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Original Article
MicroRNA-765 regulates neural stem cell proliferation 
and differentiation by modulating Hes1 expression
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Abstract: Neural stem cells (NSCs) are multipotent, self-renewing and undifferentiated cells that have the ability to 
differentiate to both glial and neuronal lineages. miRNAs act a key role in regulating neuronal fate and self-renewal 
of NSCs. In this study, we found that ectopic expression of miR-765 promoted NSCs proliferation. Moreover, miR-765 
overexpression increased the ki-67 and β-tubulin-III expression inNSCs. Overexpression of miR-765 inhibited the 
expression of GFAP in NSCs. Furthermore, Hes1 was identified as a direct target gene of miR-765 in NSCs. Overex-
pression of Hes1 decreased miR-765-induced proliferation of NSCs and inhibited NSCs differentiation to neurons 
in miR-765-treated NSCs. These results demonstrated that miR-765 acted a crucial role in NSCs differentiation and 
proliferation by inhibiting Hes1 expression.
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Introduction

Neural stem cells (NSCs) are multipotent, self-
renewing and undifferentiated cells that have 
the ability to differentiate to both glial (oligo-
dendrocytes and astrocytes) and neuronal lin-
eages [1-4]. Recent findings have demonstrat-
ed that NSCs could act as cell therapies for 
many neurological disorders including spinal 
cord injuries (SCI), Alzheimer’s disease, 
Huntington’s disease and Parkinson’s disease 
[5-8]. However, there is still a long way before 
the clinical use of NSCs. More studies are 
needed to investigatethe mechanism inNSCs 
differentiation and proliferation.

MicroRNAs (miRNAs) area class of small, non-
coding (20-22 nucleotides) and endogenous 
RNAs that act as important regulators ingene 
expression [9-13]. MiRNAs are involved in vari-
ous cell processes including cell differentia-
tion, proliferation, migration and apoptosis [11, 
14-17]. Deregulation of miRNA is associated 
with tumor development, in which theycan act 
as tumor suppressor or oncogene [18-21]. 
Furthermore, recent studies have showed that 
miRNAs also play a key role in regulating neuro-
nal fate and self-renewal of NSCs [8, 22-26]. 

In this study, we showed that ectopic expres-
sion of miR-765 promoted NSCs proliferation. 
Moreover, miR-765 overexpression increased 
the ki-67  expression. In addition, overexpres-
sion of miR-765 could promote the β-tubulin-
IIIexpression in NSCs and this effect was con-
firmed by immunofluorescence. Overexpression 
of miR-765 inhibited the GFAP expression in 
NSCs. Furthermore, Hes1 was identified as a 
direct target gene of miR-765 in NSCs. 

Materials and methods

Ethics statement

This study was approved by the ethical board of 
the Institute of Mudanjiang Medical University 
and complied with Declaration of Helsinki.

Cell culture and transfection

NSCs were cultured from embryos (13.5 days) 
of rats (Wistar) and kept in medium supplement 
with the 20 ng/ml human EGF (R&D), 10 ng/ml 
bFGF (R&D), and 1% N2 (Gibco). Neurospheres 
were digested by using trypsin to get clone neu-
rosphere. miR-765 mimics and scramble mimic 
were buy from Ambion. MiR-765 mimics (20 ng/
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ml) and scramble was transfected to NSCs by 
Lipofectamine 2000 according to manufactur-
er’s information.

Immunocytochemistry

Cell was fixed in paraformaldehyde and then 
blocked with Triton X-100 and serum. The cell 
was incubated with following primary antibod-
ies: (Nestin, GFAP, β-tubulin III, GDPDH and 
Hes1, Sigma) overnight. After washed with PBS 
for three times, the incubated with secondary 
antibodies for 1 hour and Nuclei was stained 
with DAPI (Sigma, USA).

Cell proliferation

Counting kit 8 (CCK8) kit (Dojindo, Japan) was 
performed to measure cell proliferation accord-
ing to production’s information. Proliferation 
rate was detected every 1 day after treatment. 
Optical density (OD) was measure at 450 nm 
wavelength.

QRT-PCR

Total RNA from samples was isolated using 
TRIzol reagent (Invitrogen). The mRNA and 
miRNA expression was measured using qRT-
PCR following to the previous protocol. The 
primer sequence was shown in Table 1. GAPDH 
was used as control for mRNA expression and 
U6 snRNA was used as control for miRNA 
expression. 

