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Culture of Neural Stem Cell in Vitro and the Expression Changes of HES1 and MASH1
during Differentiation
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(1.Department of Human Anatomy, Guangzhou Medical University, Guangzhou 510182, China;2.Department of Clinic Medicine
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Abstract;  [Objective] Culturing of NSC in vitro were investigated, in which NSC could proliferate and differentiate. The
expression changes of HES1 and MASH]1 were detected during the differentiation of NSC.  [Methods] The cerebrums of rat embryos
were separated in sterile working condition and cultured in serum-free medium. When the secondary neurospheres were formed,
Accutase digested them into single cells. Then they were divided into two parts, one was cultured with suspension neurospheres, the
other was plated to adherent monolayer. And the abilities of “stem” and “differentiation” in two methods were examined. NSC were
induced with different concentrations (20, 40, 80 pg/L) of brain-derived neurotrophic factor (BDNF) to differentiation, the best one
was determined. After induced differentiation of NSC in the presence of BDNF, the expression changes of HES1 and MASH1 were
detected. [Results] NSC were obtain in both of two. B-tubulin Il -positive cells was higher in adherent monolayer culture (19.55 +
1.09)% than in suspension neurospheres without any inducing factor. NSC were more induced to B-tubulin Ill-positive cells within the
BDNF of 40 pg/L (34.17+0.60)%. Afier differentiation 1, 3, and 7 d, results of Q-PCR were showed that the relative quantities of
MASH1 in BDNF group were significant higher than NSC or control. ~ [Conclusion] The adherent monolayer culture was a better
method for differentiation of neurons from NSC; BDNF of 40 pg/L was a better concentration than any others; the expression of
MASH]1 could be increased by BDNF during differentiation of NSC.

Key words: neural stem cell; neurospheres; adherent monolayer culture; differentiation; brain-derived neurotrophic factor;
notch signal pathway
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AT Y1 (neural stem cell, NSC) & —2&n]
H I By Z S Re 4L, A RE 1 Ak i T Ek
P2 AN, IFAESE 20 RN 5 fi w] 3 1
rh ke JE AT AR R — 2 NSC #2s4H
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iRy NSC ] DA — Ml 5 55 3 Be e fioh, BAIT3R 30
SRR =] il i i ST T S B s 9 =11 W L S
BRI AR FE 7 NSC 4332 AR 2 R 252,
W R, iR 24K KT (brain—derived
neurotrophic factor, BDNF ) ANME T DAZE R 25 50 1Y
ARG, 0] DR NSC 3858 91755 H o0 ik
eI, BT ANRE S A NSC N TR AR
1) &30 A8 At FLHE B A o3 At A R B A I
YEHI . Notch {5 =i % J& NSC 14 5% 3 fb it # v —
AT A IR P I TSR HEST A1 HESS J&
T bHLH #e 5 N 75 B UL, A7 4Ry NSC 1
ST o RIVE T, 55— %K D1 MASHI
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m, WTHACR W, HER T ATy
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AL
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1.1 ANt

14 ~16d 8 SD KR (WA ARE LK
Yyrp > ), Neurobasal 1% 3% 5 DMEM/F12 1 57 3 |
B27 ¥ il N2 i il (Gibeo) ,bFGF #1 EGF
(PrimeGene) , Accutase ) , 2 5 #i & ik (PDL) . R ¥T
B-tubulin Il Z4T,/NEHT GFAP FLHT (Sigma) , %
$T Nestin 29T (Abcam), 2 Il H 25 1 (BSA,
Sigma) , TRITC #Ri2 44 1eG (Abcam) , FITC
LDV TG (AU AR AE YA G BRAF]),
RNA 4 S5 SR 70 & L 98 62 & PCR 7
£ (TaKaRa) , HABiR A0 4 [ 7 43§74k, Q-PCR
R g SR s 1 g n e 1,

F 1 NSC HFrieFzRiLzERE Q-PCR 3|#5 %
Table 1 Q-PCR primers used to detect gene expression
in NSC

Gene  Primer sequence

HES1  Forward 5'-TAACGCAGTGTCGCCTTCC-3’
Reverse 5'-AGAGGTGGGCTAGGGAGTTTATG-3’

HES5  Forward 5'-AGCCGGTGGTGGAGAAGAT-3’
Reverse 5'-AGTTTGGAGTTGGGCTGGTG-3’

MASHI Forward 5'-AGGCCCTACTGGGAATGGA-3'
Reverse 5'-CCCTGTTGCTGAGAACATTGA-3’

