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Abstract

Background Damage to the inner ear or cochlear nerve results in sensorineural hearing loss (SNHL), which is typi-
cally persistent deafness. SNHL can range in severity from mild to profound. The shape of the audiogram is used

to categorise it as high-frequency hearing loss, low-frequency, flat, peaked, or notched. Pure tone audiometry can be
used to diagnose SNHL.

Objective To summarise the recent updates in the usage of stem cells in sensory neural hearing loss (SNHL).

Methods Published studies about using stem cell therapy in ENT practice through comprehensive PubMed, EKG,
and Google Scholar search (from 2010 to 2022). Including studies in English, experimental studies, and studies
that discuss the application of regenerative medicine in SNHL.

Results Progenitor stem cells may be employed to repair damaged cells and restore sensorineural hearing func-
tion, according to 36 of the publications. The majority of these articles—about 90%—discussed animal model-based
experimental investigations; the remaining 10% were clinical trials.

Conclusion The application of stem cells in the treatment of SNHL will be a significant step in the future since it will
change the way that patients are now treated in the hopes of regaining their hearing. The application to the clinical
setting is still in its early stage, although a number of encouraging researches illustrate how progenitor stem cells dif-

ferentiate into sensorineural cells.

Keywords Sensorineural hearing loss, Stem cells therapy, Biohybrid

Background

A persistent sensory disorder known as sensorineural
hearing loss (SNHL) affects about 270 million people
globally. In newborns, the frequency of SNHL is 2/1000;
in children between the ages of 3 and 17, it is 5/1000; in
adults between the ages of 65 and 74, it is 33%; and in
people over the age of 85, it is 50% [1]. Modern therapies
(such as hearing aids and cochlear implants) aim to boost
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remaining sensory hair cells from Corti organ’s damage in
order to lessen SNHL's symptoms. The depletion of sen-
sory hair cells within the organ of Corti limits the effect
of cochlear implants. As they transform sound mechani-
cal waves into electrical signals that are then sent to the
brain. So, inner, outer, and structural hair cells are crucial
for hearing [2].

Hearing impairment is caused by a reduction in audi-
tory input to the brain, which is brought on by the loss
of sufficient hair cells. Because the organs of Corti
are post-mitotic at birth in animals, there is no future
spontaneous hair cell regeneration. Genetic mutations
account for between 23 and 50% of SNHL in babies
and young children (Connexin 26 mutations deafness,
Lange-Nielson syndrome, Pendred syndrome, Usher
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syndrome, Waardenburg syndrome, etc.). The remain-
ing newborns and kids are affected by SNHL, which
is commonly brought on by premature birth, illness
during or after delivery, loud exposure, or the use of
ototoxic medicines [3]. Regenerative medicine has dra-
matically improved in the previous 10 years, as has its
use in surgical disorders. The therapeutic applications
of regenerative science are currently pushing the limits
of every surgical specialty [4].

Intravascular infusion of mesenchymal progenitor cells
in acute neuropathologic disturbances has been studied
in preclinical and clinical studies (traumatic brain haem-
orrhage, stroke, spinal cord injury, etc.) and has shown
great promise. Cochlear repair was observed in inten-
tionally deafened mice that received mononuclear cells
from human umbilical cord blood (HUCB) [5].

In mucopolysaccharidosis patients, the SNHL has
improved after myeloablation and HUCB transplanta-
tion. The cell populations that are most frequently used
in this research are the bone marrow mononuclear frac-
tion and the HUCB mononuclear fraction. For the bone
marrow therapies, a bone marrow harvest is required.
The HUCB therapy utilises a heterogeneous cell popula-
tion rich in progenitor cells that are collected and cryo-
preserved at birth. A paediatric population typically has
access to enough cells and only requires minimal cell
processing. We can prevent cell rejection, the spread of
blood-borne diseases, and the possibility of graft vs. host
disease by using an autologous cell product. A neuro-
pathologic injury to the organ of Corti known as acquired
SNHL may be responsive to HUCB therapy [6].

Aim of the work

This systematic review/meta-analysis aims to summarise
the recent updates in the usage of stem cells in sensory
neural hearing loss (SNHL).

Methods
Criteria for considering studies for this review

Types of studies: Any type of study was included.
Types of participants: Review of animal studies and
analysis of human studies

Types of interventions: Stem cell therapy

Types of outcome measures: Otoacoustic distortion
product emissions (DPOAE). Auditory brainstem
response to sound (ABR).

Search strategy for identification of studies: Published
studies about using stem cell therapy in ENT practice
through comprehensive PubMed/Google Scholar/ EKB
search (from 2010 to 2022) using a variety of medi-
cal subject headings and free text words: Regenerative
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Medicine; Stem Cells; Pluripotent; biohybrid; Head and
neck cancer, sensory neural hearing loss (SNHL), tissue
engineering, reconstructive surgical techniques, otorhi-
nolaryngology, otology, audiology. We looked at studies
in English and made no translation attempts.

Methods of the review

Locating and selecting studies: Articles that appear to
meet the inclusion requirements were retrieved in full
after utilising the aforementioned search approach to
view the articles. Each identified article was examined
and put into one of the following groups:

Included: Studies in English, experimental studies,
and studies that discuss the application of regenera-
tive medicine in SNHL.

Excluded: Not in English language, duplicated mate-
rial & Review articles.

