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Abstract
Background  Serum amyloid A (SAA) was involved in the pathogenesis of glucocorticoid resistance in lung diseases. 
However, their association with systemic corticosteroid insensitivity in chronic rhinosinusitis with nasal polyps (CRSwNP) 
patients remains to be assessed.
Methods  This study enrolled 32 CRSwNP patients to evaluate the association between SAA expression in NP and corticos-
teroid insensitivity, and the value of polyp SAA level for predicting the response to oral corticosteroids in CRSwNP patients. 
All patients were given a course of oral prednisone (30 mg daily for 2 weeks) and subdivided into glucocorticoid(GC)-
sensitive and -insensitive subgroup according to the change in polyp size scores. The polyp specimens were obtained before 
and after corticosteroid treatment. SAA levels in polyp tissues were evaluated by enzyme-linked immunosorbent assay and 
quantitative reverse transcription polymerase chain reaction. Regression analysis was performed to analyze the association 
between SAA protein levels and corticosteroid insensitivity.
Results  13/32 (40.62%) CRSwNP patients were insensitive to the oral corticosteroid therapy. SAA mRNA and protein 
levels were significantly increased in GC-insensitive NP compared to those in GC-sensitive NP. Tissue SAA protein levels 
were positively correlated with tissue neutrophil numbers. Regression analysis revealed tissue SAA levels were significantly 
correlated with corticosteroid insensitivity (P < 0.01). ROC curves indicated that the area under the curve was 0.87. When 
the polyp SAA protein level was 122.2 ng/ml or higher, the sensitivity and specificity were 76.92 and 73.68%, respectively.
Conclusions  Our findings suggest that increased SAA in NP is associated with reduced response to oral corticosteroids in 
CRSwNP. SAA levels in NP may have potential value in predicting corticosteroid insensitivity in CRSwNP patients.
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Introduction

Chronic rhinosinusitis (CRS), affecting 14% of adults in the 
United States and 8% in China [1, 2], is a common mucosal 
inflammation in nasal sinus comprising two subtypes: 

chronic rhinosinusitis without nasal polyps (CRSsNP) and 
chronic rhinosinusitis with nasal polyps (CRSwNP). Com-
pared with CRSsNP, CRSwNP shows higher degree of 
disease severity and poorer response to medical and surgi-
cal therapy [1]. In the western world, CRSwNP has been 
characterized by a Th2-biased response and tissue eosino-
philia [3–5]. However, CRSwNP patients in China present a 
distinct pathogenic phenotype including neutrophilic accu-
mulations and mixed T helper(Th)1/Th2/Th17 response [6, 
7], suggesting a more heterogeneous nature of CRSwNP in 
China.

Corticosteroids are the most effective therapy for many 
inflammatory airway diseases, including asthma, chronic 
obstructive pulmonary disease (COPD) and CRS. However, 
the therapeutic response varies markedly between individu-
als. It has been reported that up to one-third of patients with 
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asthma display insensitivity to corticosteroids [8]. Although 
the prevalence of corticosteroid insensitivity in CRSwNP 
is unclear, it is reasonable to deduce that there are more 
CRSwNP patients with corticosteroid insensitivity in China, 
since the additional neutrophilic infiltrate in nasal polyps 
could reduce the efficacy of oral corticosteroid treatment [7]. 
Therefore, corticosteroid insensitivity in CRSwNP repre-
sents a huge management problem, and novel biological pre-
dictors of treatment response to corticosteroids are needed 
for precision treatment.

