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@ The global deaf population is about 280 million
@ The deaf population in our country is about 30 million
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Embryvonic stem cells
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Induced pluripotent stem cells
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Oshima, K et al. JARO. 2007.

Inner ear stem cells have been
iIsolated from Vestibular utricle
(Fig A), Cochlea corti (Fig B),
Spiral ganglion (Fig C) and Stria
vascularis (Fig D). These cells
form typical cell mass under
culture in vitro. It is one of the
most typical growth
characteristics of inner ear stem

cells.
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Li, W et al. Nature medicine. 2003.

The stem cells from utricle could differentiated into hair cells in vitro. Induced cells expressed

specific markers of hair cells, such as myosin VIIA, espin. parvalbumin 3 and Brn3.1.
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Differentiated

cells

Parvalbumin 3

Oshima, K et al. JARO. 2007.

The stem cells from Cochlea corti could also differentiate into hair cells in vitro. Induced cells

expressed the specific marker genes such as myosin VIIA. Espin. Parvalbumin3 and prestin.
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ell-Like Cells Have Stereociliary Bundle-Like
Protrusions

The inner ear stem cells could be
induced into hair cell-like cells in
vitro, and express the specific
marker genes such as myosin
VIIA (Fig e) and espin (Fig f). The
protrude stereociliary bundle-like

protrusions on the surface of

these hair cell-like cells.

Li, W et al. Nature medicine. 2003.
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Voltage-dependent currents elicited from
inner-ear stem-cell-derived FM1-43
positive cells. (A) FM1-43-positive cells
(green, left) co-expressed the hair cell
marker myosin Vlla (red, center). (B)
White light image of arecording electrode
on an FM1-43-positive cell. (C) Outward
K*currents recorded from hair-cell-like
o E . cells. (D) Inward K*currents recorded
=——— " from hair-cell-like cells. (E) Average
. .. . . current-voltage (I-V) curve for the outward
L B * and inward K* current measured at the
‘ steady-state level (100-160 ms).

Liu, QW et al. unpublished.
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Kojima, K et al. Acta Otolaryngol. 2004.

Kojima et al. injected the inner ear stem cells from cochlea into the mouse model of hearing loss.
They found that the transplanted cells could survive in the inner ear, and could migrated into the

cochlea epidermis.
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Lou, X. The Doctoral Dissertation of east china normal university, 2007

Lou et al. injected the inner ear stem cells into the inner ears of the normal (Fig C) or deaf (Fig D)
guinea pig . They found that the transplanted cells not only survived in the inner ear, but also

could migrate to the basement membrane and corti.
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ES cells are totipotent

cells. They can

differentiate into all types
of cells under certain
conditions, such as the
hematopoietic cells,

dopaminergic neurons,

cardiac cells, germ cells

and so on.

http://course.cau-edu.net.cn
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> Stem Cells Differentiate into Glutamatergic

Neurons in Vitro
Reyes et al. transduced Neurog1 §
gene into mouse ES cells, and ;‘é
induced the ES cells to express §
Neurog1 by doxycycline (Dox) gi
treatment. These ES cells could ;é
differentiated into neurons that :
express TUJ1 and VGLUT1 /2 3%
glutamate under treatmentwith §§

BDNF and GDNF. Revese IHetal 7 Nourosci 2008
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D Stem Cells Differentiate into Glutamatergic
Neurons in Vitro
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Reyes et al. transplanted mouse ES cells into
the inner ear of guinea pig, and treated the
guinea pig with Dox, BDNF and GDNF. Then they

found that these cells were survival in the body

Reyes, JH etal. J Neurosci. (Fig A) and differentiated into glutamatergic
2008.
neurons (Fig B).
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Sensory Nerve Cells in Vitro

‘ NF 200 TUJ1 -

Chen, W etal. Nature. 2012.
Chen et al. treated human ES cells with FGF3 and FGF10, and found that

these cells expressed the markers of inner ear neural progenitor cells (Fig A).

