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in hearing.

Introduction

Hearing loss is a severe disorder affecting communication
and quality of life. Numerous studies have demonstrated a
consistently negative impact of hearing loss on communica-
tion and in addition, it has recently been shown to be a risk
factor for dementia [1]. Some authors maintain that it is asso-
ciated with increasing mortality [2].

Sensorineural hearing loss, damage of cochlear sensory
cells or neuron is the most common reason among them. It is
estimated that the number of patients with neuron-related
hearing loss will double by the year 2030 [3]. Commonly, sen-
sorineural hearing loss is caused by genetic dysfunction, oto-
toxic drugs, noise [4].

The current therapeutic options for patients with sensori-
neural hearing include hearing amplification and cochlear
implantation. While these interventions are effective in many
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Stem cell transplantation represents a promising therapy for several degenerating and necrotic
diseases. In several animal studies, we could find hearing restoration after inoculation of the
mesenchymal stem cells' as well as mesenchymal stem cells' differentiation of hair cells and
spiral ganglion. But until now, no clinical study has been reported directly for the human be-
ing. In this pilot studies, we applied mesenchymal stem cells to human beings trans-ve-
nously. Although we verified the safety of the autologous bone marrow stem cell transplan-
tation in sensorineural hearing loss patients but we could not achieve significant improvement
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cases, some patients still struggle with the physiologic and psy-
chosocial impacts of deafness.

Recently, transplantation of stem cells has emerged as a
promising therapeutic option for the treatment of intractable
hearing loss [5]. Hearing is mediated by mechano-sensory
hair cells located within the inner ear cochlea. In mammal,
mechano-sensory hair cells in the cochlea are only generated
during a short period of embryonic development. Thus, the
lack of cochlear regenerative potential draws permanence of
hearing loss [6]. Recently, many studies revealed that mesen-
chymal stem cells from umbilical cord blood (UCB) or Bone
marrow (BM) can differentiate into multiple lineage cells. In
spite of mesenchymal stem cell (MSC) transplantation has not
been tried for hearing loss yet, MSCs have been applied to
many other organ disorders like hematological disorders, car-
diovascular disease, osteogenesis imperfecta, some neurologi-
cal pathologies and even cancer. According to the myocardial
infarction, some articles revealed MSC transplantation has
more benefit in increasing left ventricular ejection fraction
and systolic wall motion [7].

Previously we revealed the UCB-derived mesenchymal stro-
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mal cells can affect to recover hearing from mice as well as they
can differentiate into auditory hair cells and neuronal cells in
vitro [3]. From these research results, we tried transplantation
of MSCs in patients with sensorineural hearing loss.

Case Report

Patients are asked for their informed consent prior to enter-
ing research studies.

We conducted two pilot clinical trials for patients with sen-
sorineural hearing loss one with and one without auditory neu-
ropathy. Auditory neuropathy is a problem in cochlea auditory
nerve or spiral ganglion cells might be better recovery from
mesenchymal stem cell transplantation. This study protocol
and procedures were reviewed and approved by the Ministry
of Food and Drug Safety (KFDA) of Korea and the Institution-
al Review Board (KIRB-00414-199) at the School of Medi-
cine, Catholic University of Korea.

Case 1

A 67-year-old female was a consulted patient from neuro-
surgery department for hearing impairment after retro-sig-
moid craniotomy with microvascular decompression for the
periorbital spasm. Her pure tone thresholds were out of scale
on left and 15 dB on right. Auditory brainstem response (ABR)
thresholds were also out of scale on left and 30 dB on right.
Safety assessment was also checked before the surgery. Her
hematology, biochemistry, coagulation, and urine tests were all
within the normal range. Several treatment options were sug-
gested to the patient and she finally agreed with BM derived
mesenchymal stem cell injection.

