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ABSTRACT

The widespread use of sulfur mustard (SM) as a chemical warfare agent in the past
century has proved its long-lasting toxic effects. Despite a lot of research over the past
decades on Iranian veterans, there are still major gaps in the SM literature. Transforming
growth factor (TGF-B), a cytokine that affects many different cell processes, has an
important role in the lungs of patients with some of chronic airway diseases, especially with
respect to airway remodeling in mustard lung.

Primary airway fibroblasts from epibronchial biopsies were cultured, and gene expression
of TGF-81, TGF-82, TbR-I and TbR-II in fibroblasts of SM injured patients and controls
were investigated. Expression of TGF-Bs and receptors was measured by RT-PCR. Protein
level of TGF-B1was surveyed by western blot.

Our findings revealed that expression levels of TGF-81, TGF-$2, TbR-I and TbR-II
were upregulated in the airway fibroblasts of SM exposed patients in comparison with
control samples. TGF-B1 expression was shown to be markedly increased in primary lung
fibroblasts of chemically injured patients.

Our novel data, suggested that over-expression of TGF- molecule and receptors in
primary airway fibroblasts of mustard gas injured patients may be involved in progression of
airway remodeling of these patients.
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INTRODUCTION

Sulfur mustard (SM) is a strong vesicant agent
which has been used in several military conflicts. The
widespread use of sulfur mustard as a chemical warfare
agent in the past century has proved its long-lasting
toxic effects. It may also be used as a chemical terrorist
agent. Therefore, all health professionals should have
sufficient knowledge and be prepared for any such
chemical attack.' In the Iran-Iraq war there was
extensive usage of SM by Iraqi ex-regime against
Iranian civilians and military forces.”® SM is an
alkylating agent that affects DNA synthesis, and, thus,
delayed complications have been observed.” However,
despite lots of research over the past decades on Iranian
veterans, there are still major gaps in the SM literature.

Transforming growth factor (TGF-B), a cytokine
that affects many different cell processes, has an
important role in the lungs of patients with some of
chronic airway diseases, especially with respect to
airway remodeling.® Significant structural alterations of
the bronchial wall (collectively termed airway
remodeling) have been repeatedly demonstrated in
many patients with asthma and may lead to a state of
irreversible airway obstruction.” This morphologic
change is believed to be caused by increased collagen
(types I, II, and V) deposition by the airway
fibroblasts.'” Among the numerous growth factors that
are active in airway inflammation and tissue repair,
TGF-p may have a prominent role in altering fibroblast
activities linked to airway remodeling."'

Airway remodeling is characterized by defective
extracellular matrix (ECM) turnover. With respect to
increased ECM accumulation, TGF-§ has evolved as a
key  molecular  mediator  stimulating ECM
accumulation.'” Recent studies have clarified some of
the mechanisms involved in TGF-fB1 stimulation of
airway  remodeling. TGF-fl  activates  gene
transcription via binding to two specific subfamilies of
cell trans membrane receptors; Type I (TbR-I) and type
IT receptors (TbR-II), part of the activin receptor-like
kinase (ALK) family. TGF-B receptor I phosphorylates
members of the Smad protein family to initiate nuclear

translocation and transcription.'” There is a sample

evidence suggesting that fibroblasts are the main
cellular source of extracellular matrix deposition.'*
Aberrant or abnormal phenotypes of fibroblasts have
been described in several fibrotic disorders."”> Altered
fibroblast phenotypes have been described in fibrotic
diseases of the lung.'® This is likely due to an abnormal
response to TGF-B, an important profibrotic signaling
molecule.'” Raghu and coworkers have reported that
fibroblasts isolated from regions of lungs with early
fibrosis in patients with idiopathic pulmonary fibrosis
have greater proliferative potential than those obtained
from regions of dense fibrosis or from normal lungs.'®

The goal of the present study was to denote
abnormal expression of TGF-f1, TGF-2, TbR-I and
TbR-II in primary airway fibroblasts of SM injured
people in comparison with normal individuals.