Data extraction: Two reviewers independently
extracted the data and cross-checked it.

Statistical considerations
Software called Review Manager was used to combine
the results from the included trials. The causes of study
heterogeneity were investigated, and if necessary, a sen-
sitivity analysis based on the use of random versus fixed
effects modelling and methodological quality was carried
out. Subgroup analyses are planned based on timing of
interventions and duration of the follow-up.

Evidence of publication bias was sought using the fun-
nel plot method.

Results

Analysis of animal studies

Between 2010 and 2022, eleven studies were published;
nine studies met the inclusion criteria: four from South
Korea, one from the USA, two from Japan, one from
Australia, and one from China. Animal and mesenchy-
mal stem cell (MSC) features are summarised in Table 1,
whereas specific study findings are presented in Table 2.

Table 1 Mesenchymal stem cell (MSC) source

MSCs donor Number
of
studies

Bone marrow 4

Olfactory 1

Adipose derived 3

Umbilical cord/placenta 3
1

Limbus derived
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Animals used in the studies were guinea pigs (n=3), rats
and mice (n=38), and pigs (n=1) as illustrated in Table 3.
Half of the studies included gender information, and
three of them used only male animals. Pharmacologic
induction was the most popular technique for obtaining
SNHL (n=7). The auditory brainstem response was the
most popular functional hearing test (n=11). There were
only six studies with quantifiable data to be included in
the review, despite the bulk of articles suggesting the use-
fulness of ABR as a hearing test. Labelling assays, optical
microscopy, and immunohistochemistry can be used to
evaluate the secondary effects of MSC and cochlear col-
onisation (n=6). To assess the immunological response
to MSC delivery, inflammatory cytokine profiles and
T-helper cell activation (n=3) were analysed.

The origin of MSCs was very varied, with the majority
of studies (n=9, 75%) obtaining them from a xenogeneic
source. In most trials, MSCs generated from bone marrow
or foetal tissue were given as a one-time dosage. MSCs
were given in doses ranging from 4103 to 1107 cells.

Half of the studies satisfied all of the international soci-
ety for cell and gene therapy (ISCT) criteria for defining
an MSC. Positive indicators (#=9) and distinction capa-
bilities (#=9) were the most often mentioned criteria.
Dulbecco’s Eagle medium with fetal bovine serum was
the most popular MSC growing medium, and cell pas-
sage numbers ranged from 3 to 15.

Table 2 Information extracted from included studies
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Table 3 Animal models used in the stem cells studies

Study focus Study Model
Bone marrow-derived stem cells  Le et al Rat
Kindo et al Guinea pig
Ratejzac et al Mice
Embryonic stem cells Coralis et al Rat
Sekeiya et al
Takaheshe and Yamanka
Hair cell expellant somatic cell Colemun et al Rabbit
nuclei fibroblast direct program-  Muonsie et al Mouse
ming Maherali et al Mouse
Wernige et al Mouse
Multiple somatic cell program- Wernige et al Guinea pig

ming

The auditory function

The two tests used to evaluate auditory function
were the auditory brainstem response (ABR) and the
distortion product otoacoustic emissions (DPOE)
(N=2832 animal comparisons; 6 investigations; 95%
confidence interval [17.62, 12.82]; Fig. 1). Perfor-
mance of the ABR as a whole improved by —15.22db
spl. The ABR tests showed low variability [I*=37%,
p=0.005] (N=700 animal comparisons across 4 tri-
als; 95% CI [8.07, 10.13]; Fig. 2). DPOAE perfor-
mance as a whole improved by 9.10. The amount of

Author (year) Species Cell type; source; (origin)  Delivery; timing relative  Hearing function MSC recovery and survival;
to injury immune
Pandit (2011) [7] A/J mice Olfactory stem cells; Direct into cochlea; ABR Immune response
human; xenogeneic 4 wks after:
Zhou (2011) [8] BALB/c mice Adipose-derived stem cells; Intraperitoneally; ABR Immune response
human; xenogeneic 2 wks after:
Choi,B(2012)[9]  Sprague Dawley rat Bone marrow; human; Infusion via tail vein; ABR Immune response

xenogeneic 48-96 h after;
Choi, M (2012) [10] C57BL/6 J mice Umbilical cord blood; Infusion via brachial vein;  ABR & DPOE MSC recovery and survival
human; xenogeneic 3 days after;
Kasagi (2013) [11]  C57BL/6 J mice Bone marrow; mice; into ampulla of the semicir- ABR N/A
allogenic cular canal;
Not reported;
Yoo (2015) [12] BALB/c mice Adipose-derived cells; Intraperitoneally; ABR N/A
human; xenogeneic 2 weeks after:
Kil (2016) [13] Guinea Pig Placental-derived cells; IV via brachial vein; ABR & DPOE MSC recovery and engraft-
human; xenogeneic 3 days after; ment
Ma (2016) [14] Pigs Umbilical cord blood; Into the subarachnoid ABR MSC recovery and engraft-
human; xenogeneic cavity; ment
N/A;
Chen (2018) [15] CBA/Cal mice Limbal cells from corneal Injection around cochlear  ABR & DPOE MSC recovery and engraft-
transplant; human; xeno- nerve; ment

geneic

2 weeks after;
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV Fixed, 95% Cl Year IV, Fixed, 95% CI

Kamiya 2007 412 201 12 47.74 27.86 " 1.1%  -8.54[-20.82, 16.74] 2007 I

Kamiya 2007 3164 21.03 12 3417 20.13 1" 20% -253[-10.36, 14.30] 2007 .

