
The Role of Stem Cells in Hearing Restoration. 
Is this possible? Advances in Research. Maybe 

Recovery is better than Restoration
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Recent literature has reported that stem cells have the potential for transplantation 
into the central nervous system and retina. Some of these transplanted cells 
differentiate in the cellular components of their host tissues. Therefore it may 
be possible to transplant neural stem cells into the cochlea and differentiate in 
cellular components of the inner ear epithelia in cases when the ciliary cells have 
been injured. 
Hearing loss is a prevalent, chronic issue due to congenital, acquired or age related 
causes. Hearing loss in humans is due principally to the inability of the cochlear 
sensorial epithelia to regenerate mechanoreceptor cells (ciliary cells) after an 
injury.
Recent advances in genetics and molecular biology have brought hopes for 
regeneration or even protection for these cells. Stem cell therapy is a rapidly 
expanding field with great potential and could possibly apply in the treatment of 
inner ear diseases. The latest studies in inner ear cell transplantation suggest that 
cell transplantation therapy can reach clinical applications. However, problems 
concerning the choice of cells for transplantation, their induction, their availability 
for proper differentiation and function need to be solved.
A potential therapeutic modality for the recovery of ear cells in many kinds of 
deafness is the transplantation of exogenous stem cells kept in vitro. An ideal 
source for these otic cells would be a human lineage from the fetal cochlea that 
would be then expanded and kept in vitro while also maintaining multipotency. 
The mammalian inner ear post-embryonically loses the capacity to regenerate 
hearing cells, spiral ganglion neurons and their axons. The decrease in excitable 
neurons limits the chances of recovering any hearing. Embryonic stem cells 
and neural stem cells have the potential to differentiate into neurons. The latest 
discovery of the presence of “mother cells” and “embryo mother cells” in the inner 
ear brings hope for future treatments. These two types of cells poses the ability to 
differentiate into ciliary cells. Upon understanding the mechanism controlling the 
genesis and regeneration of ciliary cells, it is believed that it will be possible to 
develop strategies to delay, prevent or even reverse hearing loss in individuals with 
inner ear diseases. 
Recent studies have examined the ability of neural stem cells to survive in the 
endolymphatic space of mice as well as where the transplanted neural stem 
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cells tend to localize. The cells found in the surface of the sensory epithelium 
and occasionally, inside the epithelium. This suggests that neural stem cells can 
survive inside the inner ear. However, few can enter the epithelium.
Several experiments induced ototoxicity with gentamycin injections through the 
round window while simultaneously injecting mouse derived neural stem cells 
suspended in a buffered solution through the lateral cochlear wall. The temporal 
bone was then removed 6 days after the original procedure. The neural stem cells 
in the gentamycin exposed utricle were found inside the epithelium. This suggests 
that transplanted cells easily reach sensorial epithelium when in a process of 
degeneration. This model may be considered for the evaluation of differentiation 
of neural stem cells in inner ear. 
In order to be considered a viable option for therapy neural stem cells must fit 
certain requirements. First they must be easily replicated from a renewable source 
of progenitor cells. Second they must have the ability to be transplanted into an 
injured host cochlea. Third they must have the ability to differentiate into the host 
organ cells. An experimental protocol for the routine creation of progenitor cells 
from embryonic stem cells in vitro has been presented in the literature. These 
progenitor cells express an understandable match of marker genes that define the 
development of the inner ear. The literature has demonstrated that these progenitor 
cells integrate into the developing inner ear in places with injuries and that these 
integrated cells make strains of cilia when placed in the cochlear and vestibular 
sensorial epithelium in vivo. 
Until now, our understanding about the mammalian inner ear and its pathophysiology 
relied heavily on the use of animal models, mainly mutant/transgenic mice. 
However, there are differences in signaling pathways and host media in which 
the stem cells are transplanted. There is a clear need for self-renewable, in vitro 
human system that would advance experimentation in order to elucidate cellular 
differentiation mechanisms in human cochlea. These advances could lead to an 
increased role for neural stem cells in the future. Considering these possibilities, 
progenitor cells from the human inner ear were isolated and expanded in vitro. 
The cochlea of a 9 to 10 week old fetus has not completely undergone terminal 
differentiation. Several cell lineages were established and progenitor cells were 
used under different culture conditions. Cells still remain proliferative with no 
change for more than ten weeks. 
Fetal mouse cells were injected in the modiolus of cisplatin-treated mice. Temporal 
bones were collected after fourteen days and histological procedures were 
performed. Transplanted fetal cells were determined by immunohistochemistry 
for glial or neural markers. Histological analysis revealed survival of cells 
transplanted into the cochlear modiolus. The cells injected in the basal portion 
of the cochlea migrated to the apical portion of the modiolus. The grafted cells 
expressing a neural marker were identified, but the majority of the grafted stem 
cells turned into glial cells. These findings suggest that stem cells could possibly 
be used in cell therapy to regenerate spiral ganglion neurons. However in order to 
achieve functional recovery future treatments are required to increase the number 
of transplanted stem cells in the modiolus.
