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Autophagy is deficient and inversely correlated with 
COX-2 expression in nasal polyps: a novel insight into the 
inflammation mechanism*

Abstract 
Background: Nasal polyposis is characterised by persistent inflammation of the upper airways. Autophagy has been implicated 
in many chronic inflammatory diseases. Whether autophagy plays a role in nasal polyp (NP) inflammation is completely unknown 
and deserves investigation.

Methods: LC3 and COX-2 expression, the common autophagy and inflammation indicators, respectively, was analysed by 
immunoblotting in fresh tissues of NP and control nasal mucosa (NM). Primary cultures of NP-derived fibroblasts (NPDFs) and 
NMDFs were established for in vitro studies. Autophagy was induced by amino acid starvation and LC3 ectopic overexpression 
or inhibited by 3-methyladenine in the fibroblasts. Inflammation was induced by IL1-β and TNF-α. LC3 and COX-2 expression was 
confirmed in NP specimens by immunohistochemistry. 

Results:  LC3 expression was decreased while COX-2 expression was significantly increased in fresh NP tissues compared with the 
NM control. In NMDFs and NPDFs, autophagy induction by starvation and LC3 overexpression downregulated COX-2 expression. 
Conversely, autophagy inhibition by 3-methyladenine enhanced COX-2 expression. However, IL1-β and TNF-α had no effect on 
autophagy. Immunohistochemical studies on the NP specimens showed that most displayed low LC3 expression, whereas COX-2 
was highly expressed in >50% of the specimens. Examination of two consecutive NP sections from the same tissue blocks revea-
led a negative correlation between LC3 and COX-2 expression.

Conclusion: Autophagy is deficient in NP tissues and COX-2 is negatively regulated by autophagy in NP-derived fibroblasts. Since 
COX-2 is essential for the production of pro-inflammatory mediators, this study might help interpret persistent mucosal inflamma-
tion in NP. Attenuation of inflammation by restoring autophagy might be a therapeutic strategy for treating NP.
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a hetero-
geneous upper airway disease histologically characterised by 
extensive oedema and increased inflammatory cell infiltration 
(1). Microorganisms have been thought to contribute to the aeti-
ology and pathophysiology of CRSwNP. However, the initiating 
event that triggers NP formation remains unidentified. Still, it is 
generally believed that abnormal and persistent host inflam-
mation, in response to the exogenous stimuli such as microorga-
nisms, plays a central role in the pathogenesis of CRSwNP. Sup-
porting this are the findings that NP is typically distinguished 
by Th2-skewed eosinophilic inflammation with high IL-5 and 
eosinophil cationic protein (ECP) levels (2-4), albeit the variation in 
this inflammatory profile among different ethnic entities (5).

Cyclooxygenase-2 (COX-2) is the key enzyme that catalyzes the 
conversion of arachidonic acid to prostanoids, resulting in the 
production of prostaglandin and thromboxane mediators. Such 
lipid mediators are important for the generation of inflam-
matory response, for which COX-2 has become the target of 
non-steroidal anti-inflammatory drugs (NSAIDs). COX-2 is not 
detectable in most normal tissues but is promptly induced in 
response to inflammatory stimuli, leading to increased accumu-
lation of prostanoids in inflamed tissues (6). In cultured human 
NP explants, it was reported that COX-2 mRNA was spontane-
ously upregulated or induced by pro-inflammatory cytokines (7,8). 
Likewise, a significant basal level of COX-2 mRNA was observed 
in NP fibroblasts, which could be further induced by inflamma-
tory mediators (9). Moreover, there is strong protein expression of 
COX-2 in chronically inflamed nasal mucosa (10). A recent report 
indicated that COX-2 mRNA was upregulated in NP in patients 
with cystic fibrosis (11). Therefore, COX-2 might have an impact on 
NP pathogenesis.

