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Background: Sudden sensorineural hearing loss (SSNHL) is currently treated with a combination of drugs, predominantly with
glucocorticoids (GCs). However, the mechanisms of action of GCs in SSNHL are unknown. This study aimed to
analyze the role of endoplasmic reticulum stress (ERS) in SSNHL pathogenesis and prognosis.

Material/Methods: In this study, we evaluated the expression and activation status of the protein kinase RNA-like endoplasmic retic-
ulum kinase (PERK)-C/EBP homologous protein (CHOP) pathway in peripheral blood mononuclear cells (PBMCs)
from patients with SSNHL and compared them with those in healthy controls. We also compared differences
in expression of activating transcription factor 4 (ATF4) and CHOP before and after glucocorticoid treatment in
patients with improved and unimproved SSNHL.

Results: Treatment with GCs significantly improved hearing in 55% of patients with SSNHL. Levels of phosphorylated
PERK (p-PERK) and phosphorylated eukaryotic initiation factor 2o were increased in PBMCs from patients with
SSNHL compared with healthy controls. ATF4 and CHOP expression were also significantly elevated. After treat-
ment, the amount of ATF4 and CHOP proteins in PBMCs in the patients whose SSNHL improved was significant-
ly reduced compared with the levels measured before treatment in all patients with SSNHL. The expression of
the ATF4 and CHOP proteins in PBMCs in the unimproved group, however, was not significantly changed rela-
tive to pretreatment levels.

Conclusions: ERS may play a significant role in the pathogenesis of SSNHL, and the responsiveness of the condition to GC-
mediated mitigation of ERS may be one of the key factors that affect patient prognosis.
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Background

Sudden sensorineural hearing loss (SSNHL) refers to sensori-
neural hearing loss >30 dB over at least 3 contiguous audio-
metric frequencies that occurs over a period of 72 h due to
unknown causes. It primarily presents as acute hearing loss,
tinnitus, and dizziness requiring urgent care by an otorhino-
laryngologist [1]. Some previous data suggested that SSNHL
could be idiopathic, or originate from other diseases, such as
vascular, infectious, or otologic conditions [1,2]. SSNHL is pri-
marily treated with glucocorticoids (GCs) such as dexametha-
sone and methylprednisolone. However, in a significant number
of patients, the condition does not respond to GC therapy [1].
Therefore, additional research is necessary into the patho-
genesis of SSNHL and therapeutic response patterns to pro-
vide effective personalized treatment strategies for patients
with SSNHL.

Endoplasmic reticulum stress (ERS) is defined as an accumu-
lation of unfolded or misfolded proteins in the endoplasmic
reticulum (ER) when cells are exposed to pathophysiologi-
cal stressors. ERS is associated with various neurological and
cardiovascular diseases [2,3]. During the early stages of ERS,
cells can adapt to altered environmental conditions by reduc-
ing protein synthesis and enhancing protein folding and deg-
radation of misfolded proteins. If the stress conditions per-
sist, however, cells undergo apoptosis. ERS-induced apoptosis
is achieved through 3 different signaling pathways that acti-
vate the C/EBP homologous protein (CHOP): inositol-requiring
enzyme 1 (IRE1), activating transcription factor 6 (ATF6), and
protein kinase RNA-like ER kinase (PERK) [3,4]. Under homeo-
static conditions, CHOP is expressed at low levels in the cy-
toplasm. When cells are exposed to stress, CHOP expression
increases considerably, leading to accumulation of the pro-
tein in the nucleus, and ultimately resulting in apoptosis [5].
Among the different signaling pathways that activate CHOP,
PERK is the predominant one. As large quantities of unfold-
ed proteins accumulate in the ER, PERK is activated by phos-
phorylation, thereby phosphorylating eukaryotic initiation fac-
tor 2o (elF2ar), which promotes the expression of activating
transcription factor 4 (ATF4) and CHOP [3,6]. ERS is reported-
ly associated with inner ear injuries in several animal models
of sensorineural hearing loss, including noise-induced hearing
loss, cisplatin-induced ototoxicity, and in mice with Cdh23eret
mutations [7-9]. Because SSNHL is a form of acute sensori-
neural hearing loss, we hypothesized that ERS may play a role
in its pathogenesis.

GCs regulate many complex signaling pathways, such as those
for nuclear factor erythroid 2-related factor 2 and nuclear fac-
tor kappa B [10]. It has been reported that, under ERS con-
ditions, there is crosstalk between CHOP and glucocorticoid
receptor (GR) signaling, which is associated with a GR-CHOP
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heterocomplex formation [11]. Therefore, we hypothesized that
GCs might protect cells and tissues of patients with SSNHL
from ERS damage.