Kamiya 2007 4117 32.30 12 4727 31.01 " 090%  -6.10[-32.02 19.82] 2007 S—

Kamiya 2007 6096 18.74 12 50.02 17.94 1" 20% 1.04 [-13.05, 16.83] 2007 =1

Kamiya 2007 84.16 26.62 7 7066 3485 12 07% 450 [-23.39, 32.39] 2007 ——

Kamiya 2007 77.867 36.11 7 7875 4728 12 04%  -1.08[-38.01, 36.75] 2007 -

Kamiya 2007 53.32 46.52 12 6248 4454 1" 04%  -9.10[-46.38, 28.00] 2007 _

Kamiya 2007 60.52 20.45 7 60.28 26.78 12 13% -576[-27.19, 15.67] 2007 —_—

Kamiya 2007 6277 18.94 7 705 248 12 1.5%  -7.73[-27.57, 12.11] 2007 T

Kamiya 2007 65.43 2452 7 06885 31.75 12 098% -3.42[-28.07, 22.13] 2007 N

Kamiya 2007 33.00 7247 12 6552 ©0.38 1" 0.2% -22.43(-80.42 35.50] 2007

Kamiya 2007 66.76 238 12 6526 22.79 " 1.0% 1.50 [-17.54, 20.54] 2007 ——

Kamiya 2007 33.16 10.88 12 4045 10.04 1" 2.3% -7.29[-23.20, 8.62] 2007 —vl

Kamiys 2007 5658 31.08 7 60.17 4067 12 05% -3.50[-36.13, 28.05] 2007 —1—

Kamiya 2007 3664 3454 12 4131 33.07 1" 08%  -467(-32.31, 22.07] 2007 ——

Kamiys 2007 20.16 30.84 12 37.38 38.14 " 00%  -822(-40.10, 23.60] 2007 _—

Kamiys 2007 2357 1368 12 2476 131 " 48% -1.19[-12.14,9.76) 2007 —

Kamiya 2007 13.83 2456 12 19.93 23.51 " 15%  -6.10(-25.75, 13.55] 2007 —

Pandit 2011 700 10.47 8 856 654 12 02% -8.70(-16.60. -0.80] 2011 =

Zhou 2011 4176 13.12 10 6400 17.04 10 32% -2324(-30.57.-9.01] 2011 ——

Pandit 2011 770 82 8 854 6554 12 13.7% -7.60(-13.09.-1.01] 2011 -

Zhou 2011 3242 1575 10 40.43 10.67 10 24% -17.01(-32.63.-1.39] 2011 —_—

Zhou 2011 50.16 18.37 10 75.88 23.62 10 1.7% -25.72(-44.27.-7.17) 2011 _—

Zhou 2011 2808 0.55 10 65.156 21.16 10 28% -27.07(-4146 -12.68] 2011 —

Zhou 2011 3006 478 10 6607 1085 10 106% -26.32(-3367,-18.07] 2011 =

Zhou 2011 2217 17.04 10 4005 1448 10 30% -24.78(-3864,-10.02] 2011 —

Zhou 2011 458 10.49 10 8572 21 10 27% -1002(-34.47.-537] 2011 —_—

Zhou 2011 37.71 18.44 10 7203 16.02 10 20% -34.32(-4000,-19.58] 2011 _

Choi, M 2012 8488 1258 6 8025 756 5 35% -2137(-3423 -851] 2012 =

Choi, M 2012 456 1504 5 8025 756 5 24% -4125(-50.71,-25.79) 2012 -

Choi, M 2012 7763 2707 5 8025 756 5 00% -862(-33.70 10.52] 2012 T

Jang 2018 45 14206 8 76.11 1075 8 38% -31.11[-4348, -18.74] 2016 S

Jang 2018 5666 26.22 8 771 L} 8 1.7% -20.44(-30.08. -1.80) 2016 —_—

Chen 2018 4407 16.17 5 6006 37.12 5 05% -10.20(-51.78 19.20] 2018

Chen 2018 2334 21.82 6 430 4070 5 03% -2060(-05.79 2407] 2018 S

Chen 2018 81.11 427 6 6332 50.20 5 02% -221(-00.04, 5562] 2018

Chen 2018 87.71 1398 6 7802 2105 5 1.1% -10.31(-32.00, 12.28] 2018 —

Chen 2018 2013 2201 5 430 4076 5 03% -17.77(-63.30, 27.70) 2018 S

Chen 2018 641 178 6 60.31 4023 5 04% -1521(-53.77 23.35] 2018 I

Chen 2018 2822 18.72 6 430 4070 5 03% -1508(-50.83 28.47] 2018 =

Chen 2018 8403 23.21 6 8118 1230 5 1.1%  -16.25(-30.31,06.81] 2018 ST

Chen 2018 4848 13.84 6 6332 50.20 5 03% -1484(-00.50 30.88) 2018

Chen 2018 436 3327 6 7802 2105 5 05% -3442(-00.21,037) 2018 |

Chen 2018 8484 2001 5 7802 2105 5 08% -23.18[-40.56, 3.20) 2018 =

Chen 2018 81087 2105 6 60008 37.12 5 04% 0.71(-36.00, 38.38) 2018 I

Chen 2018 0040 20.38 6 6332 5020 5 02% 314 (-47.01, 54.19) 2018

Chen 2018 86026 13.08 5 6031 4023 5 04% -13.00(-50.30, 24.27) 2018 .