Western blot

Total proteins were exacted from cells and sep-
arated using electrophoresis on 12% SDS-
PAGE gels and then transferred into mem-

branes (Amersham, UK). The following primary 
antibody was used as following: Nestin, GFAP, 
β-tubulin III, GDPDH and Hes1 (Sigma, USA). 
GAPDH was used as loading control. 

Luciferase reporter assay

To build the luciferase reporter plasmid, wild 
type (WT) 3’UTR fragment of Hes1 having bind-
ing sites of miR-765 was amplified. Cells were 
cultured in plate and then transfected with miR-
765 mimic or scramble and luciferase activity 
was measured using luciferase activity kit 
(Promega) according the manufacturer’s 
protocol.

Statistical analysis

Statistical analyses was performed by using by 
SPSS (17.0). All data was shown as mean ± SD 
and p<0.05 was considered as significant. 
Student’s t-test was performed to detect differ-
ences between two groups and one-way analy-
sis of variance (ANOVA) was used to measure 
the differences between more than two groups.

Results

NSCs could proliferate and differentiate into 
neurons and astrocytes

The isolated cells could form neurospheres 
(Figure 1A) and express NSCs marker Nestin 
(Figure 1B), suggesting that the cells were 
NSCs. After with draw of EGF and bFGF, these 
neurospheres cells can differentiate into neu-
rons (Figure 1C-E) and astrocytes (Figure 1F), 
thus further confirming these cells are NSCs. 

MiR-765 promoted NSCs proliferation

The expression of miR-765 was increased after 
treated by miR-765 mimics (Figure 2A). CCk-8 
analysis showed that ectopic expression of 
miR-765 promoted NSCs proliferation (Figure 
2B). In line with this, miR-765 overexpression 
increased the ki-67 mRNA (Figure 2C) and pro-
tein expression (Figure 2D). MiR-765 overex-
pression increased the nestin expression 
(Figure 2E) and neurospheres formation (Figure 
2F).

MiR-765 regulated NSCs differentiation

Overexpression of miR-765 could promote the 
β-tubulin-III expression in NSCs (Figure 3A). 

Table 1. Primer sequence
Name Sequence (5’-3’)
Hes1 TGAAGGATTCCAAAAATAAAATTCTCTGGG

CGCCTCTTCTCCATGATAGGCTTTGATGAC
β-tubulin III AGCAAGGTGCGTGAGGAGTA

AAGCCGGGCATGAAGAAGT
GAPDH AATGGGCAGCCGTTAGGAAA

TGAAGGGGTCATTGATGGCA
Nestin GATCTAAACAGGAAGGAAATCCAGG

TCTAGTGTCTCATGGCTCTGGTTTT
GFAP CAACGTTAAGCTAGCCCTGGACAT

CTCACCATCCCGCATCTCCACAGT
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Moreover, miR-765 overexpression also in- 
creased β-tubulin-III protein expression in NSCs 
(Figure 3B). This effect also was also confirmed 
by immunofluorescence analysis (Figure 3C). In 
addition, overexpression of miR-765 inhibited 
the GFAP mRNA expression in NSCs (Figure 
3D). Western blot assay showed that miR-765 
overexpression suppressed the GFAP protein 
expression in the NSCs (Figure 3E). This effect 
also was confirmed by immunofluorescence 
analysis (Figure 3F).

Hes1 was the direct target of miR-765 in NSCs

There was a miR-765 targeting sequence in the 
3’-UTR (3’-untranslated region) of Hes1 (Figure 
4A). Dual-luciferase reporter data showed that 
miR-765 inhibited the luciferase activity of WT 
(wild type) Hes1 3’UTR vector compared with 
mutant Hes1 3’UTR vector (Figure 4B). MiR-
765 overexpression decreased the Hes1 

mRNAexpression in NSCs (Figure 4C). Mean- 
while, ectopic expression of miR-765 sup-
pressed the protein expression of Hes1 in the 
NSCs (Figure 4D).

MiR-765 regulated NSCs proliferation and dif-
ferentiation through targeting Hes1

Western blot analysis proved that miR-765 
overexpression enhanced the Hes1 protein 
expression (Figure 5A). Furthermore, Hes1 
overexpression inhibited miR-765-induced pro-
liferation in NSCs (Figure 5B). Moreover, over-
expression of Hes1 repressed the mRNA 
expression of β-tubulin-III expression (Figure 
5C) and this effect was confirmed by immuno-
fluorescence analysis (Figure 5D). Over- 
expression of Hes1 promoted the mRNA 
expression of GFAP expression (Figure 5E) and 
this effect was confirmed by immunofluores-
cence analysis (Figure 5F).

