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ABSTRACT

Objective: Nasal polyposis (NP) is defined as persistent inflammation of the sinonasal mucosa intractable to medical and surgical treatment. 
Activin-A, is a pleiotropic cytokine in the transforming growth factor-b (TGF-β) superfamily and was shown to orchestrate the allergic inflammation 
in asthma via suppression of T helper-2 (Th2) cells, induction of regulatory T cells, and tissue repair. The purpose of this study was to investigate 
the role of the activin-A in pathophysiology of NP.
Materials and Methods: According to the European Rhinosinusitis and Nasal Polyp criteria, 50 patients and 24 healthy subjects were included in 
the study. There were no significant differences across age and gender between the 2 groups (p>0.05). Samples from patients with NP (n=50; 11 
women, 39 men) were acquired during endoscopic sinus surgeries. Middle turbinate specimens from patients without sinus disease and who 
were undergoing septoplasty were collected as controls (n=24; 3 women, 21 men).
Results: Immunohistochemical staining with activin-A showed an increase in the staining intensity, number of glands and inflammatory cells in 
polyp specimens compared to healthy nasal mucosa. In contrast, no differences were found in fibroblasts and vascular density.
Conclusion: We evaluated the expression of activin-A in NP tissue, which showed a slightly elevated expression compared to the controls. This 
might support the possible role of activin-A in the pathophysiology of NP. Clearer elucidation of the roles of activin-A and other mediators in 
tissue remodeling in NP may ensure more accurate targets for treatment and prevention of relapse.
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INTRODUCTION

Nasal polyposis (NP) is a severe chronic inflammatory 
disease of the nasal and paranasal mucosa characterized 
by semitranslucent, gelatinous, pale mucosal outgrowths 
that typically originate from the middle meatus and major 
symptoms are nasal congestion, nasal obstruction and anosmia 
or hyposmia. It affects up to 4% of the population, is slightly 
more common in men and has a high recurrence rate (1). NP 
is frequently associated with chronic rhinosinusitis and asthma 
(2, 3). 

Histopathologically, nasal polyps are characterized by epithelial 
shedding, basement membrane thickening, subepithelial 
edema, albumin deposition, pseudocystic formations and 

vascular/glandular atrophy with T helper-2 (Th2) skewed 
eosinophilic inflammation (4).

The belief of “one airway, one disease” is widely known and 
accepted all over the world. Asthma and NP have actually 
the same inflammatory properties, including infiltration of 
eosinophil, hyperplasia of goblet cell, a Th2-cell immune 
response, and tissue remodeling. (5). The airway epithelium 
can release many chemokines, cytokines and growth factors, 
which regulate inflammation and remodeling (6).

Among these cytokines, transforming growth factor-β1 
(TGF-β1) plays a strong role in asthma pathogenesis due to 
its ability to inhibit airway hyperresponsiveness and promote 
airway remodeling (6, 7). TGF-β1 has also been shown to play 
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a key role in chronic rhinosinusitis-related tissue remodeling 
processes in the mucosa, through promoting the differentiation 
of fibroblasts into myofibroblasts and increasing the production 
of extracellular matrix proteins (8). However, the role of TGF-β1 
in NP is still controversial with increased expression in some 
immunohistochemical studies and lower TGF-β levels in others 
(5, 9).

Activin-A is a pleiotropic cytokine belonging to the inhibin 
activin family within the TGF superfamily of dimeric molecules 
and uses homologous signal transmission path as TGF-β1, 
including Smad-dependent and Smad-independent pathways 
(10). It has a regulatory role in many processes such as 
embryological development, immune system, hematopoiesis 
and cell regeneration (11). TGF-β and activin signaling pathways 
are activated in allergic pulmonary diseases and airway 
remodeling (12-14). Activin-A promotes human pulmonary 
fibroblasts and proliferation of airway smooth muscle cells and 
supplies a connection between acute allergen-specific T-cell 
responses and chronic TGF-β-mediated airway remodeling 
in asthma (13). In this study, it was aimed to evaluate the 
expression of activin-A in NP samples to investigate its role in 
the pathogenesis of the disease.

MATERIALS AND METHODS

Patients who met the European Position Paper on 
Rhinosinusitis and Nasal Polyps (EPOS) criteria and who agreed 
to participate were enrolled in the study at the department 
of otorhinolaryngology of a tertiary hospital (17). The study 
protocol was approved by the local ethics committee (Ethics 
committee protocol number: 2012/166). The principles of 
the Helsinki declaration were followed during the study 
and written informed consent forms were obtained from all 
participants. In this study, exclusion criteria were determined 
according to the EPOS definitions. None of the patients used 
a course of antibiotics or systemic/local corticoste roids in the 
4 weeks prior to the surgery. Samples from patients with NP 
(n=50; 11 women, 39 men) were acquired while endoscopic 
sinus surgeries. Middle turbinate specimens of patients 
without sinus disease performed septoplasty were gathered 
as controls (n=24; 3 women, 21 men). All samples were fixed 
in 10% neutral buffered formalin and stored in paraffin blocks 
at room temperature.

