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Abstract

Background: Adenoid tissue is a first-line host defense secondary lymphoid organ,

especially in childhood. The endoplasmic reticulum (ER) is required to maintain bal-

anced cellular activity. With impaired ER functions, protein accumulation occurs,

resulting in ER stress, which plays a role in the etiopathogenesis of many diseases.

Objective: We aimed to investigate the relationship between ER stress and adenoid

tissue disorders, thereby elucidating the mechanisms of immunity-related diseases.

Methods: Fifty-four pediatric patients (>3 years old) who underwent adenoidectomy

for chronic adenoiditis (CA) or adenoid hypertrophy (AH) were enrolled in this pro-

spective, parallel-group clinical study. Adenoids were divided into two groups (CA or

AH) based on their size and evaluated for ER stress pathway and apoptosis pathway

markers by Real-time PCR and Western blot analysis.

Results: ER stress pathway markers significantly differed between the CA and AH

groups. Children with CA had higher ER stress marker levels than the AH group

(p < .001 for ATF-4, ATF-6, and GRP78, and p < .05 for EDEM1, CHOP, EIF2AK3,

ERNI, and GRP94). Apoptosis pathway marker levels (BAX and BCL-2) were not dif-

ferent between groups.

Conclusions: ER stress contributes to the etiopathogenesis of adenoid tissue diseases

and the pathogenesis of adenoid tissue disorders, which are part of the immune

response. These results may guide the development of new and alternative treat-

ments for immune system disorders.
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The adenoid tissue samples were collected at the Selcuk University Faculty of Medicine, Department of Otorhinolaryngology. The adenoid tissue samples were evaluated at the Selcuk University

Faculty of Medicine, Department of Medical Genetics.
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1 | INTRODUCTION

Adenoid tissue at the entry to the oropharynx comprises secondary

lymphoid structures such as the tonsils.1 Adenoids are important

effector organs that form the first line of immune defense along with

tonsils against upper respiratory tract allergens and pathogens and

contribute to mucosal and systemic adaptive immunity.2 Adenoids

have a specific lymphoepithelial tissue and contain epithelial cells,

lymphocytes, macrophages, plasma cells, and dendritic cells, which are

important for an effective immune response.3

Histomorphological and functional changes in the immunological

barrier of adenoid tissue can be triggered by recurrent or chronic

respiratory tract infections or by allergens.4,5

Although there are no definitive accepted diagnostic criteria for

chronic adenoiditis (CA), CA occurs with long-term local infection of

the adenoid tissue and is caused by infected adenoids. The presence

of purulent nasal discharge, malodorous breath, prolonged expectora-

tion, cough, prolonged throat-clearing attempts, and a foreign body

sensation in the pharynx and nasopharyngeal inhalation help make the

diagnosis.6 Other symptoms, such as prolonged nasal congestion, rhi-

nokinesmus, sneezing, dry throat, and headache, may also occur in

CA. In CA, physical examination and nasal endoscopy may detect

marked retropharyngeal folliculitis and cobblestone-like changes,

sticky mucinous or purulent secretions, and mucosal edema on the

adenoid surface, while the size of the adenoids may be hypertrophic,

normal, or atrophic.6

Adenoid hypertrophy (AH) is a condition in which the size of the

adenoids increases to the point of obstruction in the upper airway.

