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Objective: In vertebrates, bone morphogenetic proteins (BMPs) and activin signals play
multiple roles in dorso-ventral patterning and development of the spinal cord. Here the
inductions of BMP 4 and activin A on embryonic stem cells (ESCs) into dorsal interneurons
have been studied.

Materials and Methods: Four different treatments have been used for mESC derived
neural precursors; they include BMP4 (1ng/ml and 10ng/ml), activin A (100 ng/ml), and
activin A+BMP4 (100ng/ml, 10ng/ml). Induction’s effect on expression of specific dorsal
interneuron markers in mature neurons have been evaluated by the use of immunocyto-
chemistry and RT-PCR.

Results: Treatment of ESC-derived neural precursors with BMP4, activin A, or both
showed an increased generation of both dI1 and dI3 interneurons (Lhx2 and Isl-1-positive
cells) compared to the control group. However, the synergistic effect in generation of dI3
was not observed when both factors were used. Moreover, RT-PCR analysis of differenti-
ated cells showed the expression of Lhx9, Lhx1, and Isl1, the transcription factors that are
markers of dI1, dI2, and dI3 interneurons respectively.

Conclusion: Our results showed that specific combination of developmental signal-
ing molecules can direct the differentiation of ESCs into dorsal interneurons. Further-
more, qualitative and quantitative differences in signaling by different members of
the TGF- superfamily may play a role in the specification of different types of dorsal
interneurons.
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Introduction

The vertebrate central nervous system (CNS) is
derived from a columnar epithelium, the neural
plate which then folds to form the neural tube.
Diverse cell types of the CNS are differentiated
along the anteroposterior and dorsoventral axes
of the neural tube. The most anterior region of
the neural tube forms the brain structures while
more posterior regions give rise to the spinal
cord. The medial region of the neural plate de-
velops into cells of the ventral half of the neural
tube including floor plate cells, motor neurons,
and ventral interneurons. The lateral region of
the neural plate differentiates into the dorsal

cells of the neural tube - neural crest cells, roof
plate cells and dorsal sensory relay interneu-
rons (1).

Through a variety of assays, the inductive
signals that control the identity and pattern
of these cell types have been revealed. The
generation of ventral cell types is induced by
sonic hedgehog (Shh) secreted from the noto-
chord. In contrast, dorsal cell types are gen-
erated in response to signals derived from the
epidermal ectoderm, probably from member(s)
of the TGF-B family such as BMP4 (2). Roof
plate cells are also generated in response to a
BMP mediated signal from the epidermal ec-
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toderm (3, 4). Roof plate is the direct source
of BMP signals, notably BMP4 and BMP7,
which specify D1 (dI1) and D2 (dI3) classes of
dorsal interneurons. It is believed that a tem-
poral change in the response of neural cells to
TGF-B-signaling controls generation of distinct
classes of dorsal interneurons; i.e. at the early
stages when they acquire the capacity to gener-
ate D1 and D2 interneurons (3). In addition, it
is believed that qualitative and quantitative dif-
ferences in signaling by TGF- molecules are
important in identification of distinct classes of
dorsal interneurons; for example, activin A and
low concentrations of BMP4 induced dI3 (D2)
interneurons while GDF7, a BMP family mem-
ber, and higher levels of BMP4 induced dI1 (D1)
interneurons (3, 4). Inhibition of BMP signaling
via the expression of a secreted BMP inhibitor
such as noggin, or a conditional inactivation of
BMPRI1A and BMPRI1B resulted in the loss of
dI1 and dI2 cells, indicating that BMP signaling
is necessary for their production (5-7). TGFP
signaling also acts to block the formation of
more medial interneurons (dI4-dI16) in the dor-
sal part of the neural tube, possibly via the re-
pression of Lbx1 protein (8-10). Based on the
development of the neural tube dorsal interneu-
rons and previous studies on this issue, we ex-
amined the generation of these cell types in the
mouse embryonic stem cells (ESCs). Embry-
onic stem cells are derived from a preimplan-
tation embryo which has the potential for dif-
ferentiation to derivatives of embryonic germ
layers (11-16). Because ESCs can be easily
maintained, propagated, and genetically manip-
ulated they can be a better source of specialized
cells for therapeutic purposes. However, one of
the major challenges in cell therapy is to devel-
op a reliable protocol for pre-differentiation of
ESCs into specific neuronal phenotypes. While
differentiation of ESCs into motor neurons may
be successfully achieved by treatments with
RA and Shh, the mechanism of differentiation
of dorsal horn interneurons is far from clear.
Also little is known about the signals that in-
duce initial dorsal character (17, 18). Clues to
potential factors involved in induction of neu-
ronal phenotype can be unveiled by studying
neural development. Therefore, to identify the
signals that induce initial dorsal characteristics
, and to differentiate dorsal interneurons of the
spinal cord for future spinal cord cell therapy,
we have first induced generation of neuroepi-
thelial precursor cells (nestin-positive cells);
then, to induce specification of dorsal interneu-
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rons, the neural precursors were treated with
retinoic acid and the dorsalizing factors BMP4
and activin A.