In the present study, we examined the PERK-CHOP pathway
in the peripheral blood mononuclear cells (PBMCs) of patients
with SSNHL who were treated with methylprednisolone and
Ginkgo biloba and observed the effects of GCs on the expres-
sion of proteins associated with the PERK-CHOP pathway in
PBMCs to validate a putative role of ERS in SSNHL and to de-
termine patterns of ERS response to GC treatment.

Material and Methods

Recruitment of patients with SSNHL and collection of
PBMCs

This study was approved by the Ethics Committee of Nanjing
Drum Tower Hospital Clinical College of Nanjing Medical
University (Protocol No 2016-194-01). Forty-seven patients with
SSNHL with pure-tone averages (PTA, 0.5-4 kHz) >60 dB were
recruited from March 2017 to March 2018 in the Department
of Otolaryngology-Head and Neck Surgery, Nanjing Drum Tower
Hospital Clinical College of Nanjing Medical University. All pa-
tients met the criteria for SSNHL [1]. Briefly, SSNHL is defined
as sensorineural hearing loss >30 dB over >3 contiguous audio-
metric frequencies, occurring over a period of 72 h due to un-
known causes [1]. Patients with hereditary deafness, acoustic
neuroma, diabetes, severe hypertension, and individuals who
voluntarily withdrew from the study or were lost to follow-up
were excluded. Twenty-five healthy volunteers matched by
sex and age were recruited as a control group. All volunteers
underwent a hearing test. Only volunteers with normal hear-
ing were enrolled in the present study and the average PTA
in the control group was 15.5+3.2 dB. All patients received a
10-day course of conventional treatment, which included in-
travenous (IV) injections of methylprednisolone (Pfizer Inc.,
U.S.A)) (80 mg/d for 4 days, 40 mg/d for 3 days, and 20 mg/d
for 3 days) and of Ginkgo biloba extract (an antioxidant; Dr
Willmar Schwabe, GmBH & Co KG, Essen, Germany) (105 mg/d
for 10 days). GC was administrated simultaneously with the
Ginkgo biloba extract.

Follow-up was conducted for more than 2 months after pa-
tients were discharged. All of the patients with SSNHL received
hearing tests before treatment, 24 hours after completion of
the 10-day treatment regimen, and once every 2 to 3 weeks
thereafter. The hearing levels measured at 3 months after on-
set were considered as the final post-treatment levels in the
study. The patients were assigned to 2 groups, according to
PTA gain 3 months after onset: the improved group (PTA >15
dB gan) and the unimproved group (<15 dB PTA gain) [1]. PTA

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€927328-2




LiuZ. etal.:
Endoplasmic reticulum stress in peripheral blood mononuclear cells...
© Med Sci Monit, 2020; 26: €927328

CLINICAL RESEARCH

Table 1. Primer sequences for PERK, elF2a, ATF4, CHOP, and B-actin used in rt-PCR.

Primer Forward primer (5'—3’)

PERK CTTATGCCAGACACACAGGACAA
""""" eF2  GIGGTTGTCATTAGGGTGGACAAAG
""""" ATFA  TGCCCGTCCCAAACCTIAC
o CCACTCTTGACCCTGCTTCTCT |
""""" Bacin  TGGCACCCAGCACAATGAA

Reverse primer (5’—3’)

TCCATCTGAGTGCTGAATGGATAC

CTAAGTCATAGTCCGCCTAGAAGCA

was calculated as an average of the thresholds measured at
0.5 to 4.0 kHz.

PBMCs were isolated by gradient centrifugation from 15- to
20-mL fasting blood samples collected from all patients with
SSNHL 1 day before and immediately (within 24 hours) af-
ter the 10-day IV treatment and from healthy volunteers. The
PBMCs were stored at -80 until the time of analysis.