MATERIALS AND METHODS

Subjects and Selection and Biopsy Handling

Bronchial biopsy specimens were obtained from
male SM exposed patients and control subjects. The
exposed patients were individuals who had a
documented encounter with SM during the Iran-Iraq
war. Tissue was donated by volunteers who had given
their informed consent to participate in the study, and
this survey was conducted in accordance with a
protocol approved by Bagiyatallah Medical Sciences
University (BMSU) ethics committee. Bronchial tissues
from five SM exposed patients and five normal controls
were obtained for fibroblast isolation. Data such as age
were obtained, as is shown in Table 1. Cases with
positive history of cigarette smoking, history of
pulmonary disease such as asthma, lung cancer or
respiratory infections and history of exposure to toxic
agents elderly patients and addicts, were excluded from
our study.

In respect to obtaining biopsies from the bronchi
wall, the flexible fiberoptic bronchoscopy (FFB)
(Olympus BFIT, Tokyo, Japan) was performed.
Patients were topically anaesthetized by applying 2%

Table 1. Characteristics of SM-injured patient and control groups samples.

Age(years) Control group subjects SM-injured patients P-value
n=5 n=>5

Age range 43-55 42-54 0.67

Age (mean+SD) 49.4+5.6 47.8+5
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Lidocaine throughout the bronchoscopy. Supplemental
oxygen was administered throughout the procedure; in
addition, the heart rate and oxygen saturation were also
monitored.

To obtain endobronchial biopsy samples,
bronchoscope forceps (Olympus, Tokyo, Japan) were
passed through the route of fiberoptic bronchoscopy to
reach the segmental and subsegmental carinae. Each
biopsy specimen was placed in DMEM culture medium
for transport to laboratory. All containers and medium
were sterile.

Primary Cell Culture

Primary human airway fibroblasts (HAF) were
obtained by outgrowth from bronchial biopsies (explant
technique). As mentioned in the protocol by
Takashima,” with little change, briefly after washing
biopsies with PBS, biopsies were cut into several small
pieces and incubated in a 6 well tissue culture dish,
containing complete culture medium (DMEM,
supplemented with 10%FBS, 1% HEPES buffer
solution 1 M, 1% nonessential amino acid mixture
100X and 1% penicillin/streptomycin). The tissue
pieces were incubated in a humidified incubator at 37
C° with 5% carbon dioxide and cultured until
fibroblasts migrated from the tissue and proliferated on
the base of the culture dish cell (8-14 days), the
medium was changed every 2-3 days. Upon reaching
50% confluency, the tissue pieces were removed and
the cells were trypsinised and seeded in T25 flasks
(Containing DMEM with 10% FBS) for subsequent
cell passages. Isolated cells were characterized as
fibroblasts by  morphological  appearance.'**’
Experiments were performed on fibroblasts of passage
5/6 with confluent growth. Given the potential concern
for changes in cell function, including enhanced
senescence, which may occur after several passages.

RNA Extraction

Total RNA from cultured fibroblasts was prepared
with TriPure isolation reagent (Roche Diagnostics,
Germany), according to the  manufacturer’s
recommendations. For the first step, after decanting
culture medium from cells, Tripure Isolation Reagent
was added directly to T25 flasks with confluent growth
of fibroblasts, the harvest cell lysate was used for
subsequent stage, at last isolated RNA was eluted in
RNase-free water, with the concentration and purity
being determined by measuring OD at 260 nm by
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NanoDrop spectroscopy (ND-1000, Wilmington, DE),
and total RNA quality was checked on agarose gel
stained with ethidium bromide.

cDNA Synthesis

500 ng of total extracted RNA was reverse-
transcribed to create single-strand complementary
DNA using reverse transcriptase kit, CycleScript RT
PreMix (dN6) (Bioneer, Korea) according to
manufacturer’s instruction.