To generate different types of dorsal interneu-
rons, different concentrations of BMP4 and two
distinct members of TGF-B superfamily were
applied, which resulted in the greatest number
of specified dI1 and dI3 neurons following
treatment with activin A and higher concentra-
tions of BMP4.

Materials and Methods

Culture of undifferentiated mouse ESCs

ES cells of line Royan B 1 (19) which were
derived from the C57BL/6 mouse strain were
grown on a feeder layer of primary mouse em-
bryonic fibroblasts (MEF) in tissue culture
flasks (stage 0). Cells were maintained in the
presence of 1000 IU/ml leukemia inhibitory fac-
tor (LIF, ESGRO, Chemicon, ESGI107) in the
ESC medium (stage 0) consisting of Knockout
™DMEM (Gibco,10829-018), 15% ESC quali-
fied fetal bovine serum (FCS, Gibco,16141-
079), 0.1 mM pB-mercaptoethanol (Sigma,
M7522), 2 mM L-glutamine (Gibco,25030-
024), 0.1 mM non-essential amino acids (Gib-
co, 11140-035) and penicillin and streptomycin
(Gibco, 15070-063).

Induction of differentiation

The protocol of differentiation was summa-
rized (Fig 1) (20,21). To induce differentia-
tion (stagel), ESCs were dissociated into a
single cell suspension by using Trypsin-EDTA
in HBSS (Gibco,25300-054). 650000 cells
were then transferred to bacteriological Petri
dishes and cultivated for 4 days in the medium
described above without PB-mercaptoethanol
and LIF in order to make ESC aggregates or
embryoid bodies (EBs). At day 4 (4d), about
sixty EBs were plated onto 6-well plates and
coated with Poly-L-ornithine (Sigma, P3685)/
laminin (Sigma, L2020) containing the same
medium. One day after the attachment of EBs,
selection of nestin-positive cells (stage 2)
was carried out by replacing the ESC medium
with serum-free DMEM/F12 medium (Gibco,
12456018) supplemented with 5 pg/ml insulin
(Sigma,16634), 30 nM sodium selenate (Sigma,
S5261), 50 pg/ml transferrin (Sigma,T5391),
and 5 pg/ml fibronectin (Invitrogen, 12173-
091). The culture medium was replaced after 2
days. After 4 days of selection, differentiation
of neural precursors (stage 3) was initiated; the
cells were cultured in medium containing 25



pg/ml insulin instead of 5 pg/ml insulin, and
supplemented with 1 pg/ml laminin, 10° M
retinoic acid (RA), as well as different concen-
trations and combinations of BMP4 and activin
A in 5 groups. neither BMP4 nor Aactivin A
was considered as a control group, the other
four groups were treated with 1 ng/ml BMP4,
10 ng/ml BMP4, 100 ng/ml activin A, and 10
ng/ml BMP4 plus 100 ng/ml activin A. The
five groups were incubated for 4 days, with
their mediums being replaced after 2 days.
They were then dissociated with trypsin-EDTA
(Gibco, 25300-054), and replated onto poly-L-
ornithine/laminin-coated 24-well and 6-well
plates containg neurobasal medium (Gibco,
211030-049) supplemented with 10% FCS, L-
glutamine, nonessential amino acids, antibiot-
ics, 2% B27 (Gibco, 17504-044), and 100 puM
ascorbic acid (stage 4). To prevent glial cell
proliferation, 10 pM of cytosine arabinoside
(Sigma, C1768) was added as well. Half of the
medium was changed every 2 days and the cells
were allowed to differentiate under a matura-
tion condition for 6 days.

Immunocytochemistry analysis

The cells were immunostained with nestin after
stage 2, and with MAP-2, Lhx2, and Isll anti-
bodies following stage 4.