Figure 1. NSCs could proliferate and differentiate into neurons and astrocytes. A. Representative neurospheres 
photomicrograph in culture. B. Immunocytochemical staining of purified NSCs with Nestin. C. Representative dif-
ferentiated cells from NSCs photomicrograph in culture. D. Nucleus staining of differentiated cells from NSCs with 
DAPI. E. Immunocytochemical staining of purified neurons with β-tubulin-III. F. Immunocytochemical staining of puri-
fied protoplasmic astrocytes with GFAP.
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Figure 2. MiR-765 promoted NSCs proliferation. A. The expression of miR-765 was measured by qRT-PCR. B. Over-
expression of miR-765 promoted the NSCs proliferation. C. The mRNA expression of ki-67 was detected by qRT-PCR. 
D. The protein expression of ki-67 was measured by Western blot. E. Overexpression of miR-765 promoted the 
thenestin mRNA expression in NSCs. F. miR-765 promoted neurospheres formation. *p<0.05 and ***p<0.001. 

Discussion

In our study, we showed that ectopic expres-
sion of miR-765 promoted NSCs proliferation. 

Moreover, miR-765 overexpression increased 
the ki-67 and β-tubulin-III expression in NSCs.
Overexpression of miR-765 inhibited the GFAP 
in NSCs. Furthermore, Hes1 was identified as a 
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Figure 3. miR-765 regulated NSCs 
differentiation. A. Overexpression 
of miR-765 promoted the mRNA 
expression of β-tubulin-III. B. miR-
765 overexpression promoted the 
protein expression of β-tubulin-III. 
C. Immunocytochemical staining of 
purified neurons with β-tubulin-III 
after treated with miR-765 mimics. 
D. Overexpression of miR-765 inhib-
ited the mRNA expression of GFAP. 
E. miR-765 overexpression inhibited 
the protein expression of GFAP. F. 
Immunocytochemical staining of 
purified astrocytes with GFAP after 
treated with miR-765 mimics. 
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direct target gene of miR-765 in NSCs. 
Overexpression of Hes1 decreased miR-765-in-
duced proliferation of NSCs and inhibited NSCs 
differentiation to neurons in miR-765-treated 
NSCs. These results demonstrated that miR-
765 acted a crucial role in NSCs differentiation 
and proliferation.

Previous studies demonstrated that miR-765 
played important roles in a number of diseases 
including prostate cancer, infection of Hepatitis 
C virus, coronary artery disease and failing 
hearts [27-30]. For example, Leung et al. 
showed that miR-765 acted as a tumor sup-
pressor gene in repressing proliferation, inva-
sion and migration of fulvestrant-treated PC 
(prostate cancer) [27]. Liao et al. demonstrated 
that miR-765 regulated arterial stiffness by tar-
geting apelin expression [29]. Cai et al. showed 
that miR-765 was upregulated in failing hearts 
accompanying with inhibitor-1 downregulation 
[31]. Overexpression of miR-765 inhibited car-
diac function by reducing inhibitor-1 expression 
and promoted PP-1 activity. However, the role 
of miR-765 in NSCs function is still uncovered. 
In this study, we showed that ectopic expres-
sion of miR-765 promoted NSCs proliferation. 
Moreover, miR-765 overexpression increased 

ki-67 and β-tubulin-III expression in the NSCs. 
Overexpression of miR-765 could inhibit the 
GFAP in NSCs. These results proved that miR-
765 played an important role in NSCs 
development.

Hes gene is mammalian homologues of 
Drosophila hairy that can encode basic helix-
loop-helix (bHLH) transcriptional modulators 
[32, 33]. Hes1 is a downstream modulator of 
Notch pathway and immensely expressed in 
the CNS (central nervous system) [34, 35]. A 
number of references showed that Hes1 acted 
a crucial role in the CNS growth and it can regu-
late NSCs proliferation and differentiation [36-
38]. Tan et al. demonstrated that miR-9 could 
promote NSCs differentiation to neurons 
through modulating Hes1 expression [23]. 
Recent study also found that miR-381 modu-
lated NSCs differentiation and proliferation 
through inhibiting Hes1 expression [39]. In this 
study, we identified Hes1 was a direct target 
gene of miR-765 in NSCs. There was a miR-765 
targeting sequence in the 3’-UTR of Hes1. Dual-
luciferase reporter data showed that miR-765 
inhibited the luciferase activity of WT Hes1 
3’UTR vector compared with mutant Hes1 
3’UTR vector. MiR-765 overexpression de- 