Semi Quantitative PCR
The following specific primer pairs, purchased from
Bioneer (South Korea), were designed and used for
PCR amplification:
TGFp1 Primer
forward, ’TGTGACAGCAGGGATAACAC3’
reverse, S’ TGAAGCAATAGTTGGTGTCC3’
TGFp2 Primer
forward, >’TTGACGTCTCAGCAATGGAG3’
reverse, 5’ TCAGTTACATCGAAGGAGAGC3’
TbR-I Primer
forward,5’ TGCTGCAATCAGGACCATTG3’
reverse,5’ TCCTCTTCATTTGGCACTCG3’
TbR-II Primer
forward,5’ TGCTCACCTCCACAGTGATC3’
reverse,5’ TCTGGAGCCATGTATCTTGC3’
and fB-actin as a house keeping gene,
forward, S>’TCATGAAGATCCTCACCGAG3’
reverse, " TTGCCAATGGTGATGACCTG3’.

For PCR, 1 pl of the resulting cDNA were validated
with PCR in a volume of 25 pl, containing 2.5 pl 10X
buffer (Takara, Japan), 5 PM deoxynucleoside
triphosphate (Takara, Japan), 0.3 pl Taq polymerase
Enzyme (Takara, Japan) and 10 PM Primer Mix. PCR
process was performed with asterCycler PCR system
(Eppendorf, ~Hamburg, Germany). By initial
denaturation (30 sec at 95°C), annealing (30 sec at
59°C for TGFB1, 57°C for TGFB2 and TbR-II, 55°C
for TbR-I and 59°C for B-actin), extension (1 min at
72°C) and terminal extension (5 min at 72°C), cDNA
was subjected to 33 cycles of PCR. PCR products were
separated in a 2% agarose gel and dyed with ethidium
bromide and then detected under UV light. All results
were normalized with B-actin expression to compensate
for differences in the amount of cDNA. For
quantitative measures and evaluation, PCR results on
gel were checked by densitometry by using special
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Image Analysis software (Scion Corporation,
Frederick, MD)

Western Blotting

Total protein was extracted from monolayer
fibroblast cells with TriPure isolation reagent (Roche
Diagnostics, Germany), according to the
manufacturer’s recommendations.  Briefly, after
decanting culture medium from cells, cells were
washed and lysed with Tripure by adding Tripure
Isolation Reagent directly to T25 flasks with confluent
growth of fibroblasts. The cell lysate was used for
subsequent stage. Eventually total extracted proteins
were fractionated by SDS-PAGE and transferred to a
polyvinylidene difluoride membrane (Roche
Diagnostics, Germany). The membrane was blocked
with 5% skimmed milk and incubated overnight at 4°C.
The membrane was then washed before being
incubated at room temperature with the primary mouse
monoclonal antibody to TGF-f1 (1:200, Santa
CruzBiotechnology, CA, USA). After 2 h, membrane
was washed and incubated for 1 h at room temperature

with a horseradish anti-mouse antibody (1:1000, Santa
Cruz Biotechnology, CA, USA).

Statistical Analysis

To compare differences between SM injured group
and unexposed group, comparison of two populations
was made with Student’s T test via SPSS software
version 16.0 (SPSS, IL). Data were considered
significant at p<0.05.

RESULTS

Subject Characteristics

Totally 10 individuals took part in the study. There
were five SM exposed patients and five normal
controls. The mean and standard deviation (mean+SD)
of age were 47.8+5 and 49.4+5.6 in the exposed
patients and normal controls, respectively. There was
no statistically difference between the age of two
groups (p>0.05).

Figure 1. Microscopic appearance of fibroblast cultures established from biopsy using the explant culture system. Cells can
be observed growing out from the tissue within a couple of days and by the end of the 2" wk, few cells other than fibroblasts
remained, as seen here (A,B,C) biopsy explant, day 5; (D) Dissociation culture, day 1; (E) dissociation culture, day 5; (F)
dissociation culture, day 14. Note that fibroblasts migrated out from the edge of specimen (panel B,C) and became confluent.
In dissociated-cell cultures, fibroblasts attached (panel D), spread on culture plates (panel E), and became confluent (panel

