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ABSTRACT
Objectives: This study aims to use immunohistochemistry to compare histopathological findings and transforming growth factor beta
1 (TGF-b1) levels in polyp tissue in cases of nasal polyp with histopathological findings and TGF-b1 levels in the nasal mucosa in
patients with obstructive nasal deformity.
Patients and Methods: The study group consisted of 20 patients. The control group consisted to 20 patients scheduled for nasal
surgery due to septum deviation. Edema, mixed infection cell infiltration, eosinophil leukocyte infiltration and squamous metaplasia
development were studied from hematoxylin-eosin stained slides containing polyp and conchal mucosa tissue specimens
collected from the study and control groups. These were then assessed semi-quantitatively. The presence or absence of TGF-b1
antibody and positive reaction in the mucosal epithelium, submucosal glands, fibroblasts and inflammatory cells were evaluated
immunohistochemically.
Results: A positive association was determined between eosinophilia and edema on tissue staining with hematoxylin and eosin in
cases of nasal polyp, while no edema was observed in any cases in the control group. Comparison of the control and study groups on
immunohistochemical (TGF-b1 positive reaction) staining revealed no significant difference between epithelium, gland and fibroblast
staining. Immunohistochemical staining of inflammatory cells was more pronounced in the study group.
Conclusion: We conclude that TGF-b1 may play a role together with other mediators, although not alone, in the pathophysiology of
nasal polyp.
Keywords: Nasal polyposis; tissue eosinophilia; transforming growth factor beta 1.

Polyps are benign mucosal formations that
develop for various reasons. Nasal polyps
(NP) are edematous masses associated with
chronic inflammation and characterized by
squamous metaplasia of the nasal mucosa,

secretory hyperplasia, inflammatory cell
infiltration, extracellular matrix accumulation
and fibrosis.[1] They are also characterized by
chronic mucosal inflammation of the nasal and
paranasal sinuses.[2]

Received: January 01, 2016 Accepted: February 15, 2018
Correspondence: Fatih Turan, MD. Erzincan Üniversitesi Tıp Fakültesi, Kulak Burun Boğaz Anabilim Dalı, 24100 Erzincan, Turkey.
e-mail: fturan@erzincan.edu.tr
Doi: http://dx.doi.org/10.5606/Tr-ENT.2018.78095
Citation:
Damcayırı Yeniel E, Turan F, Eyibilen A, Bayram Kablan R, Köseoğlu RD. Transforming growth factor beta 1 (TGF-b1) in the pathophysiology of nasal polyp.
Tr-ENT 2018;28(2):93-104.

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Open Access

94

The causes leading to polyp formation
are still unclear, but damage to the mucosal
epithelium mediated by mesenchymal tissue or
inflammatory mediators have been proved to
play a key role. Inflammatory cell inflammation
and thickening of the basal membrane together
with epithelial proliferation and extracellular
matrix accumulation occur with recurring
injury. Fibroblasts are found in the stroma and
stimulate extracellular matrix accumulation.[3]
Broad variation may be observed among polyp
structures. The essential features of the
bilateral eosinophilic polyp include thickening
in the basal membrane, pseudocyst formation, a
decrease in vessel and gland numbers together
with edematous fibrotic stromal tissue and an
absence of neuronal structures.[4]
Recent studies have suggested that the
release of immunological mediators is the
most important factor in polyp development.
Interleukin (IL)-3, IL-5, granulocyte-macrophage
colony-stimulating factor (GM-CSF) and IL-8
have been reported as the most important of
these mediators. These cytokines represent
the essential cause of chronic inflammation,
eosinophilia, superficial epithelial changes and
edema.[5]
Eosinophils are the dominant inflammatory
cells in NP tissue. The cytokines transforming
growth factor alpha (TGF-a) and ILI-b regulate
the extravasation of eosinophils toward the
NP lamina propria. Eosinophils, mast cells,
macrophages and T cells are the main source
of TGF. The liposaccharide (LPS) in human
blood is the most important potent stimulus for
TGF-a production. This induces the release of
adhesion molecules and several other cytokines
and inflammatory proteins.[6,7]
Interleukin-3, IL-5 and GM-CSF are cytokines
responsible for the activation and survival of
eosinophils. Granulocyte-macrophage colonystimulating factor increases in parallel to the
active eosinophils in NP tissue. It contributes
to chronic eosinophilic response by increasing
eosinophil migration, survival and activation.[8]
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the body.[9] Transforming growth factor-b1 is
a cytokine with multi-directional effects that
modulates proliferation, differentiation and
other processes in cell survival.[10] Structurally, it
contains a large number of polypeptide growth
factors. These are involved in the regulation
of such cellular processes as proliferation,
differentiation, motility, adhesion and cell
death.[9]
Transforming growth factor-b1’s effect
on the immune system takes the form of
inhibition. It suppresses production of
immunoglobulin by B lymphocytes. The effect
of TGF-b1 on cell proliferation depends on the
type of cell. It exhibits an inhibitory effect on
epithelial cells, endothelial cells, fibroblasts
and T and B lymphocytes. Its effect on human
mesenchymal cells, in contrast, is biphasic.
At high concentrations, TGF-b1 prevents cell
growth, while at low concentrations it has a
mitogenic effect.[10]
Transforming growth factor-b1 is released by
various cells in the body, such as lymphocytes,
eosinophils, macrophages and fibroblasts.
Transforming growth factor-b1 leads to fibrosis
in respiratory tissue and exhibits a proinflammatory regulatory effect in fibroblastic
activity. Transforming growth factor-b1 is
known to be a potent stimulator of fibroblast
proliferation in the respiratory epithelium.
Fibroblasts are present in NP tissue stroma and
have been associated with active extracellular
matrix accumulation. According to this thesis,
they contribute to fibroblast proliferation
and connective tissue deposition in chronic
rhinosinusitis.[3]
The purpose of this study was to
use immunohistochemistry to compare
histopathological findings and TGF-b1
levels in polyp tissue in cases of NP with
histopathological findings and TGF-b1 levels in
the nasal mucosa in patients with obstructive
nasal deformity.