SAA is a major acute-phase protein and has been a clini-
cal biomarker for active inflammation [9]. Many studies have 
shown that SAA levels are remarkably elevated in patients 
with a broad spectrum of chronic inflammatory diseases, 
such as atherosclerosis [10], rheumatoid arthritis [11], 
severe allergic asthma [12] and CRSwNP [13]. The asso-
ciation of SAA with neutrophilic inflammation and Th17 
immune response in CDPD [14], allergic asthma [15] as well 
as CRSwNP [13] have been demonstrated. More recently, 
SAA was found to play an important role in the pathogenic-
ity of glucocorticoid-resistant lung disease. For example, 
Steven et al. showed that SAA could elicit glucocorticoid-
resistant inflammation in lung through induction of a potent 
neutrophilic airway inflammation by counteracting lipoxin 
A4, an endogenous proresolving mediator [14]. Ather et al. 
showed that SAA induced a glucocorticoid-resistant Th17 
response in an ovalbumin-induced mouse model of allergic 
airway disease by inhibiting dendritic cell apoptosis [16]. 
However, the relationship between the local expression of 
SAA and systemic corticosteroid insensitivity in patients 
with CRSwNP remains unclear. In this study, we conducted 
a cohort of patients with CRSwNP to explore the associa-
tion between SAA expression in nasal polyp and systemic 

corticosteroid insensitivity, and evaluate the value of polyp 
SAA level for predicting the response to oral corticosteroid 
treatment.

Methods

Patients and tissue samples

Thirty-two patients with CRSwNP were recruited from 
the Shantou Central Hospital and the First Affiliated Hos-
pital of Sun Yat-sen University (Shantou and Guangzhou, 
China). This study was approved by the Ethics Commit-
tee of the first affiliated hospital of Sun Yat-sen University 
and the Ethics Committee of Shantou Central Hospital, 
and an informed consent was obtained from each subject. 
The diagnosis of CRSwNP was carried out according to 
the European position paper on rhinosinusitis and nasal 
polyps (EPOS 2012) [1]. All patients showed score 2–4 on 
both sides of polyps based on nasal polyp scoring system 
(Table 1). The CRSwNP patients were prescribed with oral 
corticosteroids (30 mg of prednisone once daily for 14 days). 
Before and after oral corticosteroid treatment, polyp tissues 
were sampled from each subject. GC-insensitive CRSwNP 
subgroup was defined as described by Milara et al. [17, 
18], namely patients who are unable to reduce more than 1 
polyp score based on nasal polyp scoring system (Table 1) 
after oral corticosteroid treatment. The diagnosis of asthma 
was determined by a pneumologist. Diagnosis of aspirin 
intolerance is based on detailed clinical history. None of 
the patients included used oral or nasal steroids or other 
immunomodulatory drugs within 4 weeks before starting 
oral corticosteroids.

Table 1   Nasal polyp scoring system

Polyp score Polyp size

0 No polyps

1 Small polyps in the middle meatus not reaching below the inferior border of the middle concha

2 Polyps reaching below the lower border of the middle turbinate

3 Large polyps reaching the lower border of the attachment of inferior turbinate or polyps medial to the middle 
concha

4 Large polyps causing almost complete congestion/obstruction of the inferior meatus
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Quantitative reverse transcription polymerase chain 
reaction (qRT‑PCR)

The mRNA expression level of SAA gene in polyp tissue 
was detected by qRT-PCR analysis as previously described 
[13]. Briefly, total RNA was extracted from the polyp sam-
ples with TRIzol reagent (Invitrogen) following the manu-
facturer’s instructions. Reverse transcription was performed 
and the cDNA was synthesized from 2 µg of total RNA using 
an oligo (dT) 18 primer and M-MLV reverse transcriptase 
(TAKARA, Syuzou, Shiga, Japan) for quantitative PCR. 
RNA integrity and the success of the reverse transcription 
reaction were monitored by PCR amplification of β-actin 
transcripts. Expression of mRNA was determined using ABI 
PRISM 7500 Detection System (Applied Biosystems, Foster 
City, CA, USA) and SYBR Premix Taq™ (TAKARA). The 
primer sequences were as follows: SAA forward: 5′-CTT 
GGC GAG CCT TTT GAT G-3′; reverse: 5′-TAG TTC 
CCC CGA GCA TGG-3′; β-actin forward: 5′-AAG ATG 
ACC CAG ATC ATG TTT GAG ACC-3′; β-actin reverse 
5′-AGC CAG GTC CAG ACG CAG GAT-3′. PRISM sam-
ples contained 1 × SYBR Green Master Mix, 1.5 μL 5 μM 
primers, and 25 ng synthesized cDNA in a 25-μL volume. 
Reactions were heated to 95 °C for 10 min followed by 40 
cycles of denaturation at 95 °C for 10 s, annealing extension 
at 60 °C for 60 s. Melting curve analysis was used to con-
trol for amplification specificity. Expression of target gene 
was expressed as fold increase relative to the expression of 
β-actin. The mean value of the replicates for each sample 
was calculated and expressed as cycle threshold (Ct). The 
amount of gene expression was then calculated as the dif-
ference (ΔCt) between the Ct value of target gene and the tt 
value of β-actin. Fold changes in target gene mRNA were 
determined as 2− ΔCt.