1.2 NSC HyBER#F R ffE R

22 14 ~ 16 d SD KB, SHER H k58 5 H
T5% RS B LI B, s R, Pl Y B
B H 75% WA IR 2 K, BT RS PBS /)
O BB | P S A e ) 5 O g o v ki | FH 02
] PBS EE9E 2 WK, B T 1Y DMEM/F12 5 i
Bl BY R (29 1 mm?), —EFEH 2 15 mL Z.058, I
FH B /N O IRET 100 ~ 200 R, il 1 20200 2
W ,25 °C,200 xg B L> 5 min, ¢ 3%, #1E 3 K
WO R F 5L DMEM/F12+B27 (20 mL/L)+bFGF+
EGF (bFGF 1 EGF 23k & Ry 20 /L) 5 31 il 1
B, BU10 pL 5% 0.4% 6 IR A5,
TGN E, TR 2 %2 5 x 10° /mL, BT
37 °C MBECH 5% CO, Hi3RFa 137,

Kidt 24 h J5 , BT A4 v IR B P1 AR ER  HE
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Y R4 2 50 mL 250, #iE 30 min, 2Bk
HARUTVE , 7 138, IAHT B 110 35 75 3L HLAR K FT
AR, FIEESR 24 ~ 48 h 5 AT JE AR P2 1RER, 200 xg
B0 5 min, 77 B3, A T mL A9 Accutase #E177H
b, AL 3 min B, B/ ERR S WA T OUE,
USRI A B A A, B A =5 A5 R
DMEM/F12 & 11344k (Accutase # %5 B Jm vl [ 3
THAG) 5 AN T REB o3 4 B AT Ab 2R 435, AT AE A b
B ], {ELEL S R ZE 8 AT 6 min,

R AL S B AR5 PR 4y, — T o B TR R
Ph 5 x 10° /mL W% FERERP B 700, B 48 h 2
R, AR LRI BERRFR DL 5 x 10Y/em?
(1) %% BE R RN 2] PDL AL B 4 i 355 3% AN 24 FLAR
48 h PR, ARG GRS B 80% i
Accutase THILIZAC,

1.3 NSC 894k

B3t 48 h 5, BIFEEFEMANIE TR K P3 AR
BK,200 xg B0 5 min WEE M, FH Ak 5R 3
DMEM/F12 (250 mL/L)+Neurobasal (750 mL/L)+
B27 (10 mL/L)+N2 (5 mL/L) 5 £ 4 ity , #5340
A PDL (1 24 fLARH, [RIBPHEZ HrdEmh 2] 24 LAk
Hh B S ) 40 M R A B o A R S
1.4 NSCHFHELEEMIUEENERE

R 3% 48 h iy P3 AABRE TR, R3] PDL
FLBERY 24 FLA P, 6 h 5, L2 I RE R % 4 2 i
[F] B4 7 4l B e 8 2% ) (immunofluorescence , IF ) J¥
0, , F NSC FRICHUA Nestin (1:200) 4600 A [7) 35 55
M REHE] NSC,

A3 B 5% 48 h B P3 AR ER RN B2 BE
ALY RNA, 26 5E i PCR(Q-PCR) £ AR
HES1 F1 HES5 AYAHXS ik &, LB [A] 45 55 07 =0
T Notch {5538 I (116 LR BE

TE 1.3 ZHMIAE SR i 3R 72 h Js , IRk
ZICAMCPUA B-tubulin I (1:300) AR T 5 400
FRICHUA GFAP(1:600) K61 NSC #9501k fig

IF e 0% OB L8983, A I 2 R
i (40 g/L) [# %€ 20 min; @BSA (100 g/L,PBS At
il ) 2= IR BT 30 min; GIAH R —HT (30 pl/
FL), W5 wg /N T LA B B, 4 CHCE 36 h; DL
TABRIFGREDE, AR S5 G0 EhRic i —
Hi, %508 3 h; ®HA DAPLIAEW , %515 10 min; @1
AGE & HIE S 5O BB E R DLk
OE@@E %2 J5 F PBS ¥ 5 min x 3 X,

1.5 BDNF #FSHZEMEEREF NSC 574k

T8 R L2 N BE B 5 S A T R TTAR T,
FATHINAARIF He B2 BNDF 19434k 55 55 H b 3 2
JEMGEERR IR NSC, S04k 72 h J5 , - 40t
FRICHUA B—tubulin 1 (1:300) F1 A I K2 J5 240 Ji
IEPUAR GFAP(1:600) Kl NSC ()40 fbRE ), TF YL
oL YR IR 1.4,
1.6 HES1 #1 MASH1 Rk /K ER T

fifi € BDNF s BRI S, H Q-PCR Y 7 i K
I BDNF {776 A FEAERIE 6L T, A X NSC,
HES1 Fll MASH1 ik K 19481k,
1.7 SitEsh