PATIENTS AND METHODS

The TGF-b1 family is one of the extracellular
growth factors controlling development in a
multi-directional manner. It is involved in the
growth, repair and hemostasis of all tissues in

Patients presenting to the Gaziosmanpaşa
University Ear, Nose and Throat clinic with
nasal polyposis determined in their histories
and on endoscopic examination were included
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in the study. Cases of NP with non-specific and
specific (granulomatous inflammation) upper
respiratory tract inflammatory disease or with
cystic fibrosis, primary ciliary dyskinesia or
other systemic disease were excluded. Twenty
patients were enrolled in the study group. Care
was taken that patients in the study group
had received no treatment for nasal polyposis
in the one-month period before surgery. The
control group of 20 subjects was selected from
patients with no history of asthma or allergic,
inflammatory or granulomatous disease and
scheduled for surgery due to septum deviation
or obstructive nasal deformity. Biopsy tissue
specimens were collected from the inferior
conchal mucosa following general anesthesia in
these subjects.
Consent was obtained from patients in both
study and control groups. Approval was granted
by the Gaziosmanpaşa University Medical Faculty
Ethical Committee. The study was conducted
in accordance with the principles of the
Declaration of Helsinki. Following routine tissue
procedures, the NP and normal conchal mucosa
tissue specimens from the study and control
groups were placed in paraffin blocks. Sections
4 micrometers in thickness were then taken from
these. Polyp tissues in sections stained with
hematoxylin-eosin (H-E) were assessed in terms
of edema, mixed inflammatory cell infiltration,
eosinophil leukocyte infiltration and development
of squamous metaplasia. The same parameters
were used in the assessment of conchal mucosa
specimens from the control group.
Immunohistochemical analysis
Immunohistochemical analysis was performed
on paraffin sections from both the study and
control groups. Four-micrometer sections from
the paraffin blocks were first kept overnight in a
stove at 65°C and then deparaffinized in xylene.
Deparaffinized sections were passed through
decreasing alcohol series (90%, 80% and 70%
ethyl alcohol). Sections were placed in citrate
buffer solution for antigen retrieval, and boiled
in a microwave for 2 5-min cycles, at high and
low energy. They were then left to cool at room
temperature for 20 min. After cooling, the slides
were washed in distilled water. Once dry, the
outside of the slides was marked with a slide
©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

marker and hydrogen peroxide was applied for
10 min in order to prevent nonspecific background
staining. Following 20-min incubation of tissue
sections with ultraviolet block, TGF-b1 antibody
was diluted to 1:50 with antibody diluent and
applied to the sections. One-hour incubation
was then performed for the primary antibody.
Next, sections were incubated for 30 min at
each step with biotinylated goat serum and
streptavidin peroxidase solution. Amino ethyl
carbazole (AEC) chromogen was applied for
15 min in order to show the resulting reaction.
Following application of Mayer’s hematoxylin
for background staining, the slides were covered
with aqueous material.
Assessment of immunohistochemical staining
was performed under a light microscope. Positive
staining was assessed on the basis of the presence
or absence of positive reaction in the mucosal
epithelium, submucosal glands, fibroblasts and
inflammatory cells. Semi-quantitative evaluation
was performed in the form of intensity of staining
and stained area percentages.
Parameters evaluated semi-quantitatively in
sections stained with H-E and the presence or
Table 1. Severity of edema in tissues stained with
hematoxylin-eosin
Study group
Edema