Figure 4. Hes1 was the direct target of miR-765 in NSCs. A. Hes1 was predicted to be target gene of miR-765 by 
TargetScan. B. Luciferase reporter assay was done to confirm the predictions in NSCs. C. The mRNA expression of 
Hes1 was detected by qRT-PCR in NSCs. D. The protein expression of Hes1 was measured by Western blot in NSCs. 
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creased the Hes1 expression in NSCs. 
Moreover, Overexpression of Hes1 decreased 
miR-765-induced proliferation of NSCs and 
inhibited NSCs differentiation to neurons in 

miR-765-treated NSCs. Our results demon-
strated miR-765 regulated NSCs proliferation 
and differentiation partly by repressing Hes1 
expression.

Figure 5. miR-765 regulated NSCs proliferation and differentiation through targeting Hes1. A. The protein expression 
of Hes1 was measured by Western blot in NSCs. B. CCK-8 was performed to detect the NSCs proliferation. C. The 
mRNA expression of β-tubulin-III was measured by qRT-PCR in neural stem cells. D. Immunocytochemical staining of 
purified neurons with β-tubulin-III. E. The mRNA expression of GFAP was measured by qRT-PCR in neural stem cells. 
F. Immunocytochemical staining of purified astrocytes with GFAP. 
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In conclusion, our results also demonstrated 
that miR-765 modulated the NSCs proliferation 
and differentiation through inhibiting Hes1 
expression. 

Acknowledgements

This work was supported by grants from the 
National Natural Science Foundation of China 
(NSFC) (Grant Numbers: 81301188).

Address correspondence to: Dr. Changhao Yin, De- 
partment of Neurology, Hongqi Hospital, Mudanjiang 
Medical University, Aimin District, Mudanjiang 
157011, Heilongjiang, China. E-mail: yinchang-
hao791@sina.com

References

[1] Zhao C, Sun G, Li S, Lang MF, Yang S, Li W and 
Shi Y. MicroRNA let-7b regulates neural stem 
cell proliferation and differentiation by target-
ing nuclear receptor TLX signaling. Proc Natl 
Acad Sci U S A 2010; 107: 1876-1881.

[2] Liu C, Teng ZQ, Santistevan NJ, Szulwach KE, 
Guo W, Jin P and Zhao X. Epigenetic regulation 
of miR-184 by MBD1 governs neural stem cell 
proliferation and differentiation. Cell Stem Cell 
2010; 6: 433-444.

[3] Shi Y, Sun G, Zhao C and Stewart R. Neural 
stem cell self-renewal. Crit Rev Oncol Hematol 
2008; 65: 43-53.

[4] Lopez-Ramirez MA and Nicoli S. Role of miR-
NAs and epigenetics in neural stem cell fate 
determination. Epigenetics 2014; 9: 90-100.

[5] Rolando C and Taylor V. Neural stem cell of the 
hippocampus: development, physiology regu-
lation, and dysfunction in disease. Curr Top 
Dev Biol 2014; 107: 183-206.

[6] Luo Y and Zhu D. Combinatorial control of 
transgene expression by hypoxia-responsive 
promoter and microrna regulation for neural 
stem cell-based cancer therapy. Biomed Res 
Int 2014; 2014: 751397.

[7] Rybak A, Fuchs H, Smirnova L, Brandt C, Pohl 
EE, Nitsch R and Wulczyn FG. A feedback loop 
comprising lin-28 and let-7 controls pre-let-7 
maturation during neural stem-cell commit-
ment. Nat Cell Biol 2008; 10: 987-993.

[8] Skreka K, Schafferer S, Nat IR, Zywicki M, Salti 
A, Apostolova G, Griehl M, Rederstorff M, 
Dechant G and Huttenhofer A. Identification of 
differentially expressed non-coding RNAs in 
embryonic stem cell neural differentiation. 
Nucleic Acids Res 2012; 40: 6001-6015.

[9] Yu L, Ding GF, He C, Sun L, Jiang Y and Zhu L. 
MicroRNA-424 is down-regulated in hepatocel-
lular carcinoma and suppresses cell migration 

and invasion through c-Myb. PLoS One 2014; 
9: e91661.