Real-time PCR of PERK, elF2c;, ATF4, and CHOP in PBMCs

To determine the expression status of the PERK-CHOP path-
way in patients with SSNHL, we examined the messenger
RNA (mRNA) levels of PERK, elF2c, ATF4, and CHOP in PBMCs
of patients with SSNHL before treatment. Total RNA was ex-
tracted from the PBMCs using TRIzol reagent. Complementary
DNA was then obtained by reverse transcription. Real-time
polymerase chain reaction (rt-PCR) was performed with the
Applied Biosystems QuantStudio 6 Flex Real-Time PCR System
(Applied Biosystems, Singapore). The thermal cycle conditions
for rt-PCR included an initial denaturation at 95°C for 30 sec-
onds, followed by 40 cycles of 5-s denaturation at 95°C and
a 30-s extension at 60°C. The mRNA levels were normalized
to the levels of the internal reference standard, pB-actin, and
determined by using the 224 method [12]. Each experiment
was repeated 3 times. Table 1 lists the primer sequences of
PERK, elF2a, ATF4, CHOP, and B-actin that were used in rt-PCR.

Western blotting for PERK, elF2c, ATF4, and CHOP in
PBMCs

To determine the status of the PERK-CHOP pathway in pa-
tients with SSNHL, we examined the protein levels of PERK,
elF2a, ATF4, and CHOP in PBMCs of patients with SSNHL be-
fore treatment. Total protein was extracted from PBMCs by
using a radioimmunoprecipitation assay buffer with protease
and phosphatase inhibitors. Protein concentration was deter-
mined with a bicinchoninic acid assay. Thirty micrograms of
protein were resolved by sodium dodecyl sulphate-polyacry!-
amide gel electrophoresis and then transferred onto a poly-
vinylidene difluoride membrane. The membrane was blocked
with 5% bovine serum albumin for 1 h at room temperature

and then incubated with 1 of the primary antibodies (PERK,
elF2a, p-elF20, or CHOP, Cell Signaling Tech, U.S.A.; p-PERK,
Immunoway, U.S.A.; ATF4, Abcam, U.K, 1: 1,000/each anti-
body) at 4°C overnight. After washing with Tris-buffered sa-
line, the membranes were incubated with the appropriate
species-specific secondary antibody (anti-rabbit immunoglob-
ulin G [IgG] or anti-mouse IgG, 1: 10 000, FCMACS, China) for
2 h at room temperature. Enhanced chemiluminescence sub-
strate was used to visualize the bands, and the blots were
developed with a Tanon 5200 Multi Automatic Fluorescence/
Chemiluminescence Imaging Analysis System (Tanon Science
& Technology Co, Ltd, Shanghai, China). Protein bands were
analyzed for densitometry, using NIH Image J software. Each
experiment was repeated 3 times.

Quantitative protein detection of ATF4 and CHOP by
simple Western blot analysis in PBMCs

To determine the relationship between the ERS-associated
proteins (ATF4 and CHOP) and the prognosis of SSNHL, we ex-
amined the protein levels of ATF4 and CHOP in PBMCs in the
patients in whom SSNHL improved and did not improve. Five
micrograms of purified protein were mixed with dithiothreitol
(DDT), fluorescent 5X Master Mix, and a biotinylated ladder in
a special 384-well microplate according to the manufacturer’s
instructions, and then automatically analyzed with the Protein
Simple platform (ProteinSimple Inc., U.S.A.).

Statistical analysis

All data were expressed as means+standard deviation. SPSS
Statistics 20.0 software (IBM Corp., Armonk, New York, U.S.A.)
was used for statistical analyses. The normal distribution of
data was verified using the Kolmogorov-Smirnov test. An in-
dependent samples t test was used to compare the values of
means between groups, and chi-square and one-way analysis
of variance tests with a Bonferroni post hoc test were used to
test for differences in general clinical data between groups.
P<0.05 was considered statistically significant.
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Table 2. Demographic data for patients with SSNHL patients and the control group. (n, x+SD).

SSNHL patients

improved

group

Gender (M/F) 15/11
Cmverageaget) 208195
 Duration from onset to treatment (@) 33118
| PTAbefore treatment (4B, 05-4kHz) 748:114
Cvetigoo9) onr
CTontes o9 206
 PTA immediately after treatment (4B, 0.5-4 kHz)  58.13117
| PTA3 months after onset (dB, 054 kHz) 5231146
PTAimprovement (48, 0.5-4 kH2) 25172

X/F/t

control P value
unimproved group value
group
12/9 14/11 2 0.015 0.992
a1si85 413186 71 009 0909
2es19 - 45 0683 0498
C7sos116 - 45 0057 0955
s - 1 0009 0927
7 - 1 0110 0740
681186 - 45 2938 0005
674122 - 45 3773 <0001
 7ene - 45 8955 <0001

SSNHL — sudden sensorineural hearing loss; PTA — pure-tone average.