Then, the progenitor cells differentiated into inner ear sensory nerve cells that
expression NF200 and TUJ1 BRN3A by treatment with bFGF, shh, NTF and
BDNF (Fig B).
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Chen,Wetal. Nature, 2012.

Chen et al. transplanted the inner
ear neural progenitor cells induced
from ES cells into the mouse
model. These cells could survive
and form ectopic spiral ganglion in
the cochlea. Some progenitor cells
migrated into other parts of the
cochlea and differentiated into

neurons (Fig e).
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Mouse Embryonic Stem Cells Differentiate into Hair

Cell in Vivo
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Oshima, Ketal. Celi. 2010.

Oshima et al. inhibited the meso-and endodermal differentiation by
adding DKK1 .~ SIS3 and IGF-1 during ES cells forming embryoid
bodies, and promote the differentiation of ectoderm. Then, they added
bFGF in the adherent culture process, these cells finally differentiated

into inner ear progenitor cells which expression Pax2 and Pax38.
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ise Embryonic Stem Cells Differentiate into Hair
. Cell in Vivo

Oshima, Ketal. Ce/l. 2010.
Oshima et al. cocultured the ESC-derived progenitors with chicken

utricle stromal cells, finally these progenitors differentiated into the
hair cell-like cells. These hair cell-like cells have typical stereociliary

hair bundles and expressed some proteins, such as F-actin ~ espin and
tubulin.



Journal of Transplantation Technologies & Researgi)

E,
-

Open Access
ISSN: 2161-0991

3 of

IR AANG Y ERTY
r e
8 = : . -~y

bryonic Stem Cells Differentiate into Hair
Cell in Vitro

Chen et al. induced ES
cells to defferentiate into
inner ear epithelium
progenitor cells with FGF3
and FGF10 (OEP cells in
Fig A). Then, they induced
these progenitor cells to
differentiate into hair-cell-

like cells which express

ATOH1, BRN3C and MYO7A
with all trans retinoic acid

and EGF (Fig B).

BRN3C

Chen,Wetal. Nature. 2012.
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‘Human Embryonic Stem Cells in Vivo
- lantatlon to Repair the Da ged lnner Ear

Li, H etal. PNAS. 2003.

Li et al. induce ES cells to differentiate into inner ear progenitor cells by
using the EGF. IGF .~ DFGF, and then injected these cells into chicken
embryo inner ear. These cells could migrate into the epithelium around the
acoustic vesicles (Fig A, B) and differentiate into the cells which express hair
cell marker proteins—Myosin VIIA (Fig C) and Stereocilia beam protein

Espin (Fig E).
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; uman Embryonic Stem Cells in Vivo
splantation to Repair the Damaged Inner Ear

Hildebrand et al. induced mouse
ES cells to differentiate into

neural ectoderm-like embryoid

Co” D s ¥ bodies in vitro, then transplanted
\ > ,: B it into the cala media of deaf
< o - ;35}’. M guinea pig. 9 weeks later,
a . 3’ l.\_ exogenous cells in the body was

not only survival, but also moved

to vestibular canal (E, F).

i

Hildebrand, M etal. JARO. 2005.
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MUSCLES
s ¥ a ra @D,
/ Myocytes
E;-ELNK;.I?:E T ».,::.5.")»—1 SKIN
MSCs ——
ibroblasts

Mesenchymal stem
cells are pluri-potent
adult stem cells, which
contribute to the
regeneration of many
tissues such as bone,
cartilage, fat, muscle

and neurons.



IS5N: 2161-09%1

AR

IR AANGT v ERTY

Kondo et al. found that

mouse MSCs could be
induced to neuronal-
restricted precursor
cells and expressed
several marker proteins
of nerve cell by adding
the retinoic acid and

hedgehog protein.