Although AH can be caused by recurrent and chronic inflammation, its

exact cause is unknown, and diet, genetic, and humoral factors are

thought to play a role in etiology.7,8

The impact of AH and CA on the composition of immune cells is

not completely known. Surgical removal of adenoids, which consists

of a large amount of lymphoid tissue, may provide an accessible

source to investigate the interplay between foreign pathogens and

allergens and the human immune system.9 Moreover, adenoids can be

a suitable in vivo model for investigating inflammatory processes and

mechanisms of infection in lymphoid tissues, similar to tonsil tissue.9

The endoplasmic reticulum (ER) is an organelle that controls the

content, structure, folding, and release of proteins and is critical in

maintaining protein homeostasis. It is also essential for many cellular

activities in common calcium, lipid, and carbohydrate metabolism.10,11

When ER functional deterioration occurs, unfolded or misfolded pro-

teins accumulate in the ER lumen, causing ER stress.12 ER stress has

an important contribution to the pathogenesis of many diseases and

pathological conditions such as cancer, inflammatory and autoimmune

diseases, proinflammatory cytokine expression, and neurodegenera-

tive diseases. Factors that determine whether the effect of ER stress

is favorable or unfavorable are the intensity and duration of an agent

and the type of cell, but the most important underlying mechanism is

the unfolded protein response (UPR), which is characterized by three

signal pathways, and it can reverse homeostasis or stimulate cellular

apoptosis.13 The UPR regulates intracellular metabolic oxidative stress

and inflammation pathways.14 Although the relationship between ER

stress and immune responses is clear, the causality relationship

between them remains unknown.13 Additionally, mechanisms coordi-

nating the UPR signal cascades with immunity remain unclear. Further

studies are required to determine the role of ER stress and UPR in the

immune system, its mechanisms, and relevant signal molecules.13 In

chronic inflammation and hypertrophy in lymphoid organs, the regula-

tion of immune responses may be affected by ER stress and UPR.

However, although the effect of ER stress on the immune system has

been studied in several organs to date, it has not been investigated in

the adenoid tissue, a secondary lymphoid organ and a part of the

immune system. Therefore, we hypothesized that the ER stress

response plays a role in the pathophysiological process of adenoid tis-

sue diseases, which involve the differentiation and maturation of

immune cells.

Our purpose was to explore the effect of ER stress, apoptosis,

and UPR pathways on the pathogenesis of adenoid tissue diseases

and to improve novel approaches that focus on UPR pathways, which

may be used to treat diseases related to immune system disorders.

Our primary outcome was to investigate whether ER stress and

apoptosis pathways play a role in the etiopathogenesis of CA and AH,

which are adenoid tissue disorders and affect immune system

function.

2 | MATERIALS AND METHODS

2.1 | Study design

This prospective, parallel-group clinical study was supported by the

Scientific Research Projects Coordination Unit of Selcuk University

(Project number: 19401030) and approved by the Selcuk

University Clinical Studies Ethics Committee (Ref no. 2018/18) in

September 2018. This study was followed the ethical standards in the

Declaration of Helsinki, and each patient's parents provided informed

consent. This study was registered in the Clinical Trial Registry at

Clinicaltrials.gov (identifier no. NCT04583631), and followed the rele-

vant requirements of the CONSORT Statement.15 All human adenoid

samples used in this study were obtained from 54 patients who

underwent adenoidectomy between November 2018 and August

2019 at the Department of Otorhinolaryngology, Selcuk University

Faculty of Medicine Hospital, Konya, Turkey.

2.2 | Study population and protocol

Based on our previous studies, we assumed that there should be at

least 21 patients in each group to detect a difference between the

groups.5,16 Considering possible drop-outs, 25 patients were planned

to be included in each group. The main indications for adenoidectomy

were AH and CA. Thus, 54 patients with a clinical diagnosis of CA and

AH and 3 to 9 years old were included in this study. Patients with a

systemic disease or another ear, nose, and throat disease, craniofacial
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and/or congenital abnormalities, and bleeding disorders were

excluded from the study. An acute exacerbation of CA was controlled

with antibiotics and reevaluated at least 2 weeks later, so none of the

patients have postnasal drip, rhinorrhea, or fever, which are also con-

traindications for elective surgical procedures. None of the patients

had a history of intranasal steroid use within the past month and non-

steroid anti-inflammatory drug or antibiotic use within the 2 weeks.

Adenoid tissue was evaluated using a 2.5-mm diameter endoscope

(Karl Storz, Tuttlingen, Germany). The boundaries of the choana and

adenoid tissue were visualized, and the ratio of the size of the adenoid

tissue to the diameter of the choana was classified as more than 50%

and less than 50%.17

2.3 | Chronic adenoidits group (n = 25)

Patients with and without hypertrophy were identified, and those

who had purulent rhinorrhea symptoms, foul-smelling breath, postna-

sal drainage, exudate, and an adenoid-to-choana ratio below 50%

were placed into the CA group.

