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Abstract: Objective: To investigate the expression of receptor for advanced glycation endproducts (RAGE) in adenoid 
hypertrophy in children and the change in the level of soluble receptor for advanced glycation endproducts (sRAGE) 
in tympanic effusion. Methods: Fifteen adenoidal specimens were collected from patients with adenoidal hypertro-
phy and secretory otitis media and patients with simple adenoidal hypertrophy without secretory otitis media who 
underwent surgical treatment at our hospital from April 2010 to December 2014. In addition, fifteen tympanic ef-
fusion specimens were collected from patients with simple secretory otitis media and from patients with adenoidal 
hypertrophy and secretory otitis media. Western blot analysis and immunohistochemistry were used to detect RAGE 
expression in adenoidal tissue, and an enzyme-linked immunosorbent assay (ELISA) was performed to determine 
the sRAGE levels in tympanic effusion. Results: Immunohistochemical staining showed that RAGE was expressed in 
each hypertrophic adenoidal tissue specimen and that RAGE protein expression levels were significantly higher in 
hypertrophic adenoidal tissue from patients with secretory otitis media than from those without secretory otitis me-
dia (P<0.05). Moreover, the sRAGE levels were significantly higher in tympanic effusion from patients with secretory 
otitis media and adenoidal hypertrophy than from patients with simple secretory otitis media (P<0.05). Conclusion: 
RAGE and sRAGE may play an important role in the pathogenesis of adenoidal hypertrophy with secretory otitis 
media.
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Introduction

Secretory otitis media is a common disease in 
children, and persistent chronic secretory otitis 
media can cause severe hearing impairment, 
which leads to learning and behavioral prob-
lems. Therefore, early detection and prompt 
treatment are important for treating secretory 
otitis media [1, 2]. Previous studies show that 
adenoidal hypertrophy and the immune res- 
ponse are important causes of secretory otitis 
media [3]. Receptor for advanced glycation 
endproducts (RAGE) is a transmembrane pro-
tein with more than 400 amino acids, and 
recent studies show that RAGE is an important 
transmembrane protein for initiating inflamma-
tory and immune responses [4, 5]. In this study, 
we used immunohistochemical staining to 
detect RAGE expression levels in adenoidal tis-
sue from children with adenoidal hypertrophy 
and secretory otitis media and in children with 
simple adenoidal hypertrophy. The soluble 

receptor for advanced glycation endproducts 
(sRAGE) levels were determined in tympanic 
effusions from children with simple secretory 
otitis media (with no significant adenoidal 
hypertrophy) and from children with adenoidal 
hypertrophy and secretory otitis media to gen-
erate novel ideas and methods for preventing 
and treating secretory otitis media in children.

Materials and methods

General data

In this study, we investigated 30 patients with 
adenoidal hypertrophy who underwent surgical 
treatment at our hospital from April 2010 to 
December 2014, including 21 males and 9 
females from 3-13 years old (median: 7 years 
old). Fifteen patients had adenoidal hypertro-
phy with secretory otitis media, and 15 patients 
had simple adenoid hypertrophy without secre-
tory otitis media. We also collected tympanic 



RAGE and sRAGE in adenoidal hypertrophy with secretory otitis media

8422 Int J Clin Exp Med 2016;9(5):8421-8425

effusions from 15 patients with adenoid hyper-
trophy and secretory otitis media and from 15 
patients with simple secretory otitis media 
(with no significant adenoidal hypertrophy) who 
were in the same age group and received inpa-
tient or outpatient treatment during the same 
period. The specimens were processed as fol-
lows: a small piece of adenoidal tissue was cut 
from the resected specimen, placed and fixed 
in paraformaldehyde, and embedded in paraf-
fin. A second piece of adenoidal tissue and a 
tympanic effusion specimen were also stored 
in a freezer at -80°C. The inclusion criterion 
was no previous history of surgery. Patients 
who received antibiotics or glucocorticoid ther-
apy three weeks before surgery were excluded 
from this study.

Western blot analysis of RAGE protein expres-
sion

We collected 100 mg of resected adenoidal tis-
sue, and the tonsil tissue was homogenized 
using protein lysate (Biyuntian Biotech Co., Ltd., 
Nantong, China) followed by centrifugation at 
12,000 rpm for 10 minutes. Next, the superna-
tant was collected, and we determined the pro-
tein quantity using the bicinchoninic acid (BCA) 
method. The protein sample was then mixed (at 
a certain ratio) with protein loading buffer 
(Biyuntian Biotech Co., Ltd., Nantong, China) 
and boiled in water for 10 minutes. Next, 35 μg 
of the protein sample was used for electropho-
resis and then transferred to a membrane. The 
membrane was blocked in 5% skim milk fol-
lowed by adding β-actin and RAGE antibodies 
(Santa Cruz Biotechnology, Inc., USA, 1:200 
diluted with 5% milk) for incubation at 4°C over-
night. After a TBST wash, the secondary horse-
radish peroxidase-labeled goat anti-rabbit anti-
body (diluted with 5% milk) was added, the 
sample was incubated followed by a TBST 
wash, and 1:1 enhanced chemiluminescence 
(ECL) agent was added (according to the 
instructions) for gel imaging. Image J software 
was used for gray-scale analysis.

