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ABSTRACT

Context: One of the research areas is using stem cell transplantation for treating children’s
sensorineural hearing loss. Preclinical studies and testing of the stem cell types have been

Article info: ¢ performed in this field, and relative improvement has been achieved.
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Results: In 2018, the first human study was performed with stem cells from the human umbilical cord,
which has promising results regarding the safety of the method and its positive effects on hearing.
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1. Context sensory hair cells of the afferent nerve pathway. The

severity of SNHL can range from mild to profound. The

he prevalence of hearing loss is about 5% moderate to profound cases certainly require thera-

(466 million people) in the world, and almost peutic management; otherwise, it can result in defects

34 million of them are children. The World in speech and communication skills. Cochlear Implanta-

Health Organization (WHO) estimates that tion (Cl) is the only helpful treatment for profound hear-

about 900 million people will suffer from ing loss. It is a metal implant placed inside the cochlea.

hearing loss by 2050 [1, 2]. Sensorineural Hearing Loss Clis not satisfactory in children with auditory neuropathy.

(SNHL) is a type of hearing loss caused by damage to Also, it is costly for patients and the health system.
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Considering the effect of stem cell transplantation in
some neurological diseases, stem cell therapy could be a
novel therapeutic approach in children with moderate to
profound SNHL [3]. The mammalian body tissues, including
humans, have Stem Cells (SCs) that remain after birth and
can be useful in regeneration medicine for some diseases.
There is no evidence of the existence of SCs in nervous and
sensory cells of the cochlea after birth [4-6].

Some studies suggest that the existing hematopoietic
stem cells from bone marrow in the mature inner ear can
differentiate into fibrocytes or resident macrophages, but
there is no data about developing them to hair cells [7-9].
However, it is unknown how to activate them, too. There-
fore, an alternative strategy of using an external source of
stem cells is necessary. Some supporting cells in the co-
chlea can transdifferentiate to hair cells if they follow the
metaplasia pathway [10-12].

Some studies have investigated the role of human stem
cells in the replacement of damaged cells in the Corti Or-
gan in animal models. These studies were demonstrated
the potential ability of human stem cells in regeneration
medicine in the hearing system [13-15].

The survival and differentiation of the stem cells have
shown variable and challenging outcomes. The studies
have elucidated that some molecular agents and fibroblast
growth factors can be effective in inner ear development.
The otic progenitor cells are produced from human Stem
Cells (hSCs). Under special in vitro conditions, these cells
are differentiated to hair cell-like cells and auditory neu-
ron-like cells [16, 17].

Experimental studies have reported the recovery of Audi-
tory Brainstem Response (ABR) following stem cell trans-
plantation in some auditory injuries. There was a limitation
in survival, differentiation, and integration of those stem
cellsin the cochlea, but the observed hearing recovery was
theoretically explainable with paracrine signaling by stem
cells in the cochlea space [18, 19]. Recently, extensive re-
search has been reported on the role of stem cell therapy
for some neurological disorders in children. The reports
demonstrated the safety and relative improvement in
some disorders such as cerebral palsy, autism disorder, and
muscular dystrophy [20].

This review aims to introduce the types of stem cells and
routes of transplantation used for hearing regeneration, as
well as recent advances for the therapy of SNHL in children.
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2. Evidence Acquisition

In this narrative review article, we investigated the lit-
erature regarding hearing regeneration with stem cell
transplantation. For this purpose, we searched PubMed,
Scopus, and Google scholar from 2000 through 2020.
The following keywords were used to search in the
above databases in the English Language: ([Sensory
Neural Hearing Loss] OR [SNHL] AND [stem cell]). After
the abstract screening, the full text of related studies
was reviewed, and studies about stem cell transplan-
tation in the vestibular system and meeting abstracts,
editorials, letters, and commentaries were excluded. An
additional manual search was performed using refer-
ence lists from the research studies and review articles
to identify other eligible studies. Full-text articles for
hearing regeneration using stem cell transplantation in
animals or humans, especially children, were investigat-
ed in this narrative review. We had independently eval-
uated the studies in terms of the published year, type of
sample, and results and discrepancies had agreed using
discuss together or a third party as a referee.

3. Results
The types of stem cell in hearing regeneration

Many in vivo and in vitro studies have been conduct-
ed to repair damaged cochlea and SNHL. The various
stem cell types were applied for transplantation in the
cochlea. The majority of transplanted stem cells were
xenogenic transplantation [21-23].

There are three types of stem cells in cell regeneration
that consist of Embryonic Stem Cells (ESCs), adult stem
cells, and Induced Pluripotent Stem Cells (IPSCs) [24].
These cells can present cellular markers of otic progeni-
tor cells in vitro using special protocols and activation of
some known signals. The otic progenitor cells, in compar-
ison with primary SCs, had a lower risk of tumorigenesis
[16, 25, 26]. These cells could be represented some hair
cell markers such as ATOH1, Myo7A, BRN3 in the animal
model after 4 weeks of transplantation, but they lacked
enough integrated cells and synapses competent in the
microstructure of the Corti Organ [16, 27-29]. These dif-
ferentiated cells to hair cells had not electrophysiologi-
cally maturated and developed; perhaps acoustic stimuli
can be effective in the maturation process [25].

ESCs are prepared from mammalian embryonic blas-
tocysts with unlimited reproducibility and could dif-
ferentiate into any three embryonic layers (ectoderm,
endoderm, or mesoderm). There are shortcomings for
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using the ESCs, including ethical issues due to the de-
struction of a viable embryo, high probability of trans-
plantation rejection, and tumorigenesis risk after years
of transplantation [24, 30, 31].

Adult stem cells are a common sample for stem cell
transplantation prepared from the matured tissue of a
mammalian. These cells can regenerate and differenti-
ate into specialized cell types from the same tissue or
other organs. Their advantages are preparing easily, hav-
ing fewer moral problems, and posing a low risk of re-
jection compared to ESCs [32]. The most common adult
stem cells used for hearing regeneration are Mesenchy-
mal Stem Cells (MSCs). These cells decrease the risk of
transplantation rejection by regulating immune system
function and lymphocyte proliferation [33]. MSCs show
homing properties and can travel toward injured tis-
sues (inflammation or tumor sites) in mechanisms simi-
lar to white blood cell migration and penetration from
the endothelial layer. This mechanism defines with the
activation of surface adhesion molecules of MSCs and
releasing of various cytokines and growth factors such
as stromal cell-derived factor, fibroblast growth factor,
and platelet-derived growth from damaged tissue [10,
33-35]. MSCs, in comparison with other stem cells, have
less expensive and easier preparation and tumorigene-
sis risk. It has been reported that those cells can convert
to neural cells due to neuroprotective property [36, 37].
These cells can be subpopulations from various sources
such as bone marrow, peripheral blood, umbilical cord,
fat tissue, and other tissues, that the bone marrow is
the most critical source [33, 38].