Enzyme‑linked immunosorbent assay (ELISA)

Freshly obtained polyp tissue samples were weighed, and 
placed in PBS-Tween supplemented with a protease inhibitor 
cocktail (Keygentec, Nanjing, Jiangsu, China), and homog-
enized for 1 min on ice. The samples were then centrifuged 
at 4000 rpm for 20 min at 4 °C, and the supernatants were 
stored at − 20 °C until ELISA analysis. The SAA concen-
trations in polyp tissues were measured with commercially 
available ELISA (ab100635, Abcam) according to the manu-
facturer’s instructions. Detection limits were 0.41 ng/mL of 
SAA.

Histologic analysis and immunohistochemical (IHC) 
staining

NP tissues embedded in paraffin were cut into 5-μm sec-
tions and placed onto glass slides. HE and IHC staining 

were performed for histological examination using the 
standardized procedures as previously described [13]. 
Briefly, sections were deparaffinized by serial treatment. 
Sections stained with HE were used to determine the gen-
eral pathologic features of tissues at 40× and 100× magni-
fication. The number of eosinophils in the lamina propria 
was counted at high power (HP) magnification (400×), and 
10 HP fields were randomly selected and analyzed. Results 
were expressed as cells per HP field of LP. After blocking 
the endogenous peroxidase in 3% hydrogen peroxide and 
with 1% bovine serum albumin, the sections were incubated 
overnight at 4 °C in the presence of a mouse anti-human 
SAA monoclonal antibody (Abcam, Cambridge, MA, USA) 
at a dilution of 1:100, or anti-myeloperoxidase (MPO) anti-
body (Abcam, Cambridge, MA, USA) at a dilution of 1:50 
according to the manufacturer’s instructions. Each of these 
sections was incubated with a secondary antibody and then 
with horseradish peroxidase-labeled streptavidin complex 
(Zhongshanjinqiao, Beijing, China). Distribution of peroxi-
dase was revealed by incubating the sections in a solution 
containing 3% 3,3′-diaminobenzidine tetrahy-drochloride 
before being counterstained with hematoxylin and cover 
slipped. Negative control studies were performed by omit-
ting the incubation step with the primary antibody. Sections 
were inspected by a single “blinded” observer in a coded 
random order. Number of MPO-positive cells per HP field 
was analyzed. Five fields were randomly selected.

Statistical analysis

GraphPad Prism 6 software (San Diego, CA, USA) was used 
for statistical analyses. Discrete data were expressed as the 
medians and interquartile ranges (IQRs) and analyzed using 
the nonparametric Mann–Whitney U test. A univariate logis-
tic regression analysis was performed to assess the asso-
ciation between systemic cocorticosteroid insensitivity and 
and the tissue SAA protein levels and the tissue eosinophil 
and neutrophil numbers. The predictive abilities of tissue 
eosinophil and neutrophil numbers and tissue SAA pretein 
levels were evaluated by receiver operating characteristic 
(ROC) curve. A P value less than 0.05 was considered as 
statistically significant.