None
Mild
Moderate
Severe

n

%

1
2
3
14

5
10
15
70

Table 2. Intensities of eosinophilia in polyp tissue
stained with hematoxylin-eosin in the study group
Study group
Eosinophilia
None
Mild
Moderate
Severe

n

%

2
7
8
3

10
35
40
15
Open Access
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Table 3. Densities of mixed inflammatory cells in the study and control groups
Study group

Control group

n

%

n

%

0
6
8
6

0
30
40
30

8
8
2
2

40
40
10
10

Mixed inflammatory cells
None
Mild
Moderate
Severe

absence of TGF-b1 positive reaction in the tissue
components cited above were compared within
and between groups using appropriate statistical
analysis in order to determine potentially
significant relations.
Statistical analysis
All the variables in this study consisted
of qualitative data. The chi square test on
2x2 grids was therefore used for comparisons
between variables. Under conditions in which
this test was not applied (when the expected
frequencies in any well were less than 5),
the Fisher exact chi square test was used.
Correlation analysis (Spearman Rho coefficient)
was used to investigate relations between
variables involving descriptive data.

RESULTS

Ages of the patients with NP ranged between
12 and 72, with a mean age of 37.4. Ages in the
control group ranged from 25 to 58, with a mean
value of 27.1.

patients (30%) in the study group had allergies,
and fourteen (70%) had none. Five patients (25%)
in the study group and four (20%) in the control
group were smokers.
Seven patients (35%) in the study group had
previously undergone surgery for NP once, one
(5%) had been operated on twice, and 12 (60%)
had never been operated for NP. Fifteen patients
(75%) used nasal steroids, while the other five
(25%) had not.
No edema was determined in tissues stained
with H-E in the control group (Figure 1). The
study group was divided into four groups on
the basis of severity of edema-none, mildly
edematous tissue, moderate edematous tissue
and severely edematous tissue (Table 1, Figure 2).
Analysis of the presence of eosinophils in
tissues revealed no eosinophils in preparates
stained with H-E in the control group (Figure 3).

Fifteen (75%) of the patients in the study
group were male and five (25%) were female.
Sixteen (80%) of the subjects in the control group
were male and four (20%) were female. Six

Levels of eosinophilia using the same staining
method in the study group are shown in Table 2.
Mild eosinophilia was defined as a dispersed
state, moderate eosinophilia as small groups
and severe eosinophilia and eosinophilia masses
(Figure 4).

Table 4. Epithelial staining using immunohistochemical
(TGF-b1 positive reaction) staining

Table 5. Staining in glands on immunohistochemical
staining (TGF-b1 positive reaction) staining

Staining in the epithelium
Study group
No staining
Staining

n

%

6

30

14

70

Staining in glands

Control group
n
4

16

Study group

%
20

80

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

No staining
Staining

n

%

8

40

12

60

Control group
n

%

6

30

14

70
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Table 6. Staining in fibroblasts on immunohistochemical
staining (TGF-b1 positive reaction) staining
Staining in fibroblasts
Study group
No staining
Staining

Control group

n

%

n

%

14

70

18

90

6

30

2

10

Table 7. Staining in inflammatory cells on
immunohistochemical staining (TGF-b1 positive
reaction) staining
Inflammatory cell staining
Study group
No staining
Staining

Control group

n

%

n

%

6

30

15

75

14

70

5

Figure 1. Control group mucosal edema stained with H-E¥10
magnification.

25

Varying levels of mixed inflammatory
cells were observed in tissue on staining with
H-E in both the study and control groups
(Table 3, Figure 5). The difference in mixed
inflammatory cell density distributions between
the groups based on the Chi-square test was
significant (c2=13.886, p=0.003) (Figure 6).
No squamous dysplasia or basal membrane
thickening was observed in any of the preparates
stained with H-E from the study or control
groups.

Figure 2. Study group mucosal edema stained with H-E¥10
magnification.

Presence of staining in the epithelium in the
study and control groups was compared using
immunohistochemical (TGF-b1 positive reaction)
(Table 4, Figure 7). A statistically insignificant
difference was determined based on the chisquare test (c2= 0.533, p= 0.465) (Figure 8).
Staining was observed in glands in
both the study and control groups on
immunohistochemical staining (TGF-b1 positive
reaction) (Table 5, Figure 9). The differences
according to the chi-square test were statistically
insignificant (c2=0.440, p=0.507) (Figure 10).
Staining was present in fibroblasts
in both the study and control groups on

Figure 3. Control group mucosal eosinophils stained with
H-E¥20 magnification.

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.
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Figure 4. Study group mucosal eosinophils stained with
H-E¥20 magnification.