C
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For collection of autologous BM derived mesenchymal
stem cell, we aspirated BM of 10 mL from iliac crest under lo-
cal anesthesia. Promptly, it is transported to the manufacturer
for isolation and culture of MSC (Pharmicell Co Ltd.). After
four weeks, we could culture autologous MSCs of 50 million
(MSC4: 5%10" cell/10 mL).

Before transplantation, we secured subclavian line for the
safe infusion. Under general anesthesia, the patient was lied
in prone position. BM derived stem cells were mixed with
the normal saline and infused intravenously through subclavi-
an line slowly (60 mL/hr, for 20 min). For the effective mi-
gration of the stem cell (homing to the cochlea), we applied
electrical stimulation of 1.5 mA to the promontory continu-
ously before and after the stem cell infusion. Antero-inferior
incision was made on the left tympanic membrane (experi-
mental ear). Then nerve stimulator was located at the prom-
ontory. After infusion, incision margin was everted with the
pick and paper patch was applied. She discharged without any
audio-vestibular or systemic complication. She was followed
up as one month interval (Fig. 1).

As for results, we could not find any complication and side
effect associated with stem cell transplantation. There were
also no changes in laboratory findings, hematology, biochem-
istry, coagulation (Fig. 2). But we could not have any change
of hearing [subjective symptom, pure tone audiometry (PTA),
oto-acoustic emission (OAE) and ABR] during 12 months.

After 3 years of infusion, there was no any problem with
stem cell therapy.

Case 2
A 55-year-old male patient came to clinic, complaining of

Fig. 1. BM derived stem cells were
- mixed with the normal saline and in-
fused intravenously through subcla-
vian line slowly. For the effective mi-
gration of the stem cell (homing to
the cochlea), we applied electrical
stimulation to the promontory contin-
uously before and after the stem cell
infusion. A: Autologous MSCs of 50
million (MSC4: 5x10 cell/10 mL). B:
BM derived stem cells were mixed
with the normal saline and infused in-
travenously through subclavian line
slowly (60 mL/hr, for 20 min). C, D:
For the effective migration of the stem
cell, electrical sti-mulation of 1.5 mA
was applied to the promontory con-
tinuously before and after the stem cell
infusion. BM: bone marrow, MSC:
mesenchymal stem cell.
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hearing impairment both sides of ear. The thresholds of PTA  cell therapy.
was 47.5 dB on right and 46 dB on left. The ABR result was
the same as pure tone average with both threshold of 60 dB. Discussion

For safety assessment, hematology, biochemistry, coagula-
tion, and urine tests were checked and revealed to be all within
normal range. In the same way as above, we infused the stem
cell into the central line.

As the same above case, there was no associated compli-
cation systemically. He was also followed up for 12 months
as one month interval with hearing test (PTA, OAE, ABR)
but we also could not find any hearing improvement (Fig. 3).
After 3 years of infusion, there was no problem with stem

Stem cell transplantation represents a promising therapy
for several degenerating and necrotic diseases. Restoration
of spiral ganglion neurons and hair cells are the targets for
stem cell therapy in the treatment of hearing loss [8]. Differen-
tiation of implanted MSCs to fibrocytes is critical for the effi-
cacy of the transplantation treatment. Fibrocytes, particularly
in the mesenchymal non-sensory regions, play an important
role in cochlear physiology. Fibrocytes constitute a significant
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proportion of the cells in the cochlea, and five types of fibro-
cytes are recognized based on morphological and cyto-chemi-
cal characteristics [9]. Fibrocytes in the spiral ligament (SL)
of the cochlea are connected with gap junctions and play key
roles in potassium uptake from the perilymph and recycling
of those ions back to endolymph. In aging human with hear-
ing difficulty, fibrocytes are progressively lost from the SL of
the cochlea, suggesting the importance of fibrocytes for audi-
tory capacity [10]. Some animal studies revealed that MSCs
can differentiate to the hair cells and spiral ganglion, and by
auditory function test, hearing can be restored after inocula-
tion. Furthermore, no reports revealed significant complica-
tions [11]. Therefore, we hypothesized that hearing loss can be
restored in sensorineural hearing loss if we can transplant MSCs
to the cochlea safely in human.