Immunohistochemistry 

Paraffin-embedded tissue blocks were cut into 5-μm-thick 
sections. Serial sec tions from each block were deparaffinized 
and hydrated to water. Dilute concentrated Diva Decloaker 
(Biocare, DV2005L2J) at a ratio of 1:19 (1 ml Diva to 19 ml of 
deionized water). The slides were placed into retrieval solution 
in Biocare’s Decloaking Chamber at 110ºC for 40 minutes and 
then the slides were allowed to cool for 20 minutes. Dilute 
TBS tween solution (TBT999, Scytek) at a ratio of 1:19 ((50 
ml TBS to 950 ml of deionized water). After washing with TBS 
tween 20, it was treated with 3% hydrogen perox ide (ACA125, 
Scytek) for 20 minutes then rewashed twice with TBS tween 
20. The Super Blocks (AAA125, Scytek) were incubated for 20 

minutes at room temparature. Each sec tion was incubated 
with the activin-A Receptor Type IC antibody (1;100 dilution)
(GTX103442, Genetex) for one hour at room temparature. The 
slides were washed three times with TBS tween 20 and then 
were visualized by diaminobenzadine (DAB). Followed by a last 
wash, the slides were then mounted, coverslipped, and sealed 
in a solution (ABF125, Scytek) for 20 minutes. The slides were 
washed three times with TBS tween 20, and incubated using 
the Sensitek Horseradish Peroxidase Solution (ABF125, Scytek) 
for 20 minutes. The slides were washed three times with TBS 
tween 2, and then were visualized by DAB. The sections were 
then counterstained with Mayer’s hematoxylin (HMM500, 
Scytek) before dehydration with ethanol and xylene. The slides 
were then mounted with DDmount (DDKitalia, 04-102) and 
visualised by light microscopy.

Immunostaining intensity and density of vessels, glandular 
structures, inflammation and fibroblasts were evaluated using 
a numerical scoring system ranging from 0 to 3 defined by 
Muluk et al. (16).

Statistical analyses

All statistical analyses were performed using SPSS software, 
version 16.0 (SPSS Inc., Chicago, IL, USA). The Student’s t test 
was used for comparison of age; Chi-Square for comparison 
of gender and scale between the 2 groups. Data were 
expressed as medians and interquartile rang es, or in box-
and-whisker plots. The Mann–Whitney U 2-tailed test was 
used for control and NP groups. To determine correlations, 
the Spearman test was used, and signifi cance was accepted 
where p<0.05.

RESULTS

The NP group consisted of 39 men (78%) and 11 women 
(22%), whereas the control group had 21 men (87.5%) 
and 3 women (12.5%). The mean age of the NP group was 
42.50±15.9 years (range 16-75 years) and 35.92±13.6 years 
in the control group (range 18-64 years) with no statistical 
significant differences (p>0.05). The immunohistochemical 
examination presented in Table 1 showed an increased 
staining with activin-A antibody (p=0.003) (Figure 1), an 
increase in inflammatory cells and a decrease in glands 
(p=0.001 and p<0.001 respectively) in the polyp specimens 
compared to the controls (Figure 2). In contrast, no 
differences were found in fibroblasts and vascular density 
(p=0.87 and p=0.12 respectively) (Figure 3).

Table 1: Immunohistochemical examination

Nasal polyposis Control group P value

Activin-A staining 3±0 2.8±0.4 0.003

Vascular density 2.5±0.6 2.7±0.7 0.12

Glandular density 1.6±1.2 2.6±0.6 0.001

Inflammation 2.6±0.6 1.75±0.6 <0.001

Fibroblast 1.6±0.6 1.58±0.6 0.87
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Figure 1: Increased staining with Activin-A antibody in polyp specimens [3+] compared to controls [2+].

Figure 2: Increase in inflammatory cells and a decrease in glands in polyp specimens compared to controls.
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DISCUSSION

Nasal epithelial repair and remodeling has a remodeling 
phenomenon similar to the lower airway changes in asthma; It 
includes inflammation, differentiation, proliferation, and matrix 
accumulation and regulated by many different growth factors 
and cytokines (17). Chronic rhinosinusitis is classified into two 
main subgroups: with and without nasal polyps, which are 
different clinical conditions depend on different inflammatory 
mediator and remodeling profiles.