Bk 2R, H SPSS17.0 T8 2400t
FEGEH BRI R Ty 200 ¢ ke, LA P <
0.05 MZESEAGIT#E X,

2 & 3

2.1 NSC RyEEFRFnigsE R THEE

HBUH 14 ~ 16 d IR B NSC 3855 e |, JFAR
KR v 78 24 h J5IE AL P1 AR ER, BR5BRZ
) 23T A [R) R BE A il B, TG PE A, 0 L 285 5
v, HLAR R FT R i) i o 20 e B, P2 ARER AT 7R A%
5 24 ~ 48 WIERL, I HILAEL 40l H
BTG M G 2T B %, C 4N R
T HUBE IR FT 2, P3 AREKZY) 48 h AIJE AL,
Pooltkdr, LA B LA AT AL AL, Bl 2 15 77 0
[) P9 0B TSR MG A 1, B 5 A A R A 2 e
2 h JEATIGRE ) 24 h BV i 2 A (BT | #20E B
PIIIEAS 48 h G 4 2 BB DEURMIE
oY 3 MBS, Nestin Je (o g5 LM P2 102 )5 i
Pl % 7 AT B T Sl BB 19 NSC, LR R3¢
) NSC H, Nestin FHPEZIHER A (93.17 + 3.06) %,
Q-PCR Z5 R R, fEA R B 55 05 X2 (0], AHXT A
% B-actin (Y E A H HES1 (P =0.738,n = 3)fl
HES5 (P = 0.930,n = 3) R AR AT i E 22 7
(F 1),
22 NSCHIDWWEENETE

Wl 8 35 7 2UAE s bFGF Al EGF 2 5 2]
o34k, 4k 72 h JE IF 5 oK BRE R IR AT
MZER | B—tubulin I BHEAN MR 43518 (19.55 +
1.09) %A1 (11.91 + 2.73) % ; GFAP BHA: 40 s %43 51
(2541 + 2.26)%H1(39.71 + 3.87)% ; Biit 2+
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Wi, B—tubulin I FHYEAR IR (P < 0.001 ,n = 3)
1 GFAP FHYEANIE R (P < 0.001,n = 3)FE AR K 7
I ZEZEFAGIFE L (E 2),
2.3 BDNF S ERENEELEF NSC o4k

FEPRZ NG RERE R FLA I, ik R dirp
AR He B (9 BDNF 755 NSC 204k, 72 h J5 IF
gL R AR EE AY BDNF 155 B—tubulin 1T FH
P 20 B9 2R 0 591 Sy X B ZH (18.47 + 0.09)% , BDNF
20 wg/L 4 (24.09 = 0.38)% ,BDNF 40 pg/L %
(34.18 + 0.60)% F1 BDNF 80 wg/L 40 (34.32 =
0.05)% ; GFAP FAYEARAER 73510 . XFIEZH (27.31
+2.33)%, BDNF 20 png/L 41 (23.82 + 0.49)%,
BDNF 40 pg/L 41 (22.64 + 0.39)%7F1 BDNF 80 pg/L
2H(22.64 + 1.39)%; Geit2# 0 ATk M, B—tubulin 1
FHAE 40 L %6 7E BDNF 20 5 0 BR2H 2 [] 22 S5 A i1t
2R L(P < 0.001,n =3), Hrp BDNF 20 pg/L 5
HEMAMERAGIT2=E L (P<0.001,n=3);
GFAP BHE4H i 2 7 BDNF 2H 5 %} R 40 b, Hirp

BDNF 20 pg/L 5X A2 RG22 L (P=
0.064,n = 3) ,BDNF 40 wg/L HI BDNF 80 pg/L 5
R 2 A G L (435 P=0.049,P =
0.041,n = 3),BDNF 410 2= R T4 it22 5 L (K
3).
2.4 HES1 #1 MASH1 Rik/KFER L

Wi T B2 RERR R R 52075, Tk sl T
BDNF W15 W, FROTFEIXFER LA | K
I Notch 3 J% P HES1 Al MASH1 # ik AIXF NSC
254, G55 B, XTI 4H R BDNF ZHAH X NSC 22
S Geit X TR R4 E] A5 % R ZH RN
BDNF %1 Z [d] I %% ,HES1 % % K4t ¢ & X,
MASH1 22 54 Geit24 i L A AL R 5 P {E a0 b
1 AR RIEEANE 4,

3 4 ik

NSC HARISME R HLIEE 3% 5 4%, BFITR I,
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Fig. 1 Live cells morphology of NSC and identification the ability of “stem”

A: Tertiary neurospheres were formation from dissociated single cells at 2 d after digesting secondery neurospheres, but few of them aggregated.

