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Abstract
Objective: To investigate whether artificial perilymph can induce neural stem cells, derived from the hippocampus
of newborn guinea pigs, to differentiate into inner ear hair cells, in vitro.

Methods: Primary neural stem cells derived from the hippocampus of newborn guinea pigs were incubated in
medium containing either 10 per cent fetal bovine serum or 5, 10 or 15 per cent artificial perilymph, for three
weeks. Differentiated cells were identified using immunofluorescence, Western blot and scanning electron
microscopy.

Results: Both fetal bovine serum and artificial perilymph induced the neural stem cells to differentiate into cells
with hair-cell-specific antibodies.

Conclusion: Neural stem cells can survive in both fetal bovine serum and artificial perilymph, and within these
media can differentiate into cells with hair-cell-specific antibodies. This provides an experimental basis for
transplantation of neural stem cells into the inner ear.
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Introduction
It had previously been believed that stem cells from
adult tissues could differentiate only into the mature
cells of that tissue.
However, recent studies have shown that, although

adult stem cells are specialised, they still possess the
potential for multi-directional differentiation, and may
even trans-differentiate into mature cells of other
tissues.1,2

The differentiation of neural stem cells is known to
be controlled by both internal genetic information
and external factors.3 Choosing the optimum external
factors is very important for the differentiation of
neural stem cells into inner ear hair cells. Reports indi-
cate that neural stem cells may differentiate into cells
resembling inner ear hair cells, within fetal bovine
serum.4 However, it has not previously been confirmed
whether neural stem cells can survive and differentiate
into cells resembling inner ear hair cells when culti-
vated in artificial perilymph, which simulates the
micro-environment of the inner ear.
Therefore, this study used artificial perilymph of

different concentrations to attempt to induce differen-
tiation of neural stem cells.

Our results demonstrate, for the first time, that neural
stem cells can differentiate into cells resembling inner
ear hair cells, within artificial perilymph in vitro. This
provides an experimental basis for the transplantation
of neural stem cells into the inner ear.

Materials and methods

Animals

Newborn guinea pigs (i.e. younger than 24 hours) were
provided by the Laboratory Animal Center, School of
Medicine, Zhengzhou University, China.

Main reagents

Dulbecco’s Modified Eagle Media, Nutrient Mixture
F-12 (DMEM/F12) medium was provided by
Hyclone (Utah, Logan, USA). Basic fibroblast
growth factor (bFGF) was obtained from Beijing
Shuanglu (Beijing, China). Epidermal growth factor
was purchased from Peprotech (Princeton, UK), and
B27NeuroMix (B27) and Alexa Fluor 594 were
obtained from Invitrogen (Carlsbad, CA, USA). Fetal
bovine serum was provided by Hangzhou Sijiqing
(Hangzhou, China). Dispase II was obtained from
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Roche (Basel, Switzerland). Rat tail collagen and 4,6-
diamino-2-phenyl indole (DAPI) fluorescent dye were
provided by Sigma (Colorado, Loveland, USA).
Myosin VIIa was purchased from ABR (California,
los angeles, USA). Horseradish Peroxidase (HRP)
labelled anti-rabbit secondary antibody was provided
by Pufei Biological (Shanghai, China).
Artificial perilymph contained 137 mmol/L NaCl,

5 mmol/L KCl, 2 mmol/L CaCl2, 1 mmol/L
NaH2PO4, 11 mmol/L glucose, 12 mmol NaHCO3

and 1 mmol/L MgCl2. The artificial perilymph was
adjusted to a pH of 7.4± 0.2 and an osmotic pressure
of 300–320 mmol/L.5

Neural stem cell induction and differentiation

Neural stem cells were divided into four groups and
cultured in either 10 per cent fetal bovine serum, 5
per cent artificial perilymph, 10 per cent artificial peri-
lymph or 15 per cent artificial perilymph. In addition,
the basic growth medium for each group was
DMEM/F12.
Neural stem cells derived from the hippocampus of

newborn guinea pigs were separated and incubated
according to the method described by Xi and Dong.6

Dispase II was added to 7-day-old, primarily cultured
neurospheres and incubated at 37°C for one hour, fol-
lowed by mechanical dissociation into single cells, then
re-suspension using DMEM/F12 medium. Finally,
DAPI was added to make the final concentration up to
2 μg/ml, followed by incubation for 24 hours.
A small amount of cells were used to calculate the

labelling rate under fluorescence microscopy. The
labelled cells were centrifuged for 5 minutes and then
washed three times using fresh culture medium, then
underwent mechanical dissociation into single cells.
The cell concentration was adjusted to 1 × 104/ml, dis-
tributed across a 24-well plate coated with rat tail
collagen, and incubated at 37°C in an atmosphere of
5 per cent CO2. Half of the culture medium was
changed twice a week.