2.4 | Adenoid hypertrophy (n = 29)

In addition to symptoms such as purulent rhinorrhea, foulsmelling

breath, and postnasal drainage, patients who snored, open-mouth

breathing, hyponasal speech symptoms, the presence of obstructive

adenoids that did not respond to oral antibiotics, and those with an

adenoid-to-choana ratio over 50% were placed into the AH group.

2.5 | Adenoidectomy procedure

The adenoidectomy procedure was performed under general anes-

thesia using a curettage technique, and adenoid tissues were placed

into TRIzol tubes and sent to the medical genetics department for

the investigation of ER stress and apoptosis. Consultants from the

medical genetics department (NK, TD) were unaware of patients'

clinical differences and similarities thus, were blinded to study

groups. ER stress and apoptosis were evaluated in all adenoid tissue

using real-time polymerase chain reaction (PCR) and western

blotting.

2.6 | Measurements

Activating transcription factor (ATF)-4, ATF-6, α-mannosidase-like

protein 1 (EDEM1), CHOP, glucose-regulated protein 78 kDa

(GRP78), EIF2AK3, ER to nucleus signaling 1 (ERN1), and glucose-

regulated protein 94 kDa (GRP94) protein expression in the ER stress

pathway and BAX and BCL-2 protein expression in the apoptosis

pathway were compared between the CA and AH groups using real-

time PCR and western blot methods.

2.7 | Real-time PCR analysis

Total RNA extraction from tissue samples obtained from patients was

performed using TRIzol® reagent (Invitrogen, Waltham, MA, USA) in

accordance with a previously described protocol.18 Tissue pieces were

frozen in liquid nitrogen before extraction. cDNA synthesis was per-

formed using the Transcriptor High-Fidelity cDNA Synthesis kit

(Roche, Basel, Switzerland) with oligo (dT) and random primers in

accordance with the manufacturer's instructions. Oligonucleotide

primers were designed using the IDT DNA primer request tool

(Biomers Inc., Ulm, Germany). Primer sequences are presented in

Table 1. All PCR reactions were performed using the LightCycler®

480 Instrument II (Roche, Penzberg, Germany) real-time PCR via SYBR

Green Master Mix (Bio-Rad Hercules, CA, USA). Before the genes of

interest were subjected to PCR, primer optimization was performed.

Housekeeping genes such as 18S rRNA, 28S rRNA, β-actin (ACTB),

TABLE 1 Primers information used in the present study.

Gene Sequence

EDEM1

Forward primer CGGACGAGTACGAGAAGCG

Reverse primer CGTAGCCAAAGACGAACATGC

ATF4

Forward primer ATGACCGAAATGAGCTTCCTG

Reverse primer GCTGGAGAACCCATGAGGT

ATF6

Forward primer TCCTCGGTCAGTGGACTCTTA

Reverse primer CTTGGGCTGAATTGAAGGTTTTG

GRP78

Forward primer CATCACGCCGTCCTATGTCG

Reverse primer CGTCAAAGACCGTGTTCTCG

CHOP

Forward primer GGAAACAGAGTGGTCATTCCC

Reverse primer CTGCTTGAGCCGTTCATTCTC

EIF2AK3 (PERK)

Forward primer GGAAACGAGAGCCGGATTTATT

Reverse primer ACTATGTCCATTATGGCAGCTTC

ERN1

Forward primer CACAGTGACGCTTCCTGAAAC

Reverse primer GCCATCATTAGGATCTGGGAGA

GRP94

Forward primer GCTGACGATGAAGTTGATGTGG

Reverse primer CATCCGTCCTTGATCCTTCTCTA

BAX

Forward primer CCCGAGAGGTCTTTTTCCGAG

Reverse primer CCAGCCCATGATGGTTCTGAT

BCL2

Forward primer GGTGGGGTCATGTGTGTGG

Reverse primer CGGTTCAGGTACTCAGTCATCC
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β2-microglobulin (β2M), and glyceraldehyde-3- phosphate dehydroge-

nase (GAPDH) were examined for normalization. ACTB levels of these

were found to be more stable than the other genes, and thus, ACTB

gene expression was used in subsequent experiments to normalize

the gene expression results.

