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Role of Hepcidin in Hearing Loss
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Background: Hearing loss is considered as a public health problem that affects the population at all ages. Hepcidin is an important protein
with a crucial role in the homeostasis and metabolism of iron. Objective: The objective of this study was to evaluate the association between
hepcidin and hearing loss and to find out the mechanisms that lead to this association. Materials and Methods: A total of 300 persons included
in this study, 150 as a patients’ group who are suffering from hearing loss and attended Al-Sadder Teaching Hospital in Al-Najaf Al-Ashraf
City, Iraq, while the other 150 participants who are selected randomly as controls’ group and are free from hearing loss. The ages of all
participants ranged between 18 and 70 years, and controls were matched with patients by gender and age (within 5 years). Many parameters
are measured such as hepcidin, C-reactive protein (CRP), interleukin-6 (IL-6), advanced glycation end products (AGEs), and glutathione
peroxidase-3 (GPX-3). Results: The results of this study revealed that sensorineural hearing loss was the most common type followed by
mixed one. Furthermore, it was shown that hepcidin and CRP were significantly higher in patients compared with controls, while there were
no significant differences between patients and controls in the levels of IL-6, AGEs, and GPX-3. The correlation analyses showed a significant
positive correlation between hepcidin and CRP and hepcidin and IL-6. Conclusion: Hepcidin and CRP have a negative impact on hearing,
increase significantly with hearing loss, and have role in the development of hearing loss.
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INTRODUCTION iron absorption and distribution of iron in the body."! It has
a short half-life only a several minutes, and it is excreted
rapidly by the kidney.[! The transcription of hepcidin is
regulated by many factors such as concentration of iron in
the plasma, iron storage in the liver, inflammatory state,
and erythropoiesis.l’! Hepcidin also acts as acute-phase
reactant, and the synthesis of it is induced by inflammatory
cytokines such as interleukin-6 (IL-6). IL-6 is a cytokine
protein composed of 184-amino acid, and the production of
it occurs by various kinds of cells. The expression of it may
be occur during many of cellular stress conditions, such as
inflammatory conditions, infectious conditions, wound sites,
and state of malignancy. In these situations, the levels of IL-6
increase dramatically and may be reached to several thousand
folds, ! and the stimulation of hepatic cells by IL-6 results
in the initiation of acute-phase response and the release of
acute-phase proteins, such as C-reactive protein (CRP), serum

Hearing is an important sense and has a significant effect
on social interaction and quality of life. The term hearing
impairment refers to the reduction in the capacity of hearing
ranging from mild impairment to total deafness and may
happen in one of the ears or both.l"! The hearing loss may be
caused by numerous factors; these factors may be external
which are related to the environment or internal which are
related to the genetic cause or may be caused by both. Hearing
is measured in decibel (dB) and the severity of hearing loss
is divided into mild, moderate, moderate-severe, severe, and
profound. Types of hearing loss are categorized according to
the part of the ear that is affected: conductive, sensorineural,
and mixed hearing loss. The most hearing impairment in an
adult is sensorineural in origin, and it is caused by damage to
the inner ear, where its cochlear hair cells normally convert
mechanical vibrations into electrical signal.”

Several studies found that there are other causes or factors for
hearing loss; hepcidin may be one of these factors. Hepcidin
is considered as a master regulator of iron recycling and
absorption, it has a central role in the regulating of dietary
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amyloid A, haptoglobin, ferritin, and fibrinogen. Hence, the
IL-6 is considered a major stimulator for the production
of CRP.l)

The CRP has an essential role in the mechanism of host
defense against infection.®] CRP is an inducible protein, and
the production of it is enhanced by inflammatory stimulus,
which attaches to the pathogens and results in the activation of
the complement system.” Hence, CRP binds to the damaged
cellular phospholipid with subsequent limited activation of
complement, and it is synthesis by the liver in response to
many factors which are released by macrophages and adipocyte
cells.'”