Immunofluorescent cytochemistry

Following three weeks’ culture, cells were fixed using 4
per cent paraformaldehyde. Myosin VIIa (1:500) was
applied, as the primary antibody for immunohisto-
chemical analysis, followed by immunocytochemical
detection using Alexa Fluor 594 (1:500) as the second-
ary antibody.4 Ten non-overlapping microscopy fields,
at a magnification power of ×400, were randomly
selected. Myosin VIIa positive cells were counted
twice under fluorescence microscope, using both a
bright field and a dark field.
The number of myosin VIIa positive cells was

expressed as x̄± s. The area of a high power field was
calculated according to the area (1/400 mm2) of each
small square in the blood counting grid. As the area of
each cover slip (side length= 6 mm) and the number
of cells (1 × 104/ml) did not vary, the concentration
of myosin VIIa positive cells could be calculated.

Western blot

Following three weeks’ culture, cells were washed once
using phosphate-buffered saline, dissolved using two
applications of sodium dodecyl sulphate gel buffer and
boiled for 5 minutes. Cells then underwent electrophor-
esis on 4 per cent polyacrylamide gel, were transferred
onto Polyvinylidene Fluoride (PVDF) membrane and
soaked in a mixture of 5 per cent milk and Tris buffer
saline Tween (TBST) at room temperature for 1 hour,

TABLE I

MYOSIN VII A POSITIVE CELLS IN EACH CULTURE
GROUP

Culture medium MVIIa +ve cells
n (mean± SD)∗ %

10% FBS 1.86± 0.86 12.8
5% AP 0.57± 0.26 3.9
10% AP 1.66± 0.77 11.4
15% AP 1.98± 0.92 13.6

∗x±s. MVIIa +ve=myosin VIIa positive; SD= standard devi-
ation; FBS= fetal bovine serum; AP= artificial perilymph

FIG. 1

Fluorescence photomicrographs for 10 per cent fetal bovine serum
group, with arrows indicating (a) myosin VIIa positive cells and

(b) DAPI labelled cells. (×400)
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to remove any nonspecific binding. The primary anti-
body, myosin VIIa (1:200), was then added at 4°C
and left overnight. HRP labelled anti-rabbit secondary
antibody (1:400) was then added at 37°C for 2 hours.
Finally, Enhanced Chemiluminescence (ECL) was
added for colouration.

Scanning electron microscopy

Slides containing three-week-cultured cells were fixed
with 1 per cent glutaral, dehydrated in gradient
ethanol and dried with gradient tertiary butyl alcohol.
Following vacuum pumping and gold spraying,

slides were observed under an S-3500N scanning elec-
tron microscope (Hitachi, Japanese, Japan).

Results

Cytology

In the four groups, most neural stem cells showed
adherent growth when incubated on sterile, rat tail col-
lagen coated cover slips for three days.

A small number of stem cells showed differentiation
into cells with small, short processes extending out
from the bulk of the cell. These differentiated cells
showed an obvious increase in size, as well as
various different shapes. After one week’s incubation,
they also showed cellular processes which extended
out to contact adjacent cells. After three weeks’ incu-
bation, differentiated cells exhibited various shapes,
including: round or oval, neuron-like cells with one
to two long processes; astrocyte-like cells with
several long, thick processes; and other cells which
were small and round, oval or pear-shaped, with no
obvious processes.

Immunocytochemistry

Myosin VIIa detection was carried out in three-week-
old cell cultures, and myosin VIIa positive cells were
seen. Most such cells were round or pear-shaped,
with red cytoplasm (on Alexa Fluor 594 staining),
but had no obvious cellular processes when viewed
under fluorescence microscopy.

