Induction of sensory neurons by ISX9

Figure 1. Dose-dependent response of ISX9 on It-NES cells. (A) Quantitative analysis of the proliferative maker
Ki67 showed that a higher dose of ISX9 significantly reduced proliferation in cells whereas (B) the apoptotic marker
Cleaved Caspase 3 was seen to significantly increase at higher dose of ISX9. (C-E) The mRNA expression of NeuroD1
was significantly reduced in ISX9 treated cells. (D-F) At a higher dose of ISX9, GATA3 expression was significantly
increased. Average of 3 experiments. Bars show mean + SD. * = p<0.05.

lowing ISX9 treatment. GATA3 mRNA expres- 40 pM ISX9 (p<0.05. Figure 1D, 1F), but not at
sion was significantly increased by 20 uM and lower doses.
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Figure 2. ISX9 induces mRNA expression of sensory neural markers. Gene expression analysis showed a significant
increase in GATA3 (B, F), Brn3a (C, G) and peripherin (D, H) in ISX9 treated cells. The Brn3a and peripherin expres-
sion were in both cell lines similar but GATA3 expression were 10 times more in AF22 cells compared to C1GFP
cells line. However, NeuroD1 expression was reduced in ISX9 treated cells compared to control (A, E). Average of 3

experiments. Bars show mean + SD. * = p<0.05.

Thus, a concentration of 20 pM ISX9 was se-
lected for the differentiation experiments
described below.

Effects on mRNA expression of sensory neural
markers

An overview of the results from qPCR regarding
MRNA expression of the sensory neural mark-
ers Brn3a, peripherin, GATA3 and NeuroD1 are
summarised in Figure 2. In C1GFP cells, the
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mRNA expression of GATA3 was increased
25-fold after treatment with 20 yM ISX9 and
the similar increase was obtained with a combi-
nation of ISX9 plus SB431542 (p<0.05. Figure
2B). In AF22 cells, the effects was even more
pronounced with a 230-fold increase by treat-
ment with ISX9 alone, and a 180-fold increase
by the combination of ISX9 plus SB431542
(p<0.05. Figure 2F). In contrast, treatments
with SB431542 and metformin did not induce
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Figure 3. ISX9 treatment induces an increased number of cells immunoreactive for Brn3a and Tujl at 4 days of
treatment. The numbers of Brn3a and Tujl positive cells were significantly increased following ISX9 treatment,
either alone or in combination of SB431542. However, metformin (MET) treatment resulted in a significantly in-
creased number of positive cells in CLGFP cells line (A) but not in AF22 cell line (B). Average from 3 experiments.

Bars show mean + SD. * = p<0.05.
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Figure 4. Expression of GATA3 after 4+7 days. Lt-NES cells were treated with the small molecules for 4 days and
the cultured 7 more days in survival medium containing neurotrophic factors BDNF and NT3. After 4+7 days, GATA3
expression was induced in ISX9 and ISX9+SB431542 treated cells of both cell lines (A, B). Average from 3 experi-

ments. Bars show mean + SD. * = p<0.05.

any change in GATA3 in either of the It-NES cell
lines.

C1GFP cells exhibited a 27-fold increase in
peripherin expression following exposure to
ISX9 and a 22-fold increase by the combination
treatment with 1ISX9 plus SB431542 (p<0.05
Figure 2D). In AF22 cells the results showed a
28- and 23-fold increase, from the ISX9 or ISX9
plus SB431542 treatments, respectively (p<
0.05 Figure 2H).

Expression of Brn3a was 5,5- and 3,7-fold
increased in C1GFP cells; and 7 and 5-fold
increase in AF22 cells, from ISX9 or ISX9 plus
SB431542 treatments, respectively (p<0.05,
Figure 2C, 2G).
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Effects on protein expression

To confirm the mRNA results, we also per-
formed immunocytochemistry for Brn3a and
Tujl in combination to identify sensory neu-
rons. A summary on the IHC data is illustrated
in Figure 3.