Autophagy is a cellular catabolic process that delivers cytosolic 
proteins and organelles to lysosomal degradation and recy-
cling, which is necessary for diverse physiological functions 
such as survival, differentiation, development and homeostasis 
(12). However, little is known about the role of autophagy in the 
disease mechanism of CRSwNP. We have previously shown that 
autophagy is significantly deficient in NP tissues and NP-derived 
fibroblasts presumably due to the activation of the Akt-mTOR 
signaling pathway (in press). In this study, we further demon-
strated that the reduction of autophagy might lead to enhanced 
COX-2 expression in NP tissues and NP-derived fibroblasts, 
suggesting a possible mechanistic link between autophagy and 
inflammation in NP pathogenesis.

Materials and methods
Materials and plasmid
Dulbecco’s Modified Eagle’s Medium (DMEM) and Hank’s Ba-

lanced Salt Solution (HBSS) were from Invitrogen (Carlsbad, CA, 
USA). Anti-microtubule-associated protein light chain 3 (LC3) 
antibody (LC3B, clone D11) was purchased from Cell Signaling 
(Danvers, MA, USA), and anti-COX-2 and anti-GAPDH were from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). IL-1β, TNF-α 
and 3-Methyladenine (3-MA) were obtained from Sigma. A 
GFP-LC3 construct was kindly provided by Dr. W.-B. Huang of 
National Taiwan University, Taiwan.

Patients and tissues
The study was approved by the Institutional Review Board (IRB) 
of Kaohsiung Medical University Hospital. Based on the defini-
tion in the European position paper on rhinosinusitis and nasal 
polyps (13), patients with latest diagnosis of CRSwNP undergoing 
elective endoscopic sinus surgery at our hospital were recruited. 
Patients with malignancies or asthma were excluded from the 
study. The recruited patients did not use intranasal steroid spray 
nor did they take other systemic medication at least two weeks 
before operation. Nasal polyp tissues (NP, n = 28; 5 for Western 
blot and 23 for immunohistochemistry) were obtained from 
patients with CRSwNP. Control nasal mucosa (NM, n = 6 for Wes-
tern blot) was isolated from the bulla ethmoid in patients with 
chronic rhinosinusitis without nasal polyps (CRSsNP).

Tissue lysates and Western blot analysis
Each nasal tissue sample was washed twice with PBS and then 
immersed in 500 μl T-PER® Tissue Protein Extraction Reagent 
(Thermo Scientific) with 1% protease inhibitor cocktail and 1% 
phosphatase inhibitor cocktail. The tissues were homogenized 
with a handheld Bio-Gen PRO200 homogenizer (PRO Scientific) 
on ice for 1 min. Tissue lysates were collected after centrifu-
gation at 13,000 rpm at 4°C for 30 min. Detailed procedures 
for Western blot analysis were previously described (14). Briefly, 
tissue lysates (60 μg) from each sample were separated on SDS-
PAGE and transferred to PVDF membrane. After blocking, the 
blots were incubated with antibodies against LC3, COX-2 and 
GAPDH. GAPDH was used as the loading control. Quantification 
of the data was performed by densitometry.

Primary culture of nasal fibroblasts
Nasal tissues were washed three times with antibiotics-
containing Hank’s Balanced Salt Solution (HBSS) and cut into 
small pieces (1-mm3). The tissue explants were treated with 
0.5% trypsin for 7 min at 37°C followed by neutralization with 
serum-containing DMEM. After washing three times with HBSS, 
the digested explants were plated into 6-well culture dishes 
(CellBIND® Surface, Corning) and cultured with DMEM contai-
ning 10% FBS in a 37°C, 5% CO2 humidified incubator for about 
two weeks. Nasal fibroblasts grown to 70-80% confluence were 
subcultured into 10-cm dishes for expansion. Primary cultures at 
the third passages were used in the following experiments. 



272

Wang et al. 