Furthermore, some of the previous studies showed that
oxidative stress may be considered as another risk factor of
hearing loss.['"! Oxidative stress is defined as the absence of
balance between the production of reactive oxygen species
(ROS) by the biological system and the capacity of the system
to remove the toxic effect of this reactive intermediate or
to restore the subsequent damage. Advanced glycation end
products (AGEs) are considered one of these free radicals,
and the pathological effects of it are related to their ability
to enhance oxidative stress and inflammation by binding to
the receptors on the cell surface or by making a cross-linking
with the proteins of the body and cause many changes in
these body proteins, such as changes in their structure and
function."” The major antioxidant enzyme in the plasma is a
glutathione peroxidase-3 (GPX-3), the function of this enzyme
is to scavenge the free radicals that originate from metabolic
process or afterward the oxidative injury, and it is a member
of GPX family.['™

The aims of this study were to evaluate the association between
hepcidin and hearing loss and to find the mechanisms that lead
to this association.

MareriaLs AND METHODS

This study was a case—control study carried out at Al-Sader
Teaching Hospital at Al-Najaf City, Iraq, through a period,
which extends from October 2017 to March 2018. It included
150 patients and 150 controls. The study included the
patients who attended ear-nose-throat consultation clinic
suffering from hearing loss matched by the controls, who
were selected randomly. These controls must had the same
criteria of cases except they were free from hearing loss. The
ages of the studied groups ranged between 18 and 70 years,
and the controls were matched with patients by gender and
age (within 5 years).

Some of the participants are excluded from the study such
as smoker, noise cases, patients with temporary or known
causes of hearing loss, and participants with comorbidities
(hypertension, diabetes, heart disease, renal disease, and
thyroid disease); furthermore, some information such as, age,
sex, height, weight, history of disease, and drugs were obtained
from every participant in this study; in addition, pure-tone
audiometry test was also done for the patients.

Determination of hepcidin

This kit is used for quantitative determination of human
hepcidin in the serum, and the main procedure used is
enzyme-linked immunosorbent assay (ELISA) and then
used the same procedure which is recommended by the
manufacturer (Elabscience, China).

Determination of interleukin-6

This kit measures the quantity of IL-6 in the human serum
by applied the Sandwich-ELISA as the major procedure, and
we used the same procedure which is recommended by the
manufacturer (Elabscience, China).

Determination of C-reactive protein
This kit is used for quantitative determination of high-sensitive
CRP in human serum using ELISA method. Then, we
depend on the same procedure which recommended by the
manufacturer (Demeditec, Germany).

Determination of glutathione peroxidase-3

This assay employs the quantitative measurement of human
GPX-3 in the serum using sandwich immunoassay technique
and then used the same procedure which is recommended by
the manufacturer (CUSABIO, Germany).

Determination of advanced glycation end products

This assay is used for the measurement the amount of human
AGEs in the serum using sandwich immunoassay procedure
and then used the same procedure which is recommended by
the manufacturer (CUSABIO, Germany).

ResuLts

Distribution of the patients according to the types of
hearing loss

The results of the study showed that the highest percentage of
hearing loss was found to be sensorineural type (74%), while
the remaining mixed hearing loss (26%).

Levels of hepcidin and C-reactive protein in the patients
and controls

Table 1 shows that there was a significant difference (P < 0.05)
in hepcidin and CRP levels in the patients in compared them
with the controls.

Level of interleukin-6 in the patients and controls

The results of the study showed that there were no significant
differences (P > 0.05) in the level of IL-6 between the cases
and the controls [Table 2].

Table 1: Hepcidin and C-reactive protein difference
between cases and controls

Mean=SD P OR

Cases Controls
Hepcidin (ng/ml) 18.288+14.9 12.117+8.16 0.001 1.069 1.027-1.114
CRP (mg/L) 1.549+1.237 0.711£0.713 0.001 2.39 1.58-3.609

CRP: C-reactive protein, SD: Standard deviation, OR: Odds ratio,
CI: Confidence interval

Parameter 95% ClI
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The levels of advanced glycation end products and
glutathione peroxidase-3 in the study groups

Table 3 shows that there were no significant differences (P> 0.05)
in the levels of AGEPs and GPX-3 when comparing them
between the patients and controls.

