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Abstract: Neural stem cells are able to self-renew and generate glial and neuronal lineages. Neural stem cell may 
serve as therapeutic method for neurological disorders including spinal cord injuries, Parkinson’s disease, Hun-
tington’s disease and Alzheimer’s disease. Long noncoding RNAs (lncRNAs) are longer than 200 nucleotides with 
limited protein-coding capacity. Recent studies have demonstreated that lncRNAs play an important role in several 
cellular processes including cell differentiation, cell development, proliferation, apoptosis, invasion and migration. 
However, the role of lncRNA human urothelial carcinoma associated 1 (UCA1) in the development of neural stem 
cells remains unknown. In this study, we showed that the expression of UCA1 was upregulated in the neural stem 
cell in a time-dependent manner. Knockdown of UCA1 suppressed the neural stem cell proliferation. Inhibition of 
UCA1 decreased the expression of nestin and the formation of neurosphere. Moreover, knockdown of UCA1 sup-
pressed the neural stem cell differentiation to astrocyte and promoted the neural stem cell differentiation to neuron. 
Furthermore, we demonstrated that knockdown of UCA1 increased the expression of miR-1 in the neural stem cell 
and suppressed the expresion of Hes1, which is one target gene of miR-1. In addition, ectopic expression of Hes1 
could impair siUCA1-induced neural stem cells proliferation. Overexpression of Hes1 suppressed siUCA1-induced 
β-tubulin expression and promoted siUCA1-inhibited GFAP expression in the neural stem cell. These results suggest-
ed that UCA1 regulated the neural stem cell proliferation and differentiation through regulating Hes1 expression.
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Introduction

Neural stem cells (NSCs) are able to self-renew 
and generate three types of neural cell: astro-
cytes, neurons and oligodendrocytes in the ner-
vous system [1-4]. Neural stem cells exist in the 
developing and adult central nervous system 
[5-8]. Increasing data have suggested that neu-
ral stem cells may serve as potential therapeu-
tic methods for various neurological disorders 
including Parkinson’s disease, Huntington’s 
disease, Alzheimer’s disease and spinal cord 
injuries [9-11]. However, there is a long way 
before clinical application of neural stem cells. 

Long noncoding RNAs (lncRNAs) are longer 
than 200 nucleotides with limited protein-cod-
ing capacity [12-15]. Increasing studies have 
showed that lncRNAs play an important role in 
several cellular processes including stem cell 

differentiation, cell development, proliferation, 
apoptosis, invasion and migration [16-20]. 
Deregulated expression of lncRNAs is found in 
a lot of diseases such as gastric cancer, breast 
cancer, hepatocellular carcinoma, bladder can-
cer and lung cancer [19, 21-24]. Recent data 
also demonstrated that lncRNAs acted a critical 
role in stem cell self-renewal and fate determi-
nation through regulating the expression of 
stem cell regulators [25-27]. 

In this study, we showed that knockdown of 
human urothelial carcinoma associated 1 
(UCA1) suppressed neural stem cell prolifera-
tion and neurosphere formation. Moreover, 
knockdown of UCA1 promote β-tubulin-III ex- 
pression and suppressed GFAP expression in 
the neural stem cell. Furthermore, we demon-
strated that knockdown of UCA1 increased 
miR-1 expression in the neural stem cell and 
suppressed expression.
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Materials and methods

Cell culture and transfection

Primary NSCs are isolated by a modified meth-
od of a published protocol. NSCs were isolated 
from embryos of rats and kept in the growth 
medium with bFGF, N2 and EGF (Gibco) supple-
ment. Primary neurosphere was digested by 
0.25% trypsin. UCA1 and control was obtained 
from GenePharma (Shanghai, China) and was 
transfected to cell using Lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
information. Our study was approved by the 
ethical board of the institute of the first hospital 
of Harbin Medical University and complied with 
Declaration of Helsinki.

Immunocytochemistry

NSCs and differentiation cells were fixed using 
4% paraformaldehyde and blocked with TritonTM 
X-100, FBS, and donkey serum for 1 hour. Then, 
cells were incubated with incubated antibody 
(Nestin, GFAP and β-tubulin-III, Sigma) at 4°C 
for overnight. After three washes, cells were 
stained with the fluorescencelabeled second-
ary antibodies. Nuclei were stained with DAPI 
(Sigma). 

