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Abstract—Transforming growth factor-beta 1 (TGF-β1) is a multifunctional cytokine that plays a
pivotal role in airway remodeling observed in the asthmatic airways. C to T base substitution at -509
promoter position in the TGF-β1 gene leads to its increased expression which contributes to airway
remodeling in bronchial asthma. We sought to evaluate the association of TGF-β1 -509 C/T promoter
variant with clinical asthma and varying degrees of disease severity. Three hundred and eighty-two
clinically diagnosed asthma patients and 410 healthy controls were enrolled for the study. Patients were
classified into severity classes according to the Global Initiative for Asthma (GINA) guidelines. TGF-β1
-509 C/T genotyping was carried out by amplification refractory mutation system polymerase chain
reaction (ARMS-PCR) technique. In the present study, we found significantly higher frequency of TT
genotype in asthma patients compared to controls (for TT vs. CC, p = 0.020). In addition, a significant
difference was observed in the frequency of C and Tallele in patients and controls (for T vs. C, p=0.029).
The heterozygous “CT” genotype was higher in moderate and severe asthmatics compared to mild
subset of patients (for mild vs. moderate, p=0.037). However, there was no significant distribution and
association of variant allele with the severity subsets.

KEYWORDS: transforming growth factor-beta; -509 promoter polymorphism; bronchial asthma; asthma severity.

INTRODUCTION

Asthma is a chronic inflammatory disorder of the
airways characterized by bronchial hyper-responsiveness
that leads to airway remodeling and intractable airflow
obstruction. Airways of individuals with asthma are char-
acterized by a Th2-type inflammation, with an increased
number of inflammatory cells that release mediators which
trigger bronchoconstriction, mucus secretion, and airway
remodeling. A number of mediators have the ability to

induce structural changes; in particular, transforming
growth factor-beta 1 (TGF-β1) has shown to affect many
structural cells in vitro and in vivo and has been well-
implicated in the remodeling process in asthma [1, 2].
Patients with asthma express increased TGF-β1 in the
bronchoalveolar lavage (BAL) fluid in response to seg-
mental allergen challenge, and TGF-β1 levels in the air-
way epithelium and submucosa correlate to airway base-
ment membrane thickness, suggesting a direct role for
TGF-β1 in airway remodeling [3]. In addition, bronchial
biopsies of airway-smooth muscle tissue have shown
higher mRNA expression for TGF-β1 from asthmatic
patients as compared to non-asthmatic controls [4, 5].

These aforementioned findings clearly imply that
TGF-β1 has a critical role to play in asthma pathogenesis.
TGF-β1 is a seven-exon gene localized in chromosome
19q13.2 [6] which synthesizes 390 amino acid TGF-β1
prepropeptide. A particular C to T base substitution at
position -509 from the first major transcription initiation
site in the gene has been linked to promoter activity
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enhancement [7]. The T allele of TGF-β1 is associated
with increased serum levels of TGF-β1 [8, 9] and IgE
[10]. In view of the above, the present study was aimed
to investigate the possible association of -509 C/T poly-
morphism with asthma susceptibility and with varying
degrees of severity.

MATERIALS AND METHODS

Study Population

Three hundred and eighty-two asthma patients diag-
nosed by physician were recruited from Government Gen-
eral and Chest Hospital (Gandhi Medical College and
Osmania Medical College, Hyderabad, India). No patient
had evidence of chronic obstructive pulmonary disease,
bronchiectasis, or any other lung disorder. Informed con-
sent was obtained from all the subjects selected for the
study. Epidemiological details such as age, gender, age of
onset, addictions, inhabitation, and allergic information
were taken through personal interview with the help of a
standard questionnaire. A total of 410 age- and gender-
matched participants who neither had evidence nor family
history of asthma served as healthy controls. All the con-
trols were recruited from the same demographic area and
belonged to the same ethnic group as that of the patients.
The study protocol was approved by the ethics committee
at our institution.