F). Arrows show elongated cells with fibroblastic morphology.
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Figure 2. Expression levels of TGF-p1, TGF-p2, TbR-I and TbR-II in primary airway fibroblast of patients with long term

exposure to sulfur mustard. Total RNAs were purified and then analyzed by Semiquantitative RT-PCR. This panel shows gel
bands in order to PCR amplification products of TGF-$1 (242bp), TGF-B2 (220bp), TbR-I (196bp), TbR- II (210bp) and f-
actin (190 bp) transcripts. (A) marked increase in TGF-B1 expression levels of SM exposed patients (Lanes 5-10) was

recognized in comparison to expression level of unexposed ones (Lanes 1-5). (B) The density band of TGF-B2 in SM exposed

patients also shows highlight deference with mRNA of unexposed group. TbR-I(C) and TbR-II(D) also shows the deference in

mRNA expression level. (E) B-actin was used as internal control. Lane M shows DNA ladder (100bp in A, B, E and 50bp in

C,D).

Expression of TGF- p mRNA and Protein in
Primary Fibroblasts

The expression of TGF-f1, TGF-B2, TbR-I, TbR-II
mRNA and TGF-B1 protein were assessed by RT-PCR
and Western blotting.

Semiquantitative RT-PCR were performed on RNA
isolated from control fibroblasts and chemical
fibroblasts. Figure 2 shows the mRNA expression
levels of TGF-p1, TGF-p2, TbR-I, TbR-II and Beta-
actin of SM exposed and unexposed ones obtained
from semiquantitative RT-PCR. The size of the PCR
products for TGF-f1, TGF-p2, TbR-I, TbR-II and f-
actin were 242, 220, 196, 210 and 190 bp, respectively.
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The significant TGF-f1, TGF-B2, TbR-I and TbR-II
expression of SM exposed patients compared to
unexposed ones was observed (p<0.05) Figure 3.

Western blotting analyses revealed similar trends in
mRNA expression. In Western blot experiments, no
detectable level of TGF-Bf1 was found in control
primary lung fibroblasts (figure 4 line 1-3). In
contrast, western blotting analysis showed that
TGF-B1 expression was markedly increased in primary
lung fibroblasts of chemical patients (Figure 4 line 4-
6).

Vol. 12, No. 2, June 2013

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



TGF-p in Airway Fibroblasts of Chemical Patients

E
Mean relative expressionof TGF-F 2

2
M Lati ionof TGF-G 1

Control Patient

Cantral

C
Mean relative exptrﬁsionnf'Tb]]{-I

Cantrol Patient

|
Mean relative expcrﬁsionofTbR-III

Patient

Contral

Figure 3. The mean expression of target genes in SM exposed patients and unexposed ones. (A,B) The mean expression of
TGF-p1 and TGF-B2 in SM injured patients, which is increased significantly in comparison to unexposed samples. (C, D) The
mean expression of TbR-I and TbR-II in SM injured samples that were also increased significantly in comparison with

unexposed group. (P<0.05)

[\

25 KDa

Figure 4. Western blot analysis revealed the presence of TGF-$1 (25 kDa) in the primary fibroblasts of SM exposed patients
(line 4-6). Line 1-3 are related to the control samples. The cells were rinsed with phosphate-buffered saline; total extracted

proteins were harvested and analyzed by Western blotting to indicate TGF-p1 protein

DISCUSSION

Exposure of sensitive respiratory structures to
sulfur mustard can lead to persistent lung disease. The
greatest discomforts and symptoms are of chronic
cough, dyspnoea and sputum production.”'** Airway
remodeling followed by inhalation of mustard gas in
veterans with chronic obstructive pulmonary disease

Vol. 12, No. 2, June 2013

(COPD) has been reported.”> Airway remodeling was
considered, for the first time 75 years ago by Huber in
the study and description of fatal asthma.’* In airway
remodeling besides increases in the collagen layer,
vessels and elastic tissue in the airway wall, considerab
increased amount of extracellular matrix is observed,
probably due to increased synthesis and secretion by
airways fibroblasts and other structural cells.”> Various
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researches have shown that TGF-f can be effective as a
therapeutic target. TGF-B is well known as an
important cytokine in the process of airway remodeling
in lung diseases.”®

In the present study, we found that the mRNA
levels of TGF-B1, TGF-B2, TbR-I and TbR-II mRNA
in primary human airway fibroblasts were significantly
higher in exposed patients compared with controls.
Western blot also showed that the TGF-bl protein
expression was more intensely detected in fibroblast
cells from exposed patients.