Some preclinical studies reported the expression of
specific cellular markers related to hair cells and otic
progenitor cells in the differentiated process of MSCs
[14, 16, 39, 40]. MSCs are successfully differentiated
into fibrocyte-like cells in animal models, and they can
play the role of molecular and structural supports for
the damaged Corti Organ and auditory epithelium layer
[41]. Human MSCs have been demonstrated the capa-
bility of transplantation and differentiation in animal
models with the different damages of the hearing sys-
tem, such as injury cells in the Corti Organ, spiral gan-
glion neurons, or fibrocytes [14, 16, 21, 42-44].

An interesting point about other properties of those
cells is the presence of sensitive receptors to mechani-
cal stimulation in the surface of MSC. In some studies, it
has been observed that the stimulation of these recep-
tors with sound stimuli has increased proliferation and
differentiation of MSCs [16, 45-47].
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There is another type of adult stem cell as neural
stem cells. Neural stem cells can be derived from some
glial cells. The olfactory epithelium, due to its markers,
is similar to auditory epithelial markers, so it is an ap-
propriate source for the preparation of those cells. The
neural stem cells have specific receptors that bind with
potential chemical factors secreted from the Schwann
cells of the damaged auditory nerve [48, 49].

The third group of stem cells is the Induced Pluripotent
Stem Cells (IPSCs) derived from each somatic tissue in
vitro and then are reprogrammed to differentiate into
cells from any of the three germ layers [50, 51]. They
are currently being evaluated in animal studies so that
it was primarily reported in vitro. Another advantage of
them is reducing immune rejection due to the capability
of transplanted autologously. However, those cells have
some disadvantages, such as a reduced proliferation
and tumorigenic potential to form teratomas in trans-
planted organs [15, 52-54].

Human IPSCs are used to obtain hair cells and audi-
tory neurons in vitro so that their differentiation is as-
sociated with the choice of culture medium and growth
factors, activation of fibroblast growth factors signal-
ing pathway, and inhibition of signaling pathway such
as Notch signaling to produce otic differentiated cells
[55]. The establishment of differentiated otic cells is the
expression of several specific markers (PAX8/2, SOX2,
and GATA3) in developmental stages as an otic epithe-
lial progenitor. After 4 weeks, these cells can express
cell markers like hair cells such as MYOSIN 7A, Espin,
ATOH1, and cell markers of an auditory neuron consist
of B-tubulin and synapsin [26, 56].

Routes of transplantation of stem cell

Survival and differentiation rates of implanted cells are
indirectly dependent on the route of transplantation
[7]. Generally, there are two transplantation approach-
es: local (cochlea) and systemic approaches. The local
transplantation aims to deliver cells to the Corti Organ.
This procedure is flawless if it is done directly, but it is in-
accessible due to the microstructure of this organ [12].
Local implantations are commonly reported in animal
studies. Those implantations could be delivering cells
into the scala tympani, scala media, modiolus, posteri-
or, or horizontal semicircular ducts using cochleostomy
or labyrinthectomy. Recently a study reported delivery
of MSCs to the cochlear nerve trunk using the occipital
bone approach. This procedure was reported a new suc-
cessful route without damaging cochlea tissue [18].
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The local approach would offer advantages, such as
the ability to place cells in the Corti Organ and release
of specific factors into the microenvironment of scala
media and also higher survival and engraftment rates of
stem cells than extra skull transplantation. Disadvantag-
es of this approach can be the risk of injury to cochlear
structure, infection, meningitis, and unevaluable compli-
cations like vertigo and tinnitus [11, 16, 17, 22, 57, 58].

The results of transplantation of stem cells into the
sidewall tissue of the cochlea, the modiolus, or the co-
chlear nerve showed an increased survival rate of cells
and also migration to the canal of Rosenthal. These
routes seem more efficient than other local routes such
as scala tympani [12, 49, 59].

One of the most significant challenges in stem cell trans-
plantation is potassium-rich endolymph in the cochlea
that induces a hostile medium for implanted cells and
decreases the survival rate. So rising survival and hom-
ing cells were reported by induction of derived factors
from connective tissue stroma, such as SDF1 and MCP
1 and MSC with specific receptors [21, 34, 42, 60-62].

The systemic approach can be intravenous transplanta-
tion and subarachnoid injection. This approach does not
cause direct damage to the cochlea, although the chance
of reaching cells to the cochlea is not significant [14].
Intravenous stem cell transplantation needs more num-
bers of stem cells than other routes of transplantation.
A significant part of injected stem cells is trapped in the
lung tissue, and only a small number reaches the cochlea
tissue [63]. So enough volume is necessary for the injec-
tion of stem cells. Theoretically, injection through the
vertebral artery is better than peripheral arteries such as
the caudal artery (animal tail) due to bypass of the pul-
monary circulation. But this procedure is challenging and
needs expertise. There are some potential complications
such as endolymph disturbance, vertigo, and tinnitus in
intravenous transplantation. A study reported that intra-
venously transplanted stem cells have various distribu-
tions in the cochlea, and more cells can be found in the
spiral ganglions. It may propose higher permeability of
capillaries in spiral ganglion than stria vascularis [14].

A subarachnoid injection is a nonconventional approach
in animal studies. The auditory nerve and cortex are float-
ing in CSF and are connected with perilymph, so the
transplanted cells can probably be attached around neu-
ral fibers and induced functional gain. These advantages
include the lower volume of cells in comparison with
intravenous injection, passing easily blood-brain barrier
and also do not entrap in the pulmonary system [44].

Journal of Pediatrics Review

Human umbilical cord blood stem cells

Two main types of stem cell transplantation are au-
tologous and allogenic based on who donates the stem
cells. Autologous transplant stem cells are prepared by
the patients and used for themselves. An allogeneic
transplant is from a person other than the patient. The
stem cells for transplant (autologous or allogenic), usu-
ally derived from bone marrow, peripheral blood, or
umbilical cord blood [64].

Bone marrow is an essential and available source of
stem cells used for bone marrow deficiency such as
aplastic anemia about 40 years ago. After peripheral
blood and bone marrow, the Human Umbilical Cord
Blood (HUCB) is introduced as a novel and worthy
source for stem cells during recent decades. HUCB is not
only a much-enriched source for stem cells, but it also
has less immunogenic characteristics and a higher inci-
dence of acute graft-versus-host disease as compared
with other sources [65, 66].

Another benefit compared to the bone marrow can be
noted as follows: useable in allogeneic transplantation
without the need for matching HLA antigen, easy and low-
cost preparation, probably accelerated transplantation due
to the presence of mesenchymal cells along with other
mononuclear cells, high plasticity for nerve tissue repair,
presence of molecules and chemical factors, such as neu-
roprotectants. So even if they do not reach the target tis-
sue, such as the cochlea, these factors will positively affect
the damaged tissue [35, 66, 67].

There are abundant mononuclear cells in HUCB, and
each one has different functions and behaviors. Those
cells could be obtained easily with no injury to the infant
or his/her mother, in contrast with embryonic stem cells
with their ethical issues. The most important mono-
nuclear cells consist of hematopoietic stem cells, endo-
thelial progenitor cells, immature lymphocytes, mono-
cytes, and mesenchymal stem cells (Figure 1). Because
of the low number of mesenchymal cells, the volume
of HUCB should be appropriate to obtain the beneficial
effects in transplants [65].

