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Runx1tl Regulates the Neuronal Differentiation of
Radial Glial Cells From the Rat Hippocampus
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ABSTRACT

The brain has the highest Runx1tl level relative to the levels in other organs. Runx1tl might have
a regulatory function as a transcriptional corepressor in the differentiation/development of the ner-
vous system. Neurogenesis requires factors that regulate the proliferation of progenitors and activate
the neuronal differentiation process. However, the precise role of Runx1t1 in hippocampal neurogen-
esis is unclear. We knocked down Runx1t1 in hippocampal radial glial cells (RGCs) with Runx1t1-RNA
interference using lentiviral vectors. We also used LV-Runx1t1 to induce Runx1tl overexpression in
vitro. We have provided experimental evidence that decreased Runx1t1 expression reduced the neu-
ronal differentiation of RGCs, and increased Runx1t1 expression caused a greater number of RGCs to
differentiate into neurons. We have concluded that Runx1t1 could be involved in the process through
which RGCs differentiate into neurons. STEM CELLS TRANSLATIONAL MEDICINE 2015;4:110-116

INTRODUCTION

Hippocampal neurogenesis in the dentate gyrus
persists throughout life [1-3]. Neurogenesis is
a process through which new neurons are gener-
ated from neural stem cells (NSCs) or neural pro-
genitor cells (NPCs). Radial glial cells (RGCs) are
putative stem cells in the adult central nervous
system [4-6]. They display both astroglial and
neuroepithelial characteristics and have multiple
differentiation potentialities. RGCs function both
as progenitors and as a scaffolding onto which
new neurons can migrate [7, 8]. As progenitors,
RGCscangiverise tonew neurons [4,9-11). Neuro-
genesis is a multistep process and is regulated by
many factors, both intrinsic and extrinsic [12, 13).

During the process of neurogenesis, a gene-
expression cascade activated by proneural basic
helix-loop-helix (bHLH) proteins plays an essential
and conserved role in promoting neuronal differ-
entiation [14]. Myeloid translocation genes
(MTGs) are parts of the gene expression. MTG
proteins are expressed during neuronal differen-
tiation and can function by promoting both the
transition from precursor to neuron and the ex-
pression of neuronal genes within differentiated
cells [15]. A number of reports using biochemical
and molecular analyses have suggested that
MTG proteins function as potent transcriptional
repressors [16—18]. Runx1tl (runt-related tran-
scription factor 1; translocated to, 1 [cyclin D-
related]), a transcription factor, is a member of
the MTG family. Runx1t1 is involved in the prolif-
eration and differentiation of hematopoietic
stem cells (19, 20]. However, the role of Runx1tl

in neural development has largely been unex-
plored. We investigated the broader role of
Runx1tl in hippocampal neurogenesis in vitro.
Using RGCs from the hippocampus as cell models
and Runx1tl knockdown by small interfering
RNA (siRNA), we found that Runx1t1 knockdown
in hippocampal RGCs was associated with de-
creased neural differentiation. In contrast,
Runx1tl overexpression during the neural dif-
ferentiation of hippocampal RGCs led to the dif-
ferentiation of a greater number of RGCs into
microtubule-associated protein 2 (MAP-2)-positive
neurons. These results suggested that Runx1tl
is closely related to the neural differentiation of
hippocampal RGCs in vitro.

MATERIALS AND METHODS

RGC Culture and Identification

RGCs were acquired as previously described [10].
Animal experiments were conducted according to
the protocols approved by the NIH Guide for the
Care and Use of Laboratory Animals. Embryos were
taken from pregnant rats on embryonic day 16,
and the embryonic hippocampal tissues were im-
mediately dissected and isolated. After removal
of the meninges, the tissue was gently triturated
into single-cell suspensions using a fire-polished
pipette. After centrifugation for 2 minutes at
1,000 rpm, the cells were resuspended and main-
tained at a density of 1 X 10° in 10-ml Dulbecco’s
modified Eagle’s medium (DMEM)/F12 containing
2% B27 and 20 ng/ml epidermal growth factor
and fibroblast growth factor-2 (Sigma-Aldrich,
St. Louis, MO, http://www.sigmaaldrich.com), a
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neurosphere expansion medium. The primary neurospheres were
easily formed, and these newly formed neurospheres were
passaged every week by the dissociation of bulk neurospheres
using Accutase (Sigma-Aldrich). After 3 passages, the neuro-
spheres were incubated in Accutase for about 20 minutes and trit-
urated into single-cell suspensions, replated at a density of 1.5 X
10* cells per milliliter on poly-L-lysine (PLL)-coated coverslips in
24- or 6-well plates (adherent conditions) containing the expan-
sion medium. Three days later, these single NSCs/NPCs exhibited
elongated processes and displayed the morphological features of
RGCs. Next, the cells were processed forimmunocytochemistry to
identify their astroglial and stem/progenitor properties.