Results

Clinical parameters between GC‑sensitive 
and GC‑insensitive NP groups

To determine the sensitivity of CRSwNP patients respond-
ing to corticosteroid, we compared the endoscopy scores 
before and after 14 days of treatment with oral prednisone. 
According to previous studies [17, 18], we defined patients 
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who were unable to reduce more than 1 NP endoscopic 
score after oral prednisone course as GC-insensitive NP 
subgroup. As a result, there are 19 NP patients in the 
GC-sensitive NP subgroup and 13 NP patients in the GC-
insensitive NP subgroup. The clinical characteristics of 
the two subgroups were showed in Table 2. We found that 
the mean absolute number of blood eosinophils in GC-
sensitive subgroup was significantly higher than that in 
GC-insensitive subgroup. The mean NP endoscopic scores 
were significantly reduced after treatment in GC-sensitive 
subgroup (P < 0.05), but not in GC-insensitive subgroup.

SAA expression in NP tissues before and after oral 
corticosteroid treatment

Next, we sought to determine the effect of oral prednisone 
treatment on the tissue eosinophils and neutrophils as well 
as SAA expression. As indicated Fig. 1, the mean number 
of eosinophils (Fig. 1a) in polyp tissues was significantly 
reduced after corticosteroid treatment compared with base-
line number (P < 0.01). However, there were no significant 
differences in the mean number of neutrophils (Fig. 1b) and 
the mRNA (Fig. 1c) and protein (Fig. 1d) levels of SAA 
expression in polyp tissues between before and after oral 
corticosteroid treatment (P > 0.05).

Table 2   Clinical 
characteristics of CRSwNP 
patients in GC-sensitive and 
GC-insensitive subgroups

NP nasal polyp, CT computed tomography
# P < 0.05 vs GC-insentive. *P < 0.05 vs. before treatment

GC-sensitive (n = 19) GC-insensitive (n = 13)

Age, mean (SD), (year) 36.6 ± 9.6 33.8 ± 10.5
Sex (male/female) 9/10 8/5
Asthma in history 3 1
Aspirin intolerance 0 0
Blood eosinophils, mean (SD), (109/L) 0.403 ± 0.304# 0.187 ± 0.214
Symptom scores, mean (SD) 15.53 ± 5.32 16.24 ± 5.73
NP endoscopic score before treatment, mean (SD) 4.07 ± 1.82 3.94 ± 1.17
NP endoscopic score after treatment, mean (SD) 2.85 ± 1.35* 3.58 ± 1.02
CT Scores, mean(SD) 11.76 ± 6.69 10.78 ± 5.37

Fig. 1   Changes from baseline in 
tissue eosinophil and neutrophil 
counts and SAA expression in 
nasal polyps treated with oral 
corticosteroid treatment. After 
corticosteroid treatment, the 
mean number of eosinophils 
(a), but not neutrophils (b), as 
well as SAA mRNA (c) and 
protein (d) levels were signifi-
cantly reduced in polyp tissues. 
**P < 0.01; ns no significance, 
NP nasal polyps, SAA serum 
amyloid A, EOS eosinophil, 
NEU neutrophil, HPF high 
power field
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SAA expression in GC‑sensitive and GC‑insensitive 
NP tissues

Next, we subdivided the patients with CRSwNP into two 
groups on the basis of the response to oral corticosteroid 
treatment. As indicated in Fig. 2, we found that the mean 
number of eosinophils was significantly lower (Fig. 2a, b), 
but neutrophils was higher (Fig. 2c, d) in GC-insensitive 
NP than in GC-sensitive NP (both P < 0.01). By doing IHC 
staining, we found strong immunoreactivity of SAA was 
mainly observed in the epithelium of GC-insensitive NP. 
By contrast, the SAA immunoreactivity was relatively weak 
in the epithelium of GC-sensitive NP (Fig. 3a). Consistently, 
the SAA protein levels as evaluated by ELISA and mRNA 
levels as evaluated by qRT-PCT in NP tissues were signifi-
cantly elevated in GC-insensitive subgroup as compared 
to the GC-sensitive subgroup (P < 0.001 and 0.01, respec-
tively) (Fig. 3b, c). By correlation analysis, we found that the 
SAA protein level was positively associated with the mean 
number of neutrophils in nasal polyps (R = 0.61, P < 0.001) 
(Fig. 4).

