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Background: Transforming growth factor beta   (TGF-B ) is a multifunctional cytokine that has been implicated in the pathogenesis of 
asthma. It is important in transformation, tissue repair, fibrosis and modulation of inflammatory immune responses. It is postulated to 
perform a critical role in asthma; however it is not clear especially for growing children. 

Objective: Our aim was to evaluate TGF-B  levels in asthmatic children (during and between attacks) in relation to asthma severity, 
their atopic status and asthma inflammatory milieu. 

Subjects and methods: This study included    children. They were divided into Group ( ): Fifty asthmatic children (   atopic and    
non atopic asthmatics) and Group ( ): Twenty healthy children. Estimation of TGFB- , leucocyte, neutrophil, eosinophil counts and total 
IgE. Skin prick test and spirometry were done. 

Results: TGF-B  level was high in all asthmatic children. Non- atopic asthmatics showed higher levels than atopic ones (either during or 
between asthma attacks). TGFB-  was higher inbetween attacks than during acute asthmatic attacks. Leucocyte , neutrophil , eosinophil 
counts and IgE level were higher in asthmatics than the control group (either during or between asthma attacks). Absolute eosinophilic 
count and IgE were higher in the atopic group. TGFB-  showed significant negative correlations with both FEV  and age of children. 
Nevertheless, it showed significant positive correlations with neutrophilic and eosinophilic counts. 

Conclusion: TGF-B  plasma level is a marker of asthma severity in younger age. TGFB-  increase means that more fibroblasts and 
fibrocytes will be activated, leading more airway injurious effects in younger children.    

 

 

 

 

INTRODUCTION 

TRANSFORMING GROWTH FACTOR-Β  (TGF-β ) is a 
multifunctional cytokine that is involved in many 
important biological functions.( ) Many studies have shown 
over expression of TGF-β  in the airways of asthmatic 
individuals.( - ) In asthmatic airways, TGF-β  is localized to 
airway smooth muscle cells, as well as mucous glands, 
endothelial cells, and other cells infiltrating the 
submucosa.( ) TGF-β  induces hypertrophy in human 

primary airway smooth muscle cells.( ) and both 
hypertrophy and hyperplasia in bovine airway smooth 
muscle cells.(  ) These data suggest that airway smooth 
muscle cell may be a physiological target of TGF-β  that 
might play a role in the pathogenesis of asthma. During 
tidal breathing, the airway smooth muscle within airway 
walls is continuously exposed to mechanical strain.  
In particular, the airway walls in patients with asthma are 
exposed to excessive mechanical strain during 
bronchoconstriction.(  )  
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Thus, the cellular properties of airway smooth muscle such 
as contraction, stiffness, reorganization of the actin 
cytoskeleton, and alteration in gene expressions are 
influenced by mechanical strain in both normal and 
asthmatic conditions.(  ,  ) Therefore, it is important to 
characterize how mechanical strain triggers signal 
transduction in lung cells to fully understand the 
pathogenesis of asthma. Human airway smooth muscle 
cells (HASMCs) are particularly responsive to mechanical 
stretch as evident by observations from in vitro 
experiments documenting that airway smooth muscle cells 
respond to cyclic mechanical strain with increased 
proliferation, cell reorientation, protein production, 
reorientation of stress fibers, and additional recruitment of 
focal adhesions.(  ,  ). However, the precise cellular and 
molecular signaling mechanisms that underlie TGF-β  
expression in response to stretch in HASMCs remain 
unknown. TGF-β is a pleiotropic cytokine with diverse 
effects on T-cell differentiation and immune regulation and 
potent anti-inflammatory functions.(  -  ) In the lung 
microenvironment TGF-β inhibits cell proliferation, 
induces mucus secretion, and regulates airway fibrosis and 
remodeling,(  -  ) all of which are hallmarks of chronic 
asthma. Specifically, it has been reported that TGF-β 
expression is elevated in bronchoalveolar lavage fluids and 
lung tissue of asthmatic patients.(  ,  ) The aim of this study 
was to evaluate TGF-B  levels in asthmatic children in 
relation to asthma serverity, the atopic status and control 
of asthma whether during acute attacks or in-between 
attacks. 

 

SUBJECTS AND METHODS 

Study design: This case control study was carried out at 
Chest Unit of Pediatric Department and at Allergy and 
Immunology Unit of Microbiology Department at Zagazig 
University Hospital from September      to March     . 
The study was approved by the Pediatric Department of 
Zagazig University Hospital Ethics Committee. Written 
informed consents were obtained from all participants.  