2.8 | Western blot analysis

Antibodies and western blotting ATF-6 (D4Z8V) rabbit anti-human

monoclonal antibody (mAb; #65880), ATF-4 (D4B8) rabbit anti-

human mAb (#11815), GRP78 (C50B12) rabbit anti-human mAb

(#3177), CHOP (D46F1) rabbit anti-human mAb (#5554), PERK

(C33E10) rabbit antihuman mAb (#3192), ERN1 (IRE1α) (14C10) rab-

bit antihuman mAb (#3294), GRP94 (D6X2Q) XP® rabbit antihuman

mAb (#20292), BAX (D2E11) rabbit antihuman mAb (#5023), BCL-2

(D55G8) rabbit antihuman mAb (#4223), and β-actin (13E5) rabbit

anti-human mAb (#4970) were obtained from Cell Signaling Technol-

ogy Co (Leiden, The Netherlands). Western blotting analyses were

performed in accordance with protocols that were previously

described in the literature.19 ACTB levels were used for normalization

in western blot analysis. Changes in protein levels were determined

after this normalization.

2.9 | Statistical analysis

PCR primers were configured using IDT PrimerQuest software

(Integrated DNA Technologies, Coralville, IA, USA). Image-based data

were resolved using ImageJ software (Oxford Instruments, Abingdon,

UK). The statistical significance was explored using GraphPad Prism

V6 software (GraphPad Software Inc., La Jolla, CA, USA). Expression

results were calculated using the 2ΔΔct method. All technical and bio-

logical experiments were performed with at least three replicates

(N ≥ 3). The SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was

used to analyze the study data. The data were first examined for a

normal distribution based on skewness and kurtosis values (which

were between 0.846 and 0.924) and Q_Q plot graphics. The data

showed a normal distribution. Based on these results, an independent

group t-test was used to compare the ER stress and apoptosis protein

levels in the CA and AH groups. The level of significance was defined

as p < .05.

3 | RESULTS

Fifty-four patients were included in the study (28 men and 26 women;

mean age, 5.64 years). Twenty-five patients were included in the CA

group (mean age, 6.02 years), and 29 were included in the AH group

(mean age, 4.91 years). There was no difference in demographic charac-

teristics between groups. ΔCT values for the protein levels were com-

pared in the CA and AH groups for the ER stress pathway and apoptosis

pathway using real-time PCR. In the CA group, ER stress protein levels

were significantly greater than those in the AH group (p < .001 for

ATF-4, ATF-6, and GRP78, and p < .05 for EDEM1, CHOP, EIF2AK3,

ERNI, and GRP94). Additionally, no differences were found between the

groups for the apoptosis proteins (i.e., BAX and BCL-2; Table 2, Figure 1).

Western blot was performed to verify the results of normalized

gene expression analysis, and ATF-4, ATF-6, CHOP, and GRP78 protein

levels in the CA group were 2.48, 4.17, 2.78, and 5.25-times greater,

respectively, than those in the AH group. No significant difference was

found in normalized apoptosis proteins and the other protein levels

based on of the western blot analysis between the two groups. These

results were consistent with the real-time PCR results (Figure 2).

TABLE 2 Comparison between adenoid hypertrophy and chronic adenoiditis groups in terms of ΔCT values of endoplasmic reticulum stress
and apoptosis pathways genes.

Adenoid hypertrophy (n = 29) Chronic adenoiditis (n = 25)

t pMean SD Mean SD

ER stress pathway

ATF4 ΔCT 6.82 2.91 10.15 1.44 �5.445 <.001

ATF6 ΔCT 2.91 1.92 6.91 1.89 �7.680 <.001

EDEM1 ΔCT 3.24 2.77 4.58 1.50 �2.169 .035*

CHOP ΔCT �2.32 1.46 �0.74 2.91 �2.562 .020*

GRP78 ΔCT 1.48 1.34 5.43 1.62 �9.776 <.001

EIF2AK3 ΔCT �2.60 2.08 �1.37 2.14 �2.139 .037*

ERN1 ΔCT 1.68 2.79 3.47 2.19 �2.583 .013*

GRP94 ΔCT �1.53 2.10 �0.33 1.92 �2.187 .033*

Apoptosis pathway

BAX ΔCT 3.48 1.65 2.94 1.30 1.312 .195**

BCL-2 ΔCT 2.57 1.89 3.63 2.08 �1.968 .054**

*p < .05.**p > .05.
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4 | DISCUSSION

The two most common indications for adenoidectomy, which is one

of the most common surgical procedures performed in childhood,

are CA and AH.20 CA and AH are histopathologically similar, and

both diseases are considered to be reactive lymphoid hyperplasia.