The recent description of increased TGF-B
expression in asthma suggests that this cytokine plays a
role in asthmatic airways.”” Later investigations
describe the over expression of TGF-f1 mRNA and
proteins in bronchial biopsies from subjects with
severe and moderate asthma, compared with controls
without asthma.”>?

TGFpB1 maybe served as a biomarker in sputum for
assessing disease activity in patients with COPD and
asthma.*

Using semi-quantitative RT-PCR techniques and
Immuno-histochemistry, increased TGF-Bl  gene
expression in epithelial biopsies of smokers and people
with chronic obstructive pulmonary disease (COPD)
has been showed.” It is likely that lung fibroblasts
participate in the increased expression of TGF-f.
Higher TGF-Bl levels are also reported in the
bronchoalveolar lavage (BAL) fluid of stable atopic
asthmatics,35 SM exposed patients,36 than in that of
control subjects. Bergmann et al (1998), also showed
that TGF-f1 mRNA in BAL cells from patients with
obstructive  lung  transplantation  Bronchiolitis,
increased compared with control subjects.37

Utilizing semi-quantitative RT-PCR and western
blot techniques, we denoted elevated levels of TGF-
variants and receptors in primary human airway
fibroblasts in SM exposed patients. These findings are
consistent with the report that increased expression of
growth factors, such as TGF—B,”’39 have been observed
in lung fibrosis and may drive the excessive matrix
deposition and cell proliferation. TGF-f is thought to
be particularly involved in the development of
subepithelial fibrosis, since TGF-B in vitro stimulates
fibroblast proliferation,"” promotes matrix protein
synthesis and increases the expression of receptors for
extracellular matrix components.*' Irrespective of the
mechanism  involved, a consistent biological
observation is that in models of wounding and injury,
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TbRs are increased in expression by fibroblasts,
airway smooth muscle cells (ASMCs) and pulmonary
vascular smooth muscle (VSM).**  Since both
TbR-I and TbR-II are required for signal transduction
of TGF-B, the increased expression of TbR-I and
TbR-II is likely to have resulted in increase
of connective tissue synthesis and deposition by
fibroblasts.*’

Several authors have related TGF-$ expression to
signs of airway remodeling. One study comparing the
relative expression of TGF- in the remodeling of the
airway wall found a weak but statistically significant
correlation between the number of fibroblasts and the
expression of TGF-B1 in asthmatic patients, but not in
controls, suggesting that the role of TGF-Bl1 is
preponderant in airway wall remodeling.*"*® We
demonstrated an increased expression of TGF-BI,
TGF-B2, TbR-I and TbR-II mRNA in primary human
airway fibroblasts SM exposed patients. Taken
together, these results indicate that TGF-Bs and their
receptors have a major role in the remodeling of the
airway wall. These findings confirm what we have
reported through this article: TGF-f might play an
important role in the chronic effects of SM exposure
and it was suggested that airway fibroblasts might be
involved in the processes of airway remodeling and the
resultant obstructive changes in the airways by
affecting TGF-f pathway.

ACKNOWLEDGEMENTS

We thank members of our laboratory in Genomics
Division of Chemical Injury Research Center,
Bagqiyatallah University of Medical Sciences, Dr.
Barbara Lee Smith Pierce (University of Maryland
University College Scientific and Medical Editing
Baltimore, USA) for editorial work in the preparation
of this manuscript.

REFERENCES

1. Balali-Mood M, Mousavi S, Balali-Mood B. Chronic
health effects of sulphur mustard exposure with special
reference to Iranian veterans. Emerg Health Threats J
2008; 1:€7.