Induction and inhibition of autophagy
Induction of autophagy was performed by amino acid starva-
tion and GFP-LC3 transient transfection. 1 × 105 nasal fibroblasts 
were seeded in each well of a 12-well culture dish. Following 
cell attachment overnight, the culture media were replaced 
with fresh DMEM or starvation buffer (140 mM NaCl, 1 mM 
CaCl2, 1 mM MgCl2, 5 mM glucose, 20 mM Hepes, pH 7.4, 1% 
BSA), and cell lysates were harvested at time 0h, 3h and 6h. For 
overexpression of LC3, 4 × 106 nasal fibroblasts in 400 μl Opti-
MEM® medium (Invitrogen, Carlsbad, CA, USA) were transiently 
transfected with 5 or 20 μg of GFP-LC3 construct using a BTX 
ECM 830 electroporator. Cell lysates were harvested 48h after 
transfection. Inhibition of autophagy was done by treating the 
cells with 3-methyladenine (3-MA) (5 mM) for 24h. Induction or 
inhibition of autophagy were confirmed by Western blot analy-
sis using anti-LC3 antibody. 

Immunohistochemistry
A non-biotin, two-step polymeric detection system was used to 
detect COX-2 and LC3 protein expression in 23 paraffin-embed-
ded NP sections. Briefly, the sections were deparaffinized in xy-
lene solution, rehydrated in gradient ethanol solutions and then 
antigen retrieved at 95°C in citrate buffer (pH 6.0) for 30 min. 
Endogenous peroxidase was blocked by incubation with 3% 
hydrogen peroxide for 5 min at room temperature. The sections 
were incubated with primary antibodies (anti-COX-2 or anti-LC3; 
1:100 dilution) at 37°C for 1 h. After washing twice with PBS, 
polyDetector HRP (BioSB, Santa Barbara, CA, USA) was applied to 
the sections for 30 min, followed by incubation with DAB chro-
mogen for 2 min at room temperature. The samples were then 
counterstained by hematoxylin, dehydrated in gradient ethanol 
solutions and xylene and mounted. Omission of the primary 
antibodies served as the negative controls. Immunohistochemi-
cal results were evaluated by one blinded pathologist and two 
unblinded co-investigators. The intensity of immunostaining 
was scored based on the percentage of positively stained cells 
as follows: negative, <5%; weak, 5-35%; moderate, 35-70%; 
strong, >70%.

Statistical analysis
Expression of LC3 and COX-2 in fresh nasal tissues was analysed 
by Student’s t-test. The staining intensity of LC3 and COX-2 in 
NP tissue sections was analysed by Fisher’s exact test. The cor-
relation between LC3 and COX-2 expression in NP sections was 
further evaluated by kappa statistic (JMP 9.0, SAS Institute, Cary, 
NC, USA). Probability value below 0.05 (p < 0.05) was considered 
statistically significant. 

Results 
High COX-2 but low LC3 expression in fresh NP tissues
Fresh tissues of six control nasal mucosa (NM) and five nasal 

polyps (NP) were obtained from patients with CRSsNP and 
CRSwNP, respectively. Tissues lysates were isolated and then 
subjected to Western blot analysis for detection of the auto-
phagy marker LC3 and inflammation marker COX-2. As shown 
in Figure 1, LC3 expression was much higher in NM than that in 
NP samples (p < 0.01). In sharp contrast, COX-2 expression was 
significantly increased in all five NP samples compared to that in 
the NM control (p < 0.001). These results indicated that auto-
phagy was suppressed while COX-2 expression was induced in 
NP tissues. 

Autophagic activity affects COX-2 expression in NP-derived 
fibroblasts
We established primary cultures of NM- and NP-derived 
fibroblasts (NMDFs and NPDFs) to demonstrate whether COX-2 
expression was regulated by autophagy. COX-2 expression was 