The evidence has demonstrated the efficacy of HUB
in repairing SNHL in preclinical and clinical studies. Re-
voltella et al. injected HUCB intravenously to deaf mice
(caused by kanamycin treatment and or intense noise)
and demonstrated the migration of stem cells in the
Corti Organ using histology analysis. They observed
morphological recovery in the inner ear of transplanted
mice as compared with a control group [68].
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Figure 1. Human umbilical cord blood-derived mononuclear cells

Choi et al. confirmed the positive effect of mesenchy-
mal stem cell-derived HUCB transplanted intravenously
in guinea pigs with the SNHL model (application of oua-
bain and neomycin). They found an improvement of the
ABR threshold of up to 40 dB compared to 80-90 dB in
the control group that had a saline injection. Also, they
showed an increase in hair cells and spiral ganglion cells
in the cochlea of transplanted guinea pig [58].

Stem cell therapy on human samples

Several clinical trials tested a single intravenous infu-
sion of umbilical cord blood in children with some ner-
vous system disorders and evaluated its safety and ef-

Table 1. List of registered clinical trials in Cinical Trials.Gov. website
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ficiency. Sun et al. showed that children with cerebral
palsy who received a high dose of mononuclear cells
demonstrated beneficial effects on motor function
and brain connectivity [69]. Those improvements can
be proposed through paracrine signaling. In the phase
1 study of Dawson, autologous umbilical cord blood
was administered in children with autism spectrum dis-
orders. He and his colleagues reported the safety and
feasibility of this procedure and also significant behav-
ioral improvements after infusion [70]. Laskowitz et al.
investigated the effect of allogeneic HUB in adults with
ischemic stroke. They found improvement in the neu-
rological function score along with its safetyness [71].

Sponsor/Author  NCT Number Title Population Status Location
Safety of Autologous Umbilical Cord Blood  Six Weeks to 6 Florida Hospital,
Baumgartner [76] NCT02038972 Therapy for Acquired Sensorineural Hear- Years (Child)/ Completed Orlando, Florida,
ing Loss in Children all sex United States
Florida Hospital for
Autologous Bone Marrow Harvest and Two to 6 Years/ Children, Orlando,
ey 7] M Y2 Transplant for Sensorineural Hearing Loss all sex S Florida, United
States
Safety of Autologous Human Umbilical Six Weeks to C:::j;g:\:\ l\l_/:s:q?[;'fl
Baumgartner [78] NCT01343394  Cord Blood Mononuclear Fraction to Treat 18 Months Suspended pital,

Acquired Hearing Loss in Children

Houston, Texas,

(Child)/all sex United States
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Mucopolysaccharidosis is an X-linked lysosomal stor-
age disorder in children that affects multiple systems,
such as the auditory nervous system. Those children
show progressive SNHL. Some studies reported stopped
progression of SNHL or improvement of defect due to
the effect of stem cell therapy in children with muco-
polysaccharidosis |, Il related to starting injection [72-
74]. Also, in an observational study, significant hearing
improvement has been reported in receiving intrave-
nous hematopoietic stem cells from the cord blood [75].

In our literature review, there are currently clinical tri-
als that have been registered in the clinical trials data-
base website (Table 1), and the scientific report of one
of those was published in 2018. Baumgartner et al. in-
vestigated the effect of autologous umbilical cord blood
on 11 children with acquired SNHL. In this clinical trial,
all children had moderate to profound hearing loss, and
their ages ranged between 5 months to 7 years. They
received a single intravenous HUCB with a mononuclear
cell dose of 15x10° per kg and monitored during infu-
sion. To control the toxicity of the systemic organs, they
visited three times in one year after infusion. Children
had audiological and neurological assessments before
and after infusion (1, 6, 12 months) and brain MRI with
DTI technique in 12 months. Audiologic data were ob-
tained using ABR (auditory brainstem response), OAE
(otoacoustic emission), audiogram, and tympanometry.
The results of this study were hopeful because there
were no toxicity and complications. Five out of 11 chil-
dren showed a decrease in the ABR threshold. They
were from 8 patients who had been received a higher
dose of cells. Also, there was evidence showing an increase
in white matter regions of the primary auditory cortex in
fractional anisotropy of MRI [76]. Currently, two clinical tri-
als have registered and have not ended yet [77, 78].

Previously, a case report was published by Lee et al. about
autologous bone marrow stem cell treatment in SNHL.
They found no significant response in hearing improve-
ment, but in line with Baumgartner’s study, they had no
complications. It was explainable that patients were adults
with SNHL and another with mixed hearing loss [79].

Stem cell therapy for hearing loss in humans (children)
is at the beginning. The auditory and other researchers
should be aware of the problems and challenges of stem
cell therapy in hearing regeneration. One of the future
applications of stem cells is the combination therapy
of cochlear implantation with stem cells. It is proposed
that stem cell-derived neurons can improve the hearing
condition. Those probably can produce higher rates of
action potential per second [80]. It is necessary to do
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more research about the effect of electrical stimulation
in promoting differentiation and proliferation of trans-
planted stem cells in cochlea tissue [80].

4. Conclusion

Stem cell transplantation in humans, especially chil-
dren, requires further studies with larger sample sizes.
The time interval between the onset of acquired SNHL
and the transplantation of cells can probably influence
the results because the fibrous formation in damaged
regions may decrease the chance of placing transplanted
cells. Although molecular mechanisms and chemical sig-
nals underlying auditory electrophysiology have not been
fully understood, autologous transplantation had induced
relative improvement without serious adverse events.

Future direction

It has been seen that electrical stimuli play a posi-
tive role in the differentiation of cells (neurons) using
the release of biological factors. Hence acoustic and or
electrical stimuli may be helpful in stem cell transplan-
tation of the auditory system. However, more studies
are required in responding to challenges and identifying
influential factors in transplantation. As well, allogenic
transplantation with HUCB should be studied as an al-
ternative for autologous transplantation.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Medical Ethics Commit-
tee of Iran University of Medical Sciences, Tehran.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors' contributions

Both authors equally contributed to preparing this article.
Conflicts of interest

The authors declared no conflict of interest.
Acknowledgements

The authors would like to thank the Department of
Audiology, Rehabilitation Research Center, School of




Journal of Pediatrics Review

July 2021, Volume 9, Issue 3, Number 23

Rehabilitation Sciences, Iran University of Medical Sci- 12. Okano T, Kelley MW. Stem cell therapy for the inner ear:
ences, Tehran. Recent advances and future directions. Trends in Amplifica-

References

1. World Health Organization. Deafness and hearing loss

[Internet]. 2020 [Updated 2021 April 1]. Available from:
https://www.who.int/news-room/fact-sheets/detail/
deafness-and-hearing-loss.