Besides genetic susceptibility, the immunological parameters, local

lymphocyte dysfunction, exposure to cigarette smoke, allergens, and

recurrent respiratory infections are thought to play a role in the eti-

ology of these two pathologic conditions.21 CA often results from

bacterial biofilm development, making it a source of recurrent upper

respiratory tract infections in children. It is also thought that allergic

processes contribute to the development of CA and AH.22 Addition-

ally, chronic irritation caused by stomach acid in the pharynx due to

F IGURE 1 Levels of endoplasmic
reticulum (ER) stress and apoptosis
markers in the adenoid hypertrophy
group and the chronic adenoiditis group
based on of the real-time polymerase
chain reaction analysis results.

F IGURE 2 Western blot analysis of the endoplasmic reticulum stress and apoptosis markers.
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gastroesophageal reflux, especially in infants and young children,

may play a role in CA and AH.23 Also, viral upper respiratory tract

infections occur six to eight times a year in children, and 5%–13% of

these are known to cause bacterial superinfection, leading to adenoidi-

tis and sinusitis.24 Therefore, adenoiditis often occurs with rhinosinusi-

tis and adenotonsillar diseases, making it difficult to determine the

exact incidence, prevalence, and histopathological processes. How-

ever, adenoiditis in children is often accompanied by rhinosinusitis,

suggesting that we can predict the incidence of adenoiditis from the

incidence of sinusitis.25

In a previous study in which AH histopathology was compared

with that of CA, apoptosis was shown to play a critical role in the

pathogenesis of adenoid diseases. However, the etiopathogenesis of

CA and AH remains unclear.5 Reacting to ER dysfunction is an impor-

tant characteristic of whole cells. However, under severe and pro-

longed ER stress conditions, the proapoptotic process may become

predominant and ER stress may cause cell apoptosis.26 The role of ER

stress, which is a significant mechanism of apoptotic cell death, has

not been investigated in association with CA and AH etiopathogen-

esis.27 The role of ER stress in adenoid tissue disease pathogenesis

was demonstrated in this study. Although ER stress-related apoptosis

dysregulation has been reported to contribute to the pathogenesis of

several human diseases, the role of the ER stress response has only

been investigated in some mucosal immune cells in vivo.28 Adenoid

and tonsil tissues are located at the entry point of the respiratory and

digestive systems. They are secondary lymphoid organs that perform

cellular and humoral immune functions, which form the first line of

defense against antigens entering the body from the respiratory and

digestive systems from childhood to adolescence.29 The role of ER

stress in the etiopathogenesis of adenoid tissue disorders, an essential

component of the mucosal immune system, was shown for the first

time in the current study. In our study, ATF-4, ATF-6, EDEM1,

GRP78, EIF2AK3, ERN1, and GRP94 protein expression was signifi-

cantly higher in the CA group than in the AH group. However, BAX

and BCL-2 proteins, which are markers of apoptosis, were not differ-

ent between the groups. This may be because prolonged exposure to

stress causes an imbalance in apoptosis signaling pathways.