Figure 5. Control group mucosal mixed inflammatory stained
with H-E¥10 magnification.

immunohistochemical staining (TGF-b1 positive
reaction) (Table 6). A statistically insignificant
difference was determined between the groups
on the basis of Fisher exact chi-square test
(p= 0.235).

positive, strong significant correlation between
edema and eosinophilia in preparates stained
with H-E in the study group (r=0.601, p=.005).
A negative, weak but significant correlation
was observed between mixed inflammation and
eosinophilia (r=0.451, p=0.046).

Staining was present in inflammatory
cells in both the study and control groups on
immunohistochemical staining (TGF-b1 positive
reaction) (Table 7). A statistically significant
difference was determined on the basis of the chi
square test (c2= 8.120, p= 0.004).

There was no correlation in the study group on
immunohistochemical (TGF-b1 positive reaction)
staining between epithelial staining, gland
staining and eosinophil density on staining with
H-E (r= 0.02, p= 0.933).

Simple correlation analysis (Spearman
correlation coefficient method) revealed a

A positive, weak and insignificant correlation
was determined in the study group between

Figure 6. Study group mucosal mixed inflammatory stained
with H-E¥10 magnification.

Figure 7. Control group mucosal edema stained with immunohistochemical (TGF- b1 positive reaction) ¥20 magnification.

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.
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Figure 8. Study group mucosal edema stained with immunohistochemical (TGF- b1 positive reaction) ¥10 magnification.

Figure 9. Control group mucosal gland stained with immunohistochemical (TGF- b1 positive reaction) ¥10 magnification.

fibroblast staining on TGF-b1 positive reaction
staining and eosinophil density on staining with
H-E (r= 0.170, p= 0.473).

immunohistochemical staining (TGF-b1 positive
reaction) and density of mixed inflammation on
H-E staining (r=-0.423, p=0.063).

A positive, weak and insignificant correlation
was also determined in the study group between
inflammatory cell staining on TGF-b1 positive
reaction staining and eosinophil density on
staining with H-E (r= 0.421, p= 0.065).

A negative, weak but significant correlation
was observed in the study group between
eosinophilia and mixed inflammation in
preparates stained with H-E (r=-0.451, p=-0.046).

A negative, strong and significant correlation
was observed in the study group between gland
staining with TGF-b1 positive reaction and
edema density on staining with H-E (r=-0.525,
p= 0.017).

A negative, weak and insignificant correlation
was determined in the study group between
mixed inflammation and edema in preparates
stained with H-E (r=-0.325, p=0.162).

No correlation was determined between
fibroblast staining on immunohistochemical
staining (TGF-b1 positive reaction) and density
of edema on H-E staining (r=0.023, p=0.922).
A positive, weak and insignificant correlation
was observed between inflammatory staining on
immunohistochemical staining (TGF-b1 positive
reaction) and density of edema on H-E staining
(r= 0.386, p= 0.93).
No correlation was determined between
epithelial, gland or fibroblast staining on
immunohistochemical staining (TGF-b1 positive
reaction) and density of mixed inflammation on
H-E staining (r=0.00, p=l.00).
A negative, weak and insignificant correlation
was observed between inflammatory staining on

Figure 10. Study group mucosal gland stained with immunohistochemical (TGF- b1 positive reaction) ¥20
magnification.
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Positive, weak and insignificant correlations
were determined on immunohistochemical
staining (TGF-b1 positive reaction) in the study
group between epithelial staining and gland
staining (r=0.138, p=-0.574), epithelial staining
and fibroblast staining (r=0.429, p=0.59), and
fibroblast staining and gland staining (r=0312,
p= 0.181).
No statistically significant correlation was
determined on immunohistochemical staining
(TGF-b1 positive reaction) in the study group
between epithelial and inflammatory cell
staining (r=0.048, p=0.842).
No statistically significant correlation was
determined on immunohistochemical staining
(TGF-b1 positive reaction) in the study group
between inflammatory cell and gland staining
(r= 0.89, p= 0.709).
A positive, weak and insignificant correlation
was observed on immunohistochemical staining
(TGF-b1 positive reaction) in the study group
between fibroblast and inflammatory cell
staining (r= 0.190, p= 0.421).
In the control group, a negative, weak and
insignificant correlation was observed between
mixed inflammation on H-E staining and
epithelial staining (r=-0.232, p=0.325), gland
staining (r= -0.122, p= 0.610) and fibroblast staining
(r=-0.124, p=0.603) on immunohistochemical
staining (TGF-b1 positive reaction).
A positive, weak but insignificant correlation
was observed in the control group between mixed
inflammation on H-E staining and inflammatory
staining on immunohistochemical staining
(TGF-b1 positive reaction) (r=0.472, p=0.036).
A
positive,
strong
and
significant
correlation was observed in the control group
between epithelial and gland staining on
immunohistochemical staining (TGF-b1 positive
reaction) (r= 0.491, p= 0.028).
A positive, weak and insignificant
correlation was observed in the control group
between epithelial and fibroblast staining on
immunohistochemical staining (TGF-b1 positive
reaction) (r= 0.167, p= 0.482).
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cell staining on immunohistochemical staining
(TGF-b1 positive reaction) (r=0.00, p=l.00).
Positive, weak and insignificant correlations
were observed in the control group between
fibroblast and gland staining (r=0.218, p=0.355),
inflammatory cell and gland (r=0.126, p=0.597),
and fibroblast and inflammatory cell staining
(r= 0.192, p= 0.416) on immunohistochemical
staining (TGF-b1 positive reaction).

