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ABSTRACT

Objective: To investigate the inflammatory pattern in terms of inflammatory cells and cytokines expression in children with
adenoid hypertrophy (AH) and coexistent allergic rhinitis (AR).

Study Design: A cross-sectional analytical study.

Place and Duration of Study: Department of Otolaryngology-Head and Neck Surgery, Shandong Provincial ENT Hospital,
Cheeloo College of Medicine, Shandong University, Jinan, Shandong P. R. China, from October 2018 to August 2020.
Methodology: A sample of 102 children with AH, who underwent adenoidectomy were enrolled. They were divided into two groups
of AH, alone and AH with AR (AH+AR). A routine complete blood count, and the number of eosinophils in adenoid tissue was
measured using hematoxylin-eosin staining. The tissue expression of cytokines was carried out using real-time quantitative PCR.
Results: Forty-eight children (47%) were diagnosed with AR. The number and percentage of eosinophils in peripheral blood and
adenoid tissue were statistically (p <0.05) higher in the group of AH+AR than AH alone. Furthermore, in patients with AH+AR,
the mRNA expression levels of IL-12 and IFN-y decreased, while IL-4, IL-8, IL-18, IL-33, H2R, LTR1, LTR2 and GCR all increased in
adenoid tissue.

Conclusion: The pathological mechanism underlying adenoid hypertrophy in children with comorbid allergic rhinitis can be

involved with predominant tissue eosinophilia and type 2 (or Th 2) inflammation.
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INTRODUCTION

Adenoid hypertrophy (AH) isacommon diseasein childrenand
is associated with nasal obstruction, sleep-disordered
breathing, and secretory otitis media in children. It could lead
todaytime sleepiness, inattention, which also affect the devel-
opment of the maxillofacial region, teeth, and intelligence.
The adenoids, which mainly constituted by B-cell lymphocytes
and T cells, are a conglomerate of peripheral lymphatic tissue.
Because of prolonged antigenic stimulation associated with
chronic inflammation, adenoids enlarged pathologically. The
most relevant inflammatory conditions are respiratory infec-
tionsandallergy for children with nasal obstruction.
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The nasal and sinus mucosa and adenoids are the most closely
situated cluster of organised lymphatic tissue that inflamma-
tory status within them could influence each other, so the recur-
ring upper airway infections and allergic rhinitis may stimulate
adenoidsandlymphoidtissue hyperplasia.

In clinical management, the current preferred treatment for AH
is surgical resection. AH children are often comorbid with
allergicrhinitis (AR).” Some literature reports suggested that AR
may trigger AH.’ The severity of AR would get worse and disease
duration was prolonged, if AR patients companied with AH.*
However, from other clinical reports, AH and AR were signifi-
cantly negatively correlated.>® Therefore, the causal relation-
ship between these two commonly comorbid diseases remains
unclear. Abetterunderstanding of the pathological relationship
between AH and AR will help inimproving clinical management
ofthesetwocommondiseasesin children.

The aim of this study was to investigate the inflammatory
patternof AHin paediatric patients withand without AR.

METHODOLOGY

Accumulative adenoid tissues were obtained from the patients,
who underwent adenoidectomy in the Department of Otolaryn-
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gology in Shandong ENT Provincial Hospital, from October 2018
toAugust2020. They weredividedintotwo groups of AH without
AR (AH, n=54) and AH with AR (AH+AR, n=48). The inclusion
andexclusioncriteriainclude all study patients were notaccom-
panied by acute adenoiditis or other acute respiratory infection
andwere nottreated by both systemicortopical glucocorticoids
or antibodies for three months before the study. Adenoid
tissues were divided into two parts, one was fixed in formalin for
histological evaluation of infiltration of inflammatory cells (e.g.,
eosinophils), and the other part was immersed in RNAlater for
extracting RNA to detect corresponding gene expressions. The
cell counts from a routine complete blood count were recorded.
Approval for this study was obtained from the Institutional
Review Board of Shandong Provincial ENT Hospital, Cheeloo
College of Medicine, Shandong University, Jinan, Shandong P.R.
China.

The diagnostic criteria for AR was based strictly on the recom-
mendation by the ARIAdocument.’In addition, a positive serum
specificlgE (=0.35 kU/I CAP Pharmacia, Uppsala, Sweden) to at
leastone ormorecommonlocalallergens was confirmed.

