulmonologist. The only data
available to the HRCT reviewers were the patients’
age, sex and the history of exposure to sulfur mustard.
The images were interpreted simultaneously, and
consensus for air trapping and mosaic parenchymal
attenuation were registered. The expiratory images
were assessed for the presence and lobar distribution
of air trapping. The criteria used to diagnose the
presence of air trapping were the alteration of normal
anterior and posterior lobar attenuation gradients
and/or a lack of homogeneous increase in lung
attenuation resulting in persistent areas of decreased
attenuation. The extent of air trapping was qualified
and classified using the same system as defined for
hyper lucent regions on inspiratory images,
considering that limited air trapping has also been
reported in normal individuals. The presence of air
trapping was considered indicative of bronchiolitis
only if it exceeded 25% of the cross-sectional area of
an affected lung on at least one scan level. Expiratory
images displayed at standard and narrow window
settings were directly compared to determine the
differences in the conspicuously of air trapping.
The value of these measurements was assessed
based on the following definitions: improvement,
stabilization, and failure. Improvement was defined
when FVC and Pao2 increased more than 12% and
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10%, respectively and dyspnea indices declined one
stage. Stabilization was defined if FVC and Pao2
increased less than 12% and 10%, respectively and
dyspnea indices had no changes. And finally, failure
was defined by any decrease in the baseline of FVC
and Pao2 and a one - stage increase in dyspnea index.
Histomorphological and Histochemical Changes
There was variability in histochemical and
histomorphological changes due to sulfur mustard.
These changes induced by inflammatory cells such as
neutrophils, lymphocytes, macrophages and eosinophils which were different in the base of severity.
Pathological biopsy showed collagen and hyalin
sedimentation. These changes suggest inflammatory
lesions such as bronchiolitis and panbronchial fibrosis
(Figure 1).
Statistical Analysis
Numeric data were expressed by means of
values±standard deviation. SPSS software was used to
calculate the differences between the case and control
groups.
RESULTS
The mean age of the case and control groups were
38±5 years and 38±1 years; the means of the first
chemical exposure until the time of study for the case
and control groups were 14±5 years and 14±6 years,
respectively. In both groups, FEV1 did not have
statistical differences at base line (49.3±2.9 and
48.7±4.1, respectively, p=0.6) Nevertheless, After
treatment these values increased significantly in the
case group (66.3±5.4) when compared with those in
the control group (57.3±8.6) (figure 2) On the other
hand, there was a considerable increase in the FVC of
the case group (77.7±10) when compared with that of
the control group (60.6±10.9). Other parameters of
response to treatment are indicated in Tables 2 and 3.
Table 4 provides a breakdown of the values of
changes in the case and control groups according to
the following definitions: improvement, stabilization
and failure (p<0.05). Post treatment HRCT shows
insignificant changes, reported by radiologist. Figure
3 is sample picture of chest HRCT in a chemically
induced bronchioltis obliterans patient.
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Figure 1. Histomorphological and histochemical changes due to sulfur mustard gas.
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Table 2. Pre treatment and post treatment indices of Dyspnea,
Hospitalization, Pao2 and FVC in case and control groups.
Indices
Dyspnea indices
pre treatment
Post treatment
Hospitalization
Pre treatment
Post treatment
Pao2
pre treatment
Post treatment
FVC
pre treatment
Post treatment
FEV1
pre treatment
Post treatment

Case group

Control group

P-value

5.3 ± 0.4
1.2±0.4

4.9±0.7
3.2±0.7

>0.05
<0.05

4.2±0.8
1.1±0.8

4.5±0.1
4.7±1

>0.05
<0.05

56.1±5
65±5.2

58.3±5.9
59.5±4.3

>0.05
<0.05

50.9±8.2
77.7±10

53±8.1
60.6±10.9

>0.05
<0.05

49.3±4.3
66±5.6

48.7±4.2
57.2±5.9

>0.05
<0.05

Table 3. Pre treatment and post treatment indices of FEV1 and FVC.
Patient
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Pre
FEV1
45
47
46
50
53
46
49
47
45
51
52
54
47
49
53
49
47
55
46
47
49
51
43
51
50
46
47
52
54
53
54
46
42
49
56
47

Pre
FVC
49
48
46
51
54
49
51
50
47
54
53
56
49
51
54
52
49
58
48
49
51
53
45
53
54
49
51
56
57
59
58
49
47
53
57
56