DISCUSSION

Nasal polyposis is a chronic inflammatory
disease of the upper airways histologically
characterized by infiltration of inflammatory
cells such as eosinophils and neutrophils.
Pathophysiological changes such as proliferation
in the epithelial layer, thickening in the basal
membrane, glandular hyperplasia, edema,
stromal fibrosis, angiogenesis and cellular
infiltration in the stroma layer are also seen.[11]
The basic characteristic of inflammation in
NP is the presence of tissue eosinophilia and the
release of associated inflammatory mediators.[12]
Eosinophils are granulocytic leukocytes involved
in diseases developing in association with
immune reactions to allergic inflammation,
asthma and parasites. In inflammation, two
important mediators, IL-16 and RANTES, are
released and are responsible for their own and
CD4+ lymphocyte migration and for increased
immune response.[5] There is a known parallel
between tissue eosinophilia and disease severity.
Studies examining the diffusion of the disease
using paranasal CT have reported that tissue
eosinophilia increases with diffusion.[13] Tissue
eosinophilia has generally been determined
numerically, using the level of eosinophils or
the percentage of activated eosinophils.[14] In our
study, eosinophilia was assessed numerically.
Tissue eosinophilia increased in the study group
patients, but was not observed in the control
group. This supports the idea of an increase in
eosinophil activation in polyp tissue and also
shows that no change occurs in healthy mucosa
in the nasal cavity.

No correlation was observed in the control
group between epithelial and inflammatory

Soler et al.[15] examined the nasal mucosa
of patients with chronic rhinosinusitis and
studied 147 histopathological specimens.
They determined NP in 44.9% of specimens,

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.
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asthma in 38.1%, ASA intolerance in 10.2% and
comorbidity with allergic rhinitis in 27.2%. On
histopathological investigation they determined
mucosal eosinophilia at a level of 78.9%. Mast
cell, plasma cell and macrophage levels were
1.2%, 99.3% and 4.1%, respectively. Mean goblet
cell level as a percentage of all cells on the basis
of epithelial markers was 19.9%. The level of
basal membrane thickening exceeding >5 pm
was 49.7%, and that of squamous metaplasia in
all patients was 53.1%. In terms of major findings
in all specimens, they observed subepithelial
edema (41.5%) and mucosal fibrosis (40.8%).
Lymphocytes were present in 100% of specimens,
eosinophils in 49.7% and neutrophils in 0.7%,
and mucosal eosinophilia was associated with
severity of disease.[17] No edema or eosinophilia
was observed in the control group in our study,
while mild edema was observed in two (10%)
of the 20 patients in the study group, moderate
edema in three (15%) and severe edema in
14 (70%). Dispersed eosinophils were observed
in seven specimens (35%), in the form of small
clusters in eight (40%) and in the form of large
clusters in three specimens (15%). We observed
no squamous metaplasia in any study group
specimens. In addition, we observed a strong,
positive and significant correlation between
eosinophils and edema in preparates stained
with H-E in the study group. We also determined
a negative, weak but significant correlation
between eosinophils and mixed inflammation in
preparates stained with H-E in the study group.

101

attributed to immunological mechanisms
involving cytokines. Cytokines associated with
NP and tissue eosinophilia include IL-1, IL-3,
IL-4, IL-5, IL-6, IL-8, IL-11 and IL-16, GM-CSF,
RANTES, eotaxin, TGF-b and TGF-a.[16] These
cytokines make significant contributions to
the development, activation and survival of
eosinophils.[4]
Transforming growth factor-b is an important
growth factor involved in tissue remodeling. It
is involved in almost all stages of the process
of chemotaxis in the activation of structural
or inflammatory cells.[20] In addition to being a
member of the TGF cytokine family, it also plays
a key role in the development and induction
of inflammation and neoplasm.[4] The major
role played by TGF-b in chronic inflammation
reaction, extracellular matrix deposition and
epithelial growth and differentiation has recently
been emphasized in various cell culture and
animal models.[21] Transforming growth factor-b
is known to have an immunoregulator role.
It performs this by activating the release of
some cytokines and inhibiting that of others.
Transforming growth factor-b is thought to play
a significant role in aggravating inflammation in
NP tissue and stimulating fibrosis.[4]