After the cells were fixed with ice-cold 4% para-
formaldehyde for 20 minutes and rinsed three
times with PBS, they were incubated for 30
minutes in 5% goat serum, 0.3% bovine serum
albumin, and 0.25% Triton X-100 in Tris-buff-
ered saline (TBS). This blockade of nonspecific
binding and permeabilization was followed by
an overnight incubation with primary antibod-
ies in optimal concentrations at 4°C. After five
PBS rinses, the samples were incubated with the
primary antibodies for 60 minutes in darkness at
room temperature. The primary antibodies were:
microtubule-associated protein 2 (MAP2) mouse
monoclonal antibody (Sigma M2320, 1:250),
nestin mouse monoclonal antibody (Chemicon
MAB353, 1:200), Isll1 rabbit polyclonal anti-
body (Sigma, 15783, 1:500), and Lhx2 goat pol-
yclonal antibody (Santa Cruz, sc-19344, 1:250).
After washing, the cells were incubated with
the following secondary antibodies: FITC con-
jugated goat anti-mouse (Chemicon, AP124F,
1:100), FITC conjugated goat anti-rabbit I1gG
(H+L) (Jackson Immunoresearch, 111-095-003,
1:200) and FITC conjugated mouse anti-goat
IgG (H+L) (Sigma, F7367, 1:200). The cells
were then counterstained with 1ug/ml propid-
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ium iodide (PI, Sigma, P4864) or DAPI (Sigma)
for 3 minutes at room temperature. Omission of
primary antibodies was used as a control for all
markers. Labeled cells were examined with a
fluorescence microscope (Olympus, BX51, Ja-
pan) and images were acquired with an Olym-
pus D70 camera. For cell counting, 10 random
images prepared from fluorescent stained cells
from different sites on each slide were counted
in each image to determine the number of posi-
tive cells per total number of cells (stained with
propidium iodide).

Reverse transcription-polymerase chain reac-
tion (RT-PCR) analysis

Total RNA was isolated as described using the
RNeasy Mini Kit (Qiagen, 74104). Prior to re-
verse transcription (RT), a sample of the iso-
lated RNA was treated with 1 U/ul of RNase-
free DNasel (ENO0521, Fermentas) per 1 ug of
RNA (in order to eliminate residual DNA) in
the presence of 40 U/ul of ribonuclease inhibi-
tor (E00311, Fermentas) and 1x reaction buffer
with MgCI2 for 30 minutes at 37 °C. Standard
reverse-transcription reactions were performed
with 2 pg total RNA using Oligo (dT)I18 as a
primer and Superscript II RNase H- reverse
transcriptase kit (Invitrogen™, 11917-010),
according to manufacturer’s instructions. For
every reaction set, one RNA sample without
reverse transcriptase (RT- reaction) was to pro-
vide a negative control in the subsequent PCR.
The primer sequences were: Lhx9 were: F: 5'-
gacggtagcatttactgcaag -3' and R: 5'- gtgatgctt-
gaaagaagttc -3', Lhx1; F: 5'- caaggagcgaaggat-
gaaaca g -3' and R: 5'-cagatgatggcacaaagggta
g -3', Isll; F: 5'- gactttgagcaaggggttacg -3' and
R: 5'- acatgaaaagtggcaagtctcc -3' and B-tubulin,
forward: 5'-tcactgtgcctgaacttacc-3' and reverse:
S'-ggaacatagccgtaaactge-3'. Amplification con-
ditions consisted of initial denaturation at 94°C
for 5 minutes followed by 30 cycles, denatura-
tion at 94°C for 45 seconds, annealing for 45
sesonds, extension at 72°C for 30 seconds, and
a final polymerization at 72 °C for 10 min-
utes on a Mastercycler gradient machine (Ep-
pendorf, Germany). Each PCR was performed
under linear conditions with beta-tubulin used
as an internal standard. Products were electro-
phoresed on 1.7 % agarose gel. The gel was
stained with ethidium bromide (0.5 pg/ml) and
photographed on a UV transilluminator (Uvi-
doc, UK). Gel images were analyzed using the
UVI bandmap program (Uvitec, Cambridge,
UK).
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Statistical analysis

The data were expressed as Mean = SD. One-way
ANOVA followed by Tukey's post hoc test for
multiple group comparison was used to analyze
group differences of the data collected from im-
age analysis. A difference between groups was
considered as statistically reliable if p<0.05.