Assessment of Severity

The patients were classified into three severity groups
based on forced expiratory volume (FEV)1 % predicted as
having mild (intermittent and persistent; FEV1>80 %),
moderate (FEV1 60–80 %), or severe (FEV1<60 %) as
defined by the Global Initiative for Asthma guidelines [11].
Lung function variables Forced Expiratory Volume in 1
Second (FEV1) Peak Expiratory Flow (PEF) and Forced
Vital Capacity (FVC) of the patient were measured by
pulmonary function test. The test was performed using a
spirometer (Viasys Healthcare, Micromedical Limited,
Kent, England) before and 15 min after bronchodilator
inhalation (Salbutamol, 200 μg); the procedure as devised
by the American Thoracic Society Standards [12]. The
results were expressed as a percentage of the predicted
normal value using Hankinson’s age- and race-adjusted
prediction equation [13].

Genotyping of TGF-β1-509 C/T Polymorphism

Genomic DNA was isolated from whole blood sam-
ples obtained from patients and control subjects by salting-
out procedure [14]. The genotype for TGF-β1 C-509T
(rs1800469) was determined by means of amplification
refractory mutation system polymerase chain reaction
(ARMS-PCR) method. Briefly, two complementary reac-
tions were established for each allele consisting of target
DNA; allele-specific ARMS primers (RC for C allele and
RT for T allele) and the common primer (CF). A 349-bp
region (-488 to -836 from the transcription start site) in the
TGF-β1 gene promoter was targeted for amplification. The
primers used are as follows: antisense (common forward)
5′CTA CGG CGT GGA GTG CTG AG3′, sense (reverse
C-allele-specific) 5′AAG GGG CAA CAG GAC ACC
TGG G3′, and sense (reverse T-allele-specific) 5′AAG
GGG CAA CAG GAC ACC TGG A 3′. The optimized
reaction mixture of 20 μl contained 100 ng of genomic
DNA, 1× reaction buffer, 1.5 μM MgCl2, 30 μM of each
dNTP, 0.16 μM of each primer, and 0.3 U of Taq DNA
polymerase. The PCR amplification reaction consisted of
initial denaturation at 94 °C for 4 min, followed by 35
cycles at 94 °C for 30 s, 61 °C for 20 s, and 72 °C for 30 s.
The final extension step was at 72 °C for 6 min. The PCR
products were electrophoresed on 2 % agarose gel stained
with ethidium bromide and were visualized under ultravi-
olet light with a 100-bp ladder.

Statistical Analysis

Hardy–Weinberg equilibrium was tested for TGF-β1
-509 C/T variant. Any deviation in the allele and genotype
frequencies between cases and healthy controls and within
severity groups was tested for statistical significance using
Yates’ corrected χ2 test and the odds ratio at 95 % confi-
dence interval (C.I.) using Open EPI6 online statistical
software (Open EPI v 2.3.1, from the Department of Epi-
demiology, Rollins School of public health, Emory Uni-
versity, Atlanta, GA 30322, USA). All the p values were
two-sided, and the level of significance was considered at
p < 0.05.

RESULTS

A total of 382 physician-diagnosed asthmatics and
410 healthy controls were recruited for the study. The
demographic characteristics of patients and controls are
presented in Table 1. In the study, there was no significant
difference in number of males and females in both patient
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and control groups; however, the number of females were
marginally higher in both the groups. Non-smokers were
significantly higher in both cases and controls (p value=
0.001). The mean duration from which the patients were
suffering was found to be 10.5 years. One hundred and
fifty-four (40.31 %) patients had a family history of asthma
whereas 228 (59.69 %) showed absence of family history.
Out of the 382 asthma subjects, 96 (25.13 %), 124
(32.46 %), and 162 (42.41 %), respectively, belonged to
mild, moderate, and severe classes of asthma. The lung
function variables (FEV1, PEF, and FVC) with respect to
severity classes are represented in Table 2. The genotypic
distribution in asthmatics and healthy controls is shown in
Table 3. In the co-dominant model of inheritance, the TT
genotype was significantly found to be higher in patients
than in controls (patients vs. controls, TT vs. CC, odds ratio
(OR) at 95 % C.I.=1.54 (1.08–2.19), p=0.02, χ2=5.3).
Even the dominant genetic inheritance models showed
significant results supporting the recessive genotype as
being more common in asthma subjects (patients vs.
controls, CT+TT vs. CC, OR at 95 % C.I.=1.385 (1.03–
1.84), p=0.03, χ2=4.591). However, there was no