2. Ghanei M, Panahi Y, Mojtahedzadeh M, Khalili AR,
Aslani J. Effect of gamma interferon on lung function of
mustard gas exposed patients, after 15 years. Pulm
Pharmacol Ther 2006; 19(2):148-53.

Vol. 12, No. 2, June 2013

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



10.

11.

12.

13.

14.

15.

TGF-p in Airway Fibroblasts of Chemical Patients

Nourani MR, Yazdani S, Roudkenar MH, Ebrahimi M,
Halabian R, Mirbagheri L, et al. HO1 mRNA and Protein
do not Change in Parallel in Bronchial Biopsies of
Patients after long term exposure to Sulfur Mustard. Gene
Regul Syst Biol 2010; 4:83-90.

Nourani MR, Ebrahimi M, Roudkenar MH, Vahedi E,
Ghanei M, Imani Fooladi AA. Sulfur Mustard Induces
the Expression of Metallothionein-1A in Human Airway
Epithelial Cells. Int J Gen Med 2011; 4:413-9.

Beheshti J, Mark EJ, Akbaei HM, Aslani J, Ghanei M.
Mustard lung secrets: long term clinicopathological study
following mustard gas exposure. Pathol Res Pract 2006;
202(10):739-44.

Ghanei M, Khalili AR, Arab MJ, Mojtahedzadeh M,
Aslani J, Lessan-Pezeshki M, et al. Diagnostic and
therapeutic value of short-term corticosteroid therapy in
exacerbation of mustard gas-induced chronic bronchitis.
Basic Clin Pharmacol Toxicol 2005; 97(5):302-5.
Papirmeister B: Medical defense against mustard gas :
toxic mechanisms and pharmacological implications.
Boca Raton: CRC Press; 1991.

Moore B, Murphy RF, Agrawal DK. Interaction of tgf-
beta with immune cells in airway disease. Curr Mol Med
2008; 8(5):427-36.

Hudon C, Turcotte H, Laviolette M, Carrier G, Boulet
LP. Characteristics of bronchial asthma with incomplete
reversibility of airflow obstruction. Ann Allergy Asthma
Immunol 1997; 78(2):195-202.

Brewster CE, Howarth PH, Djukanovic R, Wilson J,
Holgate ST, Roche WR. Myofibroblasts and subepithelial
fibrosis in bronchial asthma. Am J Respir Cell Mol Biol
1990; 3(5):507-11.

Lewis CC, Chu HW, Westcott JY, Tucker A, Langmack
EL, Sutherland ER, et al. Airway fibroblasts exhibit a
synthetic phenotype in severe asthma. J Allergy Clin
Immunol 2005; 115(3):534-40.

Eickelberg O, Pansky A, Koehler E, Bihl M, Tamm M,
Hildebrand P, et al. Molecular mechanisms of TGF-(beta)
antagonism by interferon (gamma) and cyclosporine A in
lung fibroblasts. FASEB J 2001; 15(3):797-806.

Alcorn JF, Rinaldi LM, Jaffe EF, van Loon M, Bates JH,
Janssen-Heininger YM, et al. Transforming Growth
Factor-bl Suppresses Airway Hyperresponsiveness in
Allergic Airway Disease. Am J Respir Crit Care Med
2007; 176(10):974-82.

Phan SH. Fibroblast phenotypes in pulmonary fibrosis.
Am J Respir Cell Mol Biol 2003; 29(3 Suppl):S87-92.
Fries KM, Blieden T, Looney RJ, Sempowski GD,
Silvera MR, Willis RA, et al. Evidence of fibroblast

Vol. 12, No. 2, June 2013

16.

17.

18.

19

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

heterogeneity and the role of fibroblast subpopulations in
fibrosis. Clin Immunol Immunopathol 1994; 72(3):283-
92.

Thn H, Yamane K, Kubo M, Tamaki K. Blockade of
endogenous transforming growth factor beta signaling
prevents up-regulated collagen synthesis in scleroderma
fibroblasts: association with increased expression of
transforming growth factor beta receptors. Arthritis
Rheum 2001; 44(2):474-80.

Phan SH. The myofibroblast in pulmonary fibrosis. Chest
2002; 122(6 Suppl):286S-289S.