. Schmucker C, Kapp P, Motschall E, Loehler J, Meerpohl
J). Prevalence of hearing loss and use of hearing aids
among children and adolescents in Germany: A sys-
tematic review. BMC Public Health. 2019; 19:1277.
[DOI:10.1186/s12889-019-7602-7] [PMID]

. Grindle CR. Pediatric hearing ILoss. Pediatrics in Review.
2014; 35(11):456-64. [DOI:10.1542/pir.35-11-456]
[PMID]

.Janas JD, Cotanche DA, Rubel EW. Avian cochlear hair
cell regeneration: Stereological analyses of damage and
recovery from a single high dose of gentamicin. Hear-
ing Research. 1995; 92(1-2):17-29. [DOI:10.1016/0378-
5955(95)00190-5] [PMID]

. Simoni E, Orsini G, Chicca M, Bettini S, Franceschini V,
Martini A, et al. Regenerative medicine in hearing recov-
ery. Cytotherapy. 2017; 19(8):909-15. [DOI:10.1016/].
jcyt.2017.04.008] [PMID]

. Warwick R. Stem cell replacement therapy for the mam-
malian inner ear: A systematic literature review [PhD.
dissertation]. New York: The City University of New York;
2011. https://academicworks.cuny.edu/gc_etds/2238/

. Duran-Alonso MB. Stem cell-based approaches: Pos-
sible route to hearing restoration? World Journal of
Stem Cells. 2020; 12(6):422-37. [DOI:10.4252/wjsc.v12.
i6.422] [PMID]

. Lang H, Ebihara Y, Schmiedt RA, Minamiguchi H, Zhou D,
Smythe N, et al. Contribution of bone marrow hemat-
opoietic stem cells to adult mouse inner ear: Mesenchy-
mal cells and fibrocytes. Journal of Comparative Neurol-
ogy. 2006; 496(2):187-201. [DOI:10.1002/cne.20929]
[PMID]

. Okano T, Nakagawa T, Kita T, Kada S, Yoshimoto M, Naka-
hata T, et al. Bone marrow-derived cells expressing Ibal
are constitutively present as resident tissue macrophag-
es in the mouse cochlea. Journal of Neuroscience Re-
search. 2008; 86(8):1758-67. [DOI:10.1002/jnr.21625]
[PMID]

10. Defourny J, Mateo Sanchez S, Schoonaert L, Robbere-

cht W, Davy A, Nguyen L, et al. Cochlear supporting cell
transdifferentiation and integration into hair cell layers
by inhibition of ephrin-B2 signalling. Nature Communi-
cations. 2015; 6:7017. [DOI:10.1002/jnr.21625] [PMID]

11. Jiang L, Jin R, Xu J, Ji Y, Zhang M, Zhang X, et al. Hair cell

regeneration or the expression of related factors that
regulate the fate specification of supporting cells in the
cochlear ducts of embryonic and posthatch chickens.
Hearing Research. 2016; 332:17-28. [DOI:10.1016/].
heares.2015.12.001] [PMID]

13.

14.

15.

16.

17.

18.

19

20.

21.

tion. 2012; 16(1):4-18. [DOI:10.1177/1084713812440336]
[PMID]

Bettini S, Franceschini V, Astolfi L, Simoni E, Mazzanti B, Mar-
tini A, et al. Human mesenchymal stromal cell therapy for
damaged cochlea repair in nod-scid mice deafened with kan-
amycin. Cytotherapy. 2018; 20(2):189-203. [DOI:10.1016/].
jcyt.2017.11.003] [PMID]

Choi BY, Song JJ, Chang SO, Kim SU, Oh SH. Intravenous
administration of human mesenchymal stem cells after
noise-or drug-induced hearing loss in rats. Acta Oto-Lar-
yngologica. 2012; 132(Suppl 1):594-102. [DOI:10.1016/].
jcyt.2017.11.003]

Gutierrez-Aranda |, Ramos-Mejia V, Bueno C, Munoz-Lopez
M, Real PJ, Mdcia A, et al. Human induced pluripotent stem
cells develop teratoma more efficiently and faster than hu-
man embryonic stem cells regardless the site of injection.
Stem Cells. 2010; 28(9):1568-70. [DOI:10.1002/stem.471]
[PMID]

Chen J, Hong F, Zhang C, Li L, Wang C, Shi H, et al. Differentia-
tion and transplantation of human induced pluripotent stem
cell-derived otic epithelial progenitors in mouse cochlea.
Stem Cell Research & Therapy. 2018; 9:230. [DOI:10.1186/
$13287-018-0967-1] [PMID]

Cho YB, Cho HH, Jang S, Jeong HS, Park JS. Transplantation
of neural differentiated human mesenchymal stem cells into
the cochlea of an auditory-neuropathy guinea pig model.
Journal of Korean Medical Science. 2011; 26(4):492-8.
[DOI:10.3346/jkms.2011.26.4.492] [PMID]

Chen HC, Liang CM, Wang CH, Huang MY, Lin YY, Shih CP, et
al. Transplantation of human limbus-derived mesenchymal
stromal cells via occipital approach improves hearing in
animal auditory neuropathy. International Journal of Pedi-
atric Otorhinolaryngology. 2019; 117:67-72. [DOI:10.1016/j.
ijporl.2018.11.018] [PMID]

. Pandit SR, Sullivan JM, Egger V, Borecki AA, Oleskevich S.

Functional effects of adult human olfactory stem cells on
early-onset sensorineural hearing loss. Stem Cells. 2011;
29(4):670-7. [DOI:10.1002/stem.609] [PMID]

Sharma A, Sane H, Gokulchandran N, Badhe P, Kulkarni P, Pai
S, et al. Stem cell therapy in pediatric neurological disabili-
ties. In: Tan U, editor. Physical Disabilities - Therapeutic Im-
plications. London: IntechOpen; 2017. [DOI:10.5772/67656]

Kamiya K, Fujinami Y, Hoya N, Okamoto Y, Kouike H, Komat-
suzaki R, et al. Mesenchymal stem cell transplantation accel-
erates hearing recovery through the repair of injured coch-
lear fibrocytes. The American Journal of Pathology. 2007;
171(1):214-26. [DOI:10.2353/ajpath.2007.060948] [PMID]

Oroei M & Ahadi M. Stem Cell Therapy and Sensorineural Hearing Loss. J Pediatr Rev. 2021; 9(3):219-228.