Cell delivery to the cochlea is one the crucial mechanisms
to establish an efficient stem cell therapy in patients with
hearing impairment. It can either be done by intravenous ad-
ministration or by local transplantation. For local administra-
tion, cells can be infused in the round window, scala tympani
or scala media, or direction injection into the modiolus. Kasa-
gi, et al. studied with mice and they infused MSCs via micro-
tube, set on the holes, both lateral and posterior semicircular
canal via temporal bone drilling. All of them show positive ef-
fects on hearing loss in previous animal studies [11,12]. How-
ever, possible damage to the cochlea still exists by direct or
local inoculation.

For intravenous administration, the volume of MSCs is
need to be increased, because the stem cells are barely by-
passing the blood brain barrier. In our previous mice study,
we injected MSCs via the brachial vein using a Hamilton sy-
ringe (Supelco, Bellefonte, PA, USA). As mentioned before,
there are various inoculation methods reported by animal
studies and none of them reported serious complications. But
we applied MSCs intravenously due to the possibility of
changes in component and volume of endolymph if we inoc-
ulate MSCs directly. Changed components and volume may
lead to vertigo and tinnitus which cannot be checked by animal
study. We also concerned about the environment the MSCs
grow. The components of endolymph are not suitable to cells
live. In our previous experiment (not published yet), we iden-
tified 0.1% of MSCs in endolymph when administered via in-
traperitoneally or intravenously in previous animal study.

Recently, the factors which can draw implanted stem cells
to the target organ is widely studied, and Kamiya, et al. [13]
maintained that transplanted the MSCs to the lateral semicir-
cular canal after the induction of stem cell homing factors
(stromal cell-derived factor 1 alpha; Monocyte chemoattrac-
tant protein-1) in the host cochlear tissue, and their receptors in
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transplanted MSCs can make better results. Although there
were many animal studies have been done before, there were
no prospective, statistically validated, long term outcome stud-
ies about the stem cell therapy on the patients with hearing
loss.

We applied electrical stimuli 1.2—1.5 mA on the promon-
tory during infusion of MSCs for the homing effect. Electrical
stimulation is a well established clinical tool that has benefi-
cial applications in neuromodulation, cardiac pacing, cardiac
differentiation of human stem cells and brain stimulation [14].
We hypothesized that the clinical utility of electrical stimula-
tion may expand to include the directed recruitment and mi-
gration of transplanted MSCs.

In our previous animal study with mice, we observed both
restoration of hearing by ABR threshold, distortion product
oto-acoustic emission level and increase of spiral ganglion at
all turns of the cochlea by human amniotic membrane derived
MSCs and UCB-MSC regardless of possibility of immuno-
logic reaction owing to the xenotransplantation.

The BM derived MSCs are known to be one of the most
promising stem cell sources for cell replacement therapy be-
cause they can differentiate into neurons and can be used by
the patient’s own bone. Furthermore, Cho, et al. [12] revealed
MSCs from BM has effective in restoration of hearing in mice
study. In these clinical trials, we must consider immunologic
problems with transplantation in human clinical trials. So we
administered autologous BM derived MSCs. Although we
could not get the effective and promising audiological results,
there was no any side effect or complications associated stem
cell therapy. We assumed that autologous BM derived MSC
transplantation in sensorineural hearing loss (SNHL) patients
is safe treatment modality. But it does not mean that MSC
transplantation itself is absolutely safe modality in treating
SNHL because we have lack of long term follow up result yet.
It may have a potential to make some changes to human body
including cancer.

In conclusion, during this trial, we verified the safety of the
autologous BM stem cell treatment in sensorineural hearing
loss patients. But we could not achieve significant improve-
ment in hearing. Even though we could not identify the hear-
ing gain in this trial, the autologous BM stem cell transporta-
tion is still promising by improvement of the transportation
method and adequate patient selection in the area of regenera-
tion medicine.
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