siRNA-Mediated Knockdown and Overexpression of
Runx1tl in RGCs

Runx1tl expression in RGCs was inhibited using specific siRNA (Si-
lencer siRNA transfection, GV118 lentiviral expression system,
LV3-RUNX1T1-RNA interference (RNAi), Shanghai GeneChem
Co., Ltd., Shanghai, People’s Republic of China). A vector-based
RNAIi approach was used to produce intracellular short hairpin
double-stranded RNA from a DNA template under the control
of the porcine cytomegalovirus (pCMV) promoter. The siRNA
was designed using the web-based siRNA design program on
the GenScript webpage (Piscataway, NJ, http://www.genscript.
com/rnai.html). The sequence used avoided the conserved
LIM-homeobox domains and produced a specific hit for only
RUNX1T1 in the GenBank database. Three oligonucleotide
sequences were designed and were as follows: Runx1t1-RNAi
(24675-2), 5'-TGAGCCTTTGCACTCAGAACATCTCGAGATGTTCTG-
AGTGCAAAGGCTCTTTTTTC-3’; Runx1t1-RNAi (24676-3), 5'-TAA-
GCAAGCGACCATGCACTATCTCGAGATAGTGCATGGTCGCTTGCTTTT-
TTTTC-3'; and Runx1t1-RNAi (24677-1), 5'-TCAGCGGTACAGTCC-
AAATAATCTCGAGATTATTTGGACTGTACCGCTGTTTTTTC-3'. The
underlined letters denote the hairpin loop. The negative control
(NC) sequence was 5'-CCGGTTCTCCGAACGTGTCACGTTTCAA-
GAGAACGTGACACGTTCGGAGAATTTTTG-3'. Vectors carrying
the three oligonucleotide sequences were transfected into the
hippocampal RGCs, and the most effective RUNX1T1-RNAi vector,
as determined using quantitative real-time reverse transcription
polymerase chain reaction (PCR), was selected for the subsequent
experiments.

A GV287 lentiviral expression system (Shanghai GeneChem
Co.) was used to acquire the RUNX1T1-overexpressing lentivirus
LV4-Runx1tl and the NC lentivirus LV4-NC (1 X 10° TU/ml). In
brief, the full length of RUNX1T1 cDNA (NM_001108657) was
obtained by oligonucleotide synthesis [21, 22]. The full length se-
quence was decomposed into short sequences of DNA, synthe-
sized individually. The short sequences were then connected
into the full-length sequence using T4 DNA ligase and amplified using
PCR. The obtained target gene was inserted into the lentiviral vector
GV287 and generated GV287-RUNX1T1-enhanced green fluorescent
protein (EGFP) containing the full length of RUNX1T1. Next, GV287-
RUNX1T1-EGFP was transfected into 293T cells. Finally, 48 hours
later, the viral supernatants were harvested, and the titer was deter-
mined (2 X 108 TU/ml). The NC lentiviral vector LV4-NC was also pur-
chased from Shanghai GeneChem Co.

Transfection and Stable Clones

For the transfection experiments, the cells were divided into six
groups. For siRNA interference, adherent cells were cultured in

www.StemCellsTM.com

expansion medium containing 30 ul of 1 X 10% TU/ml LV3-
RUNX1T1-RNAi or 10 ul of 3 X 10% TU/ml LV3-NC with 8 ug/ml
polybrene (Shanghai GeneChem Co.). After incubation for 12
hours, the culture medium was replaced with fresh expansion
medium without lentivirus. For RUNX1T1 overexpression, adher-
ent cells were cultured in expansion medium containing 20 ul of
2 X 10® TU/ml LV4-Runx1tl or 4 ul of 1 X 10° TU/ml LV4-NC with
8 ug/ml polybrene for 24 hours. Next, the medium was replaced
with fresh expansion medium.

