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enrolled in the study. This study was approved 
by the ethics committee of our institution and 
written informed consent was obtained from all 
patients.

Immunohistochemistry 

Paraffin-embedded tissue blocks were cut into 
5-μm-thick sections, mounted on the slides 
and heated at 64°C for ten minutes. Serial sec-
tions from each block were deparaffinized, 
hydrated and treated with 3% hydrogen perox-
ide for 10 minutes. 10% goat serum was used 
to block the sections for 10 minutes. Each sec-
tion was incubated by the primary antibodies 

respectively at 4°C overnight. Primary antibod-
ies were anti-TLR2 (1:500), anti-TLR4 (1:100), 
anti-TGF-β (1:150). Negative controls consisted 
of PBS instead of primary antibodies. Species-
matched secondary antibodies were incubated 
for 30 minutes. The slides were washed three 
times with PBS, and then were visualized by 
diaminobenzadine (DAB). Following by a final 
wash, the slides were mounted, coverslipped, 
and sealed. The number of positive cells per HP 
field was analyzed. To further identify the rela-
tionship between TLR2, TLR4 and TGF-β expres-
sion, immunohistochemical staining was con-
ducted on consecutive serial sections. Ten 
fields per sample were randomly selected and 

Figure 2. The immunohistochemical staining of TLR2, TLR4, TGF-β1 and Masson staining in chronic rhinosinusitis 
and controls (Magnification × 400). (CRSwNP: chronic rhinosinusitis with nasal polyps; CRSsNP: chronic rhinosinus-
itis without nasal polyps).
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Figure 3. No significant correlation between the expression of TLR2, TLR4 and basal membrane thickness in chronic rhinosinusitis.
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Figure 4. Relationship between the expression of TLR2, TLR4 and epithelial damage in chronic rhinosinusitis (*significant difference in the expression of TLR2 in 
CRSsNP, P < 0.05). 
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scored by 2 independent observers under the 
microscope. 

Histologic analysis

Paraffin sections (5 μm) were stained with 
hematoxylin and eosin (HE) staining to observe 
the pathologic features of remodeling. And they 
were also stained with Masson dye to observe 
the collagen deposition. The remodeling fea-
tures included the epithelium damage, base-
ment membrane (BM) thickening, gland hyper-
plasia and squamous metaplasia. The epitheli-
um damage was scored on 4-point scale, with 0 
representing Epithelium intact, 1 representing 
cilia absent, 2 representing upper cell layer 
eroded and basal cell layer intact, 3 represent-
ing epithelium eroded away. The BM thickening 
was also scored on 4-point scale, with 0 repre-
senting no BM visible, 1 representing mild BM 
thickening (< 10 μm), 2 representing moderate 
BM thickening (10-20 μm), 3 representing 
severe BM thickening (> 20 μm). BM thickness 
in control tissues is less than 5 μm. Gland 
hyperplasia was judged positive by the criteria 
of more than 4 glands per 200X HP field under 
the microscope. Eosinophils and Neutrophils 
were counted in ten HP fields, and the mean 
cells in each respective field were used for sta-
tistical analysis. The percent of positive area in 
Masson staining was determined for analysis. 
The stained sections were observed by 2 inde-
pendent observers who were blind to the clini-
cal data as previously described in the immu-
nohistochemical staining. 

Culture of epithelial cells and ELISA

Inferior turbinate mucosa, ethmoid sinus muco-
sa in CRSsNP and NP tissues in CRSwNP were 
treated with 0.1% collagenase IV (Sigma, USA) 
at 37°C for 30 minutes. The epithelial cells 

calf serum (GIBCO, USA) and 1% penicillin-
streptomycin solution (Beyotime, China) was 
added in the precipitate, and then the cell sus-
pensions were incubated at 37°C for 20 min-
utes. ABC adherent method was used to disso-
ciate fibroblast cells and erythrocytes from the 
epithelial cells. The epithelial cells were cul-
tured for two weeks. Cells were stimulated with 
TLR2 agonist PAM3CK4 (300 ng/ml, InvivoGEN), 
TLR4 agonist LPS-EK (10 μg/ml, InvivoGEN) 
and inhibited with TLR2 inhibitor OxPAPC (40 
μg/ml, InvivoGEN), TLR4 inhibitor OxPAPC (80 
μg/ml, InvivoGEN) respectively. After 24 hours, 
cultured cells were harvested and the superna-
tants were used for ELISA to analyze the expres-
sion level of TGF-β1 and MMP-9 according to 
the manufacture’s direction.