Subjects: The study included    children; their ages ranged 
between  -   years. They were divided into    asthmatics 
and    healthy children as a control group. The diagnosis 
and severity of asthma were based on clinical symptoms 
and the criteria of the Global Initiative for Asthma (GINA 
    )(  ). Bahaie et al and Hoffian et al (  -  ) diagnosed 
atopy if any of the following was found; positive family 

history, history of atopy to a specific allergen, positive skin 
prick test to one or more allergens, eosinophilia and 
elevated IgE level. 

The asthmatic children were divided into Group ( ): Thirty 
asthmatic children between attacks and Group ( ): Twenty 
asthmatic children during attack. As regards to atopy they 
were classified into    atopic and    non-atopic asthmatic 
children.  

Exclusion criteria were children with any significant 
medical conditions especially bronchial or respiratory tract 
infection during the month preceding the test or those 
receiving immunotherapy or anti-histamines in the last   
days (for the efficacy of the skin prick test) 

Interventions: The following were done to all children, 
history taking to find if there was positive family history of 
asthma, assess asthma severity and differentiate between 
atopic and non-atopic asthmatics. Thorough clinical 
examination was performed to exclude any other cause of 
distress as chest infection. Pulmonary function tests to 
prove the diagnosis and assess the severity of asthma as 
FEV  ≥    : intermittent or mild asthma,   -   : 
moderate asthma, <   : severe asthma. (  ) The apparatus 
used was master screen Viasys Health Care Gmph, 
Germany.  

 Blood investigations: total leucocytic count, neutrophil 
count, absolute eosinophilic count, IgE level and estimation 
of serum transforming growth factor beta   (TGF-B ). All 
were done in the same setting. 

Allergy skin test:  

The allergens used were: house dust, human hair, smoke, 
wool, cotton, mixed fungi, mixed pollens and hay dust. 

The procedure of skin intradermal test: The skin of the 
volar surface of the forearm was cleaned and marked,     
ml of  /     dilution of each extract, negative and positive 
controls were injected intradermally; after   minutes the 
tested sites were inspected. Fully developed erythema and 
wheal reactions were remeasured after    minutes. The 
mean wheal size was represented as (X + x)/  (X is the 
maximum diameter, and x is the perpendicular diameter). 
Mean wheal size of greater than or equal to   mm was 
regarded as positive (  ). No antihistamines were taken in 
the last    hours prior to the test, so as not to affect the 
result. 
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Measurement of active human transforming growth factor-
β : Blood samples were taken to the serum separator tubes 
and stored for    minutes at    C to clot. The samples were 
incubated overnight at   C before centrifugation (      x 
g/   minutes). Serum levels of TGF-β  were measured 
with enzyme-linked immunosorbent assay (ELISA) using a 
commercially available kit (Quantikine; R & D Systems 
Inc., Minneapolis, MN, USA). Before the assay, latent TGF-
β  was activated to immunoreactiveTGF-β , detectable by 
the Quantikine TGF-β  immunoassay.  

Aliquots of standard or activated samples were added to 
each well of an assay plate and the plate was incubated at 
   C for   hours. After aspirating/washing three times, 
    μl of conjugate was added to each well and the plate 
was incubated again at    C for     hours. Again, after 
aspiration and washing,     μl of substrate solution was 
added and the plate was incubated at    C for    minutes. 
Finally,    μl of stop solution were added to each well. The 
optical density in each well was measured within    
minutes by using a microplate reader set to absorbance     
nm. The minimum detectable level of TGF-β  is   pg/ml 
(  ). 

Statistical Analysis: 

Descriptive data were presented as mean ± standard 
deviation (X± SD),median and range or percentage (%). All 
statistical comparisons were performed by using the 

student's t test, Chi-Square test X , Kruskal-Wallis H test, 
Mann-Whitney (Z test), Fisher's exact test and a Pearson 
correlation test. Data were checked and analyzed using 
Statistical Package of Social Science (SPSS) for windows 
version   . P values less than      were considered 
significant.  

RESULTS 

The studied groups were age and sex matched.  Mean 
TGFB-  level was higher in asthmatics more than healthy 
children (table  ). It was higher in non-atopic asthmatics 
more than atopic ones (either during or between attacks) 
(table    ). The highest TGFB-  level was measured in non-
atopic between asthma attacks. Total leucocytic,  
neutrophilic, absolute eosinophilic count and IgE levels 
were statistically higher in asthmatic children than the 
healthy group (table  ). IgE level and absolute eoinophilic 
count were higher in atopic asthmatics (both during and 
between asthma attacks). Neutrophilic count showed the 
highest level in non-atopics between attacks (table  ). 
Severe asthma was found more in the non-atopic group 
during attack (FEV  <   ) with a P value <      (table  ), 
but it showed no difference between atopic and non-atopic 
asthmatics between attacks (table  ). TGFB-  was 
negatively correlated with both FEV  and age of children. 
TGFB-  showed a significant positive correlation with 
neutrophilic and eosinophilic count. Total WBC count 
showed a non-sgnificant positive correlation with TGFB- . 