In all control groups, adherent cells were cultured in expan-
sion medium. Five days later, Runx1t1 protein and RNA expres-
sion in the RGCs was analyzed using real-time PCR, Western
blot, and immunocytochemistry.

RGC Differentiation Culture

For the differentiation experiments, the adherent cells after len-
tiviral transfection and the cells in the control groups were trans-
ferred to DMEM/F12 medium with 2% B27 and 2% fetal bovine
serum (FBS; Gibco, Grand Island, NY, http://www.invitrogen.
com) to promote neuronal differentiation. Seven days later, the
differentiated cells were processed for immunocytochemistry.

RNA Extraction and Real-Time PCR

Total RNA was isolated using a UNIQ-10 Spin Column RNA Purifi-
cation Kit (Sangon, Shanghai, People’s Republic of China, http://
www.sangon.com). First-strand cDNA was synthesized using the
RevertAid First-Strand cDNA Synthesis Kit (Fermentas, Burling-
ton, ON, Canada). First-strand cDNA was subsequently processed
with the Corbett RG-6000 PCR system (Qiagen, Dusseldorf,
Germany, http://www.giagen.com) using FastStart Universal
SYBR Green Master Mix (Roche Diagnostics, Basel, Switzerland,
http://www.roche-applied-science.com). The reactions were
optimized by varying the annealing temperatures from 48°C
to 55°C. The sense and antisense primers were synthesized
as follows: glyceraldehyde-3-phosphate dehydrogenase, 5'-
GCAAGTTCAACGGCACAG-3’, 5'-GCCAGTAGACTCCACGACAT-3';
and RUNX1T1, 5'-CCATTGCCCACCACTA-3’, 5'-CCACTCTTCTGCC-
CATT-3’, respectively.

Western Blot Assay

For Western blot analysis, total protein was isolated using RIPA
Lysis Buffer (Beyotime, Jiangsu, People’s Republic of China),
and the protein concentration was determined using the En-
hanced BCA Protein Assay Kit (Beyotime). Equal amounts of pro-
tein were resolved on sodium dodecyl sulfate polyacrylamide gel
electrophoresis using 10% separation gels. The gels were trans-
ferred to polyvinylidene fluoride membranes using Bio-Rad
Semi-Dry Transfer Cell (Bio-Rad, Hercules, CA, http://www.bio-
rad.com) at 15 V for 45 minutes and then blocked with 5% milk
in Tris-buffered saline Tween buffer. The membranes were incu-
bated overnight with primary antibody rabbit anti-RUNX1T1
(1:300; Abcam, Cambridge, U.K., http://www.abcam.com) and
mouse anti-B-actin (1:2,000; Beyotime) at 4°C. After incubation
with horseradish peroxidase-conjugated goat anti-mouse or goat
anti-rabbit secondary antibody (1:2,000), the membranes were
washed and immunoreactive proteins scanned using a Chemidoc
XRS system (Bio-Rad). The optical density of the membrane was
measured, and the relative expression of RUNX1T1 protein in the
different groups was determined semiquantitatively using Quan-
tity One software (Bio-Rad).
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Figure1l. Hippocampalradial glial cells (RGCs) acquired from the neurosphere under adherent conditions expressed radial glial markers in vitro.
The new-formed neurospheres (A) acquired from neonatal rat hippocampi were dissociated and replated under adherent conditions. Three days
later, the cells had extended processes and presented a bipolar morphology (B). The RGCs coexpressed the stem/progenitor markers (green)
nestin (C2) and Sox2 (D2), and the astroglial markers GFAP (red in C1, D1, and E1, but green in F2), BLBP (green, E2), and vimentin (red, F1). The
ratio of nestin- to GFAP-positive cells was 95.43% =+ 3.03%, that of Sox2- to GFAP-positive cells was 94.24% =+ 3.71%, that of BLBP- to GFAP-
positive cells was 94.04% =+ 2.95%, and that of vimentin- to GFAP-positive cells was 94.28% = 3.33% (G). Scale bars = 50 um. Abbreviations:
BLBP, brain lipid-binding protein; GFAP, glial fibrillary acidic protein.