Chen 2018 6076 24.87 6 6000 37.12 5 04% -020(-30.30, 38.00] 2018 =

Chen 2018 87.70 10.82 5 8118 1230 5 28% -2330(-37.81.-807] 2018 =

Chen 2018 47.00 10.82 6 6031 4023 5 04% -2225(-58.77,14.27) 2018

Chen 2018 8070 103 5 8118 12390 5 18%  -11.30[-20.34, 0.50) 2018 G

Total (95% CI) 403 429 100.0% -15.22 [-17.62, -12.82) (]

Heterogenaity: Chi* = 70.97, df = 50 (P = 0.005); I* = 37% 100 80 0 50 10

Taest for overall affect: Z = 12 44 (P < 0.00001)

Fig. 1 Mesenchymal stem cell effect on the ABR from included studies

heterogeneity in DPOAE was considerable [I*=88%,
p 0.0001]. None of the research looked at brainstem
summating potentials, compound action potentials,
tympanometry, electrocochleography, or auditory
evoked potentials.

Favours [experimental] Favours [control]

MSC recovery/engraftment

To gauge MSC recovery, spiral ganglion neuron (SGN)
density was used. The average number of cells that
were different overall was 14.79 (95% confidence inter-
val: [14.01, 15.57]; 4 investigations, n=107 animal
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Choi, M 2012 298 6.71 5 -12.02 282 5 26% 15.00[8.62,21.38] 2012 33
Choi, M 2012 -8.91 1579 5 -1491 541 5 05% 6.00[-8.63,20.63] 2012 T
Choi, M 2012 -6.04 106 5 -1495 6.06 5 09% 891[1.79,19.61] 2012 B
Choi, M 2012 -796 713 5 -1494 95 5 10% 6.98[-3.43,17.39] 2012 L
Choi, M 2012 302 119 5 -1595 239 5 09% 18.97[8.33,29.61] 2012 -
Choi, M 2012 043 713 5 -1302 6.06 5 16% 13.45[5.25,21.65 2012 £
Choi, M 2012 303 434 5 -11.58 1581 5 05% 14.61[0.24,28.98] 2012 e
Choi, M 2012 1.06 6.06 5 -1491 541 5 21% 15.97[8.85,23.09] 2012 !
Choi, M 2012 1.07 434 5 179 237 5 56% 18.97[14.64,23.30] 2012 =
Choi, M 2012 119 11.25 5 -11.58 15.81 5 04% 12.77[-4.24,29.78] 2012 T
Choi, M 2012 079 389 5 -1595 239 5 66% 16.74[12.74,20.74] 2012 *
Choi, M 2012 -10.35 23.59 5 -179 237 5 02% 7.55[13.23,28.33] 2012 =
Choi, M 2012 -13.01  6.71 5 -1495 6.06 5 1.7% 1.94 15.99,9.87] 2012 o
Choi, M 2012 -13  7.36 5 -1494 95 5 10% 1.94[-859,12.47] 2012 -
Choi, M 2012 -6.91 19.48 5 -1495 6.06 5 03% 8.04[-9.84,2592] 2012 1=
Choi, M 2012 511 758 5 -1202 282 5 21% 17.13[10.04,24.22] 2012 -
Choi, M 2012 -7.18 17.53 5 -1202 282 5 04% 4.84[-10.72,20.40] 2012 o
Choi, M 2012 213 584 5 -1491 541 5 22% 17.04[10.06,24.02] 2012 -
Choi, M 2012 207 195 5 -1302 6.06 5 03% 15.09[-2.81,32.99] 2012 T
Choi, M 2012 -4.99 8.01 5 -1302 6.06 5 14% 8.03[-0.77,16.83] 2012 =
Choi, M 2012 -6.03 23.79 5 -1494 95 5 02% 8.91[13.54,31.36] 2012 T
Choi, M 2012 255 367 5 -11.58 1581 5 05% 14.13[-0.10,28.36] 2012 —
Choi, M 2012 205 324 5 -1595 239 5 85% 18.00[14.47,21.53] 2012 *
Choi, M 2012 -5.02 347 5 178 237 5 78% 12.88[9.20,16.56] 2012 e
Ajalloueyan 2013 -389 178 8 099 342 8 149% -4.88[7.55,-2.21] 2013 -
Ajalloueyan 2013 -5.38 368 8 028 328 8 91% -566[-9.08,-2.24] 2013 *
Ajalloueyan 2013 -0.51 535 8 249 815 8 2.3% -3.00 [[9.76, 3.76] 2013 T
Ajalloueyan 2013 -369 73 8 -413 1052 8 13% 0.44[-8.43,9.31] 2013 T
Ajalloueyan 2013 -0.35 829 8 -11 85 8 16% 0.75[-7.48,8.98] 2013 -
Kil 2016 1387 594 5 -19.51 17.86 5 04% 33.38[16.88,49.88] 2016 -
Kil 2016 -6.83 12.58 5 -1649 7.75 5 06% 9.66[-3.29,22.61] 2016 T
Kil 2016 1404 594 5 -2351 101 5 1.0% 37.55[27.28,47.82] 2016 -
Kil 2016 515 1223 5 -808 752 5 07% 13.23[0.65,25.81] 2016 e
Kil 2016 9.5 1362 5 -2318 9.6 5 05% 32.68[18.29,47.07] 2016 —
Kil 2016 2483 912 5 -2232 1194 5 06% 47.15(33.98,60.32] 2016 =
Kil 2016 -1.6 1262 5 -236 1218 5 04% 0.76[-14.61,16.13] 2016 -