Statistical analysis

Data of immunohistochemical staining are 
expressed as medians and interquartile rang-
es, or in box-and-whisker plots. Data of inflam-
matory cells and ELISA are presented as the 
mean ± standard deviation (SD). When com-
parisons were made between groups, the 
Kruskal-Wallis H-test was used to assess sig-
nificant intergroup variability. The Mann–
Whitney U 2-tailed test was used for between-
group comparison. The Spearman test was 
used to determine correlations, and signifi-
cance was accepted for P < 0.05. Statistical 
analysis was performed with SPSS 13.0 (SPSS, 
Inc, Chicago).

Results

Immunohistochemistry for TLR2, TLR4 and 
TGF-β1

As Presented in Figure 1, the number of TLR2-
positive and TLR4-positive cells was both sig-

Table 2. Correlation of TLR2, TLR4 with gland hyperplasia and squamous 
metaplasia in chronic rhinosinusitis

TLR2 TLR4
CRSwNP CRSsNP  CRSwNP CRSsNP

Gland - 3.5 (0.5-7.4)* 6 (16.7-33) 6 (3.5-10.5) 32.5 (31.3-41.3)
Hyperplasia + 15 (8-16.5)* 25 (22.5-35.6) 8 (5.8-16) 35 (31.3-51.3)
Squamous - 4.5 (2.7-9) 27.5 (25-36.9)* 4 (3.9-9.5) 41.3 (32.5-53.8)
Metaplasia + 8 (2-10) 9 (6-16)* 8 (5.5-12) 30 (0-35)
*there was significant difference between these two groups, P < 0.01). (CRSwNP, chronic 
rhinosinusitis with nasal polyps; CRSsNP, chronic rhinosinusitis without nasal polyps; TLR, 
toll-like receptor. 

were dissociated by blo- 
wing and beating gently, 
and then the cell sus-
pensions were centri-
fuged at 1000 r/min, 
4°C for 5minutes. The 
supernatant was disca- 
rded, the mixture of Du- 
lbecco’s modified Eag- 
le’s medium (DEME) and 
Ham’s nutrient F12 (1:1) 
(Hyclone, USA) supple-
mented with 20% fetal 
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nificantly higher in CRSsNP than controls and 
CRSwNP. But there was no significant differ-
ence between CRSwNP and controls. The 
expression of TGF-β1 was significantly higher in 
CRSwNP and CRSsNP than controls. Moreover 
the level of TGF-β1 was significantly upregulat-
ed in CRSsNP compared with CRSwNP, which 
had the same expression tendency as TLR2 
and TLR4. Representative sections of immuno-
histochemical staining in controls, CRSsNP, 
and CRSwNP are shown in Figure 2. 

Histologic characters of remodeling

Masson staining was used for the detection of 
collagen fibers in the study. The collagen fibers 
were stained blue and the background is 
stained red. The total collagen amount in the 
ECM was found significantly higher in CRSsNP 
(median percentage of area, 50.0) than 
CRSwNP (median percentage of area, 30.0) 
and controls (median percentage of area, 37.5). 
There was no significant difference between 
CRSwNP and controls (Figures 1, 2). The 
expression of collagen and TGF-β1 were both 
increased within their respective samples.

BM thickening was detected in 95.2% (20/21) 
of CRSwNP and all CRSsNP. 19.0% (4/21) of 
CRSwNP and 60% (9/15) of CRSsNP was in 
3-points BM thickening. There was no signifi-
cant difference and correlation between the 
expression of TLR2, TLR4 and the BM thicken-
ing in CRSwNP and CRSsNP respectively (Figure 
3). 95.2% (20/21) of CRSwNP and 86.7% 
(13/15) of CRSsNP demonstrated epithelial 
damage. And 38.1% (8/21) of CRSwNP and 
60% (9/15) of CRSsNP had the epithelium com-
pletely eroded away (3 points) down to the level 
of the basement membrane. The expression of 
TLR2 had correlation with epithelial damage in 
CRSsNP. There was significant difference 
between severe epithelial damage (3 points) 
and mild epithelial damage (≤ 2 points) with 
respect to the expression of TLR2 in CRSsNP (P 
< 0.05) (Figure 4). 