Immunofluorescence Staining Analyses

The cells were fixed in 4% paraformaldehyde and incubated with
primary antibodies at 4°C for 48 hours. Next, the cells were incu-
bated overnight with secondary antibodies conjugated to fluores-
cein 488 and 594 at 4°C. The primary antibodies used were as
follows: rabbit anti-brain lipid-binding protein (BLBP; 1:1,000),
rabbit anti-glial fibrillary acidic protein (GFAP; 1:1,000), mouse
anti-vimentin (1:100), mouse anti-nestin (1:100), rabbit anti-
Sox2 (1:100), rat anti-RUNX1T1 (1:300), and mouse anti-MAP-2
(1:200). All primary antibodies were purchased from Millipore
(Billerica, MA, http://www.millipore.com) and Abcam. The cell
nuclei were counterstained with Hoechst (Sigma-Aldrich). After
double-label or triple-label immunofluorescence staining for cel-
lular markers and EGFP, the cells were observed using an Olympus
laser confocal microscope (Fv10i; Olympus, Tokyo, Japan, http://
www.olympus-global.com). Positively stained cells were counted
in five randomly selected microscopic visual fields per well.
Fluorescent intensities were determined using Leica Qwin soft-
ware (Leica Microsystems, Wetzlar, Germany, http://www.
leica-microsystems.com).

Statistical Analysis

Data from the experiments were subjected to one-way analysis of
variance using SPSS, version 11.5, statistical software. All data are
expressed as the mean = SEM, and all experimental data were
obtained from a minimum of three independent experiments.

RESULTS

RGC Culture and Identification

Typical RGCs simultaneously express astroglial and stem/
progenitor markers and present a bipolar morphology. When
the hippocampal cells were cultured in stem/progenitor cell
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expansion medium for 3-5 days, the new-formed neurospheres
(Fig. 1A) dissociated into single cells and were replated onto
PLL-coated coverslips. Three days later, these cells had grown
long and thin processes and displayed the typical bipolar mor-
phology of RGCs (Fig. 1B). In the present report, we used the neu-
ral progenitor markers nestin and Sox2 and the astroglial markers
vimentin, BLBP, and GFAP to identify the cells. RGCs coexpressed
nestin (Fig. 1C2), Sox2 (Fig. 1D2), BLBP (Fig. 1E2), vimentin (Fig.
1F1) with GFAP (Fig. 1C1, 1D1, 1E1, 1F2). The number of
double-labeled RG-like cells versus the total number of cells la-
beled with Hoechst was determined. The ratio of nestin- to
GFAP-positive cells was 95.43% = 3.03%, that of Sox2-to GFAP-
positive cells was 94.24% = 3.71%, that of BLBP- to GFAP-
positive cells was 94.04% *+ 2.95%, and that of vimentin- to
GFAP-positive cells was 94.28% *+ 3.33% (Fig. 1G).

Efficiency of siRNA-Mediated Runx1tl Knockdown

For the siRNA-mediated Runx1tl knockdown experiments, we
constructed 3 vectors carrying 3 different oligonucleotide
sequences for knocking down Runx1tl and used the vectors to
transfect hippocampal RGCs. Three days later, we found that
~70% cells expressed EGFP (Fig. 2A-2C). Real-time PCR showed
that among the 3 oligonucleotide sequences, Runx1t1-RNAi
(24676-3) caused obvious knockdown of the Runx1tl gene. The
RUNX1T1 gene expression level in the LV-RUNX1T1-RNAi group
(24676-3) was ~18-fold lower than that in the mock transfected
cell group and ~20-fold lower than that in the LV-NC group. The
difference between the LV-RUNX1T1-RNAi (24676-3) group and
the mock transfected cell/LV-NC groups was statistically signifi-
cant (p < .01). However, in the LV-RUNX1T1-RNAi (24675-2)
group and the LV-RUNX1T1-RNAi (24677-1) group, the slightly
downregulated Runx1tl gene expression was not significantly
different from the expression in the mock transfected cells
and LV-NC groups (Fig. 2D). These results have demonstrated