Correlation between hepcidin level and C-reactive protein
Figure 1 shows that there was a positively significant
correlation between the level of CRP and the level of hepcidin
in the patients’ group, » = 0.191, P <0.05.

Correlation between hepcidin and interleukin-6

Figure 2 shows that there was a positively significant
correlation between the level of hepcidin and IL-6 in the
patients’ group, » = 0.165, P < 0.05.

Discussion

The data of this study showed that the sensorineural hearing
loss was the most common type (74%) followed by the mixed

Table 2: Levels of interleukin-6 in the patients and
controls

Parameter Mean=SD P OR 95% Cl
Cases Controls
IL-6 (pg/ml)  19.15+£17.44 15.86+13.90 0.072 1.022 0.996-1.049

IL-6: Interleukin-6, SD: Standard deviation, OR: Odds ratio,
CI: Confidence interval

Table 3: The levels of AGEPs and glutathione
peroxidase-3 in the study groups

Parameter Mean=SD P OR 95%Cl
Cases Controls

AGEPs 8.03545.313  8.888+7.66 0.264 0.981 0.931-1.034

(ng/ml)

GPX-3 17.656+11.192 18.775+9.354 0.344 0.986 0.949-1.025

(1IU/ml)

GPX-3: Glutathione peroxidase-3, SD: Standard deviation, OR: Odds
ratio, CI: Confidence interval, AGEP: Advanced glycation end products

5.000-1

CRP (mg/L)

Hepcidin (ng/ml)

Figure 1: The correlation between hepcidin level and C-reactive protein level

type (26%), this result may be related to the exclusion of
temporary hearing loss and hearing loss with a known causes
such as conductive hearing loss, The result of this study was
compatible with some studies such as Lohi ez al.'* and Ravi
et al."™ who found that the sensorineural hearing loss is the
most common type than conductive and mixed type. After
control of age, sex, smoking status, and noise exposure, the
results of this study found a significant difference in the level
of hepcidin between patients and controls, and it tends to be
high in patients as compared with controls. This difference
may be related to that the hepcidin is mainly produced by the
liver; however, it is also detected in different areas of the brain
such as the olfactory bulb, cortex, hippocampus, amygdala,
thalamus, hypothalamus, mesencephalon, cerebellum, spinal
cord, and dorsal root ganglia,!'® and this increment of hepcidin
production results in decrease of level of ferroportin and
this causes iron overload in many of the brain areas, such as
cerebral cortex, hippocampus, and striatum.!'”

Hence, hepcidin causes iron accumulation in some brain areas,
and this accumulation of iron in the brain maybe had a vital
function in the development of some diseases, by causing
a formation of free radicals, oxidative stress, and neural
damaging.["¥ It was established that increase in the amount of
free iron can cause oxidative damage in the brain. Iron is the
most considerable metal in the brain and has a crucial role in
the neural injuries, which result from oxidative stress,!”) and
oxidative stress had a relevant role in the development of inner
ear disease.””

Furthermore, Table 1 shows that the amount of CRP is
significantly high in the patients when compared them with
controls. The explanation of this result may be due to the
fact that CRP is a part of innate immunity and the activation
of innate immune system in the cochlea may directly cause
local cochlear auto-inflammation, so increasing the cochlear
inflammation leads to more release of the inflammatory
cytokines that cause the loss of the cochlear cells.?' Moreover,
this result is consistent with a study done by Verschuur ez al.,*?!
which found that there is a partial correlation between CRP

140.00 °
120.00
100.00
E
80.00
2
-
o ©
= 6000 o o
& @
40.00 & e
oo &)3) 2 =2 it o
20.00 5 °
a© o
2 3gPeT R ©
0.00
T T T T
0.00 2000 40.00 60.00
Hepcidin (ng/ml)