Kil 2016 7.3 21.27 5 -1364 2014 5 02% 20.94[-4.74 ,4662] 2016 T
Kil 2016 557 15.19 5 -0.37 1337 5 03% 5.94[-11.80,23.68] 2016 T
Kil 2016 2112 1169 5 -1015 16.39 5 03% 31.27[13.62,4892] 2016 —
Kil 2016 16.86 13.28 5 -16.49 8.69 5 05% 33.35[19.44,47.26] 2016 =
Kil 2016 131 208 5 1324 21.06 5 02% -0.14[-26.09,25.81] 2016 N
Kil 2016 119 593 5 -224 1786 5 04% 14.14[-2.36,30.64] 2016 —
Kil 2016 30.74 491 5 -19.77 7.02 5 19% 50.51[43.00,58.02] 2016 =
Kil 2016 -1.96 16.42 5 -1556 7.76 5 04% 13.60[-2.32,29.52] 2016 ) o
Kil 2016 12.04 2201 5 -7.26 2184 5 01% 19.30[-7.88,46.48] 2016 T
Kil 2016 108 9.08 5 -1535 1222 5 0.6% 26.15[12.81,39.49] 2016 s
Chen 2018 43.64 11.47 5 3692 17.62 5 03% 6.72[11.71,25.15] 2018 T
Chen 2018 28.84 18.25 5 2366 1362 5 03% 518[-14.78,2514] 2018 T
Chen 2018 79.89 465 5 7885 481 5 31% 1.04 [-4.82,6.90] 2018 e
Chen 2018 56.36 89 5 5018 16.03 5 04% 6.18[-9.89,22.25] 2018 .
Chen 2018 2372 14 5 2508 2645 5 02% -1.36[-27.59,24.87] 2018 I
Chen 2018 41.18 1315 5 3763 21865 5 02% 3.55[-18.65,25.75] 2018 e
Chen 2018 31.31 1272 5 37.28 2484 5 0.2% -5.97[-30.43,18.49] 2018 T
Chen 2018 3757 722 5 2831 2967 5 01% 9.26[-17.51,36.03] 2018 N R
Chen 2018 46.3 847 5 5161 17.64 5 04% -531[22.46,11.84] 2018 ——
Chen 2018 46.49 16.97 5 4588 2885 5 01% 061[28.73,29.95 2018 —_—t
Chen 2018 79.89 38 5 7921 561 5 3.0% 0.68 [-5.26,6.62] 2018 L
Chen 2018 30.36 21.65 5 17.92 1284 5 02% 1244962, 34.50] 2018 N
Chen 2018 40.04 208 5 3441 1923 5 02% 563[19.20,30.46] 2018 S T
Chen 2018 5199 119 5 2688 962 5 06% 2511[11.70,38.52] 2018 —_—
Chen 2018 2163 7.22 5 1935 4242 5 01% 2.28[-35.44,40.00] 2018 R S
Chen 2018 36.24 16.55 5 3513 18.43 5 02% 1.11[-20.60,22.82] 2018 1T
Chen 2018 80.46 253 5 7777 883 5 16% 269[536,10.74] 2018 T
Chen 2018 66.41 21.65 5 5018 16.03 5 02% 16.23[-7.38,39.84] 2018 T
Chen 2018 5218 19.52 5 4014 6.42 5 03% 12.04[-5.97,30.05] 2018 N
Chen 2018 46.49 28 5 2079 20.04 5 01% 25.70[-4.48,55.88] 2018 T
Chen 2018 38.71 19.52 5 3477 1523 5 02% 3.94[17.76,25.64] 2018 -
Total (95% CI) 350 350 100.0%  9.10[8.07,10.13] |
Heterogeneity: Chi*= 544,08, df= 66 (P < 0.00001); F= 88% t

100 -50 0 50 100

Test for overall effect: Z=17.32 (P < 0.00001) Favours [control] Favours [experimental]

Fig. 2 Effect of MSCs on the DPOE of included studies
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comparisons; Fig. 3). Significant heterogeneity was dis-
covered (I=97%, p 0.00001).

For studies that used ABR testing, additional stratifica-
tions were carried out with indications of significant vari-
ations in effect size. People, who employed MSCs from
the umbilical cord or placenta, did better than those who
employed cells from other sources, for instance (27; 95%
CI [36, 17.5]). In the trials that were taken into consid-
eration, research on guinea pigs (27; 95% CI [36, 17.5]),
animals 4-8 weeks old (25; 95% CI [30, 20]), inducing
SNHL pharmacologically (17; 95% CI [20, 14.6]), and
xenogeneic studies are all included (—18.96; 95% CI
[21.71); the effect size was greatest after an injection of
more than 107 cells (27; 95% confidence interval [CI]:
[36, 17.5]), between 1 and 2 weeks after SNHL induction
and when it was delivered extracochlearily (25; 95% CI
(30, 21.5]) (23.2; 95% CI [27, 19.7]). Additionally, numer-
ous administrations resulted in a higher ABR (25; 95% CI
[30, 20.7]). The DPOAE-based study was not capable of
subgroup analysis.