Results

To determine whether mESCs can differentiate
into distinct classes of dorsal interneurons of the
spinal cord, nestin positive cells were first in-
duced (Fig 2A); they were then treated with RA
and BMP4 and/or activin A to induce neurons
(MAP 2 positive cell, Fig 2B) and dorsal interneu-
rons of the spinal cord. Some of the experiments
were just treated with RA, and were considered as
control groups.

Since most spinal cord dorsal interneurons (dI1)
are exposed to higher levels of roof-plate-derived
TGFB-mediated dorsalizing signals, it is possible
that applying different concentrations of BMP4
can result in generation of distinct classes of dor-
sal interneurons (6, 22). To address this, cells were
treated with 1 ng/ml BMP4 or 10 ng/ml BMP4.
To examine the number of dI1 and dI3 interneu-
rons differentiated under wvarious treatments,
stage 4 cells were immunostained with Lhx2 (Fig
2C) and Isll (Fig 2D) antibodies which are the

(KODMEM...)

markers of dI1 and dI3 interneurons respectively
(3, 4, 8,9, 23). We found that cells treated with
10 ng/ml BMP4 responded with the greater gen-
eration of dI1 and dI3 interneurons compared to
the control group (Fig 3, p<0.0001, p<0.003, re-
spectively). Furthermore, exposure of the cells to
1 ng/ml BMP4 did not induce a significant in-
crease in the number of dI1 or dI3 interneurons
compared to the control group (data not shown).
These findings indicate that probably a concen-
tration threshold of the dorsalizing signal BMP4
is required for the generation of distinct classes
of dorsal sensory interneurons.

The same experiment was performed with activin
A to test whether distinct members of the TGF-f
superfamily can induce distinct types of dorsal
interneurons. Based on the experiments done on
explants of chick embryos, activin A can preferen-
tially induce generation of dI3 (D2) neurons (3).
Our results indicate that cells subjected to activin
A differentiated into more dI1 and dI3 neurons in
comparison to the control group (Fig. 3, p<0.001
and p<0.001, respectively). Moreover, compared
to the 1ng/ml BMP4 group, activin A-treated cells
generated more dI3 (Isll-positive) interneurons,
but not dI1 neurons, (Fig 3, p<0.003); these results
provide evidence that treatment with activin A can
induce more dI3 interneurons than treatment with
lower concentrations of BMP4.

mESC

Mouse medium ﬁ4 d (suspension culture)

EB

L 4

ITSFn ﬁ 4d

1. Control group
2. BMP4 (1ng/ml)

NEP

3. BMP4 (10 ng/ml) 4d
RA(TuM)+{ 4. ActivinA (100 ng/ml)

5. BMP4 (10 ng/ml)+

ActivinA (100ng/ml)

Neurobasal + B27

Fig I: Illustration of the differentiation induction protocol of mouse embryonic stem cells (mESCs)
into dorsal interneurons of the spinal cord. NEP: neural precursors, EB: Embryoid body
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Fig 2: Characterization of mouse ESC-derived dorsal interneurons. Immunofluorescence stain-
ing of neural progenitor cells and neurons with ani-nestin at stage 2 (4), anti MAP2, Lhx2 (C),
and Isll (D) at stage 4. Red and blue colors in A, B, C, and D represent nuclei counterstained
with propidium iodide and DAPI, respectively. (E) RT-PCR analysis of differentiated neurons
at step 4.

In another experiment, dorsalizing factors were
used together to test whether they have an addi-
tive effect on the generation of dorsal interneurons.
Although a considerable increase in the number of
Lhx2-positive and Isl1-positive neurons (dI1 and
dI3 interneurons respectively) was observed in
compared to the control group (Fig 3, p<0.0001
and p<0.001, respectively), there was no signifi-
cant increase in the number of interneurons in this
group compared to the 10 ng/ml BMP4-treated
group and the activin A-treated group.

However, the group treated with both activin A
and BMP4 resulted in generation of more dI3 neu-
rons, but not dI1 neurons, in comparison to the 1
ng/ml BMP4-treated group (p<0.004), again con-
firming the previous result regarding preferential
induction of dI3 neurons through treatment with
the dorsalizing factor activin A (Fig 3). Moreover,
RT-PCR analysis of differentiated cells showed
the expression of Lhx9, Lhx1 and Isl1, the tran-
scription factors that are markers of dI1, dI2, and
dI3 interneurons respectively (Fig 2E).
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Fig 3: Percentage of dI1 (Lhx2 positive) and dI3 (Isll positive). Solid line:
significant difference (p<0.05) between different groups immunostained for
Lhx2. Dashed line: significant difference (p<0.05) between different groups
stained for Lhx2.
Discussion

Here, we examined the effects of activin and
BMP4 on the differentiation of embryonic stem
cells into interneurons in vitro. We found that
the treatment of ESC-derived neural precur-
sors with BMP4, activin A, or both increased
the generation of both dI1 and dI3 interneu-
rons (Lhx2 and Isll positive cells) compared
to the control group. Timmer et al. previously
suggested that activin signaling may promote
the formation of the dI3 precursor cells within
a region circumscribed by BMP signals, and
that this function is not dependent upon BMP
signaling.