STEM CELLS TRANSLATIONAL MEDICINE
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Figure 2. Screening the most effective Runx1t1-RNAi vector. After
transfection with LV-Runx1t1-RNAi, ~70% cells expressed EGFP (A, C).
The cell nucleus was labeled with Hoechst (B). Scale bar = 50 um.
Runx1tl gene expression in different groups (D). Among the 3 oligonu-
cleotide sequences, Runx1t1-RNAi (24676-3) caused obvious knock-
down of the Runx1tl gene. p < .01. Abbreviations: EGFP, enhanced
green fluorescent protein; NC, negative control; RNAi, RNA interference.

that transfection of the hippocampal RGCs with Runx1t1-RNAi
(24676-3) markedly downregulated the Runx1tl gene. There-
fore, LV-Runx1t1-RNAi (24676-3) was used in the subsequent
experiments.

We next cocultured LV-NC and LV-Runx1t1-RNAi (Runx1tl-
RNAIi 24676-3), and 5 days later, the cells were processed for im-
munocytochemistry and total protein extraction. In order to de-
tect the interference effect of the siRNA, we first determined the
number of immunopositive cells. Almost all the cells in the mock
transfected cells group and LV-NC group expressed RUNX1T1,
which was seen as a red fluorescence (Fig. 3A, 3B), but not those
in the LV-RUNX1T21-RNAi group (Fig. 3C), which exhibited nearly
no red fluorescence. The number of RUNX1T1-immunopositive
cells in the LV-RUNX1T1-RNAi group (2.63% * 1.62%) was signif-
icantly lower than that in the mock transfected cell group
(95.72% =+ 3.31%) and the LV-NC group (95.03% * 3.18%; Fig.
3D). To detect RUNX1T1 protein expression using Western blot
analysis, total protein was extracted in the three groups and sub-
jected to semiquantitative assays. The data showed that the
RUNX1T1 protein level in the LV-RUNX1T1-RNAi group was signif-
icantly lower than that in the mock transfected cell group and LV-
NCgroup (Fig. 3E). These results have indicated that LV-RUNX1T1-
RNAi can effectively reduce the expression of the Runx1t1 protein
and gene in RGCs.

Runx1tl Knockdown Decreased Neuronal
Differentiation of Hippocampal RGCs

To examine whether RUNX1T1 knockdown decreased the neuro-
nal differentiation of RGCs, these cells were transfected and then
transferred to DMEM/F12 medium containing 2% B27 and 2% FBS
to promote neuronal differentiation. Seven days later, the differ-
entiated cells were processed for immunocytochemistry.
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Figure 3. Efficiency of small interfering RNA-mediated Runx1tl
knockdown. After transfection with LV-Runx1t1-RNAi, most cells
in the mock transfected cell group and LV-NC group expressed
RUNX1T1 (red fluorescence; A, B) but not in the LV-RUNX1T1-RNAi
group (C). Scale bar = 50 um. The number of RUNX1T1-immunopos-
itive cells in the LV-RUNX1T1-RNAi group (2.63% = 1.62%) was
significantly lower than that in the mock transfected cell group
(95.72% = 3.31%) and the LV-NC group (95.03% = 3.18%) (D). The
RUNX1T1 protein level in the LV-RUNX1T1-RNAi group was also sig-
nificantly lower than that in the mock transfected cell and LV-NC
groups (E). *, p < .01. Abbreviations: NC, negative control; RNAi,
RNA interference.

We found that in the mock transfected cell group, LV-NC
group (Fig. 4A, 4B), and LV-RUNX1T1-RNAi group (Fig. 4C), the
cells expressed MAP-2. The mock transfected cell group and
LV-NC group showed about 17% (16.83% * 3.88%) and 16%
(16.00% *+ 6.00%) MAP-2-positive cells, respectively (Fig. 4D).
However, in the LV-RUNX1T1-RNAi group, fewer than ~3.5% cells
(3.20% = 2.31%) expressed MAP-2 (Fig. 4D). The Student t test
showed a significant difference between the mock transfected
cell/LV-NC groups and the LV-RUNX1T1 group (p < .05; Fig. 4).
In addition, we observed that the processes of the MAP-2-
positive cells in the LV-RUNX1T1-RNAi group were shorter, less
abundant, and even less obvious than those in the mock trans-
fected cell and LV-NC groups.