The size of adenoid was divided into four degrees according to
the degree of the posterior nostril after the adenoid is blocked
by the electronic nasopharyngoscopy:® I: posterior nostril <
25% after adenoid blockage; Il: 26-50% posterior nostril after
adenoid blockage; Ill: 51-75% posterior nostril after adenoid
blockage; and IV: posterior nostril after adenoid blockage
>75%. Children with degree Ill or IV were included in this AH
study.

As HA can compress or block the eustachian tube and cause
secretory otitis media, the diagnosis for secretory otitis media
for all patients were included. It is based on the combination of
conductive hearing loss in a pure-tone hearing test; tympanic
indentation is obvious or shows liquid level or air bubbles; and
acoustic impedance test shows B-type or C-type curve. A clear
diagnosis can be made for children 5-year or older through the
above three tests. For children under 5 years, the diagnosis
couldbe confirmed by otoscopy andacousticimpedance exami-
nation.

Fresh tissue biopsies were immediately embedded in paraffin.
The 4-um serial sections were obtained from each paraffin
blocked tissue. Eosinophil infiltration was evaluated based on
H&E staining, and 5 random sections for all samples were
selected to record the numbers of the eosinophils under high-
-power fields (HPF, 400x magnification) in a blind fashion. All
sampleswere assessedinablinded fashion by twoindependent
researchers.’

The total RNA of samples in RNAlater was extracted by trizol
(Invitrogen, Life Technologies,USA). The cDNA was synthesised
with reversing transcription kit (Thermo, USA) and the qRT-PCR
was performed with Mastercycler Nexus (Eppendorf,
Germany). The primers' information is described in detail in
Table I. Relative gene expression was calculated using the

comparative 2°“method with the housekeeping gene GAPDH as
a reference. The tested cytokines include: Thl-related
cytokines mainly includeIL-2, IL-8, IL-12, TNF-a, and IFN-y. Th2-
related cytokines mainly include IL-4, IL-5, IL-13, IL-18, IL-33,
and IL-25. The related receptors include H1R, H2R, H3R, H4R,
LTR1,LTR2and GCR.

Tablel: SYBRgreengeneexpressionassays.

Primer
L2

Assay

F: 5-ATCCCAAACTCACCAGGATGC
R: 5"-AGATGTTTCAGTTCTGTGGCCT
F: 5"-TTCCTGAAACGGCTCGACAG
R: 5"-CGTACTCTGGTTGGCTTCCT
F: 5"-TCGAACTCTGCTGATAGCCA
R: 5'-CTCCAGTGTGCCTATTCCCT
F:5'CTCTGTGTGAAGGTGCAGTTTT
R:5-GTTTTCCTTGGGGTCCAGACA
F: 5"-CCATCAACGCAGCACTTCAG
"-CACCCTGTTGATGGTCACGA
"“AGGAGGGTTAGGGAGGGGTA
"-GGGCACCCACTGTAATGCTA
“-TGACCAAGGAAATCGGCCTC
"-GGTCCGGGGTGCATTATCTCT
"-CATGGGAACCCACACCTACA
"-GCTGTTGAGGGGTCCATCTT
"-GTGAAAAACCACTGCCAGACC
"-CTCAACCCAAGACTCACAGGT
“AAGTGATGGCTGAACTGTCG
"“TACTGGGATGCTCTTCGACC
-GGGCAGGTCTACTTTGGGAT
"“AGGTTGAGGGTGTCTGAAGG
-GTGAGGGCAACAAGACCACT
"-GGTTGAGCCCTACTGTGACC
"-CCACCATCAGGGAGCACAAA
-GCGGTGAAGTAGGGAAACCA
-TCACCCGAGCGGTCTCATA
"~AGAACTCGGCATAGCAGTGG
"-CGGAATGGTACATCCTTGCC
-GGATGGCTTTGGCACCTACT
-CTTTGGTGACTTCTTGTGCCG
"-CCTACACACACAAACCTGGCT
-CTGCGGGTTTCTCACAGGAA
"“TGCCAAGGCCAGTGTGATAA
"“ACCCTGGTGTCACTGTTGGA
-ATCACTTGCCGCCCTCCTAA
"-GCACCGTCAAGGCTGAGAAC
"“TGGTGAAGACGCCAGTGGA

IL4

IL5

IL-8

IL12

IL13

I8
IL25

IL33

IFN-y

TNF-a

HIR

H2R

H3R

H4R

CYSLTRI

CYSLTR2
GCR

GAPDH

DM DDIAND DI DI DD DI NDM DD DD DD TD DD
& R R LS IS R R L R L R IS R R RS R S R R R S I LS S

Statistical analyses were conducted using GraphPad. Prism v
5.0. Data were shown as mean + SD, frequencies and percen-
tages. Comparisons of parameters between two groups were
analysed using unpaired Student's t-test. Gender ratio, age
difference, the prevalence of secretory otitis media between
two groups were compared with the Chi-square test. p-value
<0.05was considered as statistically significant.