Another significant element in the
pathogenesis is how eosinophils lead to tissue
damage, inflammation and polyp formation.
Eosinophil migration is triggered by various
inflammatory cytokines. These cytokines
particularly cause the release from eosinophils
of toxic mediators such as eosinophilic cationic
protein (ECP) and neutrophil elastase, and this
leads to tissue injury. This complex relationship
between inflammatory mediators has not yet
been fully clarified.[17,18] Cytokines are mediators
that transmit intracellular messages as signalbearing molecules in the development of
immune response. They are responsible for the
activation, degranulation and differentiation of
mediators appearing in the immune system.
[19]
This tissue eosinophilia in NP has been

Transforming growth factor-b is a potent
fibrogenic cytokine that stimulates extracellular
matrix formation. It is also a chemoattractant
for fibroblasts. However, it generally inhibits
the growth and activation of inflammatory
cells.[22] Transforming growth factor-b leads
to fibrosis in respiratory tissue and has a
notable pro-inflammatory regulatory effect in
fibroblastic activity. Fibroblasts are present in
NP tissue stroma and are actively associated
with production of the extracellular matrix. One
study showed greater fibroblast proliferation in
tissue obtained from NP in the presence of TGFb1 compared to non-stimulated tissue. Sime et
al.[25] showed that prolonged and severe pleural
and interstitial fibrosis developed as a result of
continual release of TGF- b1 from the rat lung.
An increase in fibronectin, procollagen, TGF-b2
and VEGF accompanies TGF-b1. One common
feature of NP and idiopathic pulmonary fibrosis
is varying degrees of fibrosis in stroma and
thickening of the basal membranes. Transforming
growth factor-b may be directly involved in this

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.
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structural change. Transforming growth factorb’s ability to stimulate collagen deposition may
occur in the presence of other cytokines.[23]
Eosinophils in NP tissue can release TGFbs isoforms and their receptors.[4] Although
eosinophils are more frequently observed
than macrophages in tissue, TGF-b is more
common than macrophages and eosinophils.[21]
Nonetheless, eosinophils are thought to represent
an important source of TGF-b in NP tissue. Other
data suggest that a low concentration of TGF-b
induces eosinophil concentration, and that a
high concentration lowers eosinophil survival,
and that this is mediated by IL-5, 1L-3 and
GM-CSF. A balance has been shown between
IL-5 production and TGF-b from eosinophils.
Transforming growth factor-b1 exhibits its effect
on the hematopoietic regulation mechanism
by preventing IL-5 activity and programming
cell death. One study comparing normal
nasal mucosa and NP tissue reported a higher
concentration of IL-5 and a lower concentration
of TGF-b1 in NP tissue compared to normal nasal
mucosa.[22] Another study reported that TGF-b1
exhibits its anti-inflammatory effect through
IL-5 antagonism, that it may be instrumental in
eosinophil hemostasis and supports eosinophil
apoptosis.[24]
There are at least as many TGF-b receptors
and locally manufactured TGF-b isoforms
(TGF-b1-b1-b3) at various levels in NP tissues
as there are receptors. Although TGF-b isoforms
and receptors are stained in normal tissue
sections, this is less intense than in NP tissue.[4] In
our study, we determined no statistical relation
between TGF-b1 staining in epithelial and
gland tissues at immunohistochemical staining
and eosinophil staining with H-E. However,
we observed a positive, weak and insignificant
correlation between TGF-b1 staining in fibroblast
and inflammatory cells at immunohistochemical
staining and eosinophil staining with H-E. The
level of TGF-b1 staining in inflammatory cells
with immunohistochemical staining was 70% in
the cases with NP and 25% in the control group.
This may indicate that TGF-b1 is involved in
inflammation.
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vessels, and nasal gland and inflammatory
cells were positive for TGF-b in that study,
while fibroblasts were negative. The epithelium,
ciliary cells, seromucous gland and blood vessel
endothelial cells stain positive, while the basal
membrane is negative. Inflammatory cells
staining positive for TGF-b are in subepithelial
regions. However, staining for TGF-b is positive
in the presence of pseudocyst formation. In
our study, comparison of the study and control
groups revealed no significant differences in
TGF-b1 staining in glands, the epithelium and
fibroblasts on immunohistochemical staining,
while there was a statistically significant
difference in inflammatory cell staining with
TGF-b1.
Transforming growth factor-b, a cytokine
with immunosuppressive effects, leads to cell
proliferation and is involved in myofibroblast
differentiation and altering extracellular matrix
deposition.[20] It also plays a role in such diverse
phenomena as epithelial cell regeneration,
inflammation and tissue repair.[24] As with the
extracellular matrix, eosinophil granule protein
has been shown to increase permeability in
animal models. A higher extracellular matrix
concentration together with a higher albumin
concentration have been shown in NP tissue
compared to control mucosa, and this also
supports the hypothesis that eosinophils may
induce plasma leakage.[22]