And there were some non—dividing adherent cells on the coat. B: Picture showed NSC at 2 d after being plated into PDL—coated wells. NSC in

adherent monolayer culture were uniformity and separation in one single layer, morphology were oval , dipolar or few of them tripolar. C: Green color

was brighter at the rim of sphere than in the middle, which suggested non—dividing cells were in the middle. D ; Cells in monolayer were uniformly

stained by distinct green color. E and F; B-actin was defined as endogenous gene and neurospheres as reference sample in each test. The reletive

quantity of RNA in monolayer was equivalent with the neurospheres, both HES1 and HESS.
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Fig.2 The stains and proportions of $—tubulin Il and GFAP after differentiation of NSC in two culture modes

A: B-tubulin Il —positive cells were stained at the migrated cells of the sphere.

B:B-tubulin Il —positive cells were stained uniformly in

monolayer. C: GFAP—positive cells were stained both at the migrated and middle cells of the sphere. D; GFAP—positive cells were stained uniformly in

monolayer. E ; Proportion of B—Tubulin Ill is higher in monolayer than in neurospheres. F: Proportion of GFAP is lower in monolayer. 1)P < 0.05 (vs.

Neurospheres group ).

Control

1 Control
[ BDNE 20 pg/L

: [ BONF 40 pg/l.
3?} 1 BDNF 80 pg/lL
1
< 351 1) )
=~ 301 1)2)
£ 25 -
E 201
157
~ 101
5_
0 : ; ; : ;
B —Tubulin Wl E
o , LI Control
BINF20 pfl. 35+ T BDNF 20 pg/L
{ T BDNF 40 pg/l.
301 1 BDNF 80 pg/L
i 1 1
® 25 ) D
; 201
=
g 15
210
=
5’_
Q0 T T T T |
GIAP
F

B 3 AREIRE BDNF %S NSC 5L 5 TF XK Lk 6l

Fig.3 Double—stains and proportions of differentiation cells of NSC in different concentrations of BDNF (20 x )

After differentiation 72 h, B-Tubulin Il and GFAP—-positive cells were stained brightly. As the disperse cells, counts of different stains became

easy. E: Proportions of B=Tubulin Il in BDNF groups are higher than control. It is lower in BDNF 20 wg/L than other two BDNF groups, there is no

significant difference between BDNF 40 wg/L and BDNF 80 pg/L. F: Proportion of GFAP in BDNF groups are lower than control, but there is no

significant difference among BDNF groups. 1)P < 0.05 (vs. Control group), 2)P < 0.05(vs. BDNF 40 pg/L).
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1.0 [ NSC
1 Hl Control
0.8- BDNF 40 pg/L.
Z 0461 1)
0
< 0.4 1)
] )
0.2 1)
0.0 — + |

NSC Ld 3d 7d

Time after diferentiation

3.2 D NS
Il (ontrol
2.81 12} BDNF 40 pg/L.
] 10
_ 2.4 12) N 12)
= 2.0 — ) 1)
= ] 1)
= 1.6
=]
< 124
0.8
0.4
0.0 B
T NS 1d EY Y

Time after diferentiation

B4 HES1 #1 MASHI ¥R X2 TN
Fig. 4 Relative quantity changes of HES1 and MASH1

B—actin was defined as endogenous gene and NSC as reference sample in each test. A; The reletive quantities of HES1 in differentiated groups

were significant lower than in NSC in all time points, but there were no significant difference between control and BDNF group in each time point. B

The reletive quantities of MASH1 in differentiated groups were significant higher than in NSC in all time points, and they were significant higher in

BDNF than control in all time points. 1)P < 0.05 (vs. NSC),2)P < 0.05(vs. Control).