The frequencies of Brn3a/Tujl positive cells
were significantly increased following exposure
to ISX9 as well as from the combination treat-
ment with ISX9 plus SB431542, when com-
pared to control treatment (16% vs 14% in
C1GFP (Figure 3A) and 22% vs 19% in AF22
(Figure 3B) p<0.05). A significant increase in
Brn3a/Tujl positive cells was also obtained fol-
lowing metformin treatment of C1 GFP cells
(12%; p<0.05), but not in AF22 cells (15%; NS).
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Figure 5. Quantitative analysis of the number of cells immunoreactive for Brn3a and Tujl 4+7 after days. The fre-
quencies of Brn3a and Tuj1 positive cells in ISX9 treated cells were significantly higher after 7 days of treatment
(A, B). Both the cells lines showed similar pattern for positive cells, whereas no difference was seen between other

treatments. Average from 3 experiments. Bars show mean + SD. * = p<0.05.

Further differentiation in the presence of neu-
rotrophic factors

As it has been demonstrated that BDNF and
NT3 are important for the survival of sensory
neurons [22]. After 4 days of treatment with
small molecules It-NES cells were allowed to
differentiate for another 7 days in the presence
of the neurotrophic factors BDNF and NT3.

The addition of 7 days culture with neurotrophic
factors induced no further change regarding
MRNA levels of Brn3a or peripherin, in any of
the treatment groups (data not shown).
However, expression of GATA3 mRNA was sig-
nificantly up-regulated in the ISX9 as well as in
the ISX9+SB431542 treated cells (8- and
5-fold in CAGFP cells; 66- and 50-fold in AF22
cells, respectively) (p>0.05, Figure 4A, 4B).
Also the percentages of cells positivelyimmune-
stained for Brn3a and Tujl were significantly
increased in ISX9 and ISX9+SB431542 treated
cells (23% vs 18% in CAGFP and 28% vs 22% in
AF22), respectively (p>0.05, Figures 5A, 5B
and 6).

Discussion

Human It-NES cell lines derived from human
pluripotent stem cells have been shown to
exhibit a capability to propagate in culture over
long periods of time, while maintaining their
capacity to differentiate into the neural linage
[19]. Previously, it has been shown that It-NES
cells can differentiate into different types of
neurons, like dopaminergic neurons, motorneu-
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rons and cholinergic neurons [19, 23, 24]. It is,
however, not known whether they also can dif-
ferentiate into sensory neurons.

We have here tested the effects in two human
It-NES cell lines from three separate small mol-
ecules, with suggested effects on the differen-
tiation of sensory neurons.

Gou et al. showed that a combination of
SB431542, noggin and wntl could induce dif-
ferentiation of human neural progenitor cells
into 50% of sensory neurons and 50% of
Schwann cells [16]. In the present study, we did
not observe an increase in the number of sen-
sory neurons after a combination treatment
with ISX9 and SB431542. It is possible that
SB431542 has inhibiting effect on neuroepi-
thelial cells as they are more committed
towards neuronal cells.

The C1GFP and AF22 cell lines differed with
regard to response to Metformin. While the fre-
quency of cells staining positive for Brn3a/Tujl
was increased in the C1GFP cell line, similar
statistical difference was not obtained using
the AF22 cell line.

It was previously reported that the transcription
factors Neurog1 and NeuroD1 both play impor-
tant roles during the specification and develop-
ment of cochleo-vestribular ganglions [25, 26].
Knockout studies in mice have demonstrated
that deletion of Neurogl or NeuroD1 affect
the development of the cochleo-vestibular gan-
glion. In addition, Schneider and co-workers
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Figure 6. Immunostaining for sensory neural markers after 4+7 days. Cells were treated with small molecules for 4
days and cultured additional 7 days in medium containing BDNF/NT3. After 4+7 days, cells were immunostained
with Tujl (A, E, ) and Brn3a (B, F, J). Merged pictures in (D, H, L) for DMSO, ISX9 and ISX9+SB431542 respectively.
Cells were counter-stained with DAPI (C, G, K). Magnification 20X.

reported that the small molecule isoxazole 9 neural stem cells and induced robust neuronal
activated NeuroD expression in hippocampal differentiation [10]. From these published data,
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