However, the synergistic effect in generation
of dI3 was not observed when both factors
were used. In vitro data suggested that BMP
and activin signaling has overlapping but dis-
tinct roles in patterning the dorsal neural tube
(3, 4, 24).

Treatment of neural explants of chicken em-
bryo with activin ligands indicated that activin
signaling could repress Pax6 expression while
promoting the expression of LHX2/9 and Isletl
(10). Although this is a subset of the activities
ascribed to BMP signaling, there were signifi-
cant differences in how these genes responded
to different levels of BMP and activin signal-
ing. Timmer et al. have described that activin
pathway signaling elicits different downstream
effects than BMP signaling in vivo.

Moreover, RT-PCR analysis of differentiated
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cells showed the expression of Lhx9, Lhx1 and
Isl1, the transcription factors that are markers
of dI1, dI2, and dI3 interneurons, respectively.
Therefore, our results show that BMP4/activin
A signals are required for the differentiation
of specific dorsal interneurons of the spinal
cord. Previous studies on neural explants of
chick embryos have shown that BMP4 and
activin A mimic the ability of epidermal ec-
toderm to induce neural crest cells and roof
plate cells (3, 4). The present study extends
this issue to the mouse ESCs as well. Further-
more, apparently a qualitative difference in
the signaling of the TGF-3 members may gen-
erate distinct types of dorsal interneurons, i.e.
activin A may preferentially induce specifica-
tion of dI3 interneurons versus dI1 neurons.
Moreover, Murashov et al. (18) demonstrated
that orderly application of developmental sig-
naling molecules including RA, Shh, BMP2,
and Wnt3A directs differentiation of ESCs
into dorsal interneurons possessing appropri-
ate neuronal markers, synaptic proteins, and
neurotransmitter machineries.

Our results show that distinct classes of dor-
sal interneurons of the spinal cord require a
specified threshold of BMP4 signaling. ES
cells exposed to low BMP4 concentrations
(1 ng/ml) generated a considerably smaller
number of dorsal interneurons dI1 and dI3
than those treated with higher levels of BMP4
(10 ng/ml).



Conclusion

Mouse ESCs have the ability of differentiat-
ing to enormous cell types including dorsal
cells of the neural tube. Increasing evidences
places TGF-B signaling as an early event in
the specification of dorsal identity in the neu-
ral tube which apparently implicates quanti-
tative and qualitative differences in TGF-f
signaling. Future studies aimed at dissecting
molecular context that allows TGF-f signal-
ing to regulate ESC differentiation into dorsal
interneurons should yield important insights
into mechanisms that control the develop-
ment of dorsal horn neuronal population. The
identification of these mechanisms may pro-
vide the means to generate specific classes of
interneurons from ESCs for therapeutic ap-
plications.

Acknowledgments

This study was funded by a grant provided from
Royan Institute. The authors have no conflict of in-
terest to disclose.

References

1. Moody SA, Je HS. Neural induction, neural fate
stabilization and neural stem cells. Scientific World
Journal. 2002; 2: 1147-1166.

2. Tanabe Y, Jessell TM. Diversity and pattern in the
developing spinal cord. Science.1996; 274: 1115-
1123.

3. Liem KF Jr, Tremml!| G, Jessell TM. A role for
the roof plate and its resident TGFp-related pro-
teins in neural patterning in the dorsal spinal cord.
Cell.1997; 91: 127-138.

4. Liem KF Jr, Tremml G, Roelink H, Jessell TM.
Dorsal differentiation of neural plate cells induced
by BMP-mediated signals from epidermal ectoderm.
Cell. 1995; 82: 969-979.

5. Chesnutt C, Burrus LW, Brown AM, Niswander L.
Coordinate regulation of neural tube patterning and
proliferation by TGF beta and WNT activity. Dev
Biol. 2004; 274: 334-347.

6. Chizhikov VV, Millen KJ. Control of roof plate
formation by Lmx1a in the developing spinal cord.
Development. 2004b; 131: 2693-2705.