The presence of gland hyperplasia was 
observed in 33.3% (7/21) of CRSwNP and 80% 
(12/15) of CRSsNP. Squamous metaplasia 
showed in 66.7(14/21) of CRSwNP and 33.3% 
(5/15) of CRSsNP. The expression of TLR2 had 
significant difference not only between positive 
gland hyperplasia and negative gland hyperpla-
sia in CRSwNP (r = 0.553, P < 0.01), but also 

between positive squamous metaplasia and 
negative squamous metaplasia in CRSsNP (r = 
-0.74, P < 0.01) (Table 2; Figure 5). 

Neutrophils were expressed more highly in 
CRSsNP than in CRSwNP and controls (P < 
0.05). Eosinophil numbers were higher in 
CRSwNP than in CRSsNP and controls (P < 
0.05). There is no significant difference 
between CRSsNP and controls for eosinophils 
(Figure 6A). The expression of TLR2 had close 
relation with neutrophil infiltration in CRSsNP (r 
= 0.868, P < 0.01) (Figure 6B). But There is no 
significant correlation between the expression 
of TLR2 and eosinophils in CRSwNP (r = 0.195, 
P > 0.05). The expression of TLR4 is closely 
related to neutrophil infiltration in CRSsNP (r = 
0.853, P < 0.01) (Figure 6C). But There is no 
significant correlation between the expression 
of TLR4 and eosinophils in CRSwNP (r = 0.007, 
P > 0.05). 

Effect of agonists and inhibitors of TLR2, TLR4 
on the expression of TGF-β1 and MMP-9 

Cultured epithelial cells from CRSwNP, CRSsNP 
and controls were stimulated by agonists of 
TLR2, TLR4 and inhibited by inhibitors of TLR2, 
TLR4 respectively. The results showed that the 
expression of TGF-β1 was significantly lower in 
CRSwNP than in CRSsNP and in controls (P < 
0.05) when stimulated with TLR2 agonist. But 
the expression of TGF-β1 was significantly high-
er in CRSwNP than in CRSsNP and controls (P < 
0.05) when inhibited with TLR2 inhibitor (Figure 
7). The levels of TGF-β1 were upregulated sig-
nificantly by TLR4 agonist and inhibited signifi-
cantly by TLR4 inhibitor in CRSsNP than in 
CRSwNP and controls (P < 0.05) (Figure 7). The 
expression of MMP-9 was upregulated signifi-
cantly by TLR4 agonist in CRSwNP than in con-
trols (P < 0.05) (Figure 7). With the inhibition of 
TLR4 inhibitor, the expression level of MMP-9 
was higher in CRSwNP than in controls (P < 
0.05) (Figure 7).

Discussion

The features of tissue remodeling in different 
types of CRS have been confirmed in Cauca- 
sians and Asians. The link between remodeling 
and inflammation in CRS has also been dis-
cussed more extensively. Several factors have 
been implicated in remodeling, such as TGF-β, 
matrix metalloproteinases (MMPs), platelet-
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derived growth factor (PDGF) and fibrinolytic 
components [8]. The role of adaptive immunity 
in remodeling has also been recently indicated 
[2, 12]. But the role of innate immunity in 
remodeling has not been involved in CRS.

TLRs have been at the forefront of research 
into innate immunity. And they are the best 
described family of receptors to detect microor-
ganisms in the environment. TLRs are the 
important regulators of pathophysiological pro-
cesses in CRS but have been scarce involved in 
studies relevant to remodeling. The role of TLRs 
in myocardial remodeling has been concerned 
recently [13]. The recent study also showed 
that nasal polyp fibroblasts can produce macro-
phage inflammatory protein-3α (MIP-3α) in 
stimulation with TLR2-5 agonists [14]. 

In order to determine the relationship of TLRs 
with remodeling in CRS, we observed the 
expression of TLR2, TLR4 and the correlation-

has also been proved that CRSwNP demon-
strated lower concentrations of TGF-β1 than 
CRSsNP in Chinese chronic rhinosinustis [12]. 
Our results were consistent with their studies. 
In our study, the expression of TLR2 and TLR4 
had the similar expression trends as TGF-β1, 
which could imply the relationship of TLRs with 
remodeling in CRS. 

