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Traditionally, STEM CELLS hosts exciting series of articles on important

issues related to stem cell biology, early development, differentiation,

and regenerative medicine. All parts build the complex mosaic, which

should help fight debilitating human diseases, including hearing loss

(HL). According to the World Health Organization, HL is a major global

health problem of pandemic proportions. Four hundred sixty-six million

people worldwide have disabling HL, and this number is expected to

increase to 900 million people by 2050 (https://www.who.int/news-

room/fact-sheets/detail/deafness-and-hearing-loss). Unfortunately,

current treatments for HL are primarily limited to different devices

that amplify sounds or directly electrically stimulate the auditory

nerve. However, these approaches fail to correct the underlying

cause and have substantial performance restrictions. To capture the

most recent research, we proudly introduce this new series, which

summarizes the stem cell field's progress focusing on HL.1-5

In the past 10 years, stem cell technologies have enabled differ-

entiation of human sensory cell types in vitro, providing novel tools

to study inner ear development, model disease, and validate various

therapeutic approaches.5 Ethically regulated access to human embry-

onic and fetal material and human induced pluripotent stem cells

(hiPSCs) has allowed the scientific and clinical community to better

understand the mechanisms orchestrating normal and abnormal early

inner ear development and create conditions for targeted differentia-

tion and genetic editing/manipulation. Animal models and personal-

ized hiPSC lines enable studies of the molecular pathogenesis of

inherited HL and HL of unknown etiology. Kempfle et al1 used a

transgenic mouse model to transiently overexpress Lin28, a neural

stem cell regulator that promotes in vitro proliferation and conver-

sion of auditory glial cells into neurons.6,7 To study the effects of

Lin28 on endogenous glial cells after the loss of auditory neurons

in vivo, the authors produced an auditory neuropathy model. After

selective damage of auditory neurons, the upregulation of the Lin28

in inner ear glial cells induced expression of neural stem cell/precur-

sor cell markers (Hmga2, NeuroD, NeuroG, and AScl1) and subsequent

conversion into neurons. However, transient postnatal upregulation

of Lin28 after neural damage induced proneural gene expression and

reprogramming into cells that expressed neuron-specific marker class

III ß tubulin. This work elegantly demonstrates the potential of direct

reprogramming of inner ear cells and their conversion into desirable

sensory neurons as a regeneration therapy for neural replacement in

auditory neuropathy. Marta Roccio2 summarizes the generation of

sensory cells through the directed differentiation of pluripotent stem

cells, as well as the latest “cell conversion approaches.”2 Undoubt-

edly, the improvement of both strategies necessitates the improve-

ment of suboptimal in vitro growth conditions. For instance, to

trigger successful differentiation and ectoderm induction toward

inner ear cells, the mesendoderm fate needs to be blocked with

inhibitors of TGFβ and Wnt signaling.8,9 Applying directed differenti-

ation protocols in 3D culture, or organoids, has been recently suc-

cessfully translated to human pluripotent stem cells.10,11 These

protocols work by generating 3D aggregates of pluripotent stem

cells, promoting the differentiation by providing exogenous BMP

ligands.

In contrast, the otic fate is promoted using bFGF first, subse-

quently a Wnt signaling agonist, and the niche-specific extracellular
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matrix (ECM). The pivotal role of ECM in the fate determination of

inner ear progenitor cells was highlighted by Xia et al.4 The authors

concluded that the biological behavior of inner ear progenitor cells in

an encapsulated culture system is critically dependent on the mechan-

ical cues from the ECM.4 The authors nicely show that ECM pro-

moted the survival and expansion of progenitor cells inducing the

accumulation of Ras homolog family member A (RhoA), an essential

factor in the maintenance of stem cells and their differentiation,12,13

which causes the polymerization of actin cytoskeletons. These

changes, in turn, resulted in increased Yes associated protein (YAP)

nuclear localization and enhanced expansion of inner ear progenitor

cells, partially through upregulating the canonical Wnt signaling path-

way. Herewith, the authors provided the first characterization of the

action of YAP as mediators of mechanotransduction signaling to pro-

mote the proliferation of inner ear progenitor cells.