Immunohistochemical staining 

The resected tissue specimen was fixed in 10% 
formalin and embedded in paraffin, and 4-μm 
sections were prepared. The slides were baked 
at 60°C for 8 hours for later use. After soaking 
with distilled water, antigens were prepared in 
EDTA buffer at 100°C for 20 minutes and then 

cooled to room temperature. After washing with 
distilled water and PBS, a peroxidase-blocking 
solution was added followed by incubation at 
room temperature for 10 minutes. After a PBS 
wash, non-immune serum of animal source 
was added and then discarded after incubation 
at room temperature for 10 minutes. The pri-
mary anti-RAGE antibody (1:50 dilution; Santa 
Cruz Biotechnology, Inc., USA) was added fol-
lowed by incubation at room temperature for 
60 minutes. PBS was used as a negative con-
trol. After a PBS wash, a biotin-labeled second-
ary antibody (goat anti-rabbit IgG, Zhongshan 
Jinqiao Biotech Co., Ltd., Beijing, China) was 
added followed by incubation at room tempera-
ture for 10 minutes. After a PBS wash, a stre- 
ptavidin-anti-biotin-peroxidase solution was  
added followed by incubation at room tempera-
ture for 10 minutes. After a PBS wash, DAB 
chromogenic reagents were added. Next, the 
slides were washed with tap water, re-stained 
with hematoxylin, washed with tap water until 
the color turned blue, dehydrated and dried 
with ethanol, cleared in xylene, and mounted 
with neutral resin. Two experienced and blind-
ed pathologists independently interpreted the 
results; they counted 15 fields on each slide at 
a high magnification (× 400), and the mean 
number of RAGE-positive cells was used as the 
final result for each patient.

Enzyme-linked immunosorbent assay (ELISA) 

The human sRAGE ELISA kit was purchased 
from UNOCI Biological Technology Co., Ltd. 
(Hangzhou, China), and the procedure was per-
formed strictly in accordance with the kit 
instructions. Before the assay, the kit and spec-
imens were returned to room temperature. 
Next, 50 µl of standard protein dilutions and 
the testing specimens were added to specific 
reaction wells, and 50 µl of a biotin-labeled 
antibody was then immediately added. After 
the plate was sealed with a seal membrane, it 
was shaken gently to mix the components and 
then placed in an incubator at 37°C for 1 hour. 
Next, the solution in the wells was discarded, 
washing buffer was added, and the plate was 
shaken for 30 seconds. The washing buffer 
was then removed, and the plate was pat dry 
using a piece of absorbent paper. Next, 80 µl of 
biotin streptavidin-HRP was added to each well, 
and the plate was gently shaken to mix the 
components and placed in an incubator at 
37°C for 30 minutes. The solution in the wells 
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was then discarded, washing buffer was added, 
and the plate was shaken for 30 seconds. Next, 
the washing buffer was removed, and 50 µl 
each of substrate A and B was added to each 
well. The plate was then gently shaken to mix 
the components and placed in the dark in an 
incubator at 37°C for 10 minutes. Next, the 
microtiter plate was removed, 50 µl of stop 
solution was added quickly, and the results 
were determined immediately. The optical den-
sity (OD) at 450 nm was measured in each well. 
The OD value was then used for the y-coordi-
nate, and the standard solution concentration 

was used for the x-coordinate to produce a 
standard curve; the protein concentration of 
each plasma sample was determined using the 
standard curve based on the OD value.

Statistical analysis

SPSS17.0 software was used for statistical 
analyses. A t-test was performed for inter-group 
comparison. P<0.05 was considered statisti-
cally significant.

Results

RAGE protein expression in adenoidal tissue

RAGE protein immunohistochemical staining is 
shown in Figure 1. Positive staining for RAGE 
protein is shown as yellow and brown particles. 
The results show that RAGE protein was 
expressed in the specimens from each patient 
with adenoidal hypertrophy with or without 
secretory otitis media, and the statistical 
analysis (Table 1) shows significantly more 
RAGE-positive cells in patients with adenoidal 
hypertrophy and secretory otitis media than 
with simple adenoidal hypertrophy without 
secretory otitis media (P<0.05). Western blot 

Figure 1. Immunohistochemical staining (× 400, upper panel: simple adenoidal hypertrophy without secretory otitis 
media; lower panel: adenoidal hypertrophy with secretory otitis media).