Go et al.[11] investigated syndecan-1 and TGF-b
release from nasal mucosa and NP tissue. Blood

One study that compared normal tissue
specimens with untreated polyp specimens
observed no greater eotaxin, extracellular
matrix or albumin in polyp tissue, but reported
significantly lower TGF-b1. No difference was
observed between fibronectin, hyaluronic acid
and LTC4/D4/E4 levels. Interleukin-5 and
eotaxin levels in untreated NP tissue specimens
were correlated with extracellular matrix, and
albumin levels were correlated with fibronectin.
Increases are observed in IL-5, the extracellular
matrix, albumin and fibronectin concentrations
in polyp tissue with oral corticosteroid therapy.
In addition to reducing eosinophil numbers
and activation, oral corticosteroid therapy also
causes IL-5 suppression, and this also leads to a
decrease in eosinophil activation, and has been
proved to significantly suppress extracellular
matrix levels. In addition to this eosinophilic
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activation, oral corticosteroid therapy has been
shown to reduce albumin deposition, resulting
in diminution in NP.[22]

The highest total TGF-b (TGF-b1+TGF-b2)
level has been identified in patients undergoing
more than one polypectomy. Histologically, more
fibrotic polyp types have been shown in patients
with the highest TGF-b2 levels.[4]

Ohno et al.[23] analyzed RNA extracts
correlated with TGF-b. Although they identified
RNA extracts correlated with TGF-b in tissue
from patients with NP and allergic rhinitis,
they determined none in normal mucosa. They
attributed this to TGF-b RNA release not being
at detectable levels in normal tissue. They also
showed TGF-b1 gene release in approximately
half of eosinophil infiltrate in tissue. In vitro TGFb1 production has been shown from macrophages
and endothelial cells.

We conclude that transforming growth
factor-b1 may play a significant role in the
pathophysiology of NP together with other
mediators, albeit not alone.
Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.
Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

Transforming growth factor-b1 staining levels
in glands with immunohistochemical staining
were 65% in the NP group and 70% in the control
group. Transforming growth factor-b1 staining
in fibroblasts was 30% in the NP group and
10% in the control group. Transforming growth
factor-b1 staining in inflammatory cells was 70%
in the NP group and 25% in the control group.
Eosinophilia, fibroblast and inflammation were
significantly high in the NP group.

1. Bateman ND, Fahy C, Woolford TJ. Nasal polyps:
still more questions than answers. J Laryngol Otol
2003;117:1-9.
2. Tos M, Mogensen C. Pathogenesis of nasal polyps.
Rhinology 1977;15:87-95.
3. Little SC, Early SB, Woodard CR, Shonka DC Jr,
Han JK, Borish L, et al. Dual action of TGF-beta1
on nasal-polyp derived fibroblasts. Laryngoscope
2008;118:320-4.
4. Eisma RJ, Allen JS, Lafreniere D, Leonard G, Kreutzer
DL. Eosinophil expression of transforming growth
factor-beta and its receptors in nasal polyposis: role of
the cytokines in this disease process. Am J Otolaryngol
1997;18:405-11.
5. Costa JJ, Matossian K, Resnick MB, Beil WJ, Wong
DT, Gordon JR, et al. Human eosinophils can express
the cytokines tumor necrosis factor-alpha and
macrophage inflammatory protein-1 alpha. J Clin
Invest 1993;91:2673-84.
6. Saji F, Nonaka M, Pawankar R. Expression of RANTES
by IL-1 beta and TNF-alpha stimulated nasal polyp
fibroblasts. Auris Nasus Larynx 2000;27:247-52.
7. Karjalainen J, Joki-Erkkilä VP, Hulkkonen J, Pessi T,
Nieminen MM, Aromaa A, et al. The IL1A genotype
is associated with nasal polyposis in asthmatic adults.
Allergy 2003;58:393-6.
8. Kirtsreesakul V. Update on nasal polyps:
etiopathogenesis. J Med Assoc Thai 2005;88:1966-72.
9. Soyöz M, Özçelik N. TGF-b (Transforming Growth
Factor-b) ve sinyal iletimi. Turkiye Klinikleri J Med Sci
2007;27:426- 33.
10. Güner İ, Özmen D, Bayındır O. Sitokinler. Turkiye
Klinikleri J Med Sci 1997;17:65-74.
11. Go K, Ishino T, Nakashimo Y, Miyahara N, Ookubo
T, Takeno S, et al. Analysis of syndecan-1 and TGFbeta expression in the nasal mucosa and nasal polyps.
Auris Nasus Larynx 2010;37:427-35.
12. Staikūniene J, Vaitkus S, Japertiene LM, Ryskiene
S. Association of chronic rhinosinusitis with nasal
polyps and asthma: clinical and radiological features,
allergy and inflammation markers. Medicina (Kaunas)
2008;44:257-65.
13. Behnecke A, Mayr S, Schick B, Iro H, Raithel M.
Evaluation of ECP release from intact tissue biopsies