https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://pubmed.ncbi.nlm.nih.gov/31533687/
https://doi.org/10.1542/pir.35-11-456
https://pubmed.ncbi.nlm.nih.gov/25361905/
https://linkinghub.elsevier.com/retrieve/pii/0378595595001905
https://linkinghub.elsevier.com/retrieve/pii/0378595595001905
https://pubmed.ncbi.nlm.nih.gov/8647739/
https://doi.org/10.1016/j.jcyt.2017.04.008
https://doi.org/10.1016/j.jcyt.2017.04.008
https://pubmed.ncbi.nlm.nih.gov/28532627/
https://academicworks.cuny.edu/gc_etds/2238/
https://doi.org/10.4252/wjsc.v12.i6.422
https://doi.org/10.4252/wjsc.v12.i6.422
https://pubmed.ncbi.nlm.nih.gov/32742560/
https://doi.org/10.1002/cne.20929
https://pubmed.ncbi.nlm.nih.gov/16538683/
https://doi.org/10.1002/jnr.21625
https://pubmed.ncbi.nlm.nih.gov/18253944/
https://doi.org/10.1038/ncomms8017
https://pubmed.ncbi.nlm.nih.gov/25923646/
https://doi.org/10.1016/j.heares.2015.12.001
https://doi.org/10.1016/j.heares.2015.12.001
https://pubmed.ncbi.nlm.nih.gov/26688175/
https://doi.org/10.1177/1084713812440336
https://pubmed.ncbi.nlm.nih.gov/22514095/
https://doi.org/10.1016/j.jcyt.2017.11.003
https://doi.org/10.1016/j.jcyt.2017.11.003
https://pubmed.ncbi.nlm.nih.gov/29246648/
https://doi.org/10.3109/00016489.2012.660731
https://doi.org/10.3109/00016489.2012.660731
https://doi.org/10.1002/stem.471
https://pubmed.ncbi.nlm.nih.gov/20641038/
https://doi.org/10.1186/s13287-018-0967-1
https://doi.org/10.1186/s13287-018-0967-1
https://pubmed.ncbi.nlm.nih.gov/30157937/
https://doi.org/10.3346/jkms.2011.26.4.492
https://pubmed.ncbi.nlm.nih.gov/21468255/
https://doi.org/10.1016/j.ijporl.2018.11.018
https://doi.org/10.1016/j.ijporl.2018.11.018
https://pubmed.ncbi.nlm.nih.gov/30579092/
https://doi.org/10.1002/stem.609
https://pubmed.ncbi.nlm.nih.gov/21312317/
https://www.intechopen.com/chapters/55171
https://doi.org/10.2353/ajpath.2007.060948
https://pubmed.ncbi.nlm.nih.gov/17591967/

July 2021, Volume 9, Issue 3, Number 23

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lee MY, Park YH. Potential of gene and cell therapy for in-
ner ear hair cells. BioMed Research International. 2018;
2018:8137614. [DOI:10.1155/2018/8137614] [PMID] [PM-
CID]

Matsuoka AJ, Kondo T, Miyamoto RT, Hashino E. In vivo and
in vitro characterization of bone marrow-derived stem cells
in the cochlea. The Laryngoscope. 2006; 116(8):1363-7.
[DOI:10.1097/01.mlg.0000225986.18790.75] [PMID]

Dufner-Almeida LG, da Cruz DB, Mingroni Netto RC, Ba-
tissoco AC, Oiticica J, Salazar-Silva R. Stem-cell therapy
for hearing loss: Are we there yet? Brazilian Journal of
Otorhinolaryngology. 2019; 85(4):520-9. [DOI:10.1016/j.
bjorl.2019.04.006] [PMID]

Boddy SL, Chen W, Romero-Guevara R, Kottam L, Bel-
lantuono |, Rivolta MN. Inner ear progenitor cells can be
generated in vitro from human bone marrow mesenchy-
mal stem cells. Regenerative Medicine. 2012; 7(6):757-67.
[DOI:10.2217/rme.12.58] [PMID]

Lahlou H, Nivet E, Lopez-Juarez A, Fontbonne A, Assou S,
Zine A. Enriched differentiation of human otic sensory
progenitor cells derived from induced pluripotent stem
cells. Frontiers in Molecular Neuroscience. 2018; 11:452.
[DOI:10.3389/fnmol.2018.00452] [PMID] [PMCID]

Chen W, Jongkamonwiwat N, Abbas L, Eshtan SJ, Johnson
SL, Kuhn' S, et al. Restoration of auditory evoked responses
by human ES-cell-derived otic progenitors. Nature. 2012;
490(7419):278-82. [DOI:10.1038/nature11415] [PMID]

Duran Alonso MB, Feijoo-Redondo A, Conde de Felipe M,
Carnicero E, Garcia AS, Garcia-Sancho J, et al. Generation
of inner ear sensory cells from bone marrow-derived hu-
man mesenchymal stem cells. Regenerative Medicine.
2012; 7(6):769-83. [DOI:10.2217/rme.12.65] [PMID]

Lee JH, Kang WK, Seo JH, Choi MY, Lee YH, Kim HM, et al.
Neural differentiation of bone marrow-derived mesenchy-
mal stem cells: Applicability for inner ear therapy. Korean
Journal of Audiology. 2012; 16(2):47-53. [DOI:10.7874/
kja.2012.16.2.47] [PMID]

Hu Z, Ulfendahl M. The potential of stem cells for the resto-
ration of auditory function in humans. Regenerative Medi-
cine. 2013; 8(3):309-18. [DOI:10.2217/rme.13.32] [PMID]

Volarevic V, Markovic BS, Gazdic M, Volarevic A, Jovicic N,
Arsenijevic N, et al. Ethical and safety issues of stem cell-
based therapy. International Journal of Medical Sciences.
2018; 15(1):36-45. [DOI:10.7150/ijms.21666] [PMID]

Poulsom R, Alison MR, Forbes SJ, Wright NA. Adult stem cell
plasticity. The Journal of Pathology. 2002; 197(4):441-56.
[DOI:10.1002/path.1176]

Marofi F, Vahedi G, Hasanzadeh A, Salarinasab S, Arzhanga
P, Khademi B, et al. Mesenchymal stem cells as the game-
changing tools in the treatment of various organs disor-
ders: Mirage or reality? Journal of Cellular Physiology.
2019; 234(2):1268-88. [DOI:10.1002/jcp.27152] [PMID]

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Journal of Pediatrics Review

Peyvandi AA, Ahmady Roozbahany N, Peyvandi H, Abbasza-
deh HA, Majdinasab N, Faridan M, et al. Critical role of
SDF-1/CXCR4 signaling pathway in stem cell homing in the
deafened rat cochlea after acoustic trauma. Neural Regen-
eration Research. 2018; 13(1):154-60. [DOI:10.4103/1673-
5374.224382] [PMID]

Weiss ML, Troyer DL. Stem cells in the umbilical cord. Stem
Cell Reviews. 2006; 2(2):155-62. [DOI:10.1007/s12015-
006-0022-y] [PMID]

Chen J, Li Y, Wang L, Zhang Z, Lu D, Lu M, et al. Therapeu-
tic benefit of intravenous administration of bone marrow
stromal cells after cerebral ischemia in rats. Stroke. 2001;
32(4):1005-11. [DOI:10.1161/01.STR.32.4.1005] [PMID]

Kopen GC, Prockop DJ, Phinney DG. Marrow stromal
cells migrate throughout forebrain and cerebellum, and
they differentiate into astrocytes after injection into neo-
natal mouse brains. Proceedings of the National Acad-
emy of Sciences. 1999; 96(19):10711-6. [DOI:10.1073/
pnas.96.19.10711] [PMID]

Tan BT, Lee MM, Ruan R. Bone marrow-derived cells that
home to acoustic deafened cochlea preserved their he-
matopoietic identity. Journal of Comparative Neurology.
2008; 509(2):167-79. [DOI:10.1002/cne.21729] [PMID]

Fetoni AR, Lattanzi W, Eramo SLM, Barba M, Paciello F,
Moriconi Ch, et al. Grafting and early expression of growth
factors from adipose-derived stem cells transplanted into
the cochlea, in a guinea pig model of acoustic trauma. Fron-
tiers in Cellular Neuroscience. 2014; 8:334. [DOI:10.3389/
fncel.2014.00334] [PMID] [PMCID]