Considering age-related, acoustic, ototoxic, and genetic insults,

which are the most frequent causes of irreversible damage of inner

ear hair cells and spiral ganglion neurons,14,15 new methods of

genome editing could bring additional opportunities to understand the

pathogenesis of HL and identify novel therapies.3 In this review,

Stojkovic et al3 summarized the CRISPR/Cas9 platform and its poten-

tial to accelerate basic and translational research in HL. One of the

work's conclusions is that stem cells’ usage for therapeutic purposes

still faces several significant obstacles, particularly concerning effi-

ciency, efficacy, and safety.3 Finally, for therapeutic purposes, cul-

tured stem cells must be precisely integrated within their

microanatomical niche after being introduced into the inner ear.5

Whether this will be done via intraperilymphatic or

intraendolymphatic injection approach, technical challenges

remain,16-20 concerning the following: (a) how to reach the ultimate

destination, the Rosenthal canal, (b) how to cross the tightly sealed

cochlear scala media or break the tight junction complex between hair

cells and supporting cells, (c) how to surpass the endolymph, which

contains a high level of potassium, and (d) how to define the balance

between the intrinsic factors (stage of differentiation of grafted cells)

with the extrinsic factors (host background and means of delivery).

These questions are justifiably raised by Zine et al5 and request inten-

sive research and technical improvements to tackle HL successfully.

Nevertheless, we are confident that the progress achieved in the

past decade will unceasingly continue to flourish. Meanwhile, we are

witnessing the multistep strategies, including large-scale postmortem

studies with a comprehensive meta-analysis of genome, epigenome,

and transcriptome of patients with specific types of HL. Banks of

undifferentiated and differentiated patient-specific hiPSCs, enhanced

organoid models by additional bodily systems under dynamic micro-

fluid chips, and many other emerging approaches will provide power-

ful tools for accelerating drug and/or cell therapies. As the STEM

CELLS journal remains curious and determined to push these research

frontiers, we will be thrilled to recurrently share and celebrate with

you the ground-breaking work in the field of HL. We hope that you

enjoy reading this exciting series and continue to contribute to the

joint mission of improving life quality for millions of people with HL

worldwide.

CONFLICT OF INTEREST

The authors declared no potential conflicts of interest.

Majlinda Lako MD1

Konstantina M. Stankovic MD2,3,4,5,6

Miodrag Stojkovic MD2,3,7,8

1Newcastle University, Biosciences Institute, Newcastle upon Tyne, UK
2Eaton Peabody Laboratories, Department of Otolaryngology Head and

Neck Surgery, Massachusetts Eye and Ear, Boston, Massachusetts
3Department of Otolaryngology Head and Neck Surgery, Harvard

Medical School, Boston, Massachusetts
4Program in Speech and Hearing Bioscience and Technology, Harvard

University, Cambridge, Massachusetts
5Harvard Program in Therapeutic Science, Harvard Medical School,

Boston, Massachusetts
6Harvard Stem Cell Institute, Cambridge, Massachusetts

7Human Genetics, Faculty of Medical Sciences, University of Kragujevac,

Kragujevac, Serbia
8SPEBO Medical, Leskovac, Serbia

Correspondence

Miodrag Stojkovic, SPEBO Medical, Leskovac, Serbia.

Email: mstojkovic@spebo.co.rs

ORCID

Majlinda Lako https://orcid.org/0000-0003-1327-8573

Miodrag Stojkovic https://orcid.org/0000-0001-7526-6573

REFERENCES

1. Kempfle JS, Luu N-NC, Petrillo M, Al-Asad R, Zhang A, Edge ASB.

Lin28 reprograms inner ear glia to a neuronal fate. STEM CELLS. 2020;38

(7):890-903.

2. Roccio M. Directed differentiation and direct reprogramming: apply-

ing stem cell technologies to hearing research. STEM CELLS. 2021;39(4):

375-388.

3. Stojkovic M, Han D, Jeong M, Stojkovic P, Stankovic KM. Human

induced pluripotent stem cells and CRISPR/Cas-mediated targeted

genome editing: platforms to tackle sensorineural hearing loss. STEM

CELLS. 2021. https://doi.org/10.1002/stem.3244. [Epub ahead of print].