Pao2
Pre
Post
54
53
53
64
58
61
57
63
54
54
50
51
55
60
53
62
54
54
59
64
58
57
60
67
57
57
59
71
59
57
58
59
56
56
61
71
50
50
51
51
53
51
54
59
54
54
57
61
54
54
50
51
54
55
57
57
60
60
59
64
59
60
58
58
59
58
60
59
62
67
61
71

Month 1
47
49
47
52
57
49
48
47
49
54
53
59
49
54
52
51
49
56
46
47
49
51
43
51
50
46
47
52
54
53
54
46
42
47
56
47

FEV1
Month 3
48
57
51
57
60
54
54
53
48
63
53
65
48
61
60
63
52
49
49
48
52.5
56
47
58
54
49
54
58
60
59
63
53
38
56
63
54

Month 6
52
82
55
66
59
65
69
68
50
67
57
70
54
64
65
66
55
54
51
64
58
68
51
68
60
68
61
70
64
60
72
63
34
65
64
67

Month 1
51
54
51
54
53
51
54
54
44
57
59
68
48.5
57
57
57
51
57.5
51
50
52
58
47
58
57
50
57
59
58
61
59
51
40
54
68
59

FVC
Month 3
51
78
48
61
57
59
57.5
59.5
51
67
61
64
54
64
60
61
57
60
52
58
57
64
51
60
61
59
61
67
59
62
67
60
42
61
61
67

Month 6
54
84
57
67.5
62
68
71
71
53
71
60
75
58
68
69
69
59
58.5
53
67
60
71
54
69
63
71
64
75
67
64
76
67
38.5
68
68
78

* The even numbers are cases and the odd numbers are controls.
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Table 4. The assessment of response to treatment based on improvement, stabilization
and failure definitions.
FVC

Case group
Dyspnea

Pao2

Improvement

17 (94.4%)

18 (100%)

12 (66.7%)

Stabilization
Failure

1 (5.6%)
-

-

6 (33.3%)
-

Outcomes

DISCUSSION
To date, according to available clinical data, there
has been no immunosuppressive strategy showing
significant and reliable improvement of lung function
in patients with BOS. On the other hand, stabilization
and decline in lung function are only outcomes,
following augmented immunosuppressive regimens.
The results of our study supported this hypothesis that
the pulmonary function tests of patients with
chemically induced bronchiolitis could be improved
with the administration of interferon gamma-1b.
Furthermore, decrease in hospitalization time,
increase in arterial oxygenation and improvement in
dyspnea indices are other benefits that could be
achieved with interferon gamma 1-b administration.
Since according to a newly published study, TGF β1
plays a pivotal role in BO pathogenesis,5 we assume
that lung function improvement in our patients can be
ascribed to the down regulating effect of interferon
gamma 1-b on TGF β1.

Control group
Dyspnea

Pao2

4 (22.3%)

6 (33.3%)

5 (27.05%)

13 (72.2%)
1 (5.6%)

7 (38.9%)
5 (27.8%)

8 (44.4%)
5 (27.5%)

FVC

Differentiation and proliferation of a wide variety
of cells are controlled by TGF β1, which is an
important component of cytokines family.16,17
Although TGF- β1 was identified and designated on
the basis of its ability to induce and transform rat
fibroblasts, it is now clear that it exerts multiple
effects on different types of cells.18 Moreover, it
modulates some inflammatory parameters which have
a pivotal role in the genesis and maintenance of
fibrotic reactions of the lung, including chemotaxis of
macrophages, suppression of macrophage and
lymphocyte function, chemotaxis and proliferation of
fibroblasts and modulation of collagen synthesis.19,20
In addition, TGF-β1 is a strong stimulator of extra
cellular matrix synthesis. It is synthesized and
released in inflamed sites by a variety of
inflammatory cells (including activated macrophages,
lymphocytes and platelets) which contribute to
inflammatory processes of the lung.21

Figure 2. Distribution and regression line of %FEV1 over a 6-month period in case and control groups.
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Figure 3. Air trapping in chest HRCT in expiratory phase in a mustard gas
exposed case with bronchiolitis obliterans.