Efficiency of Runx1tl Overexpression Through
LV4-Runx1tl and Runx1tl Overexpression Promoted
the Neuronal Differentiation of Hippocampal RGCs

In the overexpression experiments, ~60% cells were found to ex-
press EGFP (Fig. 5A-5C). RUNX1T1-immunopositive cells in the
Runx1t1 overexpression group were stained significantly deeper
than were the cells in the mock transfected cell and LV4-NC
groups (Fig. 5D-5F). The number of RUNX1T1-immunopositive
cells in the Runx1tl overexpression group was also more than
that in the mock transfected cell and LV4-NC groups (Fig. 5G).
The RUNX1T1 protein level in the Runx1t1 overexpression group
was significantly higher than that in the mock transfected cell and
LVA-NC groups (Fig. 5H). The RUNX1T1 gene expression level in
the Runx1t1 overexpression group was ~20-fold higher than that
in the mock transfected cell group and ~25-fold higher than
that in the LV4-NC group. The difference between the Runx1tl
overexpression group and the other groups was statistically
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Figure4. Runx1tlknockdown decreased neuronal differentiation of hippocampal radial glial cells. Compared with the mock transfected cell group
and LV-NC groups, the LV-Runx1t1-RNAi group showed fewer MAP-2-positive cells, with shorter, fewer, and less obvious processes (A—C). Scale
bar =50 um. The number of MAP-2-positive cells differed significantly between the mock transfected cell/LV-NC groups and the LV-RUNX1T1-RNAi
group (D). *, p < .05. Abbreviations: MAP-2, microtubule-associated protein 2; NC, negative control; RNAi, RNA interference.
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Figure 5. Efficiency of Runx1t1 overexpression through LV4-Runx1t1. After transfection with LV4-Runx1t1, ~60% cells expressed EGFP (A, C),
and the cell nucleus was labeled with Hoechst (B). Almost all cells in the Runx1t1 overexpression group expressed RUNX1T1, seen as red fluo-
rescence (F), which was significantly stronger than that in the mock transfected cell group and LV-NC group (D, E). The number of RUNX1T1-
immunopositive cells in the Runx1t1 overexpression group (99.675% = 0.32%) was higher than that in the mock transfected cell group (95.72% *+
3.31%) and the LV-NC group (95.03% = 3.18%) (G). The RUNX1T1 protein level in the Runx1t1 overexpression group was also significantly higher
than that in the mock transfected cell group and LV-NC group (H). Runx1t1 gene expression in different groups (1). *, p < .01. Scale bars =50 um.
Abbreviations: EGFP, enhanced green fluorescent protein; NC, negative control.

significant (Fig. 51). Thus, LV4-Runx1tl markedly upregulated transferred to differentiation medium. We found that in the Runx1t1

Runx1tl protein and gene expression. overexpression group, ~80% cells (78.31% * 5.05%; Fig. 6) ex-
To further examine whether RUNX1T1 upregulation increased pressed MAP-2, which was significantly more than the correspond-
the neuronal differentiation of RGCs, these cells were also ing percentages in the mock transfected cell and LV4-NC groups.
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Figure 6. Overexpression promoted the neuronal differentiation of hippocampal radial glial cells. Compared with the mock transfected cell and
LV4-NC groups, the Runx1tl overexpression group showed more MAP-2-positive cells, with more abundant and longer processes (A—C). Scale
bar = 50 um. The number of MAP-2-positive cells significantly differed between the mock transfected cell/LV4-NC groups and the Runx1tl
overexpression group (D). *, p < .05. Abbreviations: MAP-2, microtubule-associated protein 2; NC, negative control.