TLRs in the epithelial cells of nasal mucosa 
could be activated by pathogens, which results 
in the production and secretion of diffusible 
chemotactic molecules and cytokines, upregu-
lation of cell surface adhesion molecules and 
enhanced expression of antimicrobial peptides 
[19]. But the role of TLRs in remodeling has not 
been involved in CRS. TLR2 recognizes the 
broadest microbial components including com-
ponents of both gram-positive and gram-nega-
tive bacteria, in addition to components from 
fungi, parasites, and viruses. TLR4 recognizes 

ship with the key cytokines and 
histopathologic features in rem- 
odeling. Dong Z et al [15] first 
observed that TLR2 and TLR4 
mRNA had significantly higher 
expression in CRS. Sun Y and 
Zhou B et al [16] demonstrated 
that higher levels of TLR2 but 
not TLR4 were associated with 
bacterial biofilms in CRS. In the 
present study, we found that the 
expression of TLR-2 and TLR-4 
significantly increased in CRS- 
sNP. Furthermore TGF-β1 also 
expressed higher levels in CRS- 
sNP than in CRSwNP and con-
trols. TGF-β is a pleiotropic and 
multifunctional growth factor, 
and has been indicated as the 
key regulator of immunomodula-
tion and remodeling [2, 17]. TGF-
β1 influences cell proliferation, 
accelerates the myofibroblast 
differentiation, and enhances 
the deposition of ECM. Recent 
studies have shown the role of 
TGF-β1 in the remodeling of 
CRS. Watelet et al [18] and Van 
Bruaene et al [5] demonstrated 
that TGF-β1 had significantly 
higher expression in CRSsNP 
than in CRSwNP, and related 
with the fibrosis in CRSsNP. It 

Figure 5. The significant correlation between the expression of TLR2 and 
gland hyperplasia in CRSwNP, squamous metaplasia in CRSsNP. 
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Figure 6. A: Neutrophil and eosinophil infiltration in CRSwNP, CRSsNP and controls (*significant difference in expression levels); B: The significant correlation be-
tween the expression of TLR2 and neutrophils in CRSsNP; C: The significant correlation between the expression of TLR4 and neutrophils in CRSsNP.
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Figure 7. The effects of TLR2, TLR4 agonists and inhibitors on the expression of TGF-β1 and MMP-9. CRSwNP: chronic rhinosinusitis with nasal polyps (n = 3); 
CRSsNP: chronic rhinosinusitis without nasal polyps (n = 3); Controls (n = 3); *significant difference in expression levels contrasted with controls.
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lipopolysaccharide (LPS) which is the cell wall 
component of gram-negative bacteria [13]. In 
order to observe the relationship of TLR and 
cytokines involved in remodeling, we examined 
the effect of agonists and inhibitors of TLR2 
and TLR4 for the expression of TGF-β1 and 
MMP-9. Pam3CSK4, TLR2 agonist is a synthet-
ic triacylated lipopeptide (LP) that is the bacte-
ria cell wall component recognized by TLR2. 
LPS-EK, TLR4 agonist is the purified lipopoly-
saccharide (LPS), which is the principal compo-
nent of Gram negative bacteria that activates 
predominantly TLR4. OxPAPC is generated by 
the oxidation of 1-palmitoyl-2-arachidonyl-sn- 
glycero-3-phosphorylcholine (PAPC), which can 
inhibit the signaling induced by bacterial LP and 
LPS, thus blocking the signaling of TLR2 and 
TLR4. Our results demonstrated that TLR4 ago-
nist upregulated the expression of TGF-β1 in 
CRSsNP while TLR2 agonist downregulated the 
expression of TGF-β1 in CRSwNP. TLR2 and 
TLR4 could play different roles in the regulation 
of TGF-β1 in CRSwNP and CRSsNP. But they 
produced the same results that TGF-β1 had 
lower expression in CRSwNP and higher expres-
sion in CRSsNP. 

Although TLR2 agonist and inhibitor had no 
effect on the expression of MMP-9 in our study, 
TLR-4 agonist upregulated the expression level 
of MMP-9 in CRSwNP. Matrix metalloproteinas-
es (MMPs) are a family of zinc-dependent and 
calcium-dependent endopeptidases that are 
known to be important to degrade the extracel-
lular matrix [2]. Several studies have shown 
that MMP-9 is upregulated in CRSwNP [20-22], 
resulting from the relative low expression of 
TGF-β1. TGF-β1 induces the release of TIMP-1 
and inhibits the proteolytic activity of MMP-9 
[21, 23]. So upregulation of TGF-β1 in CRSsNP 
and MMP-9 in CRSwNP with stimulation of 
TLR4 agonist could explain the different remod-
eling pattern between CRSwNP and CRSsNP. 