FGFHI EGF 4545 #2243 24 )] LI UE NSC 3455107
ASLES IF G5 R, PR IR Oy KA B T
NSC, MBI T4, BRI AT Q-PCR 11
Tk, E— e T EAE R 0 Noteh 55
T A SCIE I I8 . Q-PCR 452 3K H  HESI
I HESS fEmiFpEs 72 XA B EWER, 456
IF 5 SRS AU MAR E5 3, $2om T AP 35 07 X
AR T RS FE ) NSC,

FATAESLH P 2P, ISR TR AR 20 i B e ok
TTER)Z NG RERR 37 A b 23— T ) 22 4 M, Fh
FICIIAT PDL A4, fHi15 NSC F14% 40 M A G
Ay TE M HEE IR 48 h JE AT R B, Ak BRZ A 40
JH0 Bk 2R A — L, T B A% 20 v 1 S 5 AT i 1 A
FH, BVRREFRT, A0 M 2 W FE R 1A, 1 Ak TR
FEARZS B NSC B IFAER FR e 3557 LKA, AT 4l
b B RER o R 40ME R e B i 7 LR S
PR TR R SR, P LSRRI AT NSC 4l
7= Z A S E R SO R A SR R AR B
FeorRalifb i, 2lifk 5 05,755 T Nestin FH
Rk 9% AL BE A 2 BR, ANk Aoy e 2 G
AR TT ) AR PR SR PR, e ]
95T AR R A 4 B A B

(HR T RETER SR, 0 R RN RE SR 5% (L
RE|—EFEE G , MG IR AR RS  BIF
(PR 2 Bk AL E] PO AR LU, 4N B3 58 T 4 AR 75 2%

1% 359 7 d 5, MR — et HA 5 R i LA
B+ ILA AL R, 1T LA S & 5% AN 5 F
iz o e, BZNERELAMAE AR 3 R LA , 4 Mg
FAASAS G208 TR A AR Y R 4 d 5, A
TR FE T K 80% LA L, A kb T AR
20% 254, I I AT HEAE

HAR NSC S0 S 35 R A8 15508
ARG IR A2 N AR . AU IR
[, — AR R R R NSCARMESME A AT
FITIAER A ph 2 i, N EERS 2 L 05 2 i BT R 1Y
P e AL, fif NSC 7EANER HEIA YT Hh 2 EIAR K
R BRI 02

AHESE K R, P2 AR 2 BRIE S, KA 2 40
ML e gl alifb I b, i B TR KA R BRI
RN AR /D B sl se T, R b iy P2 AR kP 2Bk
THALTR AR, 78 2 BERE FR 550 T, i
TN Rk — Py~ — 2k, HELFHE
R (SR U EZ s R S NI R [ E U2 Tow s (1 o Ol |
FE 1% S5t PR« 4 — A TR B s v AR, oAkt
AR BN UM 52 5 20 35 50 b 2 R 7 45
FrHErh A MR E SR T, AR T B B R
(2R, A Z b oAk i 20T, MBS AT
I Z W TR P AT R AR, IR AT
NSC J3 28 5 it

PR B EE LT, FRAT L RETT AN BR
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AR ORI AL A E ], T AR TF BR NS )
20 it A 2R T S A — R, TOTR A, X R O T A E
B AN REACRIEAR LA, RRE N TRATT T — 2
WFF AT SR AR, AL Z R, B2 MG BERE SR (1)
211 O E O O L I N o T N D W SN 33
PEOET B AR . FRATHE R R R A SE A
b FRTRI R 59 BDNF i S50k, Rl 40 1 4%
(R HEC FATT TR E BDNF A3k BER ML T S 86 4000

F T B2 0 RE B3 5 04 400 i T DA 3 ) b % foh 5
IR, AR TR IE A A5 20 07 e B
SERBCT TR T LE WK OF | TRIRE AT L AS 2 0 v
R E I . RATHEE R HEST 7201k 4
Hh IR KB R R {HJE BDNF (A7 7E S &, XF
BT R A K, MASHL 7E43 b4 b ik
KB FFF, T H BDNF 7EE 5L R, 5 ETF
TREE W] b X B ZH 225, AT LA ) MASHIL MA NSC
TR LR, — BRI E B m K&
ik, ERIFRIAAT LB BDNF 55, 5 IF 45 B34
—,

ARG 1 YA 1 b o 28 BRI 1 3R A
FUZMEEER AL G R T P2 R
J TR B SR NG BE 1% 75 A 2 4R A0 Ao A RE
TITTET 225, Ee A« TR A 28 0 S 1
ZLERETERT SR AT B2 G BE B 25 10 7 58, AU
AT DAAE R IR P alifk A5 31 = 80 5 1 NSC,
[ NSC H SR I 2 o0 Y He il A 25 4R
o X—Z5E AFATT N — 25T BDNF XF NSC ()
7S e H R 2 RF . HESD Al MASHI #E
BDNF i 30 fbad Bt vh ek IR 45 3L, S 3kA Tk
— W58 NSC 1S b 2958 T 586,
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