DiscussION

The role of RGCs as neural progenitors and as guides for migrating
neurons has been well-established. These cells exhibit a charac-
teristic bipolar morphology and guide migrating neurons to the
target location to become mature cells [4-6]. In addition to their
role in radial migration, they are self-renewing and capable of dif-
ferentiating into neurons. RGCs display neuroepithelial and astro-
glial properties. They express stem/progenitor markers, such as
the intermediate filament protein nestin and the pluripotent
stem cell transcription factor Sox2. They also show several astro-
glial markers, such as the astrocyte-specific glutamate trans-
porter, GFAP, RC2, vimentin, the Ca*-binding protein S100b,
and BLBP [4, 10, 23, 24]. In the present research, we applied ad-
herent culture of NSCs to acquire and isolate neonatal hippocam-
pal RGCs. These cells grew long and thin processes, presented
with bipolar morphological features, coexpressed nestin, Sox2,
BLBP, vimentin, and GFAP, and displayed the typical bipolar mor-
phological features of RGCs.

The proneural bHLH proteins promote neurogenesis by in-
ducing the changes in gene expression required for neuronal dif-
ferentiation, and MTGs are a part of the different genes [14].
During the early stages of neurogenesis, MTGs are strongly in-
duced by bHLH proteins, including XNGNR-1, Xath3, Xath5, and
XNeu-roD, suggesting their role as a widely used regulator of neu-
ronal differentiation [14, 25-27]. Inhibiting the function of MTG
proteins in the developing chick spinal cord reduces the number
of cells that undergo neuronal differentiation. Koyano-Nakagawa
and Kintner [15] reported that MTG family members are
expressed in a cascade during neuronal differentiation and per-
form functions required for cells to undergo terminal neuronal
differentiation in the developing spinal cord. A number of studies
have suggested that MTG family members act downstream of
proneural proteins, as transcriptional corepressors, to promote
neuronal differentiation [14, 15, 25-28].

Runx1tl, also termed ETO or MTGS, is a transcription factor
and a member of the MTG family. Runx1tl mRNA expression
has been found in several human tissues, with the highest expres-
sion found in the brain and heart [28]. This high expression and
the overall clues provided by the protein sequence and structure
suggest that Runx1tl could have a regulatory function in the dif-
ferentiation of the nervous system. Many studies have shown
that Runx1tl is involved in the proliferation and differentiation
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of hematopoietic stem cells [19, 20]. Although extensive efforts
have been made to understand the function of Runx1tl proteins
in the etiology of cancer, relatively less is known about their func-
tion in normal embryonic development. In the adult brain,
ongoing neurogenesis was convincingly demonstrated in the sub-
ventricular zone and subgranular zone of the hippocampus. Hip-
pocampal neurogenesis continuously generates new granule
neurons, which integrate into the dentate gyrus [2, 3]. In the pres-
ent study, we selected RGCs derived from the rat hippocampus
under adherent conditions to investigate the relationship of
Runx1tl expression with neuronal differentiation. In different
mouse and human neural cells, Runx1t1 is localized in both the
nucleus and the cytoplasm and plays a role in the complex regu-
lation of Runx1t1 in the cells of the nervous system [29, 30]. In our
study, immunofluorescence staining showed that the nucleus
and cytoplasm of RGCs exhibited red fluorescence, indicating
Runx1tl expression. After we used LV-RUNX1T1-RNAi to effec-
tively knockdown Runx1tl expression during the differentiation
of hippocampal RGCs, we found that only 3.2% cells differentiated
into MAP-2-positive neurons, less than the percentages in the
mock transfected cell and LV3-NC groups. Moreover, the length
and number of neuronal processes were also significantly re-
duced. In contrast, after we used LV4-Runx1tl to upregulate
Runx1tl in the RGCs, more than 30% cells differentiated into
MAP-2-positive neurons, which had more and longer processes.
These results could indicate that in RGCs derived from the rat hip-
pocampus, low Runx1tl expression will lead to decreased neuro-
nal differentiation, and high Runx1tl expression will lead to
increased neuronal differentiation in vitro.

CONCLUSION

Our findings have indicated that Runx1t1 expression is associated
with the neuronal differentiation of RGCs derived from the rat
hippocampus. We have deduced that Runx1t1 plays a very impor-
tant role in regulating RGC differentiation.
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