The UPR, which develops in cells in response to ER stress, also

participates developing essential immune system cells such as plasma

cells, dendritic cells, and eosinophils.30 Many recent studies on various

types of immune cells demonstrate the role played by ER stress in

many immunity processes, including differentiation, immunity activa-

tion, and cytokine expression.13 Because adenoids are composed of

lymphoepithelial tissue and contain lymphocytes, macrophages, and

dendritic cells, the UPR mechanism likely plays a role in ER stress.4

Epithelial cells covering mucosal surfaces such as the intestine,

stomach, and pulmonary surfaces are congenital regulators of the adap-

tive immune response.31 Intestinal ischemia–reperfusion injury was

shown to induce UPR activation, particularly in Peneth cells, and apo-

ptosis is induced in these cells in association with ER stress.32 Addition-

ally, Peneth cell apoptosis induced by ER stress contributes to bacterial

translocation and systemic inflammation. Another study showed that

epithelial stem cells with ER stress lose their regeneration capacity.33

Protein folding disorders that occur in response to ER stress may

play a role in the pathogenesis of neuronal dysfunction, neuronal cell

death, and all neuronal diseases.34 For example, increased production

of β-amyloid and its accumulation are considered to be a trigger for

the neurodegenerative processes in Alzheimer's disease. When

β-amyloid accumulation occurs, CHOP expression was reported to

increase in brain cells, and treatment with CHOP antisense RNA

increased neuronal survival.35 An ongoing state of ER stress will cause

an increase in the transcription of CHOP, an important molecule in

the apoptotic signaling pathway, which can subsequently trigger apo-

ptosis.36 It has also been previously shown that activation of the

PERK-eIF2α-ATF-4 pathway leads to increased CHOP expression.37

In a study conducted by Van De Beek et al. in patients with X-linked

adrenoleukodystrophy, which is a neurodegenerative disease charac-

terized by the accumulation of very long chain fatty acids in plasma

and tissues, it was shown that saturated fatty acids induce ER stress

in fibroblasts, with the expression of ER stress markers EDEM1

GADD34 and CHOP.12 In addition, the endoplasmic reticulum stress

pathway plays a role in the pathophysiology of congenital lipodystro-

phy associated with muscle dysfunction.11

Parkinson mimetic drugs imitate Parkinson's disease, which has a

pathology that is associated with the presence of intracytoplasmic

inclusion bodies in dopaminergic neurons and potentiates ER stress in

dopaminergic neurons. At the same time a mutation in CHOP expres-

sion decreases the apoptosis induced by dopaminergic drugs.38 Pan-

creatic cell apoptosis plays a role in the pathogenesis of diabetes.

Beta cells in the pancreas are exposed to marked ER stress because

they have to participate strongly in protein release, and insulin

demand is high. Therefore, beta cells are thought to have the weakest

effect against ER stress and ER stress-mediated apoptosis that occurs

in beta cells, which may play a role in the development of diabetes.39

Additionally, CHOP expression caused by ER stress in diabetes was

reported to activate proinflammatory mechanisms, further enhancing

systemic and local ER stress and thereby contributing to kidney dam-

age.40 CHOP protein expressed in macrophages in association with

long-term ER stress causes calcium release, activates the apoptotic

Fas receptor, and decreases anti-apoptotic BCL-2 protein levels,

thereby increasing macrophage apoptosis.41

In another study, CHOP expression was shown to mediate cho-

lesterol accumulation and apoptosis in macrophages, contributing to

atherosclerosis pathogenesis.42 CHOP protein, which is expressed via

ER stress, was also shown to play a part in the pathogenesis of chronic

myocardial ischemia, cardiac hypertrophy, and heart failure.43 An

in vitro study on neonatal mice using the hypoxia/reperfusion model

showed that up-regulation of calpain due to ischemia induces apopto-

sis by activating ER stress in mouse cardiomyocytes.44 In another

experimental study, by using a calpain inhibitor against cardiac lipo-

toxicity induced by palmitate, ER stress was inhibited in cardiomyo-

cytes, lipotoxicity-induced apoptosis, and proinflammatory cytokine

expression was reduced, and heart damage was prevented.45

Additionally, ER stress has been shown to play a role in both the

apoptosis of alveolar epithelial cells and the etiopathogenesis of lung

fibrosis in patients with idiopathic pulmonary fibrosis.46 Our study
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also demonstrated that ER stress plays a role in the etiopathogenesis