 
 
 
 

 

 
 

Fig  . TGFB-  Levels in Asthmatic Children  
(during and in-between attacks) and the Control Groups 
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Table  . Clinical and Laboratory Data of the Studied Groups. 
 
 

Asthmatic children 
(n=   ) 

Control group 
(n=  ) 

P 

 

Age (yr)$ 
 

          
 

         
 

>     
 

Sex: Female* 
         

        Male 

 

   (   ) 
 

   (   ) 

 

  (     ) 
 

   (    ) 

 

>     

 

TLC /mm  $ 
 

          
 

          
 

>     
 

Absolute eosinophilic count /µl $ 

 
 

        

 
 

        

 
 

<     
 

IgE level ng/ml # 
 

    (   -    ) 
 

   (  -   ) 
 

<     
 

Neutrophilic count /mm  # 
 

     (   -    ) 
 

     (   -    ) 
 

<     
 

TGFB-  pg/ml $ 
 

         
 

         
 

<     

TLC: total leucocyte count                            IgE: immunoglobulin E     TGFB- : transforming growth factor beta  .    
 $ : t test     *: X  test      #: Z test 

 
 
 
 

Table  . Clinical and Laboratory Data in Atopic, Non-atopic Asthmatics (during attacks) and Healthy Children.  

 
Atopic asthmatics 

(n= ) 
Non-atopic asthmatics 

(n=  ) 
Control group 

(n=  ) 
P 

 

TGFB-  (pg/ml) ¿ 
 

         a 
 

          b 
 

          c 
 

<     

Neutrophilic count (/mm ) # 

 

     
 

 (   -    )a 

 

     
 

 (    -    )b 

 

     
 

 (   -    )c 

 

<     

Absolute eosinophilic count (/µl) ¿ 
 

      a 
 

       b 
 

       c 
 

<     

IgE (ng/ml) # 

 

     
 

 (   -    )a 

 

    
 

 (   -   )b 

 

   
 

 (  -   )c 

 

<     

FEV  <     » 
 

 /  
 

 /    
 

<     

¿: F test (compare means  SD) #: Z test (compare median values and ranges)   »: Fisher's exact (compare proportions)  
TGFB- : transforming growth factor beta- .  IgE: immunoglobulin E                     FEV : forced expiratory volume  st second.                   
ab, ac, bc: significant (P <     ). 
 

 
 

 
Table  . Clinical and Laboratory Data in Atopic, Non-atopic Asthmatics (between attacks) and Healthy Children.  

 
 

Atopic  asthmatics 
(n=  ) 

Non-atopic asthmatics 
(n=  ) 

Control group 
 (n=  ) 

P 

 

TGFB-  pg/ml ¿ 
 

         a 
 

          b 
 

          c 
 

<     

Neutrophilic count /mm  # 

 

     
 

 (   -    )a 

 

     
 

 (    -    )b 

 

     
 

 (   -    )c 

 

<     

 

Abssolute Eosinophilic count/µl ¿ 
 

      a 
 

       b 
 

       c 
 

<     

IgE ng/ml # 

 

     
 

 (   -    )a 

 

    
 

 (   -   )b 

 

   
 

 (  -    )c 

 

<     

FEV <     » 
 

 /   
 

 /    
 

>     

¿: F test (compares means  SD)            #: Z test (compares median values and ranges)    »: Fisher's exact  (compares proportions)  
TGFB- : transforming growth factor beta- .   IgE: immunoglobulin E     FEV : forced expiratory volume  st second.       
ab, ac, bc: significant (P <     ). 
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Table  . Correlation between TGFB-  and (FEV , Age, Total Leucocytic, Eosinophil and Neutrophil Counts). 
 