significant genotypic distribution in the recessive genetic
inheritance model (CC+CT vs. TT, OR at 95 % C.I.=1.37
(1.00–1.87), p=0.06, χ2=3.56). When allele frequencies
were compared, the frequency of mutant allele “T” was
significantly elevated in case patients than in their healthy
counterparts (patients vs. controls; T vs. C, OR at 95 %
C.I.=1.325 (1.00–1.17), p=0.029, χ2=3.57) indicating
considerable association of T allele in asthma subjects.
Genotype and allelic distribution within severity groups
was not notably significant, except in the case of a co-
dominant inheritance model wherein the frequency of CT
genotype was significantly higher in moderate as well as in
severe subsets in comparison to mild subset of patients:
(mild vs. moderate, OR at 95 % C.I.=2.194 (1.101–4.370),
p=0.037, χ2=4.311) and (mild vs. severe, OR at 95 %
C.I. = 2.589 (1.336–5.019), p=0.007, χ2 = 7.213).
Furthermore, there was neither significant association of
the genotypes in the dominant and recessive inheritance
model nor association of mutant allele within severity
subsets. The genotypic distribution within the severity
groups’, i.e., mild vs. moderate, mild vs. severe, and
moderate vs. severe, is represented in Table 4.

Table 1. Demographic Variables of Asthmatics and Controls

Patients N=382 Controls N=410 χ2 OR p value

Gender n (%) n (%)
Males 172 (44.94) 162 (39.41) ref
Females 210 (55.06) 248 (60.59) 2.245 1.254 (0.945–1.663) 0.134

Age (in years)a

Males 43.44 45.04 ref
Females 40.24 47.00 0.059 1.127 (0.623–2.037) 0.808

Smoking status n (%) n (%)
Smokers 121 (31.68) 177 (43.17) ref
Non-smokers 261 (68.32) 233 (56.83) 10.650 0.610 (0.456–0.816) 0.001*

Duration of asthma (in years)a 10.5±3.00 – – – –
Family history n (%)
Present 154 (40.31) – – – –
Absent 228 (59.69) – – – –

*p<0.05
a Figures expressed as means

Table 2. Lung Function Variables in Asthmatics with Varying Degrees of Severity (GINA Classification)

Severity Asthmatics N=382 n (%) FEV1 (mean±SD) PEF (mean±SD) FVC (mean±SD)

Mild 96 (25.13) 73.42±15.62 57.76±4.54 68.24±1.24
Moderate 124 (32.46) 65.12±8.64 52.45±9.23 64.77±8.91
Severe 162 (42.41) 44.83±11.21 36.55±6.13 52.27±3.73

ANOVA for FEV1 within severity groups; F Stat=6.682, p value=0.016, F Crit=4.300
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DISCUSSION

Recent understanding of genetics has now recognized
that asthma does not follow simple Mendelian mode of
inheritance and is now characterized as a multifactorial
disorder of the airways brought about by complex interac-
tion between genetic and environmental factors. Several
genes have been linked to asthma susceptibility of which
one being TGF-β1 has shown to have a profound effect in
the etiology of asthma. The transforming growth factor has
now surfaced as a key mediator and a good candidate
responsible for the subepithelial fibrosis observed in asth-
matic lung. It is now known to activate multiple intracel-
lular pathways, of which similar to mothers against
decapentaplegic (Smad) proteins-mediated pathway is an
important signaling pathway central to asthma pathogene-
sis [15]. Earlier studies on the mechanism of TGF-β1 in
airway remodeling have shown that it activates gene tran-
scription via binding to a heterodimeric receptor TGF-
β1—a part of the activin receptor-like kinase (ALK) fam-
ily [16]. TGF-β1 receptor I phosphorylate members of the
Smad protein family initiate nuclear translocation and tran-
scription leading to airway remodeling. TGF-β1 via the
MAPK pathway, and by upregulation of the integrin re-
ceptor a5b1, further encourages the airway remodeling
process by increasing the airway-smooth muscle mass
[17]. A particular study has shown that -509 C/T polymor-
phism is located within a Yin Yang1 (YY1) consensus
binding site [18]. Transfection with the construct contain-
ing the T-allele-enhanced YY1 binding and increased pro-
moter activity compared to the C allele results in increased
serum levels of TGF-β1 [8].