RESULTS

The ages were 5.167+0.328 years in AH alone group (N = 54)
and 5.417x0.406 years in the AH+AR group (N = 48). There
were 35 males (64.8%) in the AH-alone group and 40 males
(83.3%) in the AH+AR group. There was no statistically signifi-
cantdifferenceinage (p=0.630) between the two groups, buta
trend towards more males in all patients (p=0.034). The inci-
dence of otitis media was 25 (46.3%) in the AH alone group and
26(54.2%) inthe AH+AR group (p=0.428). Forty-eight (47%) of
childrenwerediagnosed with AR.

The number and percentage of eosinophils, neutrophils, and
basophils; and their differences between the two groups were
analysed and shown in Figure 1. There were significant differ-
ences in the number and proportion of peripheral blood
eosinophils between the two groups (p<0.0001).
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re the numbers of eosinophils, basophils, and
neutrophils in the peripheral blood of the two groups of children. B, D, and F are the proportions of eosinophils, basophils, and neutrophils in
the peripheral blood of the two groups of children. G: HE images of adenoids in children with adenoid hypertrophy without allergic rhinitis
under a 400x microscope. H: HE images of adenoid tissue in children with adenoid hypertrophy accompanied by allergic rhinitis under 400
times microscope. I: Comparison of eosinophil counts of adenoids in two groups of children under 400 x microscope.
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Figure 2: The relative expression of genes that related with AR inflammation in mRNA. A-D: Thl-related inflammatory factors. A,B,C and D are
IL-2,IL-12,IFN-y,TNF-a mRNA level normalised to GAPDH in two groups of children. E-K: Th2-related inflammatory factors. E, F, G, H, |, J and K
are IL-4, IL-5, IL-8, IL-13, IL-18, IL-25 and IL-33 mRNA level normalised to GAPDH in two groups of children. L-N: Histamine receptor, O:
Glucocorticoid receptor, P-Q: Leukotriene receptor. L, M and N are H1R, H2R are H4R mRNA level normalised to GAPDH in two groups of
children. O is GCR mRNA level normalised to GAPDH in two groups of children. P, Q are LTR1, LTR2 mRNA level normalised to GAPDH in two
groups of children.

The count and proportion of eosinophils in the AH+AR group  HE staining of adenoid tissue sections showed a significant
were highly increased. There was no difference in the number ~ difference between the two groups in eosinophil counts
and proportion of peripheral blood neutrophil and basophil  (p=0.001, Figure 1). Neutrophils and basophils were occa-
cells between the AH alone and AH+AR groups (p >0.05). sional or absence in the AH tissue.
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The expression levels of mRNA of Th-1 and Th-2 related
inflammatory cytokines and allergy-related receptors are
shown in Figure 2.

DISCUSSION

AH is the most common underlying risk factor of obstructive
sleep apnoea syndrome (OSAS) in children. It could cause
Eustachian tube pharyngeal obstruction and then lead to
non-purulent or suppurative otitis media, hearing loss,
tinnitus, and ear blocks. AH is often comorbid with rhinitis
and rhinosinusitis in children. Due to long-term mouth
breathing, AH patients often suffered from the adenoid face,
which affects the development of facial bones, resulting in
the long and narrow maxilla, narrowed hard palate,
protruded teeth, not aligned dentition, and upturned upper
lip. Surgical removal of hypertrophic adenoids or tonsils is
the first-line treatment for OSAS in children. However, the
risk of bleeding after adenoid surgery is reported.™