Chronic rhinosinusitis with NP is defined by a pre dominant 
Th2-skewed eosinophilic inflamma tion with high levels of IL-
5, eosinophilic cationic protein and eotaxin, and high local 
IgE concentration in Caucasians and a Th1/Th17 skewed 
neutrophilic inflammation in Asians (4, 18). Huvenne et al. 
conducted a study in which patients with chronic rhinosinusitis 
with NP were investigated for inflammatory cytokines 
simultaneously in samples of the upper and lower airways 
compared to the control group, and they met higher Th2 
levels nasal polyps compared to bronchial samples , there 
was a strong correlation between upper and lower airway 
inflammation characteristic (19). Inflammation leads to 
remodeling in the airway epithelium and several factors such 
as TGF-β, matrix metalloproteinases [MMPs], platelet derived 
growth factor [PDGF] and fibrinolytic components have been 
implicated in remodeling (10, 20). TGF-β1 appears to play a key 

role in tissue remodeling processes in chronic rhinosinusitis 
in sinus mucosa, through promoting the differentiation of 
fibroblasts into myofibroblasts, which synthesize extracellular 
matrix proteins (8). It also influences the bal ance between 
MMPs and tissue inhibitors of metalloproteinase (TIMP), which 
possibly leads to the pathologic tissue remodel ing in chronic 
rhinosinusitis. Wang et al. showed higher expression of TGF-β1 
and collagen deposition in chronic rhinosinusitis without NP 
than with NP, in accordance with the for mer studies (21). There 
was more severe basement membrane thicken ing in chronic 
rhinosinusitis without NP which also confirms the influence of 
TGF-β1 for extracellular matrix production production. 

Activin-A, which belongs to the TGF-β family, phosphorylates 
Smad2 and Smad3 from Smad R-Smad) proteins when 
activated, and this complex translocates into nucleus to activate 
gene transcription (22). 

There is a wealth of data showing that Activin-A promotes 
inflammation and remodeling in allergic asthma. In an 
experimental asthma model, mast cells and lymphocytes were 
shown to secrete activin-A after stimulation by IgE receptor 
cross-linking or intranasal ovalbumin challenge (23). In another 
study, its overexpression was shown to induce severe pulmonary 
inflammation, which was reversed by Activin-A neutralization 
(24). Smad2 overexpression was found to enhance airway 
hyperreactivity after intranasal allergen exposure to house 

Figure 3: No differences were found in fibroblasts and vascular density in polyp specimens compared to controls
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dust mite extract concomitant with the changes in airway 
remodeling, such as subepithelial collagen accumulation and 
hyperplasia of smooth muscle, whereas mice lacking Smad 
3 were shown to have decreased peribronchial fibrosis and 
smooth muscle deposition (13). Interestingly, in some studies, 
activin-A was shown to be a critical immunoregulator in asthma 
(25). It induces Foxp3+ regulatory T cells, which suppress T 
helper cell activity, maintains immune tolerance in the stable 
situation and inhibits asthma attack (26). The expression and 
secretion of activin-A in the upper airways are not well known 
yet. Yang et al. evaluated the level of activin-A and its inhibitor, 
follistatin, in nasal tissue specimens from chronic rhinosinusitis 
cases with and without NP, and monitored the spontaneous 
secretion of these cytokines in a human mucosal model (27). 
By means of ELISA kits, activin-A, follistatin, TGF-β1, and IFN-γ 
concentrations were found to be higher in tissue homogenates 
from subjects with chronic rhinosinusitis without NP compared 
to those with NP, while the levels of IL-5 and eosinophilic 
cationic protein were remarkably lower. 

Similar to our study, Chaker et al. collected nasal samples from 
control turbinate nasal tissue from 48 patients with CRSsNP, 
during endonasal functional endoscopic sinus surgery as well 
as from 31 patients without a history of chronic rhinosinusitis 
during turbinoplasty and septoplasty. They reported a dramatic 
(48-fold) increase in the frequency of activin-A-producing 
cells in patients suffering from CRS with NP compared with 
controls without sinusitis (28). Also Yamin et al. examined the  
expression of the profibrotic cytokines TGF-β1 and activin-A 
in chronic rhinosinusitis with NP compared to healthy controls 
and chronic rhinosinusitis without NP sinus or middle turbinate 
tissue. They showed that TGF-β1 and activin-A increased in 
CRSwNP by immunostaining method (29). 

The fact that we did not include cases of chronic rhinosinusitis 
without NP and did not examine the expression of TGF-β1 
and activin-A antagonist follistatin, which can provide more 
information about the inflammatory and fibrotic process in NP, 
might be considered as a limitation of our study.

CONCLUSIONS

In this study, we evaluated the expression of activin-A in 
NP tissue and showed a slightly more elevated expression 
compared to the controls. While activin-A can’t be defined as a 
specific molecule playing a role in the pathophysiology of nasal 
polyps, it does seem to be commonly expressed in nasal tissue 
with inflammation. Clearer elucidation of the roles of activin-A 
and other mediators in the etiology of NP may provide more 
effective solutions for treatment and prevention of relapse.
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