Cell growth

Cells were cultured in the 96-well plate. Cell 
proliferation was measured by using the MTT 
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide) following to the manufacturer’s 
instruction. The absorbance was assessed at 
490 nm using the enzyme-labeled analyzer.

for 30 s. U6 and GAPDH were used as the inter-
nal control for miR-1 and mRNA expression 
respectively.

Western blot

Proteins were extracted from cell in the RIPA 
buffer (Byotime, China) and protein concentra-
tion was determined using the BCA Kit (Byotime, 
China). Total protein was separated using 12% 
SDS PAGE and transferred to the PVDF mem-
brane (Amersham, UK). After blocking with non-
fat milk in PBS, membrane was incubated with 
primary antibodies (Nestin, GFAP and β-tubulin-
III, Sigma) for overnight. After wash three times, 
the membrane was immunoblotted with HRP-
linked secondary antibodies. The signal was 
measured by ECL.

Statistical analysis

The data was expressed as the standard devia-
tion (SD). The difference between two groups 
was deteceted using the Student’s t test and 
P<0.05 was shown as statistically significant.

Results

Neural stem cell can proliferate and differenti-
ate into astrocyte and neuron

Isolated neural stem cells can proliferate and 
differentiate into neurospheres (Figure 1A). 
The neurosphere expressed nestin, which was 
the NSC-specific marker (Figure 1B). The neu-
rosphere could differentiate into neurons and 
astrocytes after withdraw of bFGF (Figure 1C).

Table 1. Primer sequence
Name Sequence (5’-3’)
Real-time PCR primer sequence
    β-tubulin III AGCAAGGTGCGTGAGGAGTA

AAGCCGGGCATGAAGAAGT
    Hes1 TGAAGGATTCCAAAAATAAAATTCTCTGGG

CGCCTCTTCTCCATGATAGGCTTTGATGAC
    GAPDH AATGGGCAGCCGTTAGGAAA

TGAAGGGGTCATTGATGGCA
    GFAP CAACGTTAAGCTAGCCCTGGACAT

CTCACCATCCCGCATCTCCACAGT
    Nestin GATCTAAACAGGAAGGAAATCCAGG

TCTAGTGTCTCATGGCTCTGGTTTT

qRT-PCR

Total RNA was isolated from cell 
using Trizol (Invitrogen, Carlsb- 
ad, USA) according to the manu-
facturer’s instruction. The ex- 
pression of miR-1 and UCA1 
was determined by Real-time 
quantitative PCR (qRT-PCR) on 
the iQ5 real-time PCR assay sys-
tem (Bio-Rad, Hercules, USA). 
The primers were shown in the 
Table 1. PCR cycle was used as 
follows: 94°C for 4 mins, fol-
lowed by 40 cycles of 94°C for 
30 s, 55°C for 30 s, and 72°C 
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Inhibition of UCA1 suppressed the neural stem 
cell proliferation

We measured the UCA1 expression in the neu-
ral stem cell. We found that the expression of 
UCA1 was increased in the neural stem cell in a 

time-dependent manner, with the maximal 
response on the fifth days (Figure 2A). Our data 
comfirmed that knockdown of UCA1 inhibited 
the UCA1 expression in the neural stem cell 
(Figure 2B). Inhibition of UCA1 suppressed the 
neural stem cell proliferation (Figure 2C). 

Figure 1. Neural stem cell can proliferate and differentiate into astrocyte and neuron. A. Representative photomi-
crograph of neurospheres in culture. B. Immunocytochemical staining of purified neural stem cell with Nestin. C. 
Immunocytochemical staining of purified neurons with β-tubulin-III (Green); astrocyte with GFAP (Red); Nucleus with 
DAPI (Blue).