Association of local SAA expression and systemic 
corticosteroid insensitivity in patients with CRSwNP

We further performed logistic regression analysis to deter-
mine the association between corticosteroid insensitivity 
and the tissue SAA protein levels and the tissue eosinophil 

and neutrophil numbers followed by ROC curve analysis. 
The results revealed that corticosteroid insensitivity was sig-
nificantly correlated with polyp SAA protein levels, tissue 
eosinophil numbers and tissue neutrophil numbers (P < 0.01, 
0.05 and 0.05, respectively). Odds ratio (OR) were 1.03, 
0.887 and 1.163, respectively. 95% confidence interval (CI) 
were 1.01–1.05, 0.799–0.984 and 1.022–1.322, respectively. 
As shown in Fig. 5, the receiver operating characteristic 
(ROC) curves analysis indicated that the polyp SAA pro-
tein levels [area under the curve (AUC) = 0.87] had a higher 
predictive value for corticosteroid insensitivity than tissue 
eosinophil numbers (AUC = 0.8) and tissue neutrophil num-
bers (AUC = 0.77). When the polyp SAA protein level was 
122.2 ng/ml or higher, the sensitivity and specificity were 
76.92 and 73.68%, respectively.

Discussion

Corticosteroids are now first-line therapy for patients with 
CRSwNP [1]. Different endotypes of CRSwNP could dis-
play similar clinical features but significant difference in 
responding to corticosteroid treatment [19, 20]. To date, 
there is no effective marker to predict corticosteroid insen-
sitivity or sensitivity in CRSwNP patients. In the present 
study, we found that oral corticosteroids was unable to 
affect the SAA expression in nasal polyps, elevated SAA 
level in nasal polyps was significantly associated with tissue 

Fig. 2   Numbers of eosinophils and neutrophils in GC-sensitive and 
GC-insensitive NP. Representative H&E (a) and immunohistochemi-
cal staining of MPO (c) in GC-sensitive and GC-insensitive NP. Orig-
inal magnification: ×400. By histopathologic analysis, the mean num-

ber of eosinophils b was significantly lower, but neutrophils (MPO+ 
cells) d was higher in GC-insensitive NP. GC glucocorticoid, MPO 
myeloperoxidase, H&E hematoxylin and eosin, NP nasal polyps, EOS 
eosinophil, NEU neutrophil, HPF high power field
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neutrophil number and systemic corticosteroid insensitivity 
in patients with CRSwNP, and provided the first evidence 
that polyp tissue SAA level could be considered as a predic-
tor of oral corticosteroid insensitivity in CRSwNP patients. 
Our findings may also expand current understandings of 
CRSwNP heterogeneity and contribute to the precision treat-
ment of CRSwNP.

Corticosteroid insensitivity is present in many chronic 
inflammatory airway diseases, such as allergic asthma [8], 
COPD [21], allergic rhinitis and CRS [22], and may contrib-
ute to continuing disease severity with the potential risks, 

such as hyperglycemia and infection et al [19], represent-
ing a challenging clinical problem despite the availabil-
ity of modern treatments. Several strategies attempting to 
address this problem have been proposed, including avoiding 
patients with factors associated with corticosteroid insen-
sitivity, targeting molecular mechanisms underlying corti-
costeroid insensitivity to prevent or restore corticosteroid 
insensitivity, and developing biomarkers to predict patients 

Fig. 3   SAA expression in GC-
sensitive and GC-insensitive 
NP. a Representative immuno-
histochemical staining of SAA 
in GC-sensitive and GC-insensi-
tive NP. Original magnification: 
×400. The protein level (b) and 
mRNA level (c) of SAA in GC-
sensitive and GC-insensitive NP 
assessed by ELISA. **P < 0.01; 
***P < 0.001. GC glucocorti-
coid, NP nasal polyps, NP nasal 
polyps, SAA serum amyloid A