Figure 1. COX-2 was highly expressed but LC3 was nearly absent in fresh 

NP tissues. (A) Tissue lysates of normal nasal mucosa (NM) and NP were 

analysed by Western blot analysis using antibodies against LC3 and COX-

2. The anti-LC3 antibody recognized LC3-I, the cytosolic form of LC3, and 

LC3-II, the post-translational modification form of LC3-I. The amount of 

LC3-II was used as the indicator of autophagy. Expression of LC3 was 

abundant in NM but significantly diminished in NP tissues. In contrast, 

COX-2 expression was dramatically higher in NP than that in NM tis-

sues. The numbers below the blots were band intensities normalized 

to GAPDH loading controls. (B) Quantification and statistical analysis of 

the results in Figure 1 (A). *p < 0.01 and **p < 0.001 indicate significant 

difference of LC3 and COX-2 expression in the nasal fibroblasts, respec-

tively. The experiments were repeated four times, and the representative 

data are shown.
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decreased in a time-dependent manner when LC3 was induced 
by amino acid starvation for 3 or 6 h in both nasal fibroblasts (Fi-
gure 2A). Consistently, induction of autophagy by forced expres-
sion of GFP-LC3 protein resulted in diminished levels of COX-2 in 
NMDFs and NPDFs (Figure 2B). On the other hand, suppression 
of autophagy by the inhibitor 3-MA (5 mM), as evidenced by 
the reduced LC3 level, led to significant upregulation of COX-2 
in NPDFs (Figure 2C). These data strongly suggested that COX-2 
expression was negatively regulated by autophagy especially in 
NPDFs.

Autophagy is unlikely to be regulated by COX-2 in NP-de-
rived fibroblasts
To determine whether inflammation could impact autophagy 
in nasal fibroblasts, we examined LC3 protein level in the cells 
treated with inflammation inducers. NMDFs and NPDFs treated 
with the pro-inflammatory cytokines IL-1β and TNF-α (10 ng/
ml) overnight significantly induced COX-2 expression. This result 
also validated COX-2 as the inflammation marker for NP in the 
present study. However, there was no significant change of LC3 
expression under the treatment of the inflammation inducers, 

suggesting that the induction of COX-2 expression had little 
effect on autophagic activity in these nasal fibroblasts (Figure 3). 
These results might also rule out the possibility that inflamma-
tion exerted a negative feedback effect on autophagy.

Negative correlation between autophagy and inflammation 
in NP tissues by immunohistochemistry
To support the results that COX-2 expression was negatively 
regulated by autophagy in NP, we investigated the correlation 
between the expression of COX-2 and LC3 in tissue sections 
from 23 NP patients by immunohistochemistry. We found that 
the vast majority of NP tissues (17/23) had negative to weak LC3 
staining intensity, while more than 50% of the NP tissues (12/23) 
had moderate to strong COX-2 staining intensity (p < 0.05 by 
Fisher’s exact test) (Table 1). Moreover, COX-2 immunostaining 
was localized primarily to the epithelium and moderately to 
the submucosal area in the NP specimens (Figure 4). Kappa 
statistic further demonstrated an inverse relationship between 
LC3 and COX-2 expression (κ = -0.363, p = 0.043) (Table 2). As 
shown in Figure 4, three representative cases of two consecutive 
NP sections stained respectively with anti-LC3 and anti-COX-2 
antibodies revealed high COX-2 (moderate to strong) but low (or 
negative) LC3 expression in the same area of the tissues.

Discussion
Nasal polyps (NP) remains one of the most challenging and 
refractory diseases in clinical rhinology because of its hetero-

Figure 2. COX-2 was negatively regulated by autophagy. (A) NMDFs and 

NPDFs were incubated with the starvation buffer or DMEM for 0, 3, 6 h, 

and induction of LC3 and reduction of COX-2 expression were confirmed 

by Western blot analysis. (B) The fibroblasts were transiently transfected 

with 5 or 20 μg of GFP-LC3 construct. Endogenous LC3 (16 kDa) and 

ectopically expressed GFP-LC3 (44 kDa) were recognized by anti-LC3 

antibody. COX-2 expression in the mock-transfected or transfected cells 

was detected by anti-COX-2 antibody. (C) The fibroblasts were treated 

with 3-MA (5 mM) for 24 h and LC3 and COX-2 expression was examined 

as above. The numbers below the blots were band intensity ratios of 

LC3-II/GAPDH or COX-2/GAPDH normalized to the untreated controls 

(deliberately set to 1). The experiments were repeated four times, and 

the representative data are presented.