Results

General clinical data for patients with SSNHL

A total of 47 eligible patients with SSNHL were enrolled in this
study and completed follow-up. All patients received a full
10 days of IV treatment and their hearing levels were mea-
sured at least 3 times over the course of the study. According
to the recovery of PTA after final follow-up, patients were as-
signed into the improved group (PTA gain >15 dB, accounting
for 55.3%) and the unimproved group (PTA gain <15 dB, ac-
counting for 44.7%). There was no significant difference in sex
or age among the improved, the unimproved, and the control
groups. There was no significant difference between the im-
proved and the unimproved groups in the course of disease,
PTA before the treatment, or the number of patients with tin-
nitus and/or vertigo before treatment. The demographic data
for the patients with SSNHL and the control group are sum-
marized in Table 2.

Upregulation of the PERK/CHOP pathway in PBMCs of
patients with SSNHL

The expression patterns of PERK, elF2a, and their downstream
genes, and of ATF4 and CHOP were examined with rt-PCR and
western blot evaluations of the PBMCs from all patients with
SSNHL before treatment (total 47 samples). Compared with
the control group (total 25 samples), no significant differenc-
es were observed in the levels of either total protein or total
mRNA for PERK or elF2c in PBMCs from patients with SSNHL
(0.77+0.05 vs. 0.76+0.07, t=0.088, P=0.930 for PERK protein;

1.16+0.14 vs. 1.09+0.12, t=1.896, P=0.062 for elF2a protein;
1.00+0.11 vs. 0.96+0.15, t=1.042, P=0.301 for PERK mRNA;
1.0040.11 vs. 1.07+0.14, t=1.834, P=0.071 for elF2o. mRNA.
All v=70) (Figure 1A-1D). However, significantly higher levels
of phosphorylated, activated PERK, and elF2a (p-PERK and p-
elF20) were observed in PBMCs from patients with SSNHL
(0.10+0.01 vs. 0.29+0.04, t=22.019, P=0.000 for p-PERK pro-
tein; 0.05+0.004 vs. 0.33+0.04, t=35.615, P=0.000 for p-el-
F2a protein. All v=70) (Figure 1A, 1B). Furthermore, ATF4 and
CHOP protein and mRNA levels were also significantly upreg-
ulated compared with those in the control group (0.62+0.07
vs. 0.15+0.05, t=29.211, P=0.000 for ATF4 protein; 0.40+0.04
vs. 0.06+0.02, t=40.327, P=0.000 for CHOP protein; 1.36+0.29
vs. 1.00+0.20, t=5.454, P=0.000 for ATF4 mRNA; 1.62+0.35
vs. 1.00£0.22, t=7.934, P=0.000 for CHOP mRNA. All v=70)
(Figure 1A, 1B, 1E, 1F). These results suggest that ERS may be
involved in the pathogenesis of SSNHL.

Downregulation ATF4 and CHOP protein levels in PBMCs in
the improved group after treatment

ATF4 and CHOP protein levels in PBMCs (52 samples from the im-
proved group, 42 samples from the unimproved group, 25 sam-
ples from the control group) were quantitatively examined with
simple western blot analysis. After treatment, the amount of ATF4
and CHOP proteins in PBMCs in the improved group was signifi-
cantly decreased compared with the level measured before treat-
ment in patients with SSNHL (0.15+0.02 vs. 0.34+0.06, t=18.329,
P=0.000 for ATF; 0.14+0.02 vs. 0.21+0.03, t=8.566, P=0.000 for
CHOP. All v=50) (Figure 2A, 2C, 2D, 2F), while the expression in
PBMCs of the unimproved group was not significantly changed

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€927328-4




LiuZ. etal.:

Endoplasmic reticulum stress in peripheral blood mononuclear cells... C LI N I CA L R E S EA RC H

© Med Sci Monit, 2020; 26: €927328

A B
10 PERK os p-PERK
g g *
PERK | A — 208 —= < 03
=] 2
g 06 8
§ é 0.2
g 04 g
£ 02 £ 01
p-PERK . e— z 3
0 Control SSNHL 00 Control SSNHL
elF2a ! ' 15 elF2a 04 p-elf2a
E T 2
S 10 g0
p-elf2a — g g0
£ 05 g
g £ 01
& 0.0 & 0.0
ATFA | — Control SSNHL Control SSNHL
08 ATF4 05 CHOP
(< * w
chor L —
= 06 =
2 2
, 2 2
g 2
Control SSNHL 00 Control SSNHL ’ Control SSNHL
C 157 D 157
= 101 = 1.0
=] =
e e
= S
& 5
v 3
£ 057 = 051
= &
0.0 : 0.0 .
Control SSNHL Control SSNHL
E 2.0 F 257
*
] < 201
ERER z
= ETY
£ 1.0 L " 1
< 1 (-
= % 104
E g
& 057 & (54
0.0 : 0.0 .
Control SSNHL Control SSNHL