Fig. 4   Correlation analysis of SAA protein and neutrophil numbers in 
nasal polyps. The polyp SAA protein level was significantly associ-
ated with the mean number of neutrophils in nasal polyps. SAA serum 
amyloid A

Fig. 5   The ROC curve for polyp SAA protein levels, tissue eosino-
phil and neutrophil numbers. AUC of polyp SAA protein level, 
tissue eosinophil and neutrophil numbers were 0.8704 (95% CI 
0.7503–0.9906), 0.8016 (95% CI 0.6427–0.9606) and 0.7733 (95% 
CI 0.5991–0.9475), respectively. ROC receiver operating characteris-
tic, SAA serum amyloid A, AUC area under the ROC curve, CI confi-
dence interval, EOS eosinophil, NEU neutrophil
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with corticosteroid insensitivity or sensitivity [8]. From the 
standpoint of precision treatment, it would be an advantage 
to be able to predict the response to corticosteroid treat-
ment. Indeed, many biomarkers have been developed for 
predicting corticosteroid responsiveness in asthma [23, 24] 
and COPD [25]. However, there is no effective predictors 
of corticosteroid efficacy for CRSwNP. Here, we extended 
our previous study [13] and found the SAA protein level is 
a good indicator of poor response to systemic corticosteroid 
therapy in CRSwNP patients. Thus, it is logical to postulate 
that use of this biomarker might allow for better identifica-
tion of CRSwNP patients who are most unlikely to benefit 
from corticosteroid therapy.

SAA have been shown to be involved in the pathogen-
esis of steroid resistance. Bozinovski et al. [14] showed that 
SAA administered into lung was able to induce a neutro-
philic response, which can be relieved by lipoxin A4 but not 
dexamethasone, suggesting SAA might be a mediator of GC-
resistant lung inflammation. Ather et al. [16] demonstrated 
that SAA could prolong the viability of DC and enhance 
their pro-inflammatory potential by stimulating CD4+ T 
cells, contributing to the pathogenesis of GC resistance in 
lung disease. In the current study, we showed SAA expres-
sion was significantly increased in GC-insensitive NP com-
pared to those in GC-sensitive NP and positively correlated 
with tissue neutrophil number, which have been reported to 
contribute to corticosteroid insensitivity in CRSwNP [7]. 
Further regresion analysis confirmed the close association 
between SAA protein level in NP and systemic corticoster-
oid insensitivity. However, it is still unclear whether and 
how SAA involves in mechanism underlying corticosteroid 
insensitivity in CRSwNP. Further study will be required to 
address this issue.

In this study, we show that systemic corticosteroid ther-
apy had no significant effect on the expression of SAA in 
NP. Our findings conflict with results of a recently published 
report by Bozinovski et al. [14] showing that corticosteroids 
could significantly increase SAA expression in a THP-1 cell 
line. It is likely that this discrepancy may simply reflect dif-
ferences between in vitro and in vivo study, or possibly that 
one course of oral corticosteroids (30 mg of prednisone once 
daily for 14 days) is insufficient to upregulate SAA level in 
NP. Thus, prolonged course of oral corticosteroids might be 
needed in the future study.

Our current study is limited because of the small sam-
ple size and lack of a placebo group. These would restrict 
the ability to extrapolate our findings to the general popula-
tion. A placebo-controlled trial with larger sample size is, 
therefore, necessary to strengthen the conclusion. In addi-
ton, to minimize the influence on the nasal polyp score, we 
only took biopsies of very small pieces of nasal polyp tis-
sue before corticosteroid therapy. This limit our capacity to 
measure additional cytokines, such as IL-4, IL-5, IL-13 and 

IL-17A, in the present study. Therefore, molecular endo-
types of nasal polyps in this study remain unclear. Future 
study using cytokine microarray might address this issue.

Conclusions

In summary, our preliminary study provides the first evi-
dence that increased expression of SAA in nasal polyps is 
associated with reduced response to oral corticosteroid treat-
ment in patients with CRSwNP. SAA levels in nasal polyps 
might have potential value in predicting corticosteroid insen-
sitivity in CRSwNP patients.
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