Raghu G, Chen YY, Rusch V, Rabinovitch PS.
Differential proliferation of fibroblasts cultured from
normal and fibrotic human lungs. Am Rev Respir Dis
1988; 138(3):703-8.

. Baglole CJ, Reddy SY, Pollock SJ, Feldon SE, Sime PJ,

Smith TJ, et al. Isolation and phenotypic characterization
of lung fibroblasts. Methods Mol Med 2005; 117:115-27.
Takashima A. Establishment of fibroblast cultures. Curr
Protoc Cell Biol 2001; Chapter 2:Unit 2.1.

Ghanei M, Harandi AA. Long term consequences from
exposure to sulfur mustard: a review. Inhal Toxicol 2007;
19(5):451-6.

Rowell M, Kehe K, Balszuweit F, Thiermann H. The
chronic effects of sulfur mustard exposure. Toxicology
2009; 263(1):9-11.

Naghibi M. Sulfur mustard intoxication, oxidative stress,
and antioxidants. Mil Med 2002; 167(7):573-5.

Huber H, . KK: The pathology of bronchial asthma. Arch
Intern Med 1992, 30:689-760.

Brent E. Parland, Peter T. Macklem, Pare PD. Airway
Hyperresponsiveness: From Molecules to Bedside Invited
Review: Airway wall remodeling: friend or foe? J Appl
Physiol 2003; 95(1):426-34.

Boxall C, Holgate ST, Davies DE. The contribution of
transforming growth factor-beta and epidermal growth
factor signalling to airway remodelling in chronic
asthma. Eur Respir J 2006; 27(1):208-29.

Aubert JD, Dalal BI, Bai TR, Roberts CR, Hayashi S,
Hogg JC. Transforming growth factor beta 1 gene
expression in human airways. Thorax 1994; 49(3):225-
32.

Ohno I, Nitta Y, Yamauchi K, Hoshi H, Honma M,
Woolley K, et al. Transforming growth factor beta 1
(TGF beta 1) gene expression by eosinophils in asthmatic
airway inflammation. Am J Respir Cell Mol Biol 1996;
15(3):404-9.

Magnan A, Retornaz F, Tsicopoulos A, Brisse J, Van Pee
D, Gosset P, et al. Altered compartmentalization of

Iran J Allergy Asthma Immunol, Summer 2013 /151

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

M. S. Mirzamani, et al.

transforming growth factor-beta in asthmatic airways.
Clin Exp Allergy 1997; 27(4):389-5.

Vignola AM, Chanez P, Chiappara G, Merendino A,
Pace E, Rizzo A, et al. Transforming growth factor-beta
expression in mucosal biopsies in asthma and chronic
bronchitis. Am J Respir Crit Care Med 1997; 156(2 Pt
1):591-9.

Minshall EM, Leung DY, Martin RJ, Song YL, Cameron
L, Ernst P, et al. Eosinophil-associated TGF-betal
mRNA expression and airways fibrosis in bronchial
asthma. Am J Respir Cell Mol Biol 1997; 17(3):326-33.
El-Gamel A, Awad MR, Hasleton PS, Yonan NA,
Hutchinson JA, Campbell CS, et al. Transforming growth
factor-beta (TGF-betal) genotype and lung allograft
fibrosis. J Heart Lung Transplant 1999, 18(6):517-23.
Ghanei M, Ghalejooghi NA, Nourani MR, Harandi AA,
Fooladi AA. Effect of TGF31 and TIMP2 on disease
activity in asthma and COPD. Iran J Allergy Asthma
Immunol 2010; 9(2):79-86.

Takizawa H, Tanaka M, Takami K, Ohtoshi T, Ito K,
Satoh M, et al. Increased Expression of Transforming
Growth Factorb 1 in Small Airway Epithelium from
Tobacco Smokers and Patients with Chronic Obstructive
Pulmonary Disease (COPD). Am J Respir Crit Care Med
2001; 163(6):1476-83.