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In other studies, undifferentiated mouse stem cells were transplanted into the inner 
ear of other mice treated with neomycin. Immunohistochemistry was performed 
four weeks later. Some stem cells were seen. This result indicates that the altered 
inner ear may have induced some stem cells into ectodermal cells, but the effect 
was not enough to induce differentiation into ciliary cells of the inner ear.  On 
the other hand, stem cell treatment in the early stages of inner ear development 
in chickens led to formation of a population as neural peak (crista) and optic 
cells. Cells colonies were seen close to the otic vesicles, but could not be 
seen as a part of the their wall. Some stem cells colonies were seen in the 
vestibulocochlear ganglion.
Cells from mouse inner ears were transplanted aiming to regenerate ciliary cells 
of the mammalian inner ear. These cells integrated successfully to the sensory 
epithelium of the vestibular organ, but not so well in the organ of Corti. This 
method is useful in evaluating the effectiveness of the transportation and the 
transplantation of stem cells into the inner ear. 
To explore potential strategies for relocating cells into the inner ear, many stem cells 
were transplanted to the lateral cochlear wall. The potential of these transplanted 
cells to express molecules known to be important for wall function was then 
examined. Neural stem cells, embryonic cells, bone marrow derived cells were 
used. Some embryonic and bone marrow derived cells were differentiated in vitro 
into mesothelial phenotype before transplantation. They were then transplanted to 
the surface of the lateral cochlear wall or in each one of the three cochlear scales. 
Stem cells survived transplantation for up to three weeks, the longest time tested 
so far. The stem cells showed the ability to integrate into the spiral ligament and 
some migrated close to the stria vascularis. In most of the cases, the transplanted 
cells remained close to the spiral ligament – even one week after the procedure. 
Some stem cells expressed molecular markers, such as conexin 26.
Current studies have evaluated the capacity of mouse embryonic stem cells to 
produce a lineage of ciliary cells. However, these studies have not demonstrated 
consistent results. Neuroectodermic precursors stem cells (like ciliary cell 
progenitor cells) could significantly increase the effectiveness to generate ciliary 
cells in vitro. These cells are fed with different growth factors and grown in 
different media to induce (posterior?) differentiation. 
If these cells can be properly transplanted into the region of the ciliary cells of 
the organ of Corti, they can change their morphology. They do not need to be 
terminally differentiated. Undifferentiated stem cells or even primitive cells-
differentiated stem cells, similar to primitive ectoderm, were injected in the 
medial scale of the left ear in four deaf animal models. These two cell types 
were identified in the cochlea of all animals implanted after 14 or 28 days. There 
was no evidence of immune reaction. Cell morphology showed that transplanted 
undifferentiated cells looked like partially differentiated cells. Some of these cells 
were close to the altered organ of Corti, but there was no evidence of integration 
to the cochlear structure. Thus, it was demonstrated that xenotransplant of 
mouse stem cells to the medial scale of animal model is possible and has 
showed cell survival.
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Neural stem cells are an attractive option for recovering spiral ganglion 
neurons with cell replacement therapy. In this study, adult cells from mice were 
transplanted in normal and deaf animal model ears. In order to more efficiently 
induce the implanted cells into neuronal differentiation, these cells were treated 
with neurogenin 2 before the transplantation. In injured inner ears and in animals 
transplanted with neurogenin 2, surviving cells expressed the neuronal marker 
tubulin IIIB. Transplanted cells were seen in proximity to the neurons of the 
spiral ganglion, its peripheral processes and the sensory epithelium. The results 
indicated that neural stem cells can survive and differentiate in an injured inner 
ear. The results also demonstrate the potential to transfer the genes to generate 
specific progeny for the replacement of cells in the inner ear. Adult inner ear stem 
cells have been shown capable of differentiating into ciliary cells, with similar 
success as embryonic stem cells, bringing hope for future treatments based in 
stem cells.
Delay or reversing deafness is one of the biggest challenges in modern medicine. 
Despite recent advances in research, clinical use is currently still limited. The 
potential of therapeutic uses for stem cells should not be overestimated. The 
continuous development of new technology can lead to the treatment of diseases 
in the future that is impossible today. That is why the therapy based solely in 
stem cells may not be the definitive solution for deafness now. Future therapies 
combine mother cells, genetic therapy and pharmacological treatment as well 
electronic devices (cochlear implant) in an individual basis.
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