[10] Li Z, Yu X, Shen J, Chan MT and Wu WK. Mi-
croRNA in intervertebral disc degeneration. 
Cell Prolif 2015; 48: 278-283.

[11] Yu X, Li Z and Liu J. MiRNAs in primary cutane-
ous lymphomas. Cell Prolif 2015; 48: 271-277.

[12] Li Z, Yu X, Shen J, Law PT, Chan MT and Wu 
WK. MicroRNA expression and its implications 
for diagnosis and therapy of gallbladder can-
cer. Oncotarget 2015; 6: 13914-13924.

[13] Luo X, Dong Z, Chen Y, Yang L and Lai D. En-
richment of ovarian cancer stem-like cells is 
associated with epithelial to mesenchymal 
transition through an miRNA-activated AKT 
pathway. Cell Prolif 2013; 46: 436-446.

[14] Yu X, Li Z, Shen J, Wu WK, Liang J, Weng X and 
Qiu G. MicroRNA-10b Promotes Nucleus Pulpo-
sus Cell Proliferation through RhoC-Akt Path-
way by Targeting HOXD10 in Intervetebral Disc 
Degeneration. PLoS One 2013; 8: e83080.

[15] Yu X, Li Z, Yu J, Chan MT and Wu WK. MicroR-
NAs predict and modulate responses to che-
motherapy in colorectal cancer. Cell Prolif 
2015; 48: 503-510.

[16] Yu X, Li Z, Chen G and Wu WK. MicroRNA-10b 
Induces Vascular Muscle Cell Proliferation 
Through Akt Pathway by Targeting TIP30. Curr 
Vasc Pharmacol 2015; 13: 679-686.

[17] Li M, Yu M, Liu C, Zhu H, He X, Peng S and Hua 
J. miR-34c works downstream of p53 leading 
to dairy goat male germline stem-cell (mGSCs) 
apoptosis. Cell Prolif 2013; 46: 223-231.

[18] Li Z, Lei H, Luo M, Wang Y, Dong L, Ma Y, Liu C, 
Song W, Wang F, Zhang J, Shen J and Yu J. DNA 
methylation downregulated mir-10b acts as a 
tumor suppressor in gastric cancer. Gastric 
Cancer 2015; 18: 43-54.

[19] Li Z, Yu X, Wang Y, Shen J, Wu WK, Liang J and 
Feng F. By downregulating TIAM1 expression, 
microRNA-329 suppresses gastric cancer in-
vasion and growth. Oncotarget 2015; 6: 
17559-17569.

[20] Li J, You T and Jing J. MiR-125b inhibits cell 
biological progression of Ewing’s sarcoma by 
suppressing the PI3K/Akt signalling pathway. 
Cell Prolif 2014; 47: 152-160.

[21] Huang J, Zhang SY, Gao YM, Liu YF, Liu YB, 
Zhao ZG and Yang K. MicroRNAs as oncogenes 
or tumour suppressors in oesophageal cancer: 
potential biomarkers and therapeutic targets. 
Cell Prolif 2014; 47: 277-286.

[22] Cui Y, Xiao Z, Han J, Sun J, Ding W, Zhao Y, 
Chen B, Li X and Dai J. MiR-125b orchestrates 
cell proliferation, differentiation and migration 
in neural stem/progenitor cells by targeting 
Nestin. BMC Neurosci 2012; 13: 116.

[23] Tan SL, Ohtsuka T, Gonzalez A and Kageyama 
R. MicroRNA9 regulates neural stem cell dif-
ferentiation by controlling Hes1 expression dy-

mailto:yinchanghao791@sina.com
mailto:yinchanghao791@sina.com


miR-765 regulates neural stem cell proliferation and differentiation

3123 Am J Transl Res 2016;8(7):3115-3123

namics in the developing brain. Genes Cells 
2012; 17: 952-961.

[24] Garg N, Po A, Miele E, Campese AF, Begalli F, 
Silvano M, Infante P, Capalbo C, De Smaele E, 
Canettieri G, Di Marcotullio L, Screpanti I, Fer-
retti E and Gulino A. microRNA-17-92 cluster is 
a direct Nanog target and controls neural stem 
cell through Trp53inp1. EMBO J 2013; 32: 
2819-2832.