Analysis of human studies
In 2014, Hua Liu et al. presented a case of SSNHL in a
48-year-old male in a conference in Wuhan, China, who
was not responding to medical treatment for 1 month.
An alternative approach with human umbilical cord-
derived mesenchymal stem cells (UC-MSCs) was applied
to this patient by intravenous injection. After the second
injection of UC-MSCs, the patient presented significant
improvement in hearing compared to that 1 month ago.
Human mononuclear cells were disengaged from bone
marrow BM-MNC by Roemer et al. in 2016. To make a
speedy and productive cell covering process for cochlear
embed electrode, fibrin glue was utilised as a transporter
for BM-MNC. Utilising this technique, biohybrid wire for
intracochlear cell-based drug conveyance may be made
in that area in the operation theatre. The presentation of
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the biohybrid electrode beat the ordinary, non-covered
cochlear implant utilised in the other ear. Between the
two operated ears, the impedances and discourse insight
were differentiated.

All patients had equivalent impedances on both sides
and had acceptable hearing (Fig. 4). In one patient,
hearing with the biohybrid implant was better than on
the other ear; in other hearing was similar, and in the
last one the standard cochlear implant was preferable
than the biohybrid implant. Five months after implanta-
tion, none of the individuals manifested any regrettable
side effects.

In 2018, Ho Seok et al. carried out multiple pilot exper-
imental trials for sensorineural hearing loss patients.
They set up a subclavian line before the transplant to
ensure a secure infusion. Under general anaesthetic,
bone marrow-derived stem cells were mixed with regu-
lar saline, then administered by intravenous infusion. To
ensure that the stem cells were successfully transferred to
the cochlea, they applied electrical currents measuring
1.5 mA to the cochlear promontory.

Case 1

A woman aged 67 years who had had a retro-sigmoid
craniotomy was found to have hearing loss. Her pure
tone thresholds on the right were off by 15 dB and out
of scale on the left. The left and right auditory brain-
stem response thresholds were both off by 30 dB. Prior
to surgery, the safety evaluation was also examined. Her
urine, coagulation, haematology, and biochemistry tests
all came back negative. The outcomes demonstrated that
there were no problems or negative consequences asso-
ciated with stem cell therapy. The outcomes of the hae-
matology, biochemistry, and coagulation laboratory tests
did not change either. However, throughout a 12-month
period, they did not observe any alterations in their hear-
ing (attributed to individual sensations, PTA, and ABR).

Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Choi, M 2012 3754 293 5 877 1.21 5 7.9% 28.77[25.99, 31.55] 2012 -
Choi, M 2012 2477 1.03 5 5 1.54 5 232% 19.77[18.15,21.39] 2012 +*
Choi, M 2012 3462 432 5 946 55 5 1.6% 2516[19.03,31.29] 2012 I
Choi, M 2012 3162 411 5 946 6.19 5 1.4% 2216[15.65,28.67] 2012 -
Kil 2016 26.96 2.84 5 946 159 5 7.5% 17.50[14.65,20.35] 2016 =
Kil 2016 30 57 5 793 1.32 5 23% 2207[16.94,27.20] 2016 -
Kil 2016 21.09 315 5 5633 17 5 6.2% 15.76[12.62,18.90] 2016 -
Kil 2016 2402 1.21 5 859 311 5 7.2% 15.43[12.50,18.36] 2016 -
Jang 2016 1165 1.56 8 418 078 8 41.9% 7.47[6.26,8.68] 2016 =
Chen 2018 23.96 10.58 5 169 32 5 0.7% 22.27[12.58,31.96] 2018
Total (95% CI) 53 53 100.0% 14.79 [14.01,15.57] []

e iz = _ A ) ) , )
Heterogeneity. Chi*= 304.24, df= 9 (P < 0.00001); F=97% 5o 35 o 25 5

Test for overall effect: Z= 37.05 (P < 0.00001)

Fig. 3 Findings regarding the impact of MSCs on spiral neuron cell density

Favours [control] Favours [experimental]
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Fig. 4 Comparison of performance with standard Cl and cell-coated electrodes

After 3 years of administration, there were no problems
with the stem cell transplantation.

Case 2

A man aged 55 years old reported having hearing loss
on both sides of his hearing. The right and left audiom-
etry thresholds were 47.5 dB and 46 dB, respectively.
The ABR result was the same as the pure tone average
when both thresholds were set to 60 dB. For the aim of
safety evaluation, haematology, biochemistry, coagula-
tion, and urine tests were looked at and found to be all
within normal range.

Additionally, there were no systemically related com-
plications. He underwent hearing tests (PTA, OAE, and
ABR) every month for the next 12 months, but they were
unable to detect any improvement in his hearing. After
3 years of infusion, there was no adverse effect with stem
cell therapy.