Figure 3. Induction of inflammation by pro-inflammatory cytokines 

did not affect LC3 expression in nasal fibroblasts. NM- and NP-derived 

fibroblasts (NMDFs and NPDFs) were treated with IL-β or TNF-α (10 ng/

ml), and the protein lysates were analysed by Western blot analysis using 

anti-LC3 and -COX-2 antibodies. COX-2 expression was significantly in-

duced by the cytokines while LC3 level had little changes. The numbers 

below the blots were band intensity ratios of LC3-II/GAPDH or COX-2/

GAPDH normalized to the untreated controls (deliberately set to 1). The 

experiments were repeated four times, and the representative data are 

shown. 
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geneous aetiology and pathophysiology and predisposition 
to recurrence. It occurs in about 4% of the general population, 
whose quality of life is seriously disturbed by the disease (15). 
Unfortunately, the precise mechanism underlying the patho-
genesis of NP has not been unraveled. There is an emerging 
consensus that persistent inflammation resulting from dysfunc-
tional host immune response to exogenous agents contributes 
significantly to NP formation (16). 
Autophagy is a cellular catabolic process whereby the unwanted 
proteins and organelles are degraded and it has been associ-
ated with many human inflammatory diseases (17-20). We had 
previously demonstrated that autophagy was suppressed in NP 
tissues and NP-derived fibroblasts (NPDFs) possibly due to high 
Akt-mTOR activity (in press). To further explore the biological 
function of autophagy in NP pathogenesis, we investigated 
the correlation between autophagy and inflammation. We 
found that a deficiency of autophagy was accompanied with 
drastically increased levels of COX-2, the widely accepted 
inflammation indicator, in NP tissues. In contrast, most of the 
control nasal mucosa (NM) had high LC3, the autophagy marker, 
but low COX-2 expression level. These results propelled us to 
hypothesize that inflammation was regulated by autophagy or 
vice versa in NP. The hypothesis was tested by in vitro studies. 
We used nasal fibroblasts as the cell model because they are 
the ground substances in submucosa of NP and mediate many 

Figure 4. Immunostaining of LC3 and COX-2 in NP tissue sections. Three 

representative cases that display an inverse correlation between LC3 and 

COX-2 staining are shown. Two consecutive sections of each case were 

stained respectively by antibodies against LC3 and COX-2. The staining 

intensity of the samples was scored as followings: case #1, strong COX-2 

and negative LC3 staining; case #2, moderate COX-2 and negative LC3 

staining; case #3, strong COX-2 and weak LC3 staining. Scale bar: 100 

μm. Magnification: 200× 

* Data were analysed by Fisher’s exact test.

Staining intensity

Markers Negative + Weak Moderate + Strong p value*

LC3 17 6 0.048

COX-2 11 12

Table 1. Immunohistochemical and statistical studies on the expression 

of LC3 and COX-2 in 23 NP specimens.

Abbreviation: Neg, negative; Mod, moderate; CI, confidence interval

COX-2

Neg + 
Weak

Mod + 
Strong

Kappa 
value 95% CI p 

value

LC3 Neg + Weak 6 11 -0.363 -0.702 ~ 
-0.024 0.043

Mod + Strong 5 1

Table 2. Negative correlation between the expression of LC3 and COX-2 

in the NP specimens.

immunological responses. In addition, COX-2 was shown to be 
expressed in fibroblasts located in the submucosal region of NP 
tissues (Figure 4). By manipulating autophagic activity in this cell 
model, we found that COX-2 expression was decreased when 
autophagy was induced by amino acid starvation or LC3 ectopic 
overexpression. Furthermore, using the reverse approach, our 
data showed that COX-2 expression was increased when auto-
phagy was attenuated by the inhibitor 3-MA in the fibroblasts. 
It is notable that COX-2 expression was elevated more drama-
tically in NPDFs than that in NMDFs despite comparable extent 
of LC3 reduction in the cells. This might indicate that COX-2 was 
more specifically, albeit negatively, regulated by autophagy in 
NPDFs, consistent with the tissue results shown in Figure 1. Col-
lectively, these results suggest that inflammation is negatively 
regulated by autophagy in NP, which is in line with the growing 
recognition that autophagy has an anti-inflammatory function 
that suppresses inflammasome activation (21-23). However, the 
mechanism by which autophagy inhibits COX-2 expression in NP 
is not clear. We noticed a rapid decrease of COX-2 expression in 
as little as 3 h after autophagy induction (Figure 2A), suggesting 
a more likely scenario in which such repression occurred at the 
posttranscriptional level. There is evidence that COX-2 expres-