Figure 2. Inhibition of UCA1 sup-
pressed the neural stem cell prolif-
eration. A. The expression of UCA1 
was detected by qRT-PCR in the 
neural stem cell. B. The expres-
sion of UCA1 was decreased in the 
neural stem cell after treated with 
siUCA1. C. Knockdown of UCA1 
inhibited neural stem cell prolif-
eration. D. Knockdown of UCA1 
inhibited the ki-67 expression. E. 
Inhibition of UCA1 suppressed the 
cyclin D1 expression. F. Knockdown 
of UCA1 decreased the nestin ex-
pression. G. Inhibition expression 
of UCA1 decreased neurosphere 
formated. *P<0.05, **P<0.01 and 
***P<0.001.



UCA1 regulates neural stem cell differentiation

3699 Am J Transl Res 2017;9(8):3696-3704

Moreover, knockdown of UCA1 inhibited the 
expression of ki-67 (Figure 2D) and cyclin D1 
(Figure 2E) in the neural stem cell. Furthermore, 
inhibition of UCA1 decreased the nestin expres-
sion (Figure 2F) and neurosphere formation 
(Figure 2G). 

Inhibition of UCA1 promoted the neural stem 
cell differentiation into neuron 

Knockdown of UCA1 could promote β-tubulin-III 
expression in the neural stem cell (Figure 3A 

(Figure 5E) expression in neural stem cell. 
Ectopic expression of Hes1 promoted the 
siUCA1-inhibited GFAP mRNA (Figure 5F) and 
protein (Figure 5G) expression in neural stem 
cell.

Discussion

In this study, we showed that the expression of 
UCA1 was increased in the neural stem cell in a 
time-dependent manner. Knockdown of UCA1 
suppressed the neural stem cell proliferation. 

Figure 3. Inhibition of UCA1 promoted the neural stem cell differentiation into 
neuron. A. Knockdown of UCA1 could promote β-tubulin-III protein expression 
in the neural stem cell. B. Knockdown of UCA1 could promote β-tubulin-III 
mRNA expression in the neural stem cell. C. Inhibition expression of UCA1 
inhibited the GFAP protein expression. D. The mRNA expression of UCA1 was 
measured by qR-PCR. E. Immunocytochemical staining of purified neurons 
with β-tubulin-III (Red). F. Immunocytochemical staining of purified astrocyte 
with GFAP (Green).

and 3B). Knockdown of UCA1 
suppressed the GFAP expres-
sion (Figure 3C and 3D). This 
effect was also confirmed by 
the immunofluorescence ana- 
lysis (Figure 3E and 3F).

Knockdown of UCA1 pro-
moted miR-1 expression and 
inhibited Hes1 expression

Knockdown of UCA1 incre- 
ased miR-1 expression in the 
neural stem cell (Figure 4A). 
We comfirmed that the ex- 
pression of miR-1 was upregu-
lated in the neural stem cell 
which was treated with miR-1 
mimics (Figure 4B). Overex- 
pression of miR-1 suppressed 
Hes1 expression in the neural 
stem cell (Figure 4C and 4E). 
Knockdown of UCA1 also sup-
pressed Hes1 expression (Fig- 
ure 4D and 4F). 

Knockdown of UCA1 sup-
pressed the neural stem cell 
proliferation and inhibited 
the neural stem cell differen-
tiation into neuron through 
targeting Hes1

The expression of UCA1 was 
upregulated in the neural 
stem cell after treated with 
pcDNA-Hes1 (Figure 5A and 
5B). Ectopic expression of 
Hes1 could impair siUCA1-
induced neural stem cells pro-
liferation (Figure 5C). Overex- 
pression of Hes1 suppressed 
siUCA1-induced β-tubulin III 
mRNA (Figure 5D) and protein 
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Inhibition of UCA1 decreased the nestin expres-
sion and neurosphere formation. Moreover, 
knockdown of UCA1 promoted the β-tubulin-III 
protein and mRNA expression and suppressed 
the GFAP protein and mRNA expression in the 
neural stem cell. This effect also was also con-
firmed by immunofluorescence analysis. Fur- 
thermore, we demonstrated that knockdown of 
UCA1 increased miR-1 expression in the neural 
stem cell and suppressed the expression of 
Hes1, which was one target gene of miR-1. In 
addition, ectopic expression of Hes1 could 
impair siUCA1-induced neural stem cell prolif-
eration. Overexpression of Hes1 suppressed 
siUCA1-induced β-tubulin expression and pro-
moted the siUCA1-inhibited GFAP expression in 
the neural stem cell. These results suggested 
that UCA1 played an important role in neural 
stem cell proliferation and differentiation.