7. Wine-Lee L, Ahn KJ, Richardson RD, Mishina
Y, Lyons KM, Crenshaw Il EB. Signaling through
BMP type 1 receptors is required for development
of interneuron cell types in the dorsal spinal cord.
Development. 2004; 131: 5393-5403.

8. Gross MK, Dottori M, Goulding M. Lbx1 specifies
somatosensory association interneurons in the dor-
sal spinal cord. Neuron. 2002; 34: 535-549.

9. Muller T, Brohmann H, Pierani A, Heppenstall PA,
Lewin GR, Jessell TM, et al. The homeodomain fac-
tor Ibx1 distinguishes two major programs of neuro-
nal differentiation in the dorsal spinal cord. Neuron.

Najafi et al.

2004; 34: 551-562.

10. Timmera J,Chesnuttb C, Niswandera L. The
Activin signaling pathway promotes differentiation
of dI3 interneurons in the spinal neural tube. Dev
Biol. 2005; 285: 1-10.

11. Baharvand H, Hashemi SM, Shahsavani M.
Differentiation of human embryonic stem cells into
functional hepatocyte-like cells in a serum-free ad-
herent culture condition. Differentiation. 2008; 76:
465-477.

12. Baharvand H, Mehrjardi NZ, Hatami M, Kiani S,
Rao M, Haghighi MM. Neural differentiation from
human embryonic stem cells in a defined adher-
ent culture condition. Int J Dev Biol. 2007; 51: 371-
378.

13. Baharvand H, Jafary H, Massumi M, Ashtiani
SK. Generation of insulin-secreting cells from hu-
man embryonic stem cells. Dev Growth Differ.
2006; 48: 323-332.

14. Baharvand H, Ashtiani SK, Taee A, Massumi M,
Valojerdi MR, Yazdi PE, et al. Generation of new
human embryonic stem cell lines with diploid and
triploid karyotypes. Dev Growth Differ. 2006; 48:
117-128.

15. Baharvand H, Azarnia M, Parivar K, Ashtiani
SK. The effect of extracellular matrix on embryonic
stem cell-derived cardiomyocytes. J Mol Cell Car-
diol. 2005; 38: 495-503.

16. Baharvand H, Ashtiani SK, Valojerdi MR, Shah-
verdi A, Taee A, Sabour D. Establishment and in
vitro differentiation of a new embryonic stem cell
line from human blastocyst. Differentiation. 2004;
72: 224-229.

17. Gunhaga L, Marklund M, Sjodal M, Hsieh JC,
Jessell TM, Edlund T. Specification of dorsal tel-
encephalic character by sequential Wnt and FGF
signaling. Nat Neurosci. 2003; 6: 701-707.

18. Murashov AK, Pak ES, Hendricks WA, Owens-
by JP, Sierpinski PL, Tatko LM, et al. Directed dif-
ferentiation of embryonic stem cells into dorsal in-
terneurons. FASEB J. 2005; 19: 252-264.

19. Baharvand H, Matthaei Kl. Culture condition dif-
ference for establishment of new embryonic stem
cell lines from the C57BL/6 and BALB/c mouse
strains. In Vitro Cell Dev Biol Anim. 2004; 40: 76-
81.

20. Okabe S, Forsberg-Nilsson K, Spiro AC, Segal
M, McKay RD. Development of neuronal precur-
sor cells and functional postmitotic neurons from
embryonic stem cells in vitro. Mech Dev. 1996;59:
89-102.

21. Baharvand H, Power JM, Ozsarac N, Matthaei
Kl. Differentiation of embryonic stem cells into
functional neurons in vitro. Neurosci Res Commun.
2004; 35: 130-138.

22. Helms AW, Johnson JE. Specification of dorsal
spinal cord internurons.Curr opin Neurobiol. 2003;
13: 42-49.

23. Basler K, Edlund T, Jessell TM, Yamada T.
Control of cell pattern in the neural tube:regulation
of cell differentiation by dorsalin-1,a novel TGF-

283



Dorsal Interneuron Differentiation, BMP4 and Activin

family member. Cell. 1993; 73: 687-702. the developing spinal cord in vitro. Proc Natl Acad
24. Pituello F, Yamada G, Gruss P. Activin A inhibits Sci USA. 1995; 92: 6952-6956.
Pax-6 expression and perturbs cell differentiation in

Yakhteh Medical Journal, Vol 11, No 3, Autumn 2009 284




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