Kondo, T etal. PNAS. 2005
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an Be Induced to Differentiate into Hair Cell

Precursors
. MSC NP 8 MSC NP
Jeon et al. imitated the o I <=
ovz g Conzs
embryonic microenvironment soz Y o
during the development of ear Mosesh IR P76
ves NN S'ooA
sensory epithelium. By Paxt I Goeoh
- =1
addition of EGF, IGF-1, bFGF, SR ==
BDNF and NT-3, the mouse neot
. newroD I
MSCs were induced to the cell &nU: [ |
group showing the zet [
expression pattern similar to wyors [
hair cell precursors . esoo N
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Jeon, SJ etal. Mo/l Cell Neurosci. 2007.
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Jeon, SJ etal. Mo/ Cell Neurosci. 2007.

Mouse MSCs could be induced to differentiate into hair-celldike cells

through the transfection expression of Math1.The hair-cell-like cells
expressed many marker proteins founded in the mature hair cells, including

the Myo7A .~ Brn3c and so on.
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Natio et al. transplanted the
Chestnut rat bone MSCs into the
inner ear of deaf rat.Three
weeks later, they found the
transplanted M SCs could
survive in the inner ear, migrate
to modiolus, vestibular canal,

tympanic canal, spiral ganglion

and other sites.

Naito, Y et al. NeuroReport. 2003.
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Kamiya, K etal. AJP. 2007.

mitochondrial virsus to
induce the acute apoptosis
of rat cochlea, then they
transplanted the MSCs into
the damaged inner ear
semicircular canal. Eleven
days later, the MSCs
migrated into inner ear,

e

damaged area.
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Kamiya, K etal. AJP. 2007.

Fig 2 showed that the rat recovered its hearing after the transplatation of
MSCs. MSCs could be detected in the damaged area (the red in Fig 1 is Brdu
positive)s and some cells expressed the gap junction protein Connexin26
(Cx26) and Cx30 (the green in Fig 1).
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Yong-Bum et al. injected the
MSCs into the deaf guinea pig
(Fig C), and then they found
that the number of spiral

neurons (SGN) cells and

sensory hair cells in the pig

. ear increased significantly. In
addition, the transplanted
hMSCs resulted in repairing

of hearing function.

Cho, YB etal. JKMS. 2011.
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[nduced Pluripotent Stem Cells

= |n 2006, Oct3/4, Sox2 Kif4, and c-Myc were transduced
Into mouse fibroblasts using retrovirus by Takahashi and

Yamanaka. Subsequently, cells with remarkably similarity
with stem cells were obtained which were called induced
pluripotent stem (IPS) cells.

= Recently, there are continuous modification about IPS

induction. Currently, IPS cells can be obtained with
various kinds of methods and somatic cells.



TRA-1-60 TRA-2-49/6E

Nakagawa, M et al. Nat Biotechnol. 2008.

iPS cells share great similarity with ES cells in pluripotency as
well as in morphology, surface marker, expression of key genes.

To some extent, iPS cells are equivalent with ES cells.
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* |n 2010, Oshima et al. induced fibroblast of

Math1/GFP mouse to become iPS cells,
and then successfully induced iPS cells to

differentiate into hair cell-like cells with

stereocilium. This is the first report that
IPS cells are able to regenerate hair cells.



Journal of Transplantation Technologies & Researghg)

Open Access
ISSM: 2161-0991

izt f
i~
=S coll-dernved
MyosinVila
&

= Induced hair cell-

like cells expressed

hair cell-specific
proteins, such as
Myosin VIIA> epsin

and cadherin23.

PS cell-derived

Oshima, Ketal. Cell. 2010.
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= Hair cell-like cells from iPS cells are very similar to hair cells

from morphological features to electrophysiological reaction.

. o Tow R Tore

— Oshima, K et al. Cell. 2010.
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Conclusion

The regeneration of inner ear hair cells is a topic
that is largely unexplored, particularly in mammals.
The in vitro-generated hair cell-like cells with
mechanosensitivity from different stem cells
demonstrated that generation of replacement hair
cells from stem cells is feasible and promising the
development of stem cell-based treatment
strategies for hearing and balance disorders.
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