TGFB-  
 

 

R 
 

P 
 

FEV (%) 
 

-     
 

<     
 

Age (yr) 
 

-     
 

<     
 

Total leucocytic count /mm  
 

     
 

>     
 

Eosinophilic count /µl 
 

     
 

<     
 

Neutrophil count /mm  
 

     
 

<     

TGFB-  : transforming growth factor beta               FEV  : forced expiratory volume  st second. 
P >     : non-significant                                          P <     : significant 
 

 

 

DISCUSSION 

Asthma is a chronic inflammatory disease of the airways 
characterized by Th  type inflammation. Pathological 
repair of chronic inflammation may lead to structural 
alteration in the airways that are called airway remodeling. 
TGF-β belongs to a family of growth factors that has an 
important role in wound healing and fibrogenesis. It 
promotes differentiation of fibroblasts into 
myofibroblasts.(  ) Our study was conducted on    
asthmatic children (   during attack and    between 
attacks), according to atopy, they were (   atopic and    
non-atopic) and    healthy children as control group. All 
the groups were age and sex matched.  In our study mean 
TGFB-  level was higher in asthmatics than the control 
group. Another study on asthmatics reported that TGF-β 
was increased and associated with submucosal 
inflammatory cells, including fibro-blasts, smooth muscle 
cells, eosinophils, macro-phages and the connective tissue 
of the airway, with variable expression in the epithelial 
cells. (  ) Non-atopic group showed the highest TGF-B  
level compared to the atopic and the control groups. We 
can explain this by the theory which suggests that all 
asthmatics are atopic, and the non-atopic group are atopic 
to unknown allergen, so they show a more severe form of 
asthma, as they do not avoid the causative agent,(  ) so 
more remodeling occurred in those patients, and 
consequently higher TGFB-  level. Lommatzsch et al.(  ) 
have found that levels of serum TGF-β  in atopic asthmatic 
adults were not different from control subjects. This may 
be due to weaker and less remodeling process in adults 
than children. (  ) The ability of the tissues for reforming, 
healing and synthesizing in adults is less than children. 
Another study found that TGF-β  was increased and 
participated in the pathogenesis of asthma. (  ) In our study 
TGFB-  was increased between asthma attacks, this may be 
due to continuous airway remodeling after the acute attack 
of asthma which is a part of the inflammatory reaction 
secondary to poor asthma control.(  ) The same was 
reported by many other studies.(        ) Neutrophilic count 
was increased in asthmatics more than healthy children. 
Non-atopic asthmatics had the highest neutrophilic count 
than atopic ones and than the control group. Chu et al. (  ) 

reported higher level of neutrophils and TGF-B  positive 
cells in airway tissue of asthmatics compared to normal 
subjects. They concluded that higher levels of TGF-B  
expression-release from asthmatic neutrophils indicated 
that neutrophils might be involved in the airway 
remodeling process of asthmatic subjects. Other studies 
reported increased neutrophilic count in asthma and its 
relation to TGF-B  production.(  ,  ) In our study, absolute 
eosinophilic count and IgE were significantly increased in 
atopic asthmatics during the attack of asthma than 
between attacks. These results agreed with Ohno et al. ( ) 
who reported that atopic asthma showed eosinophilia and 
high IgE level. TGFB-  levels were higher in severe 
asthmatics. TGFB-  showed higher levels with a decrease 
in FEV . Expression of TGF-β has been shown to correlate 
with fibroblast numbers, sub-epithelial thickening and 
severity of asthma. (  ) Boxall et al. (  ) reported that TGFB-  
was positively correlated with asthma severity. In our 
study a negative correlation between age and TGFB-  was 
found. This means that, the younger the age of the child, 
the higher the level of TGFB-  level. Herr et al. (  ) reported 
that asthma is less severe in young age due to better 
remodeling process. We also found a positive correlation 
between eosinophilic count and TGFB-  level. Yap et al. (  ) 
reported the same results. Bacci et al. (  ) found a 
correlation between the increased expression of TGF-B  in 
asthmatic airways and an increased number of infiltrated 
eosinophils. On the other hand, Ricciardolo et al.(  ) found 
that eosinophilic count showed no significant correlation to 
TGFB-  level. In our study, neutrophil count showed a 
positive correlation with TGFB- . Choi et al.(  ) reported 
that neutrophils had a role in production of TGFB- . Uddin 
et al.(  ) found a close relation between TGFB-  and 
neutrophils and described neutrophils as the precursors of 
TGFB- . 

CONCLUSION 

In conclusion, TGFB-  is increased in asthmatic children. It 
is significantly associated with asthma severity and young 
age. As it has a role in remodeling process of the airways 
seen in bronchial asthma after the acute attack, increased 
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TGFB-  levels reflect injurious effects on the airways, 
especially in younger children. This result spotlights a 
novel robust marker for destructive effects of airway 
remodeling in younger asthmatic children. 
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