Studies on the relationships between AH and AR are limited
and the main focus was on the influence of AR on sleep disor-
dered breathing in children with AH.> A recent review
suggested the possible relationships between AR and other
pathogenic factors, such as AH. Eustachian tube dysfunction
related to the adenoids may also have an allergy-related
functional component. The pathological AH suffered from
exaggerate antigenic stimulation and was mainly mediated
by Thl and/or Th2 mediated inflammatory responses. A
study showed that adenoids were involved in IgE-mediated
sensitisation with local differentiation of IgE-producing
plasma cells.” But the correlations among allergy, recurrent

infections, and AH remain unclear. Colavita et al. found that
80% of children with AR and AH were not notably benefited
from the adenoidectomy.** Anti-allergic therapy is important
to eliminate local inflammation, which prevents adenoid
regrowth and reduces nasal symptoms. Moreover, anti-al-
lergic treatment can effectively alleviate the clinical symp-
toms and avoid adenoid surgery for the patients, but it lacks
a theoretical basis.

Tissue eosinophilia is an intrinsic factor of allergy.
Eosinophils are the major effector cells in allergic inflamma-
tion. Tissue eosinophilia was used to describe the allergic
inflammation in the nasal and bronchial mucosa, also in
adenoid and tonsil tissue. It is reported that the number of
eosinophils was significantly higher in the adenoid tissue of
atopic patients.” Similarly, the present authors found the
number of eosinophils in adenoid tissue and peripheral blood
was significantly higher in AR children as compared to non-
AR ones. Besides, the neutrophils had a higher tendency in
the AH group than in the AH + AR group. This indicates that
the inflammatory status may lead to AH and the mechanism
underlying AH and AH+AR may be different. AR is also often
associated with adeno-tonsillar disease, positive correlation
has been shown in many studies between AR and adeno-ton-
sillar diseases.'*"

The expression of T-bet is mainly restricted to the Thl cell
type, while IFN-y can be produced by several cell types
including CD4+ Th1 cells, CD8+ cells, natural killer cells, and
B cells.”® From the present data, Thl-related inflammatory
factors were significantly higher in the AH group than Th2-
related inflammatory factors, while Th2-related inflammatory
factors were higher in AH + AR group than the AH group.
IL-12 and IFN-y in the AH alone group increased, while IL-4,
IL-8, IL-18, and IL-33 in the AH+AR group were all up-regu-
lated obviously. These data indicated that IL-12 and IFN-y
may contribute to the development of chronic infectious
inflammation in patients. IL-4, IL-8, IL-18, and IL-33 may
contribute to the development of allergic reactions in
patients. It is suggested that allergies and infections may be
the two main causes of AH, and pharmacotherapy should be
indicated as the first-line treatment.

Previous studies demonstrated that the medical use of intra-
nasal corticosteroids like fluticasone propionate, or mometa-
sone furoate for the treatment of AH could significantly
improve the life quality of the patients.’**® Thus, it may be due
to the anti-inflammatory effect. The anti-inflammatory effect of
steroids helps to reduce adenoidal and nasopharyngeal inflam-
matory status or reduce the possibility of adenoid develop-
ment as an infection reservoir. One study proved that adenoid
tissue includes many glucocorticoid receptors; and messenger
RNA strengthens these probable mechanisms.’* Cysteinyl
leukotriene receptor (CYSLTR) plays essential roles in medi-
ating a variety of allergic reactions and hypersensitivity.” It
has been reported that the expression level of CYSLTR was
upregulated in the hypertrophic adenoid, which indicated
CYSLTR is an essential factor in the progression of this disease.
Cysteinyl leukotriene receptors play important roles in medi-
ating airway remodeling. The expression level of CYSLTR was
increased in adenoid tissues of children with AH compared
with the healthy children.”® However, the involvement of
CYSLTR in AH still has not been well studied, except one recent
study reported that montelukast sodium seems to be effective
in the reduction of the size of adenoids and improvement in
clinical manifestations.”® There are still few studies on
histamine receptors in adenoids. In this study, the related
receptor expression level of H2R, LTR1, LTR2, and GCR were
all increased significantly in the AH+AR group. There were no
statistical differences between the two groups with regard to
H1R and H4R. H3R expression is too low to be undetectable in
many samples. These results indicated that glucocorticoid and
anti-leukotriene treatment should be effective, while Anti-H1
treatment may not be the first choice for AH+AR patients.

CONCLUSION

The incidence of AR in children with AH is higher than the
average prevalence of AR in children; and IgE-mediated type
2 inflammation with eosinophilia could be an important
pathogenic factor associated in AH. This study suggests that
anti-inflammatory treatment can be a first-line treatment
prior to adenoidectomy in children with AH and AR.
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