275

Autophagy deficiency versus increased COX-2

sion was inhibited through modulation of its mRNA stability in 
cancer cells (24,25). Whether autophagy regulates COX-2 expres-
sion by this mechanism in NP has yet to be demonstrated. 

Our findings showed that COX-2 expression was negatively 
regulated by autophagy in NPDFs. Intriguingly, there are reports 
that IL-1 receptor blockade by the antagonist restores autopha-
gy in chronic granulomatous disease (CGD) (18) and celecoxib, a 
COX-2 inhibitor, induces LC3 expression in urothelial carcinoma 
cells (26), indicating that inflammation might negatively regulate 
autophagy in certain cell contexts. To investigate this possibility 
in the current model, we asked whether induction of COX-2 
expression could inhibit autophagy in NPDFs. Marked induction 
of COX-2 by the pro-inflammatory cytokines IL-1β and TNF-α 
had little effect on LC3 level in NPDFs. Together, it is unlikely that 
there is a double-negative feedback loop between autophagy 
and inflammation in NPDFs. 

Immunohistochemical studies of 23 NP tissue sections were 
performed to support that autophagy was deficient and exerted 
an inhibitory effect on COX-2 expression in NP. Indeed, we found 
that autophagy, represented by LC3 expression, was mostly de-
ficient (17/23 or 74%) in the NP sections. In contrast, more than 
half of the NP sections (12/23 or 52%) had high level of the in-
flammation marker COX-2. Fisher’s exact test confirmed this se-
lective downregulation of LC3 but upregulation of COX-2 in NP 
tissues (p < 0.05). To further analyse the correlation between LC3 
and COX-2 expression in NP tissues, we examined the staining 
intensity of the two protein markers, respectively, in consecutive 
sections from the same patients. By kappa statistic, we showed 
that LC3 and COX-2 expression were negatively correlated with 
each other (κ = -0.363, p = 0.043). These results, in conjunction 
with the in vitro studies, strongly suggest that autophagy is an 
upstream negative regulator of inflammation in NP. 
Still, it remains unknown why autophagy is deficient in NP. It has 
been shown that mutations in the autophagy-associated gene 
ATG16L1 (T300A mutation) resulted in defective autophagy 
activity and contributed to susceptibility to Crohn’s disease (27,28). 
Given our previous results that the Akt-mTOR signaling pathway 
is highly activated in NP tissues, it becomes less likely that the 
autophagy deficiency in NP was due to genetic variations. On 
the other hand, several lines of evidence have reported that, 
cystic fibrosis (CF), a chronic inflammatory airway disease, is 

autophagy deficient (29-31). In these studies, a defect in the cystic 
fibrosis transmembrane conductance regulator (CFTR) results 
in autophagy deficiency because of functional sequestration of 
BECN1, an essential regulator for autophagosome formation, 
through a ROS-mediated mechanism. However, it remains to be 
elucidated whether it is high ROS levels that promote Akt-mTOR 
activity, in turn leading to inhibition of autophagy in NP.

Conclusions
In conclusion, we have demonstrated that autophagy could be 
involved in the mechanism of inflammation in NP. Our data indi-
cate that autophagy is not only deficient but negatively correla-
ted with COX-2 expression in NP. By an in vitro model, COX-2 was 
shown to be negatively regulated by autophagy in both NMDFs 
and NPDFs, raising the possibility that chronic mucosal inflam-
mation in NP resulted from persistent deficiency of autophagy. 
Whether attenuating or modulating inflammation by restoring 
autophagy could be a plausible therapeutic strategy for NP war-
rants further investigation. 
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