Figure 1. Patterns of expression of protein kinase RNA-like endoplasmic reticulum kinase (PERK), eukaryotic initiation factor 2o
(elF2av), activating transcription factor 4 (ATF4), and C/EBPO homologous protein (CHOP) in peripheral blood mononuclear
cells of patients with sudden sensorineural hearing loss before treatment. (A) Examples of western blot of PERK, elF2c, ATF4,
and CHOP. (B) The western blots were quantitatively analyzed. (C-F) The messenger RNA levels of PERK, elF2a, ATF4, and
CHOP were also examined with by real-time polymerase chain reaction. * P<0.05 compared with the control group.
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Figure 2. Comparison of activating transcription factor 4 (ATF4) and C/EBPO homologous protein (CHOP) protein levels in peripheral
blood mononuclear cells (PBMCs) of patients with sudden sensorineural hearing loss (SSNHL) before and after treatment.
Examples of quantitative protein detection of ATF4 in PBMCs from (A) patients with SSNHL in the improved group and (B) in
the unimproved group before (pre-) and after (post-) treatment. (C) The protein levels of ATF4 were quantitatively analyzed.
Examples of quantitative protein detection of CHOP in PBMCs in the (D) improved group and (E) in the unimproved group
before (pre-) and after (post-) treatment. (F) The protein levels of CHOP were quantitatively analyzed. * and * indicate P<0.05.

relative to pretreatment levels (0.30+0.04 vs. 0.32+0.06, t=0.631,
P=0.531 for ATF4; 0.21+0.02 vs. 0.2240.02, t=1.025, P=0.311 for
CHOP. All v=40) (Figure 2B, 2C, 2E, 2F). The amounts of ATF4 and
CHOP proteins in PBMCs in the control group were 0.09+0.03
and 0.03+0.01, respectively. These results suggest that respon-
siveness to GC-mediated mitigation of ERS may a key factor
that affects the prognosis of SSNHL. In theory, automatic protein
quantitative analysis system can generate higher-quality data
than traditional western blot analysis, which is reproducible [13].

Discussion

GC-based therapy is still the criterion standard for the treat-
ment of SSNHL. Dexamethasone and methylprednisolone are

the 2 GCs commonly used, and some previous studies have
compared their therapeutic effects. Tarkan et al. found that
the therapeutic success rate was 62.5% for the methylprednis-
olone group and 54.6% for the dexamethasone group. Berjis
et al. found that in patients with SSNHL, there was an 84%
improvement in general hearing after treatment with methyl-
prednisolone, which was significantly higher than in patients
treated with dexamethasone (64%). Their results suggested
that both dexamethasone and methylprednisolone have good
therapeutic efficacy for treatment of SSNHL. However, while
methylprednisolone is a GC with medium effect, dexameth-
asone has long-term effects [14,15]. Therefore, for the treat-
ment of SSNHL, methylprednisolone is more commonly used
because it is safer than dexamethasone for systemic admin-
istration [15]. Ginkgo biloba is the main active component
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extracted from the traditional Chinese medicine Ginkgo, and
it has been used in clinics for the treatment of SSNHL [16].
Based on multicenter studies [17] and guidelines for the di-
agnosis and treatment of sudden hearing loss in China [18],
Ginkgo biloba extract is recommended as a supplement to GCs
for the treatment of SSNHL. In recent research, the expression
of ERS proteins in PBMCs of patients with SSNHL has been in-
vestigated and their potential mechanism have been discussed.