In the present study, we found positive association of
this promoter variant in asthma. Our results demonstrate
that the TT genotype was highly associated with clinical
asthma (p=0.020). When allelic frequencies were

compared, mutant “T” allele frequency was found to be
significantly higher in patients than in healthy controls,
implying T allele as a risk factor in asthma pathogenesis
(p=0.029).

The numbers of previous studies have reported asso-
ciations between polymorphisms in the TGF-β1 gene and
the risk of asthma; nevertheless, the results have been
contradictory. Our results are in accordance with studies
from the population of the United Kingdom and the United
States where C-509T demonstrated elevated risk of devel-
oping asthma [18, 7]. In contrast, the polymorphism was
not associated with asthma risk in subjects of Czech [19],
German [20], or Hong Kong [21] origin. According to a
meta-analysis report [22], the risk appeared to be more
evident in Asians rather than in Caucasian subjects, sug-
gesting a possible influence of different genetic back-
grounds and environmental exposures. Among Asians,
Nagpal et al., in 2005 [23], found significant association
in the North andWest Indian populations; furthermore, Xia
et al., in 2006, reported that polymorphism was to play a
pronounced role in asthma susceptibility in Chinese popu-
lation [24] alleviation.

In the present study, we found in the co-dominant
inheritance model that the CT genotype was elevated both
in moderate and severe asthmatics when compared to mild
asthmatics. The heterozygous genotype “CT” perhaps may
play a vital role in elevating the severity, for which the
rationale is unknown and demands further investigation. In
the further perusal, we did not find significant association
of the genotypes either in the dominant inheritance model
or in the recessive inheritance model; in addition, there was
not any significant association of mutant allele within the
severity subsets. Since asthma is a multifactorial disorder,
linking a single gene with severity becomes tough. In
contrast to the present study, Pulleyn et al., in 2001 [18]
and Mak et al., in 2006 [21], have found a significant

Table 3. Genotype and Allelic Distribution in Asthmatics and Controls

Inheritance model Genotype Controls N=410 n (%) Patients N=382 n (%) Odds ratio 95 % C.I. χ2 p value

Co-dominant CC 172 (41.95) 131 (34.29) ref
CT 140 (34.15) 136 (35.60) 1.27 0.92–1.77 1.88 0.171
TT 98 (23.90) 115 (30.10) 1.54 1.08–2.19 5.378 0.020*

Dominant CC 172 (41.23) 131 (34.29) ref
CT+TT 238 (58.77) 251 (65.71) 1.38 1.03–1.84 4.591 0.032*

Recessive CC+CT 312 (76.66) 267 (69.90) ref
TT 98 (23.34) 115 (30.10) 1.37 1.00–1.87 3.56 0.061

Allele frequencies C 242 (59.02) 199 (52.09) ref
T 168 (40.98) 183 (47.91) 1.32 1.00–1.175 3.57 0.029*

C.I. Confidence Interval, *p<0.05
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difference in the genotype frequency between patients with
mild and severe asthma. This is the first study from South-
ern India reporting association of TGF-β1 -509 promoter
variant with asthmawhile studies carried out in theWestern
and Northern populations of India also showed consider-
able association of the variant with asthma susceptibility. It
is worthy to note that -509 C/T polymorphism is likely a
candidate variant responsible in asthma risk in the Indian
subcontinent.

CONCLUSION

In summary, we have shown the significant associa-
tion of TGF-β1 -509 C/T variant with asthma risk in the
South Indian population. In addition, we found higher
frequency of heterozygous genotype CT in the co-
dominant inheritance model in both moderate and severe
asthmatics relative to mild asthmatics. However, we did
not find any notable association of polymorphism with
other inheritance models within the severity groups.
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