FIG. 2

Fluorescence photomicrographs for 5 per cent artificial perilymph
group, with arrows indicating (a) myosin VIIa positive cell and

(b) DAPI labelled cells. (×400)

FIG. 3

Fluorescence photomicrographs for 10 per cent artificial perilymph
group, with arrows indicating (a) myosin VIIa positive cells and (b)

DAPI labelled cells. (×400)
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Myosin VIIa positive cells accounted for 11.4–13.6
per cent of cells cultured in either 10 per cent fetal
bovine serum or 10 or 15 per cent artificial perilymph,
but only 3.9 per cent of cells cultured in 5 per cent arti-
ficial perilymph (Table I and Figures 1 to 4). DAPI
labelled nuclei appeared blue. The labelling rate
reached 93.4 per cent, and the fluorescence intensity
was not obviously decreased after the eighth passage.

Western blot

Western blot results were positive for myosin VIIa
expression within the cells (Figure 5).

Scanning electron microscopy

Scanning electron microscopy showed round, oval and
pear-shaped cells with no obvious cellular processes
(Figure 6).

Discussion
Our study findings indicate that neural stem cells can
survive and differentiate into cells with inner ear hair-
cell-specific antibodies, when cultivated both in fetal
bovine serum and in artificial perilymph.

Neural stem cells are characterised by hypoimmu-
nity, self-renewal and multipotential differentiation.
Research indicates that neural stem cells can differen-
tiate into various kinds of nervous system cells;
however, under conditions of trauma or pathology,
local factors can induce neural stem cell differentiation
into cells of specific types, in order to compensate for
destroyed cells and to restore neural function.7,8

Ito was the first to report that some neural stem cells
differentiated and exhibited morphological

FIG. 4

Fluorescence photomicrographs for 15 per cent artificial perilymph
group, with arrows indicating (a) myosin VIIa positive cells and (b)

DAPI labelled cells. (×400)

FIG. 5

Western blot.

FIG. 6

Scanning electron photomicrographs showing differentiated cells:
(a) ×2000; (b) ×3000.
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characteristics of inner and outer hair cells, four weeks
after transplantation of cells into the cochleae of
newborn rats.9 Subsequently, Fujino et al. reported
that neural stem cells can integrate into the vestibular
epithelia.10 Neural stem cells are known to be able to
survive, migrate to sensory epithelia and express
specific hair cell markers, following transplantation
into ototoxic drug damaged inner ears; this demon-
strates that neural stem cells can differentiate into hair
cells in vivo.11 The differentiation of neural stem cells
is known to be controlled by internal genetic infor-
mation and also by many external factors.3 The
choice of the optimum external factors is very impor-
tant to encourage differentiation of neural stem cells
into inner ear hair cells. To this end, Kojima et al. incu-
bated neural stem cells (derived from the nervous
system of fetal rats) in 10 per cent fetal bovine serum,
and obtained cells which displayed the immunopheno-
type of inner ear hair cells and contained specific
marker protein for inner ear hair cells.4

• Differentiation of neural stem cells is
controlled by both internal genetic
information and external factors

• In this study in guinea pigs, artificial
perilymph of different concentrations
(simulating the inner ear micro-environment)
was used to induce neural stem cell
differentiation

• Neural stem cells can differentiate into cells
resembling inner ear hair cells, in artificial
perilymph in vitro

• This finding could provide an experimental
basis for transplantation of neural stem cells
into the inner ear

The current study used artificial perilymph to induce
differentiation of neural stem cells, in an attempt to
simulate the micro-environment of the inner ear. We
found that artificial perilymph could induce neural
stem cells to differentiate into cells positive for the
hair-cell-specific antibody myosin VIIa, in the same
manner as fetal bovine serum. Fluorescence
microscopy showed round or pear-shaped cells with
red cytoplasm (on Alexa Fluor 594 staining) but no
obvious cellular processes. Scanning electron
microscopy showed round or oval cells.
Immunocytochemical analysis found that myosin
VIIa positive cells accounted for 11.4–13.6 per cent
of cells cultured in either 10 per cent fetal bovine
serum or 10 or 15 per cent artificial perilymph, but
only 3.9 per cent of cells cultured in 5 per cent artificial

perilymph. Western blot identified myosin VIIa posi-
tivity in the cells.

Conclusion
Our study findings suggest that neural stem cells can
survive and differentiate in artificial perilymph. This
indicates, for the first time, that neural stem cells may
be able to survive and differentiate within the micro-
environment of the inner ear. Furthermore, this study
provides an effective experimental model with which
to investigate the best conditions for transplantation
of neural stem cells into the inner ear.
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