Several animal studies have indicated that anti
TGF-β1 neutralizing antibodies and natural TGF-β1
inhibitors (e.g. decorin) can block the effects of
excessive TGF-β1 activity through the inhibition of
TGF- β1 binding to its receptors. Moreover, gene
therapy, by inhibiting Smads proteins or dominant
negative TGF-β1 receptors, and blocking TGF-β1
signaling improve the process of fibrosis in the liver
and kidney.22,23
Another animal study, carried out on mice, has
demonstrated that in Bleomycin induced pulmonary
fibrosis, the expression of inhibitory Smad 7
decreases lung fibrosis.24 In human studies, the
successful treatment of diabetic nephropathy by
angiotensin-converting–enzyme inhibitors, hepatic
fibrosis by INF-α, autoimmune hepatitis by azathioprine and prednisone and pulmonary fibrosis by
cyclosporine or interferon gamma 1-b are due in part
to the ability of these drugs and cytokines to reduce
TGF-β1 serum levels.25-29 In fact, the efficacy of INFα in treating hepatic fibrosis directly correlates with
decline in serum TGF- β1 level.30 We did not measure
the TGF -β1 levels in our cases, because of the
above–mentioned observations. We assumed that
response to treatment in our patients can be justified
with down regulating mechanisms of TGF- β1 gene
expression by INF γ-1b. In multicentre research
interferon gamma-1b was effective in pulmonary
fibrosis with unknown reason,29,31 but assessment of
effect of interferon gamma-1b in the chemical injured
patients is the first time in the world to be reported.
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The results of this research open a new window
for investigators studying the pathogenesis of
bronchiolitis obliterans. Future immunobiological
progresses will bring about satisfactory solutions to
this devastating process.
REFERENCES
1. Reports of specialists appointed by the Secretary General
to investigate allegations by the Islamic Republic of Iran
concerning the use of chemical weapons. New York
Security Council of United Nations document, 1986;
16433.
2. Khateri S, Ghanei M, Keshavarz S, Soroush M, Haines
D. Incidence of lung, eye, and skin lesions as late
complications in 34,000 Iranians with wartime exposure
to mustard agent. J Occup Environ Med 2003;
45(11):1136-43.
3. Emad A, Rezaian GR. The diversity of the effects of
sulfur mustard gas inhalation on respiratory system 10
years after a single, heavy exposure: analysis of 197
cases. Chest 1997; 112(3):734-8.
4. Thomason JW, Rice TW, Milstone AP. Bronchiolitis
obliterans in a survivor of a chemical weapons attack.
JAMA 2003; 290(5):598-9.
5. El-Gamel A, Sim E, Hasleton P, Hutchinson J, Yonan N,
Egan J, et al. Transforming growth factor beta (TGFbeta) and obliterative bronchiolitis following pulmonary
transplantation. J Heart Lung Transplant 1999;
18(9):828-37.
6. Sime PJ, Xing Z, Graham FL, Csaky KG, Gauldie J.
Adenovector-mediated gene transfer of active
transforming growth factor-beta1 induces prolonged
severe fibrosis in rat lung. J Clin Invest 1997;
100(4):768-76.
7. Du Bois RM. Interferon gamma-1b for the treatment of
idiopathic pulmonary fibrosis. N Engl J Med 1999;
341(17):1302-4.

IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY /89

The Therapeutic Effect of Gamma Interferon
8. Hassan ZM, Ebtekar M. Immunological consequence of
sulfur mustard exposure. Immunol Lett 2002;
83(3):151-2.
9. Kahari VM, Chen YQ, Su MW, Ramirez F, Uitto J.
Tumor necrosis factor-alpha and interferon-gamma
suppress the activation of human type I collagen gene
expression by transforming growth factor-beta 1.
Evidence for two distinct mecha-nisms of inhibition at
the transcriptional and posttranscriptional levels. J Clin
Invest 1990; 86(5):1489-95.
10. Varga J, Olsen A, Herhal J, Constantine G, Rosenbloom
J, Jimenez SA. Interferon-gamma reverses the
stimulation of collagen but not fibronectin gene
expression by transforming growth factor-beta in
normal human fibroblasts. Eur J Clin Invest 1990;
20(5):487-93.
11. Yufit T, Vining V, Wang L, Brown RR, Varga J.
Inhibition of type I collagen mRNA expression
independent of tryptophan depletion in interferongamma-treated human dermal fibroblasts. J Invest
Dermatol 1995; 105(3):388-93.
12. Higashi K, Kouba DJ, Song YJ, Uitto J, Mauviel A. A
proximal element within the human alpha 2(I) collagen
(COL1A2) promoter, distinct from the tumor necrosis
factor-alpha response element, mediates transcriptional
repression by interferon-gamma. Matrix Biol 1998;
16(8):447-56.
13. Yuan W, Yufit T, Li L, Mori Y, Chen SJ, Varga J.
Negative modulation of alpha1(I) procollagen gene
expression in human skin fibroblasts: transcriptional
inhibition by interferon-gamma. J Cell Physiol 1999;
179(1):97-108.
14. Watters LC, King TE, Schwarz MI, Waldron JA,
Stanford RE, Cherniack RM. A clinical, radiographic,
and physiologic scoring system for the longitudinal
assessment of patients with idiopathic pulmonary
fibrosis. Am Rev Respir Dis 1986; 133(1):97-103.
15. American Thoracic Society Standardization of
spirometry--1987 update. Statement of the American
Thoracic Society. Am Rev Respir Dis 1987;
136(5):1285-98.
16. Moses HL, Pietenpol JA, Munger K, Murphy CS, Yang
EY. TGF beta regulation of epithelial cell proliferation:
role of tumor suppressor genes. Princess Takamatsu
Symp 1991; 22:183-95.
17. Sosroseno W, Herminajeng E. The immuno-regulatory
roles of transforming growth factor beta. Br J Biomed
Sci 1995; 52(2):142-8.
18. Sporn MB, Roberts AB. TGF-beta: problems and
prospects. Cell Regul 1990; 1(12):875-82.
19. Denis M. Neutralization of transforming growth factorbeta 1 in a mouse model of immune-induced lung
fibrosis Immunology 1994; 82(4):584-90.