Table 1. Immunohistochemical RAGE staining
Group n RAGE (positive cell number) RAGE/β-actin
Simple adenoidal hypertrophy without secretory otitis media 15 32 ± 9 0.23 ± 0.09
Adenoidal hypertrophy with secretory otitis media 15 195 ± 14# 1.52 ± 0.98
t value  37.93 5.08
P value  <0.001 <0.001
#t=37.93, P<0.001, compared with the simple adenoidal hypertrophy without secretory otitis media group.

Figure 2. Western blot analysis (1. simple adenoidal 
hypertrophy without secretory otitis media; 2. ad-
enoidal hypertrophy with secretory otitis media).
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analysis shows that the RAGE protein 
expression level was significantly higher in 
patients with adenoidal hypertrophy and 
secretory otitis media than in those with simple 
adenoidal hypertrophy without secretory otitis 
media (Figure 2; Table 1, P<0.05).

The sRAGE expression level in tympanic effu-
sion

The ELISA (Table 2) shows that the sRAGE 
expression level was significantly higher in tym-
panic effusions from patients with adenoidal 
hypertrophy and secretory otitis media than 
from patients with simple secretory otitis media 
(with no significant adenoidal hypertrophy) 
(P<0.05).

Discussion

RAGE is a member of the immunoglobulin 
superfamily and is expressed in membranes of 
monocytes, macrophages, vascular endothelial 
cells, smooth muscle cells, and fibroblasts. The 
RAGE protein consists of a large extracellular 
fragment, a transmembrane fragment, and a 
short intracellular fragment. The extracellular 
fragment has an immunoglobulin-like structure 
with a V-shaped fragment linking two C-shaped 
fragments, and each fragment contains a pair 
of conserved cysteine residues. The V-shaped 
fragment also contains two N-coupling glycosyl-
ation sites. These features are important for 
the RAGE molecular structure stability and spe-
cific ligand recognition. The main function of 
the extracellular fragment is to bind specific 
ligands. The intracellular fragment is richly 
charged and binds intracellular signaling mole-
cules to produce biological effects. Ligands 
that bind RAGE include advanced glycation 
end-products (AGEs), amphotericin, and cal-
granulin, which bind RAGE to activate it; acti-
vated RAGE then exerts its biological effects 
mainly through activating nuclear factor (NF)-
κB. NF-κB binds target gene sequences to regu-
late expression for many inflammatory cyto-

that the RAGE protein is mainly expressed in 
the cell membrane and in the adenoidal tissue 
specimens from patients with adenoid hyper-
trophy with or without secretory otitis media. 
Statistical analyses showed that the RAGE pro-
tein expression level was significantly higher in 
adenoidal tissue from patients with adenoidal 
hypertrophy and secretory otitis media than 
from patients with simple adenoidal hypertro-
phy. The results herein suggest that high RAGE 
expression levels may play an important role in 
the pathogenesis of adenoidal hypertrophy 
with secretory otitis media by regulating the 
immune response.

Previous studies demonstrate a complex local 
cytokine network in the ear cavities of patients 
with secretory otitis media. Further, a variety of 
cytokines interact to induce migration and acti-
vation of inflammatory cells, which leads to 
changes in mucosal enzyme activity and a 
delay in healing or persistent secretory otitis 
media, further aggravating middle ear effusion, 
mucosal lesions, bone destruction, fibrosis, 
and, in severe cases, hearing impairment [11, 
12]. Currently, cytokines isolated and detected 
in middle ear effusions include interleukins 
(including IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, and 
IL-10), interferons, TNF, granulocyte-macro-
phage colony stimulating factor, and transform-
ing growth factor β [8-10]. sRAGE is an endog-
enous secretory RAGE and does not include the 
RAGE transmembrane fragment; it has become 
a reliable inflammatory biomarker in many 
immune disorders and inflammation-related 
diseases [13, 14]. This study shows that the 
sRAGE expression level was significantly higher 
in patients with adenoidal hypertrophy and 
secretory otitis media than in patients with sim-
ple secretory otitis media, which further sug-
gests that RGAE may play an important role in 
the pathogenesis of adenoidal hypertrophy 
with secretory otitis media.

In summary, the results suggest that RAGE may 
play an important role in the pathogenesis of 
adenoidal hypertrophy with secretory otitis 

Table 2. The sRAGE expression level in tympanic effusions 
from patients
Group n sRAGE (pg/ml)
Adenoidal hypertrophy with secretory otitis media 15 6105 ± 547.1
Simple secretory otitis media 15 3003 ± 412.3
t value  17.54
P value  <0.001

kines, such as tumor necrosis fac-
tor (TNF)-α and interleukin (IL)-6; 
thus, it is involved in the body’s 
inflammatory and immune res- 
ponses [6]. Previous studies show 
that adenoidal abnormalities and 
immune response are two key fac-
tors in the development of adenoi-
dal hypertrophy with secretory 
otitis media [7]. This study shows 
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media and that animal experiments are neces-
sary to further confirm the specific mecha- 
nisms.
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