In 2018, Linda S. Baumgartner et al. conducted
research on the effects of intravenous autologous hUCB
on eleven children with moderate to severe acquired
SNHL, aged 6 months to 6 years. Five individuals are cat-
egorised as having “acquired SNHL” because they under-
went neonatal screening but later experienced hearing
loss. The six cases are categorised as having “congenital
SNHL” since they failed neonatal screening. Genetic test-
ing for SNHL markers was unfavourable in nine patients.
The other two subjects contracted CMV while still in
the womb. There were no negative outcomes and eleven
patients made it. Haemodynamic alterations unrelated
to the infusion did not take place. There was no evidence
of infusion-related toxicity. Thresholds for the auditory
brainstem response (ABR) decreased in five participants.
Cochlear nerve latencies also improved in four of those
five patients. When MRI with diffusion tensor imaging
(DTI) sequences from before and after treatment were
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compared, three of five participants with lower ABR
thresholds had higher fractional anisotropy (FA) in the
primary auditory cortex. There have been ABR threshold
reductions that are statistically significant (p 0.05).

Discussion

Stem cells may be embryonic origin or from adult tis-
sues, as a product of multicellular organism. Within the
developing embryo, stem cells can be differentiated into
any type of specialised animal tissue and also can be uti-
lised to exchange specialised cells and maintain the tradi-
tional turnover of regenerative organs as in blood, skin,
intestines, and the body’s repair system within the adult
organs [16].

Undifferentiated cells, additionally called pluripotent
stem cells, will give any of the 3 germinal layers (ecto-
derm, mesoderm, and endoderm) and may differenti-
ate into various types of specialised cell sorts. They even
have a limitless capability for self-renewal through multi-
ple cycles of mitotic cell division [17-19]. These qualities
of pluripotent stem cells indicate a variety of potential
clinical applications, like recombinant protein therapy,
drug discovery and development, and regenerative medi-
cine [20, 21]. The best source of pluripotent stem cells up
till recently were embryonic stem cells or cells from the
inner cell mass of the blastula around biological process
days 5 to 8 [17]. Pluripotent stem cells, which are compa-
rable to embryonic stem cells, can be produced by geneti-
cally reprogramming human or mouse cells to cause the
generation of pluripotent stem cells. These cells can be
found in a variety of tissues, including umbilical cord
blood [22-27].

Compared to embryonic stem cells, which have the
capacity to give rise to all functional cell types, including
neurons, cardiomyocytes, and hemopoietic cells, these
induced pluripotent stem cells are more potent [28—-30].
In addition to resolving the moral dilemma surround-
ing the use of human embryonic stem cells from aborted
embryos, the genetic induction of adult mouse or human
tissues to produce induced pluripotent stem cells has
also resolved the difficulty of producing disease-specific
embryonic stem cells [31].

As proven in mice models of sensorineural hearing
loss, direct genetic processing provides an indisputable
method of producing sufficient quantities of patient-spe-
cific induced pluripotent stem cells for stem cell therapy
[32]. In the inner ear, stem cells were used in experiments
to differentiate into hair cells and regenerate auditory
neurons. In the labyrinth, stem cells are used by experi-
mentation with the hope that they would someday turn
out to be hair cells and audile neurons, foetal dorsal root
neural cells [33, 34], neural ancestor cells [35, 36], laby-
rinth stem or progenitor cells [37-39], immortalised
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audile formative cell cells [40, 41], embryonic stem cells
and their derived somatic cell cells [34, 37, 42], and
additionally as marrow stromal cells treated with sonic
hedgehog and retinoic acid [43].

Stem cells with the ability to differentiate into audi-
tory neurons can be used to replace degenerated nerve
fibres after the onset of sensorineural hearing loss [44].
Coleman et al. [44] tested two models for their own abil-
ity to differentiate mice embryonic stem cells in vitro.
Stem cells were stimulated to generate neural precursors
using retinoic acid before it is co-cultured with detached
rat auditory neurons or hair cells derived from postnatal
day 5 rat pups. The cultivation of entire embryoid tis-
sues with hair cell explants produced a large number of
bipolar cells with structure and neural protein expression
similar to human auditory neurons cultured in vitro. As
a result, hair cell tissue and embryoid body co-cultures
are likely to be useful or powerful for obtaining data that
promote auditory neuron development in vitro. Conse-
quently, further research is needed to discover if the neu-
ron-like cells generated by these therapies are successful
and exhibit the electrical characteristics of auditory neu-
rons developed in vivo.

Surprisingly, regardless of the cause of sensorineural
hearing impairment, the degenerative alterations are fre-
quently comparable; hence, molecular production of the
damaged neurons and later implantation shows promise.
The next step in this process may be to figure out how
to protect the regenerated organelles against further
pathological destruction, particularly as a consequence of
autoimmune illness. At the same time, the fact that some
individuals with autoimmune illnesses have effective
organ transplant surgeries is thought-provoking human
ethical considerations that have vigorously fought pro-
gress in this scientific sector. Nonetheless, new technol-
ogies have offered alternatives to the usage of embryos,
utilising various stem cell research methods. Once these
new methods are allowed, stem cell research ought to be
able to move further without the need for embryo bodies.

Clinically, such technical advancement is expected to
enable significant progress in gene therapy and the thera-
peutic treatment of several disputable genome-related
disorders, such as sensorineural deafness.