Our study showed the expression of TGF-β1 and 
collagen deposition was both higher in CRSsNP 
than in CRSwNP, which indicated the excessive 
tissue repair and fibrosis formation in CRSsNP. 
The more severe basement membrane thicken-
ing in CRSsNP than in CRSwNP also confirmed 
the influence of TGF-β1 for ECM production. 
These results are in accordance with the for-
mer studies [5, 12]. In order to explore the rela-
tionship of TLRs and morphologic features in 
remodeling, we compared the expression of 

TLR2, TLR4 with different histopathologic mani-
festations in CRS remodeling. In CRSsNP, 
patients with a severe epithelial damage (score 
3) had a significantly higher expression of TLR2 
than patients with mild epithelial damage 
(score ≤ 2). The severe damaged epithelium 
might provide more opportunities for the colo-
nizing bacteria to invade the nasal and parana-
sal tissues and establish the infection. This 
could lead to the release of pathogen-associat-
ed ligands that trigger the innate immunity. 
Higher expression of TLR2 might be the result 
for the severe epithelial damage in CRSsNP. 
Moreover the expression of TLR2 correlated 
negatively with squamous hyperplasia in 
CRSsNP, and positively with gland hyperplasia 
in CRSwNP. Further studies are needed to 
unravel the underlying meaning of this corre- 
lation. 

We observed that neutrophils were dominated 
in CRSsNP and eosinophils infiltrated highly in 
CRSwNP, which is in accordance with the for-
mer research about the inflammation of CRS. 
We also discussed the correlation between the 
expression of TLR2, TLR4 and the inflammatory 
infiltration in CRSwNP and CRSsNP. The expres-
sion of TLR2 and TLR4 had close relationship 
with neutrophil infiltration in CRSsNP. The stim-
ulation of TLR2 and TLR4 contributes to Th1 
response and decreases Th2 response in CRS 
[24], and CRSsNP is a Th1 skewed neutrophilic 
inflammation. So we could deduce that TLR2 
and TLR4 have the important role in the patho-
genesis of CRSsNP. 

TLRs activation leads to the production of cyto-
kines and antimicrobial molecules, which in 
turn activate cellular immune components 
such as macrophages. Activated TLRs on den-
dritic cells induce cell maturation, and the acti-
vated dendritic cells stimulate T-cell expansion 
and differentiation. TLRs also induce the 
expression of costimulatory molecules neces-
sary for sustained activation of adaptive immu-
nity [13]. The inflammatory cytokine signaling 
induced by TLRs can be the Th1, Th2, or type I 
interferon (IFN)-γ cytokine profile.

Previously, CRS was believed to be a disorder of 
the adaptive immune system, but recent 
research suggests that changes in the adaptive 
immunity are secondary to disorders in the 
innate immune system. So we could speculate 
that TLRs may have relationship with the impor-
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tant factors involved in remodeling. The innate 
immune system may influence all factors 
involved with the remodeling process. Our 
study has shown that TLR2 and TLR4 mainly 
played the important role in the remodeling of 
CRSsNP. Higher expression levels of TLR2 and 
TLR4 coincided with the upregulated TGF-β1 
and collagen deposition in CRSsNP compared 
with CRSwNP. TLR2 was highly related to epi-
thelial damage and squamous metaplasia in 
the remodeling features of CRSsNP rather than 
CRSwNP. Furthermore TLR2 and TLR4 were 
correlated with neutrophil infiltration in Th1-
biased inflammation of CRSsNP, but did not 
relate with eosinophils in Th2-biased inflamma-
tion of CRSwNP. In order to determine more 
firmly whether TLRs are important for remodel-
ing in CRS, more evidence is needed from the 
TLRs signaling pathway and the effect of TLRs 
agonists for nasal epithelium and other immune 
cells. The role of innate immunity in the remod-
eling of CRS needs more attention, which will 
contribute to understand the pathophysiologi-
cal mechanisms of remodeling and provide evi-
dence in the future to improve the current med-
ical and surgical management.
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