Figure 2: Correlation between hepcidin level and interleukin-6
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and hearing loss. Furthermore, this study agrees with several
authors who reported a significant correlation between CRP
and sudden sensorineural hearing loss.!>*%

While Table 2 shows that IL-6 is not significantly associated
with hearing loss, other studies found different results.
A study by So et al.® found that IL-6 acts as an inducer for
acute cochlear damage. The releasing of IL-6 by cochlear
spiral ligament, fibrocytes, and peripheral immune cells can
start the cell death programmers in the auditory hair cells.?"!
Furthermore, IL-6 can cause inflammation of inner ear and
mobilization of circulating white blood cells to the infection
site. Infiltrating immune cells and their cytokines in addition
to the cytokines generated by resident cochlear cells leads to
irreparable damage of hair cells and neurons.?”’ Moreover,
the results of this study showed that there is no significant
difference in the levels of AGEs as free radical and glutathione
end products as antioxidant between the patients and controls;
however, other studies found a significant association between
oxidative stress and hearing loss. A study by Basner et al.*®
found that the excess of ROS causes damage of cellular DNA,
proteins, and lipids as well as upregulation the apoptotic
pathway, resulting in cell’s death and irreversible damage to
the eloquent hearing structure. Furthermore, another study
by Falasca et al.'"! found imbalance between the ROS and
intrinsic antioxidant defense causing cell death through either
apoptosis or necrosis. In addition, the increasing of ROS causes
an impairment of the blood flow to the cochlea and the fused
hair cell stereocilia; in addition, it leads to degradation in the
nerve fibers and the supporting structures.

The differences between this study and other studies may be
related to the variation in the lifestyle and nutritional habits
in addition to the differences in the types of food because it
was found that the Western style diet enhances the formation
of free radicals.”’! Also, it may be related as a part to the
exclusion of many diseases, such as diabetes, heart disease, and
hyperlipidemia. These diseases have association with oxidative
stressi% and to the exclusion of the smokers because smoking
of cigarette consider as a main cause of the oxidative stress.
Cigarette smoke is considered as a free radicals source, and
inhalation of the smoke particles activates the epithelium of
the lung and fibroblast and it enhances the inflammatory cells
recruitment to the tissue such as macrophages and neutrophils;
then, these cells undergo activation and cause synthesis of the
ROS.BU

In correlation analyses, the study found a positive correlation
between hepcidin and CRP as shown in Figure 1. This study
is an agreement with other researchers.*? All these studies
found that the hepcidin is positively regulated by CRP.
However, other study®® found that there is no correlation
between hepcidin and IL-6. Hepcidin is positively regulated by
inflammation, and CRP is acute-phase protein and is a major
marker of inflammation. It was found that increase the level of
C-reactive protein activates the expression of hepcidin, which
is an acute-phase reactant protein. Induction of hepcidin is a
component of the innate immune response to infection, and

it decreases the availability of extracellular iron to invading
organism.l! Furthermore, hepcidin expression results in
impairing iron metabolism, inhibiting the reticuloendothelial
iron stores, and consecutively leading to restriction in intestinal
iron absorption and macrophage iron release with low iron
circulating level.?*

Furthermore, this study found that IL-6 is correlated
significantly with hepcidin and this result is consistent with
many studies.’>) However, this result disagrees with Ashby
et al.,B% who found no correlation between hepcidin and
IL-6. IL-6 is a major upregulator for hepcidin production,
and it increases hepcidin expression through the induction of
Janus kinase2/signal transducer and activator of transcription
pathway.?”! Furthermore, the previous experimental and
clinical studies showed the treatment with IL-6 can significantly
increase hepcidin mRNA expression in hepatocytes,*® and
IL-6 is considered a substantial and adequate cytokine for the
induction of hepcidin throughout the inflammation.”’

CoNncLusIoN

From the results of this study, it can be concluded that hepcidin
has a negative impact on hearing, it increases significantly with
hearing loss, it has a role in the development of hearing loss in
addition to CRP which also has a negative impact on hearing.
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