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Open Access

Conclusion

Specimens from patients with NP were
compared with specimens from the control group.
Severity of edema in tissues stained with H-E
was 70% in the NP group, while no edema was
detected in any tissues from the control group.
Eosinophilia was observed at 90% in NP tissue,
while again none was determined in the control
group. Mixed inflammatory cell clusters were
70% moderate or severe in the NP group and 20%
moderate and severe in the control group. No
difference was observed between the groups in
terms of staining in the epithelium. No squamous
dysplasia or basal membrane thickening was
observed in preparates from either group.
Changes such as proliferation in the epithelial
layer, glandular hyperplasia, edema, stromal
fibrosis, angiogenesis and cellular infiltration in
the stromal later were observed in nasal polyp
histopathology.

104

14.

15.

16.

17.
18.
19.

20.

from patients with nasal polyps. Inflamm Res 2008;57
Suppl 1:S65-6.
Min YG, Kim YJ, Yun YS. Distribution of eosinophil
granule proteins in nasal mucosa of atopic patients
with nasal polyposis. ORL J Otorhinolaryngol Relat
Spec 1996;58:82-6.
Soler ZM, Sauer DA, Mace J, Smith TL. Relationship
between clinical measures and histopathologic
findings in chronic rhinosinusitis. Otolaryngol Head
Neck Surg 2009;141:454-61.
Mullol J, Roca-Ferrer J, Alobid I, Pujols L, Valero A,
Xaubet A, et al. Effect of desloratadine on epithelial
cell granulocyte-macrophage colony-stimulating
factor secretion and eosinophil survival. Clin Exp
Allergy 2006;36:52-8.
Min YG, Lee KS. The role of cytokines in rhinosinusitis.
J Korean Med Sci 2000;15:255-9.
Busaba NY, Sin HJ, Salman SD. Impact of gender on
clinical presentation of chronic rhinosinusitis with and
without polyposis. J Laryngol Otol 2008;122:1180-4.
Woodworth BA, Joseph K, Kaplan AP, Schlosser RJ.
Alterations in eotaxin, monocyte chemoattractant
protein-4,
interleukin-5,
and
interleukin-13
after systemic steroid treatment for nasal polyps.
Otolaryngol Head Neck Surg 2004;131:585-9.
Watelet JB, Claeys C, Perez-Novo C, Gevaert P, Van

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Tr-ENT

21.

22.
23.

24.
25.

Cauwenberge P, Bachert C. Transforming growth
factor beta1 in nasal remodeling: differences between
chronic rhinosinusitis and nasal polyposis. Am J
Rhinol 2004;18:267-72.
Coste A, Lefaucheur JP, Wang QP, Lesprit E, Poron
F, Peynegre R, et al. Expression of the transforming
growth factor beta isoforms in inflammatory cells
of nasal polyps. Arch Otolaryngol Head Neck Surg
1998;124:1361-6.
Bachert C, Gevaert P, Holtappels G, Cuvelier C, van
Cauwenberge P. Nasal polyposis: from cytokines to
growth. Am J Rhinol 2000;14:279-90.
Ohno I, Lea RG, Flanders KC, Clark DA, Banwatt D,
Dolovich J, et al. Eosinophils in chronically inflamed
human upper airway tissues express transforming
growth factor beta 1 gene (TGF beta 1). J Clin Invest
1992;89:1662-8.
Otto BA, Wenzel SE. The role of cytokines in
chronic rhinosinusitis with nasal polyps. Curr Opin
Otolaryngol Head Neck Surg 2008;16:270-4.
Sime PJ, Marr RA, Gauldie D, Xing Z, Hewlett
BR, Graham FL, et al. Transfer of tumor necrosis
factor-alpha to rat lung induces severe pulmonary
inflammation and patchy interstitial fibrogenesis with
induction of transforming growth factor-beta1 and
myofibroblasts. Am J Pathol 1998;153:825-32.

Open Access