4. Xia M, Chen Y, He Y, Li H, Li W. Activation of the RhoA-YAP-

β-catenin signaling axis promotes the expansion of inner ear progeni-

tor cells in 3D culture. STEM CELLS. 2020;38(7):860-874.

5. Zine A, Messat Y, Fritzsch B. A human induced pluripotent stem cell-

based modular platform to challenge sensorineural hearing loss. STEM

CELLS. 2021. https://doi.org/10.1002/stem.3346. [Epub ahead of print].

6. Zhang J, Ratanasirintrawoot S, Chandrasekaran S, et al. LIN28 regu-

lates stem cell metabolism and conversion to primed pluripotency.

Cell Stem Cell. 2016;19(1):66-80.

7. Yang M, Yang SL, Herrlinger S, et al. Lin28 promotes the proliferative

capacity of neural progenitor cells in brain development. Development.

2015;142(9):1616-1627.

8. Chen J, Streit A. Induction of the inner ear: stepwise specification

of otic fate from multipotent progenitors. Hear Res. 2013;297:

3-12.

9. Koehler KR, Hashino E. 3D mouse embryonic stem cell

culture for generating inner ear organoids. Nat Protoc. 2014;9(6):

1229-1244.

836 EDITORIAL

https://orcid.org/0000-0003-1327-8573
https://orcid.org/0000-0001-7526-6573
mailto:mstojkovic@spebo.co.rs
https://orcid.org/0000-0003-1327-8573
https://orcid.org/0000-0003-1327-8573
https://orcid.org/0000-0001-7526-6573
https://orcid.org/0000-0001-7526-6573
https://doi.org/10.1002/stem.3244
https://doi.org/10.1002/stem.3346


10. Koehler KR, Nie J, Longworth-Mills E, et al. Generation of inner ear

organoids containing functional hair cells from human pluripotent

stem cells. Nat Biotechnol. 2017;35(6):583-589.

11. Jeong M, O'Reilly M, Kirkwood NK, et al. Generating inner ear

organoids containing putative cochlear hair cells from human pluripo-

tent stem cells. Cell Death Dis. 2018;9(9):922.

12. Liu M, Zhang Z, Sampson L, et al. RHOA GTPase controls YAP-

mediated EREG signaling in small intestinal stem cell maintenance.

Stem Cell Rep. 2017;9(6):1961-1975.

13. Keung AJ, de Juan-Pardo EM, Schaffer DV, Kumar S. Rho GTPases

mediate the mechanosensitive lineage commitment of neural stem

cells. STEM CELLS. 2011;29(11):1886-1897.

14. Abrashkin KA, Izumikawa M, Miyazawa T, et al. The fate of outer

hair cells after acoustic or ototoxic insults. Hear Res. 2006;218(1–2):
20-29.

15. Hopkins K. Deafness in cochlear and auditory nerve disorders. Handb

Clin Neurol. 2015;129:479-494.

16. Chen J, Hong F, Zhang C, et al. Differentiation and transplantation of

human induced pluripotent stem cell-derived otic epithelial progeni-

tors in mouse cochlea. Stem Cell Res Ther. 2018;9(1):230.

17. Lang H, Schulte BA, Goddard JC, et al. Transplantation of mouse

embryonic stem cells into the cochlea of an auditory-neuropathy ani-

mal model: effects of timing after injury. J Assoc Res Otolaryngol.

2008;9(2):225-240.

18. Nishimura K, Nakagawa T, Sakamoto T, Ito J. Fates of murine pluripo-

tent stem cell-derived neural progenitors following transplantation

into mouse cochleae. Cell Transplant. 2012;21(4):763-771.

19. Hildebrand MS, Dahl HH, Hardman J, Coleman B, Shepherd RK, de

Silva MG. Survival of partially differentiated mouse embryonic stem

cells in the scala media of the Guinea pig cochlea. J Assoc Res

Otolaryngol. 2005;6(4):341-354.

20. Hu Z, Ulfendahl M, Olivius NP. Central migration of neuronal tissue

and embryonic stem cells following transplantation along the adult

auditory nerve. Brain Res. 2004;1026(1):68-73.

EDITORIAL 837


	Special Series: Stem Cells and Hearing Loss
	CONFLICT OF INTEREST
	REFERENCES