SNHL has been associated with ERS in animal studies [6-8]
and ERS may serve as an indicator of vascular or nerve dam-
age [2]. To date, however, there are no reports in the litera-
ture about the role of ERS in SSNHL, probably because of the
inability to obtain tissue samples from the inner ear of pa-
tients at the onset of SSNHL, and the lack of reliable SSNHL
animal models. Recently, researchers have found that PBMCs
are good surrogates in which to study inflammation, oxida-
tive stress, and ERS [19-21]. PBMCs, which are easy to collect
in the clinic, are ideal tissue samples with which to monitor
systemic changes and study molecular signaling mechanisms
in pathologic processes [22]. In our previous studies, we have
used PBMCs to study SSNHL and achieved some meaning-
ful results. For instance, GC receptor levels in PBMCs were
positively correlated with those in the cochlea, and histone
deacetylase 2 levels in PBMCs were correlated with prognosis
of SSNHL [23-25]. In the present study, we have extended our
prior SSNHL research by examining the PERK-CHOP pathway
in PBMCs. We observed that the PERK-CHOP pathway was ac-
tivated in patients with SSNHL, which suggests that ERS could
be involved in SSNHL-related pathogenesis. The cause of ERS
in patients with SSNHL is still unknown. However, in previous
studies, many patients had been exposed to chronic stress
(e.g., anxiety, mood swings, irregular life style, and sleep dis-
orders) and/or had lipid metabolism disorders [18] before the
onset of SSNHL, which suggests that their nervous systems
were highly susceptible to ERS [26,27].

Spontaneous recovery of hearing has been reported in patients
with SSNHL, especially those who have mild hearing loss [28].
However, the spontaneous recovery rate is much lower in pa-
tients with severe than mild hearing loss [28]. The rates of
overall hearing recovery reported here in patients with se-
vere hearing loss is similar to those in a previous report [29].
The therapeutic efficacy of GCs in the treatment of SSNHL re-
mains controversial because of the lack of valid randomized
controlled trials [28,30]. Some studies have shown that pa-
tients may not benefit from the drugs [28,30]. We believe that
the benefits of GC use outweigh the potential adverse effects
in patients with moderate or severe SSNHL [30]. A large ret-
rospective study reported significant hearing improvement in
patients with severe hearing loss who were treated with GCs,
compared with those who declined the treatment [30].

CLINICAL RESEARCH

Considering that the rate of spontaneous recovery is high in
patients with SSNHL who have mild hearing loss, we included
in the present study only individuals with severe to profound
hearing loss (initial average hearing threshold shift >60 dB).
We treated patients with SSNHL with GCs in accordance with
Chinese guidelines for diagnosis and treatment of sudden deaf-
ness [18]. Furthermore, to reduce the influence of human fac-
tors [13], we used an automatic protein quantitative analy-
sis system to compare the changes in ERS-associated protein
expression between the patients with (PTA gain >15 dB) and
without improvement (PTA gain <15 dB) before and after GC
treatment. Interestingly, after GC treatment, significantly de-
creased ATF and CHOP protein levels were observed only in
the patients with improvement, whereas the levels of either
ATF and CHOP were not significantly changed in patients in the
group without improvement. Therefore, the levels of ATF and
CHOP in PBMCs of patients with SSNHL may serve as an indi-
cator of their responses to GC treatment, and the decrease in
ATF and CHOP levels may suggest a better prognosis for them.
However, we still do not know why the response of ATF and
CHOP to GC treatment was low or absent in the patients who
did not have hearing improvement.

GCs have many different effects on metabolic, immunolog-
ic, and homeostatic functions. However, the relationship be-
tween GCs and ERS is immensely complex, and the effects
of GCs on ERS can be completely different in different cells,
from inhibiting to promoting ERS [31,32]. In the present
study, we observed that levels of ERS-related proteins were
elevated in PBMCs of all patients with SSNHL before they re-
ceived GCs, and that the treatment downregulated the pro-
tein levels in patients who had hearing improvement com-
pared with those did not have hearing improvement. The
underlying mechanism of action of GCs in this context is still
unknown. However, multiple mechanisms or pathways could
be involved. For example, GCs can inhibit ERS by promoting
the secretion of correctly-folded proteins and degradation of
misfolded proteins [33]. They also may selectively antagonize
ER stress-induced apoptosis by reducing the transcription of
growth differentiation factor 15 (GDF15) [34]. Furthermore,
GCs can alleviate ERS response by inducing leucine zipper
protein and interacting with CHOP to attenuate ERS-induced
apoptotic cell death [11,32].

The present study has limitations. First, we included a rela-
tively small number of participants and the results should be
verified with further analysis in a larger sample. Also, the data
were based on experience in the Chinese Han population and
should be verified in people of other races.
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Conclusions

This study aimed to analyze the role of ERS in SSNHL patho-
genesis and prognosis using rt-PCR, western blot, and quanti-
tative analyses. The results suggest that ERS may contribute to
SSNHL pathogenesis, and the effects on ERS of treatment with
GCs may be a key factor that affects the prognosis of SSNHL.
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