LncRNAs are longer than 200 nucleotides in 
length that are a new kind of ncRNA (non-cod-

down of UCA1 promoted the β-tubulin-III expres-
sion and suppressed the GFAP expression in 
the neural stem cell. These data suggested 
that UCA1 played important roles in the prolif-
eration and differentiation of the neural stem 
cell.

Previous study showed that knockdown of 
UCA1 promoted miR-1 expression in the blad-
der cancer cell [46]. In this study, we aslo sh- 
owed that knockdown of UCA1 enhanced the 
miR-1 expression in the neural stem cell. Incre- 
asing studies have showed that miR-1 play a 
crucial role in stem cell development and dif-
ferentiation. For example, Huang et al demon-
strated that miR-1 could promote the mesen-
chymal stem cells (MSCs) more effectively for 
cardiac repair and enhanced cardiac myocyte 
differentiation and cell survival [47]. Moreover, 
Huang et al [48]. showed that overexpression 
of miR-1 promoted the MSCs differentiation 
into cardiac lineage through targeting Hes1. 

Figure 4. Knockdown of UCA1 promoted miR-1 expression and inhibited 
Hes1 expression. A. Knockdown of UCA1 increased miR-1 expression in the 
neural stem cell. B. The expression of miR-1 was upregulated in the neural 
stem cell which treated with miR-1 mimics. C. Overexpression of miR-1 sup-
pressed Hes1 expression in the neural stem cell. D. Knockdown of UCA1 
also suppressed Hes1 expression. E. The protein expression of Hes1 was 
measured by Western blot. F. The protein expression of Hes1 was measured 
by Western blot.

ing RNA) with limited protein-
coding capacity [28-30]. Re- 
cent studies have showed 
that lncRNAs act crucial roles 
in different biological pro-
cesses such as cell develop-
ment, cell differentiation, tu- 
morigenesis, cell proliferation 
and migration [31-34]. UCA1 
is an lncRNA first identified 
from bladder carcinoma and 
was dysregulated in various 
tumors such as breast can-
cer, melanoma, esophageal 
squamous cell carcinoma, 
colorectal cancer and gastri 
cancer [35-41]. UCA1 func-
tioned as an oncogene and 
could promote the tumor cell 
proliferation, migration, inva-
sion and inhibited cell apopto-
sis [42-45]. However, the role 
of UCA1 in the neural stem 
cell was unknown. In this 
study, we demonstrated the 
expression of UCA1 was in- 
creased in the neural stem 
cell in a time-dependent man-
ner. Knockdown of UCA1 su- 
ppressed the neural stem  
cell proliferation. Inhibition of 
UCA1 decreased the nestin 
expression and neurosphere 
formation. Moreover, knock-
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Increasing studies have demonstrated that 
Hes1 acts a crucial role in the central nervous 
system development [49]. Ectopic expression 
of Hes1 inhibited the neural stem cell prolifera-
tion and differentiation into neurons [50]. In our 
study, we demonstrated that knockdown of 
UCA1 promoted Hes1 expression in the neu- 
ral stem cell, which was one target gene of miR-
1. Ectopic expression of Hes1 could impair 
siUCA1-induced neural stem cell proliferation. 
Overexpression of Hes1 suppressed siUCA1-
induced β-tubulin expression and promoted the 
siUCA1-inhibited GFAP expression in the neural 
stem cell. These data suggested that UCA1 
played a critical role in the neural stem cell pro-
liferation and differentiation partly through 
enhancing Hes1 expression.

In conclusion, our data showed that knockdown 
of UCA1 suppressed the neural stem cell prolif-

eration and differentiation into astrocyte and 
promoted the neural stem cell differentiation 
into neuron. Our study also showed that UCA1 
regulated the neural stem cell proliferation  
and differentiation through regulating Hes1 
expression. 
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