Lattanzi W, Geloso MC, Saulnier N, Giannetti S, Puglisi MA,
Corvino V, et al. Neurotrophic features of human adipose
tissue-derived stromal cells: In vitro and in vivo stud-
ies. BioMed Research International. 2011; 2011:468705.
[DOI:10.1016/j.ijporl.2013.03.011] [PMID]

Kasagi H, Kuhara T, Okada H, Sueyoshi N, Kurihara H. Mes-
enchymal stem cell transplantation to the mouse cochlea
as a treatment for childhood sensorineural hearing loss. In-
ternational Journal of Pediatric Otorhinolaryngology. 2013;
77(6):936-42. [DOI:10.1016/j.ijporl.2013.03.011] [PMID]

Kamiya K. Inner ear cell therapy targeting hereditary deaf-
ness by activation of stem cell homing factors. Frontiers in
Pharmacology. 2015; 6:2. [DOI:10.3389/fphar.2015.00002]
[PMID] [PMCID]

Kil K, Choi MY, Kong JS, Kim WJ, Park KH. Regenerative ef-
ficacy of mesenchymal stromal cells from human placenta
in sensorineural hearing loss. International Journal of Pedi-
atric Otorhinolaryngology. 2016; 91:72-81. [DOI:10.1016/j.
ijporl.2016.10.010] [PMID]

MaY, Guo W, YiH, Ren L, Zhao L, Zhang Y, et al. Transplantation
of human umbilical cord mesenchymal stem cells in cochlea
to repair sensorineural hearing. American Journal of Transla-
tional Research. 2016; 8(12):5235-45. [PMID] [PMCID]



https://www.hindawi.com/journals/bmri/2018/8137614/
https://pubmed.ncbi.nlm.nih.gov/30009175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6020521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6020521/
https://doi.org/10.1097/01.mlg.0000225986.18790.75
https://pubmed.ncbi.nlm.nih.gov/16885736/
https://linkinghub.elsevier.com/retrieve/pii/S1808869419300357
https://linkinghub.elsevier.com/retrieve/pii/S1808869419300357
https://pubmed.ncbi.nlm.nih.gov/31186186/
https://doi.org/10.2217/rme.12.58
https://pubmed.ncbi.nlm.nih.gov/23164077/
https://www.frontiersin.org/articles/10.3389/fnmol.2018.00452/full
https://pubmed.ncbi.nlm.nih.gov/30618604/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6306956/
https://doi.org/10.1038/nature11415
https://pubmed.ncbi.nlm.nih.gov/22972191/
https://doi.org/10.2217/rme.12.65
https://pubmed.ncbi.nlm.nih.gov/23164078/
https://doi.org/10.7874/kja.2012.16.2.47
https://doi.org/10.7874/kja.2012.16.2.47
https://pubmed.ncbi.nlm.nih.gov/24653871/
https://doi.org/10.2217/rme.13.32
https://pubmed.ncbi.nlm.nih.gov/23627825/
https://doi.org/10.7150/ijms.21666
https://pubmed.ncbi.nlm.nih.gov/29333086/
https://onlinelibrary.wiley.com/doi/10.1002/path.1176
https://doi.org/10.1002/jcp.27152
https://pubmed.ncbi.nlm.nih.gov/30191962/
https://doi.org/10.4103/1673-5374.224382
https://doi.org/10.4103/1673-5374.224382
https://pubmed.ncbi.nlm.nih.gov/29451220/
https://doi.org/10.1007/s12015-006-0022-y
https://doi.org/10.1007/s12015-006-0022-y
https://pubmed.ncbi.nlm.nih.gov/17237554/
https://doi.org/10.1161/01.STR.32.4.1005
https://pubmed.ncbi.nlm.nih.gov/11283404/
https://doi.org/10.1073/pnas.96.19.10711
https://doi.org/10.1073/pnas.96.19.10711
https://pubmed.ncbi.nlm.nih.gov/10485891/
https://doi.org/10.1002/cne.21729
https://pubmed.ncbi.nlm.nih.gov/18461607/
https://www.frontiersin.org/articles/10.3389/fncel.2014.00334/full
https://www.frontiersin.org/articles/10.3389/fncel.2014.00334/full
https://pubmed.ncbi.nlm.nih.gov/25368551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4202717/
https://doi.org/10.1155/2011/468705
https://pubmed.ncbi.nlm.nih.gov/22219658/
https://doi.org/10.1016/j.ijporl.2013.03.011
https://pubmed.ncbi.nlm.nih.gov/23561635/
https://www.frontiersin.org/articles/10.3389/fphar.2015.00002/full
https://pubmed.ncbi.nlm.nih.gov/25674062/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307216/
https://doi.org/10.1016/j.ijporl.2016.10.010
https://doi.org/10.1016/j.ijporl.2016.10.010
https://pubmed.ncbi.nlm.nih.gov/27863646/
https://pubmed.ncbi.nlm.nih.gov/28077998/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5209478/

Journal of Pediatrics Review

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Maynard JA, Arabiyat AS, Elefante A, Shearer L, King E, Kwac-
zala A. Using acoustic waves to modulate stem cell growth
and differentiation. ASME International Mechanical Engi-
neering Congress and Exposition, Volume 3: Biomedical
and Biotechnology Engineering. 2018; 3:IMECE2017-71341,
V003T04A093. [DOI:10.1016/j.ijporl.2016.10.010]

Topal T, Hong X, Xue X, Fan Z, Kanetkar N, Nguyen JT, et al.
Acoustic tweezing cytometry induces rapid initiation of hu-
man embryonic stem cell differentiation. Scientific Reports.
2018; 8:12977. [DOI:10.1016/}.ijporl.2016.10.010] [PMID]

Xue T, Wei L, Zha DJ, Qiao L, Lu LJ, Chen FQ, Qiu JH. Exposure to
acoustic stimuli promotes the development and differentia-
tion of neural stem cells from the cochlear nuclei through the
clusterin pathway. International Journal of Molecular Medi-
cine. 2015; 35(3):637-44. [DOI:10.3892/ijmm.2015.2075]
[PMID]

Lang H, Xing Y, Brown LN, Samuvel DJ, Panganiban CH, Havens
LT, et al. Neural stem/progenitor cell properties of glial cells
in the adult mouse auditory nerve. Scientific Reports. 2015;
5:13383. [DOI:10.1038/srep13383] [PMID]

Nacher-Soler G, Garrido JM, Rodriguez-Serrano F. Hearing
regeneration and regenerative medicine: Present and future
approaches. Archives of Medical Science. 2019; 15(4):957-67.
[DOI:10.5114/a0ms.2019.86062] [PMID]

Bellin M, Marchetto MC, Gage FH, Mummery CL. Induced
pluripotent stem cells: The new patient? Nature Reviews
Molecular Cell Biology. 2012; 13(11):713-26. [DOI:10.1038/
nrm3448] [PMID]

Gonzélez F, Boué S, Izpistia Belmonte JC. Methods for making
induced pluripotent stem cells: Reprogramming a la carte.
Nature Reviews Genetics. 2011; 12(4):231-42. [DOI:10.1038/
nrg2937] [PMID]