Future directions

There are clinical difficulties involved with the manage-
ment of noise-related hearing impairment as contrasted
to considerations for abrupt hearing loss. In contrast to
a one-time incidence, most noise-induced deafness is the
product of decades of continuous workplace exposure.
As a result, the most typical suggestion is to avoid expo-
sure to loud noises. Treatment for NIHL must begin in
a quiet location away from high amplitude noises, since
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any improvement brought about by treatment may be
countered by ongoing noise. This presents the dilemma
of treating an old hearing impairment vs the desired out-
comes from a younger person’s ear. The urgent need for
technological advances such as gene editing and regen-
erative medicine research may aid in treating these dif-
ficulties, leading to improved hearing results even in the
elderly ear.

Regardless of the apparent power of genetic engineer-
ing and stem cell treatment, one likely challenge that
must be addressed is defining the strategy and vehicle
of delivery. Direct injection into the round window
membrane, oval window, and lastly to the scala tym-
pani or scala vestibuli through cochleostomy are the
three primary techniques investigated for gene therapy
[45, 46]. The blood-labyrinthine barrier’s integrity may
hypothetically retain the medicinal agent concentration
inside the cochlea, while convection diffusion across
the organ should allow for equitable distribution of the
active ingredient to distal parts of the inner ear [47].

However, any of these ways has the potential to dis-
rupt the high potassium concentration of the endo-
lymph to the perilymph, which may affect the integrity
of these spaces. Viral vectors have been proposed as a
promising delivery method, with effectiveness dem-
onstrated in lab animals. Adenovirus and lentiviruses
have been utilised in vitro and in vivo among many
others [46, 47]. However, their safety and efficacy have
not yet been validated in human studies because of
the possibility of unanticipated mutations and long-
term biological effects at the site of transplantation.
More research is needed before these types of treat-
ment can be considered a viable therapeutic technique
in clinical settings.

Multiple experiments used auditory brainstem
response (ABR) for measuring the efficacy of stem cell
treatment in improving hearing function. However,
the findings of several studies varied. In addition to the
experiments included in the review, three investiga-
tions revealed a significantly decreased ABR threshold
at all frequencies tested [12—-14], and one study discov-
ered visible waveforms in animals on day 3 following
MSC implantation [14]. Regarding histological evidence
of MSC migration of the cochlea, one study discovered
no statically big difference in ABR thresholds in primed
recipient animals [10].

Significant research has revealed that MSCs can dif-
ferentiate into cochlear tissue, indicating that implanted
stem cells can repair hearing and promote hair cell
healing. High noise or ototoxic damage to the cochlea,
according to Choi et al., induces the synthesis of media-
tors that encourage stem cell attachment and penetra-
tion [10]. This is demonstrated by the recruitment of
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stem cells toward the spiral (cochlear) ganglion, as well
as the production of brain-derived neuroprotective fac-
tor (BDNF). On the other hand, Pandit investigated
whether direct stem cells injection into the cochlea
stimulates convergence into cochlear tissue and dis-
covered that olfactory stem cells were not found in the
organ of Corti and spiral ganglia but accumulated in the
scala vestibuli and tympani [7]. Ma, on the other hand,
discovered that MSCs introduced into the subarach-
noid space diffuse to several parts of the cochlea about
4 weeks after implantation including the basal mem-
brane, stria vascularis, and spiral ganglion [14].

According to current research, MSCs may be able
to reduce inflammatory process. Two studies suggest
that after MSC treatment, the generation of IL-10 pro-
duced by T regulatory cells suppresses T helper 1 and
17 [9, 13]. Some of the experiments were conducted on
immune-compromised animals, and the authors ignored
to describe any major side effects or implications of cel-
lular rejection.

Furthermore, the fact that the majority of these deliv-
ery methods are dependent on surgical approaches, as
well as their uncertain long-term effectiveness, may com-
pel the creation of a less disruptive and generally appli-
cable form of delivery. The possible delivery techniques
for stem cells are really being evaluated, and we are still
making gradual but steady progress toward developing
a clinically viable procedure. Finding the complicated
differentiation process relevant to restore inner ear hair
cellular function is another significant issue for stem cell-
based treatment. Wnt, catenin, and Notch are among
the most well-documented signalling pathways [46], but
there are still several interplays and cross-interactions to
be defined in order to make stem cells implantation to
the host simple and, most importantly, safe with no nega-
tive consequences.

Despite these obstacles, genome editing and regenera-
tive medicine can be utilised in conjunction with con-
ventional medicines. Given the large number of people
affected by SNHL, it is critical that we keep pushing this
barrier by investigating the clinical applications of gene
and stem cell therapy. Another potential issue is the lack
of a documented clinical guideline for SNHL, indicating
that there is room for improvement in terms of clinician
agreement and comprehension. Given the likely impact
on a broad population pool in addition to its impact
on health care costs, it is more important than ever to
study innovative treatment methods for SNHL in order
to minimise its terrible socioeconomic impact while also
increasing the people’s quality of life with NIHL. With
technological advancements, genome editing and stem
cell treatments will open up new possibilities for develop-
ing successful treatment solutions for SNHL.
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Conclusion

Human studies have not yet largely succeeded. Yet, stem
cell therapy and other regeneration technologies appear
to be the way of the future for treating resistive sen-
sorineural hearing loss. As a result, there is a must for
more clinical trial research in this field of regenerative
medicine.
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