[25] Jiang LH, Yang NY, Yuan XL, Zou YJ, Jiang ZQ, 
Zhao FM, Chen JP, Wang MY and Lu DX. Micro-
array Analysis of mRNA and MicroRNA Expres-
sion Profile Reveals the Role of beta -Sitosterol-
D-glucoside in the Proliferation of Neural Stem 
Cell. Evid Based Complement Alternat Med 
2013; 2013: 360302.

[26] Zhao Y, Ji S, Wang J, Huang J and Zheng P. 
mRNA-Seq and microRNA-Seq whole-tran-
scriptome analyses of rhesus monkey embry-
onic stem cell neural differentiation revealed 
the potential regulators of rosette neural stem 
cells. DNA Res 2014; 21: 541-554.

[27] Leung YK, Chan QK, Ng CF, Ma FM, Tse HM, To 
KF, Maranchie J, Ho SM and Lau KM. Hsa-miR-
NA-765 as a key mediator for inhibiting growth, 
migration and invasion in fulvestrant-treated 
prostate cancer. PLoS One 2014; 9: e98037.

[28] Ali Sheikh MS, Xia K, Li F, Deng X, Salma U, 
Deng H, Wei Wei L, Yang TL and Peng J. Circu-
lating miR-765 and miR-149: potential nonin-
vasive diagnostic biomarkers for geriatric coro-
nary artery disease patients. Biomed Res Int 
2015; 2015: 740301.

[29] Liao YC, Wang YS, Hsi E, Chang MH, You YZ and 
Juo SH. MicroRNA-765 influences arterial stiff-
ness through modulating apelin expression. 
Mol Cell Endocrinol 2015; 411: 11-19.

[30] Song R, Liu Q, Liu T and Li J. Connecting rules 
from paired miRNA and mRNA expression data 
sets of HCV patients to detect both inverse and 
positive regulatory relationships. BMC Genom-
ics 2015; 16 Suppl 2: S11.

[31] Cai WF, Liu GS, Lam CK, Florea S, Qian J, Zhao 
W, Pritchard T, Haghighi K, Lebeche D, Lu LJ, 
Deng J, Fan GC, Hajjar RJ and Kranias EG. Up-
regulation of micro-RNA765 in human failing 
hearts is associated with post-transcriptional 
regulation of protein phosphatase inhibitor-1 
and depressed contractility. Eur J Heart Fail 
2015; 17: 782-793.

[32] Kageyama R, Ohtsuka T and Kobayashi T. The 
Hes gene family: repressors and oscillators 
that orchestrate embryogenesis. Development 
2007; 134: 1243-1251.

[33] Monastirioti M, Giagtzoglou N, Koumbanakis 
KA, Zacharioudaki E, Deligiannaki M, Wech I, 
Almeida M, Preiss A, Bray S and Delidakis C. 
Drosophila Hey is a target of Notch in asym-
metric divisions during embryonic and larval 
neurogenesis. Development 2010; 137: 191-
201.

[34] Hughes DP. How the NOTCH pathway contrib-
utes to the ability of osteosarcoma cells to me-
tastasize. Cancer Treat Res 2009; 152: 479-
496.

[35] Kageyama R, Ohtsuka T and Kobayashi T. 
Roles of Hes genes in neural development. 
Dev Growth Differ 2008; 50 Suppl 1: S97-103.

[36] Keohane A, Ryan S, Maloney E, Sullivan AM 
and Nolan YM. Tumour necrosis factor-alpha 
impairs neuronal differentiation but not prolif-
eration of hippocampal neural precursor cells: 
Role of Hes1. Mol Cell Neurosci 2010; 43: 
127-135.

[37] Pfeuty B. A computational model for the coordi-
nation of neural progenitor self-renewal and 
differentiation through Hes1 dynamics. Devel-
opment 2015; 142: 477-485.

[38] Goto M, Hojo M, Ando M, Kita A, Kitagawa M, 
Ohtsuka T, Kageyama R and Miyamoto S. Hes1 
and Hes5 are required for differentiation of pi-
tuicytes and formation of the neurohypophysis 
in pituitary development. Brain Res 2015; 
1625: 206-17.

[39] Shi X, Yan C, Liu B, Yang C, Nie X, Wang X, 
Zheng J, Wang Y and Zhu Y. miR-381 Regulates 
Neural Stem Cell Proliferation and Differentia-
tion via Regulating Hes1 Expression. PLoS One 
2015; 10: e0138973.