Gorecka J, Kostiuk V, Fereydooni A, Gonzalez L, Luo J, Dash B, et
al. The potential and limitations of induced pluripotent stem
cells to achieve wound healing. Stem Cell Research & Therapy.
2019; 10:87. [DOI:10.1186/s13287-019-1185-1] [PMID]

Robinton DA, Daley GQ. The promise of induced pluri-
potent stem cells in research and therapy. Nature. 2012;
481(7381):295-305. [DOI:10.1038/nature10761] [PMID]

Taura A, Ohnishi H, Ochi S, Ebisu F, Nakagawa T, Ito J. Effects
of mouse utricle stromal tissues on hair cell induction from
induced pluripotent stem cells. BMC Neuroscience. 2014;
15:121. [DOI:10.1186/512868-014-0121-7] [PMID]

Ohnishi H, Skerleva D, Kitajiri S, Sakamoto T, Yamamoto N, ItoJ,
et al. Limited hair cell induction from human induced pluripo-
tent stem cells using a simple stepwise method. Neuroscience
Letters. 2015; 599:49-54. [D0I:10.1016/j.neulet.2015.05.032]
[PMID]

Li H, Roblin G, Liu H, Heller S. Generation of hair cells by step-
wise differentiation of embryonic stem cells. Proceedings of
the National Academy of Sciences. 2003; 100(23):13495-500.
[DOI:10.1073/pnas.2334503100] [PMID]

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

July 2021, Volume 9, Issue 3, Number 23

Boer JC, Carney KE, van der Zee S. Differentiation of
mouse embryonic stem cells into spiral ganglion neurons:
A therapeutic approach to deafness. Journal of Neuro-
science. 2009; 29(18):5711-2. [DOI:10.1523/JNEURO-
SCI.0433-09.2009] [PMID]

Choi MY, Yeo SW, Park KH. Hearing restoration in a deaf ani-
mal model with intravenous transplantation of mesenchy-
mal stem cells derived from human umbilical cord blood.
Biochemical and Biophysical Research Communications. 2012;
427(3):629-36. [DOI:10.1016/j.bbrc.2012.09.111] [PMID]

Zhang PZ, He Y, Jiang XW, Chen FQ, Chen Y, Shi L, et al.
Stem cell transplantation via the cochlear lateral wall
for replacement of degenerated spiral ganglion neu-
rons. Hearing Research. 2013; 298:1-9. [DOI:10.1016/].
heares.2013.01.022] [PMID]

Belema-Bedada F, Uchida S, Martire A, Kostin S, Braun
T. Efficient homing of multipotent adult mesenchymal
stem cells depends on FROUNT-mediated clustering of
CCR2. Cell Stem Cell. 2008; 2(6):566-75. [DOI:10.1016/].
stem.2008.03.003] [PMID]

Hagiwara M, Shen B, Chao L, Chao J. Kallikrein-modified
mesenchymal stem cell implantation provides enhanced
protection against acute ischemic kidney injury by inhibit-
ing apoptosis and inflammation. Human Gene Therapy.
2008; 19(8):807-19. [DOI:10.1089/hum.2008.016] [PMID]

Liu N, Patzak A, Zhang J. CXCR4-overexpressing bone mar-
row-derived mesenchymal stem cells improve repair of
acute kidney injury. American Journal of Physiology-Renal
Physiology. 2013; 305(7):F1064-73. [DOI:10.1152/ajpre-
nal.00178.2013] [PMID]

Gao J, Dennis JE, Muzic RF, Lundberg M, Caplan Al. The
dynamic in vivo distribution of bone marrow-derived mes-
enchymal stem cells after infusion. Cells Tissues Organs.
2001; 169(1):12-20. [DOI:10.1159/000047856] [PMID]

Malgieri A, Kantzari E, Patrizi MP, Gambardella S. Bone mar-
row and umbilical cord blood human mesenchymal stem
cells: State of the art. International Journal of Clinical and
Experimental Medicine. 2010; 3(4):248-69. [PMID] [PMCID]

Pimentel-Coelho PM, Rosado-de-Castro PH, da Fonseca
LM, Mendez-Otero R. Umbilical cord blood mononuclear
cell transplantation for neonatal hypoxic-ischemic en-
cephalopathy. Pediatric Research. 2012; 71(4 Pt 2):464-73.
[DOI:10.1038/pr.2011.59] [PMID]

Sanberg PR, Willing AE, Garbuzova-Davis S, Saporta S, Liu
G, Sanberg CD, et al. Umbilical cord blood-derived stem cells
and brain repair. Annals of the New York Academy of Sciences.
2005; 1049:67-83. [DOI:10.1196/annals.1334.008] [PMID]

Ballen K. Umbilical cord blood transplantation: Challenges
and future directions. Stem Cells Translational Medicine.
2017; 6(5):1312-5. [DOI:10.1002/sctm.17-0069] [PMID]

Revoltella RP, Papini S, Rosellini A, Michelini M, Frances-
chini V, Ciorba A, et al. Cochlear repair by transplantation
of human cord blood CD133+ cells to nod-scid mice made
deaf with kanamycin and noise. Cell Transplantation. 2008;
17(6):665-78. [DOI:10.3727/096368908786092685] [PMID]

Oroei M & Ahadi M. Stem Cell Therapy and Sensorineural Hearing Loss. J Pediatr Rev. 2021; 9(3):219-228.

227



https://doi.org/10.1115/IMECE2017-71341
https://doi.org/10.1038/s41598-018-30939-z
https://pubmed.ncbi.nlm.nih.gov/30154528/
https://doi.org/10.3892/ijmm.2015.2075
https://pubmed.ncbi.nlm.nih.gov/25605314/
https://doi.org/10.1038/srep13383
https://pubmed.ncbi.nlm.nih.gov/26307538/
https://doi.org/10.5114/aoms.2019.86062
https://pubmed.ncbi.nlm.nih.gov/31360190/
https://doi.org/10.1038/nrm3448
https://doi.org/10.1038/nrm3448
https://pubmed.ncbi.nlm.nih.gov/23034453/
https://doi.org/10.1038/nrg2937
https://doi.org/10.1038/nrg2937
https://pubmed.ncbi.nlm.nih.gov/21339765/
https://doi.org/10.1186/s13287-019-1185-1
https://pubmed.ncbi.nlm.nih.gov/30867069/
https://doi.org/10.1038/nature10761
https://pubmed.ncbi.nlm.nih.gov/22258608/
https://doi.org/10.1186/s12868-014-0121-7
https://pubmed.ncbi.nlm.nih.gov/25373336/
https://doi.org/10.1016/j.neulet.2015.05.032
https://pubmed.ncbi.nlm.nih.gov/26003451/
https://doi.org/10.1073/pnas.2334503100
https://pubmed.ncbi.nlm.nih.gov/14593207/
https://doi.org/10.1523/JNEUROSCI.0433-09.2009
https://doi.org/10.1523/JNEUROSCI.0433-09.2009
https://pubmed.ncbi.nlm.nih.gov/19420238/
https://doi.org/10.1016/j.bbrc.2012.09.111
https://pubmed.ncbi.nlm.nih.gov/23026045/
https://doi.org/10.1016/j.heares.2013.01.022
https://doi.org/10.1016/j.heares.2013.01.022
https://pubmed.ncbi.nlm.nih.gov/23403006/
https://doi.org/10.1016/j.stem.2008.03.003
https://doi.org/10.1016/j.stem.2008.03.003
https://pubmed.ncbi.nlm.nih.gov/18522849/
https://doi.org/10.1089/hum.2008.016
https://pubmed.ncbi.nlm.nih.gov/18554097/
https://journals.physiology.org/doi/full/10.1152/ajprenal.00178.2013
https://journals.physiology.org/doi/full/10.1152/ajprenal.00178.2013
https://pubmed.ncbi.nlm.nih.gov/23884141/
https://doi.org/10.1159/000047856
https://pubmed.ncbi.nlm.nih.gov/11340257/
https://pubmed.ncbi.nlm.nih.gov/21072260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2971538/
https://doi.org/10.1038/pr.2011.59
https://pubmed.ncbi.nlm.nih.gov/22430382/
https://doi.org/10.1196/annals.1334.008
https://pubmed.ncbi.nlm.nih.gov/15965108/
https://doi.org/10.1002/sctm.17-0069
https://pubmed.ncbi.nlm.nih.gov/28456009/
https://doi.org/10.3727/096368908786092685
https://pubmed.ncbi.nlm.nih.gov/18819255/