Redington AE, Madden J, Frew AJ, Djukanovic R,
Roche WR, Holgate ST, et al. Transforming growth
factor-beta 1 in asthma. Measurement in bronchoalveolar
lavage fluid. Am J Respir Crit Care Med 1997; 156(2 Pt
1):642-7.

Aghanouri R, Ghanei M, Aslani J, Keivani-Amine H,
Rastegar F, Karkhane A. Fibrogenic cytokine levels in
bronchoalveolar lavage aspirates 15 years after exposure
to sulfur mustard. Am J Physiol Lung Cell Mol Physiol
2004; 287(6):L1160-4.

Bergmann M, Tiroke A, Schafer H, Barth J, Haverich A.
Gene expression of profibrotic mediators in bronchiolitis
obliterans syndrome after lung transplantation. Scand
Cardiovasc J 1998; 32(2):97-103.

Khalil N, O'Connor RN, Unruh HW, Warren PW,
Flanders KC, Kemp A, et al. Increased production and
immunohistochemical localization of transforming
growth factor-beta in idiopathic pulmonary fibrosis. Am J
Respir Cell Mol Biol 1991; 5(2):155-62.

Khalil N, O'Connor RN, Flanders KC, Unruh H. TGF-
beta 1, but not TGF-beta 2 or TGF-beta 3, is

152/ Iran J Allergy Asthma Immunol, Summer 2013

40.

41.

42.

43.

44,

45.

46.

47.

48.

differentially present in epithelial cells of advanced
pulmonary fibrosis: an immunohistochemical study. Am
J Respir Cell Mol Biol 1996; 14(2):131-8.

Hill DJ, Strain AJ, Elstow SF, Swenne I, Milner RD. Bi-
functional action of transforming growth factor-beta on
DNA synthesis in early passage human fetal fibroblasts. J
Cell Physiol 1986; 128(2):322-8.

Roberts CJ, Birkenmeier TM, McQuillan JJ, Akiyama
SK, Yamada SS, Chen WT, et al. Transforming growth
factor beta stimulates the expression of fibronectin and of
both subunits of the human fibronectin receptor by
cultured human lung fibroblasts. J Biol Chem 1988;
263(10):4586-92.

Gold LI, Sung JJ, Siebert JW, Longaker MT. Type I (RI)
and type II (RII) receptors for transforming growth
factor-beta isoforms are expressed subsequent to
transforming growth factor-beta ligands during excisional
wound repair. Am J Pathol 1997; 150(1):209-2.

Khalil N, Parekh TV, O'Connor RN, Gold LI
Differential expression of transforming growth factor-
beta type I and II receptors by pulmonary cells in
bleomycin-induced lung injury: correlation with repair
and fibrosis. Exp Lung Res 2002; 28(3):233-50.

Smith JD, Bryant SR, Couper LL, Vary CP, Gotwals PJ,
Koteliansky VE, et al. Soluble transforming growth
factor-beta type II receptor inhibits negative remodeling,
fibroblast
formation but not endothelial growth. Circ Res 1999;
84(10):1212-22.

Chen G, Khalil N. In vitro wounding of airway smooth

transdifferentiation, and intimal lesion

muscle cell monolayers increases expression of TGF-beta
receptors. Respir Physiol Neurobiol 2002; 132(3):341-6.
Hoshino M, Nakamura Y, Sim JJ. Expression of growth
factors and remodelling of the airway wall in bronchial
asthma. Thorax 1998; 53(1):21-7.

Yazdani S, Karimfar MH, Imani Fooladi AA,
Mirbagheri L, Ebrahimi M, Ghanei M, et al. Nuclear
factor kB1/RelA mediates the inflammation and/or
survival of human airway exposed to sulfur mustard. J
Recept Signal Transduct Res 2011; 31(5):367-73.
Adelipour M, Imani Fooladi AA, Yazdani S, Vahedi E,
Ghanei M, Nourani MR. Smad molecules expression
pattern in human bronchial airway induced by sulfur
mustard. Iran J Allergy Asthma Immunol 2011;
10(3):147-54.

Vol. 12, No. 2, June 2013

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