90/ IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY

20. Gurujeyalakshmi G, Giri SN. Molecular mechanisms of
antifibrotic effect of interferon gamma in bleomycinmouse model of lung fibrosis: downregulation of TGFbeta and procollagen I and III gene expression. Exp
Lung Res 1995; 21(5):791-808.
21. Giri SN, Hyde DM, Hollinger MA. Effect of antibody to
transforming growthfactor beta on bleomyein induced
accumulation of lung collagen in mice Thorax 1993;
48(10):959-66.
22. Qi Z, Atsuchi N, Ooshima A, Takeshita A, Ueno H.
Blockade of type beta transforming growth factor
signaling prevents liver fibrosis and dysfunction in the
rat. Proc Natl Acad Sci USA 1999; 96(5):2345-9.
23. Isaka Y, Brees DK, Ikegaya K, Kaneda Y, Imai E,
Noble NA, et al. Gene therapy by skeletal muscle
expression of decorin prevents fibrotic disease in rat
kidney. Nat Med 1996; 2(4):418-23.
24. Nakao A, Fujii M, Matsumura R, Kumano K, Saito Y,
Miyazono K, et al. Transient gene transfer and
expression of Smad7 prevents bleomycin-induced lung
fibrosis in mice. J Clin Invest 1999; 104(1):5-11.
25. Castilla A, Prieto J, Fausto N. Transforming growth
factors beta 1 and alpha in chronic liver disease. Effects
of interferon alfa therapy. N Engl J Med 1991;
324(14):933-40.
26. Noble NA. Border WA. Angiotensin II in renal fibrosis:
should TGF-beta rather than blood pressure be the
therapeutic target? Semin Nephrol 1997; 17(5):455-66.
27. Bayer EM, Herr W, Kanzler S, Waldmann C, Meyer
Zum Buschenfelde KH, et al. Transforming growth
factor-beta1 in autoimmune hepatitis: correlation of
liver tissue expression and serum levels with disease
activity. J Hepatol 1998; 28(5):803-11.
28. Tsushima H, Kawata S, Tamura S, Ito N, Shirai Y, Kiso
S, et al. Reduced plasma transforming growth factorbeta1 levels in patients with chronic hepatitis C after
interferon-alpha therapy: association with regression of
hepatic fibrosis. J Hepatol 1999; 30(1);1-7
29. Ziesche R, Hofbauer E, Wittmann K, Petkov V, Block
LH. A preliminary study of long-term treatment with
interferon gamma-1b and low-dose prednisolone in
patients with idiopathic pulmonary fibrosis. N Engl J
Med 1999 21; 341(17):1264-9
30. Tsushima H, Kawata S, Tamura S, Ito N, Shirai Y, Kiso
S. Reduced plasma transforming growth factor-beta1
levels in patients with chronic hepatitis C after
interferon-alpha therapy: association with regression of
hepatic fibrosis. J Hepatol 1999; 30(1):1-7.
31. Ziesche R, Kink E. Therapy of chronic interstitial lung
disease with a combination of interferon gamma-1b and
low dose prednisolone. Chest 1996; 110(21):110-115.

Vol. 4, No. 2, June 2005