July 2021, Volume 9, Issue 3, Number 23

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Sun JM, Song AW, Case LE, Mikati MA, Gustafson KE, Sim-
mons R, et al. Effect of autologous cord blood infusion on
motor function and brain connectivity in young children
with cerebral palsy: A randomized, placebo-controlled tri-
al. Stem Cells Translational Medicine. 2017; 6(12):2071-8.
[DOI:10.1002/sctm.17-0102] [PMID]

Dawson G, Sun JM, Davlantis KS, Murias M, Franz L, Troy J,
et al. Autologous cord blood infusions are safe and feasible
in young children with autism spectrum disorder: Results of
a single-center phase | open-label trial. Stem Cells Transla-
tional Medicine. 2017; 6(5):1332-9. [DOI:10.1002/sctm.16-
0474] [PMID]

Laskowitz DT, Bennett ER, Durham RJ, Volpi JJ, Wiese JR,
Frankel M, et al. Allogeneic umbilical cord blood infusion for
adults with ischemic stroke: Clinical outcomes from a phase
| safety study. Stem Cells Translational Medicine. 2018;
7(7):521-9. [DOI:10.1002/sctm.18-0008] [PMID]

Barth AL, de Magalhdes TSPC, Reis ABR, de Oliveira ML,
Scalco FB, Cavalcanti NC, et al. Early hematopoietic stem
cell transplantation in a patient with severe mucopolysac-
charidosis Il: A 7 years follow-up. Molecular Genetics and
Metabolism Reports. 2017; 12:62-8. [DOI:10.1016/j.ymg-
mr.2017.05.010] [PMID]

Papsin BC, Vellodi A, Bailey CM, Ratcliffe PC, Leighton SE.
Otologic and laryngologic manifestations of mucopoly-
saccharidoses after bone marrow transplantation. Oto-
laryngology - Head and Neck Surgery. 1998; 118(1):30-6.
[DOI:10.1016/50194-5998(98)70371-7] [PMID]

Souillet G, Guffon N, Maire |, Pujol M, Taylor P, Sevin F, et
al. Outcome of 27 patients with Hurler’s syndrome trans-
planted from either related or unrelated haematopoietic
stem cell sources. Bone Marrow Transplantation. 2003;
31(12):1105-17. [DOI:10.1038/sj.bmt.1704105] [PMID]

Da Costa V, O'Grady G, Jackson L, Kaylie D, Raynor E. Im-
provements in sensorineural hearing loss after cord blood
transplant in patients with mucopolysaccharidosis. Ar-
chives of Otolaryngology-Head & Neck Surgery. 2012;
138(11):1071-6. [DOI:10.1001/jamaoto.2013.597] [PMID]

Baumgartner LS, Moore E, Shook D, Messina S, Day MC,
Green J, et al. Safety of autologous umbilical cord blood
therapy for acquired sensorineural hearing loss in chil-
dren. Journal of Audiology & Otology. 2018; 22(4):209-22.
[DOI:10.7874/ja0.2018.00115] [PMID]

Baumgartner J. Autologous bone marrow harvest and
transplant for sensorineural hearing loss - Full Text View -
ClinicalTrials.gov. 2020. https://clinicaltrials.gov/ct2/show/
NCT02616172?term=stem+cell&cond=hearing&draw=2&
rank=4

Baumgartner JE. Safety of autologous human umbilical cord
blood mononuclear fraction to treat acquired hearing loss
in children - Full Text View - ClinicalTrials.gov. 2020. https://
clinicaltrials.gov/ct2/show/NCT01343394?term=stem-cell
&cond=hearing&draw=2&rank=2

Journal of Pediatrics Review

79. Lee HS, Kim WJ, Gong JS, Park KH. Clinical safety and effi-

cacy of autologous bone marrow-derived mesenchymal
stem cell transplantation in sensorineural hearing loss pa-
tients. Journal of Audiology & Otology. 2018; 22(2):105-9.
[DOI:10.7874/ja0.2017.00150] [PMID]

80. Nayagam BA. Human stem cells ameliorate auditory evoked

responses in a model of neuropathy. Stem Cell Research &
Therapy. 2012; 3:44. [DOI:10.1186/scrt135] [PMID]



https://doi.org/10.1002/sctm.17-0102
https://pubmed.ncbi.nlm.nih.gov/29080265/
https://doi.org/10.1002/sctm.16-0474
https://doi.org/10.1002/sctm.16-0474
https://pubmed.ncbi.nlm.nih.gov/28378499/
https://doi.org/10.1002/sctm.18-0008
https://pubmed.ncbi.nlm.nih.gov/29752869/
https://doi.org/10.1016/j.ymgmr.2017.05.010
https://doi.org/10.1016/j.ymgmr.2017.05.010
https://pubmed.ncbi.nlm.nih.gov/28649514/
https://doi.org/10.1016/S0194-5998(98)70371-7
https://pubmed.ncbi.nlm.nih.gov/9450825/
https://doi.org/10.1038/sj.bmt.1704105
https://pubmed.ncbi.nlm.nih.gov/12796790/
https://doi.org/10.1001/jamaoto.2013.597
https://pubmed.ncbi.nlm.nih.gov/23165382/
https://doi.org/10.7874/jao.2018.00115
https://pubmed.ncbi.nlm.nih.gov/30126263/
https://clinicaltrials.gov/ct2/show/NCT01343394?term=stem+cell&cond=hearing&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT01343394?term=stem+cell&cond=hearing&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT01343394?term=stem+cell&cond=hearing&draw=2&rank=2
https://doi.org/10.7874/jao.2017.00150
https://pubmed.ncbi.nlm.nih.gov/29301392/
https://doi.org/10.1186/scrt135
https://pubmed.ncbi.nlm.nih.gov/23134736/