of AH. Repeated stimulation by pathogenic agents activates mono-

cytes and macrophages in the adenoid tissue. The released cytokines

also cause endothelial cell and fibroblast proliferation and induce

immunity. However, over time, immunologically active tissue is

replaced by fibrotic tissue.5

In our recent study investigating the role of ER stress and apopto-

sis in the etiopathogenesis of chronic tonsillitis and tonsillar hypertro-

phy in children, ER stress gene expression levels, except for EDEM1,

were higher in the chronic tonsillitis group than in the tonsillar hyper-

trophy group. Additionally, a significant difference was found between

the groups in BAX and BCL-2 gene expression levels. This result sug-

gests that the apoptosis pathway gene expression levels of the tonsil-

lar hypertrophy group were significantly higher than those in the

chronic tonsillitis group, in contrast to the ER stress gene expression

levels. However, western blot analysis showed that normalized ATF-4,

ATF-6, CHOP, GRP78, and ERN1 protein expression levels were

higher in the chronic tonsillitis group than in the tonsillar hypertrophy

group. No difference was found between these groups in the western

blot analysis for BAX and BCL-2 levels.28 These results suggested that

ER stress might play a role in the pathogenesis of chronic tonsillitis

and that apoptosis may play a role in the pathogenesis of tonsillar

hypertrophy.

ATF-4 protein is a protective gene and transcription activator that

regulates the adaptation of cells to pathological conditions such as ER

stress, oxidative stress, and anoxic disorder.47 It has been suggested that

ATF-4 is crucial to avoid p53-induced apoptosis in anterior lens epithe-

lial cells.48 Additionally, ATF-4 has been shown to have pro-apoptotic

and antiproliferative functions during mammary gland development.49

When the ATF-6 gene is activated, the transcription factor that

enables UPR target gene activation during ER stress is encoded. The

ATF-6 gene functions as an ER stress sensor/transducer after ER

stress-induced proteolysis. Acupuncture has previously been shown

to alleviate cerebral ischemia–reperfusion injury by suppressing ER

stress, autophagy, and apoptosis. This positive effect of acupuncture

occurs by suppressing ER stress in the steps activating PERK, IRE1,

and ATF-6.50

Misfolded proteins are cleared by ER-associated degradation

(ERAD) in the ER. EDEM1, which enhances ER degradation, is thought

to be a gene-encoding protein involved in the ERAD pathway sub-

strate signaling or recognition. Among its related pathways are the

calnexin/calreticulin cycle and photodynamic therapy-induced UPR.51

During ER protein quality control and ER-transmembrane signal-

ing molecule activation, the main ER chaperone protein GRP78 has a

critical role. GRP78 plays a role in the UPR stage similar to GRP94, an

important molecular chaperone and heat shock protein. It has been

shown that the production of intracellular reactive oxygen species is

inhibited, cell survival is increased, and apoptosis is inhibited by regu-

lating stress-related signaling pathways with GRP78. GRP78 regulates

the balance between apoptosis and survival in cancer cells. GRP94 is

associated with various signaling pathways that prevent apoptosis

and promote cell proliferation.52,53

ERN1 mediates the activation of responses that decide what to

do to cells under ER stress. Proximal sensors such as ERN1 and PERK

regulate the capacity of ER to fold newly synthesized proteins and to

eliminate misfolded/unfolded proteins. Additionally, ER stress contrib-

utes to apoptosis through the activation of pro-apoptotic pathways

such as GRP78, IRE-1, XBP-1, and CHOP.54

5 | STRENGTHS AND LIMITATIONS

Ours is the first study to show the relationship between ER stress,

apoptosis, and pathology in adenoid tissue, which plays an active role

in the immune system, especially in childhood. However, a limitation

of our study was that we did not compare the CA and AH tissue sam-

ples with tissues from a control group of participants without adenoid

tissue pathology. However, although such a comparison would further

strengthen our study, it is not possible ethically and legally. Also, there

is no universally accepted difference between CA and AH; they may

overlap and intertwine in some patients. This may cause the clinician

to act biasedly by taking into account the most prominent complaint

of the patients' parents when making a diagnosis in patients with

coexistent CA and AH.

6 | CONCLUSIONS

The findings obtained in this study suggest that ER stress is the main

promoter and compensator in the etiopathogenesis of diseases of the

adenoid tissue, which has strategic functions in the immune system

from childhood to adolescence. Therefore, suppression of ER stress

may be a new strategy to treat diseases associated with the immune

system. However, future clinical studies are required to demonstrate

the potential of the ER stress pathway as a therapeutic target. Addi-

tionally, studies to clarify the functioning of the secondary lymphoid

organs, which form the body's primary line of defense from childhood

to adolescence, will guide the development of additional treatments

against immune system diseases.
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