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[ Abstract] Objective To investigate the role of nicotinamide ( NIC) in the differentiation of neural crest
cells from human embryonic stem cells (hESCs) , and lay the foundation for the induction of hESC-derived corneal

endothelial cells. Methods hESCs line H1 cultured for 5-7 days was used for induction. According to the different
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components of the neural crest induction medium, cells were assigned into different groups for 7-days induction,
including group treated without NIC cultured in induction medium only, group treated with NIC cultured in induction
medium containing 10 mmol/L NIC,NIC+resveratrol (Res) group cultured in induction medium containing 10 mmol/L
NIC and 10 pmol/L Res and Sirtinol group cultured in induction medium containing 10 wmol/L Sirtinol. Res and
Sirtinol were used as SIRT1 activity agonist and inhibitor, respectively. The relative mRNA expression levels of hESCs
and neural crest cell markers were detected by real-time fluorescence quantitative PCR at 1,3,5 and 7 days during the
induction. The expression of neural crest cells markers after 7 days of induction was assayed by immunofluorescence
staining. The induction efficiency of NIC and the effect of SIRTI1 regulation on human natural killer 1 ( HNK-1)
positive cells expression were evaluated through flow cytometry analysis of percentages of nerve growth factor receptor
(P75) and HNK-1" cells.  Results Compared with the group treated without NIC, the mRNA expressions of
totipotent genes octamer transcription factor 4 ( OCT4) and homeodomain proteins ( NANOG ) were significantly
decreased ,and the mRNA expression levels of neural crest cell markers P75, HNK-1,SRY -related HMG box (SOX) 9
and SOX10 were significantly increased in the group treated with NIC after 5 days of induction (all at P<0.05).In
the group treated without NIC, P75 was weakly expressed, and HNK-1 was sporadically expressed, and transcription
factor AP-28 (AP-2B) and paired-like homeodomain transcription factor 2 ( PITX2) were not detected. In the group
treated with NIC,P75,HNK-1,AP-2B and PITX2 were strongly expressed. The proportion of P75" HNK-1" cells and
P75" cells were both significantly higher in the group treated with NIC than without NIC (t=8.481,P=0.001;t=
2.987,P=0.041). The percentage of HNK-1" cells in groups treated without and with NIC, NIC + Res group and
Sirtinol group were (34.267 +12.522)% , ( 89.633 +1.358) %, (64.667+£6.429)% and ( 86.300+3.460) %,
respectively, with a statistically significant overall difference ( F=36.799,P<0.001). The proportion of HNK-1" cells
in NIC+Res group was significantly lower than that in the groups treated with NIC and Sirtinol (all at P<0.05).
Conclusions NIC promotes the differentiation of hESCs-derived neural crest cells by inhibiting the activity of SIRT1
to enhance the expression of HNK-1. NIC treatment may provide a new strategy for source of seed cells in the
treatment of neural crest cell-related diseases,such as corneal endothelial transplantation.
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1.1 #k

111 Ziffiis  hESCs 41 R HI fyfh 7222 B k2%
BF — B IR 12 I M ARk B 1 8 2 2 R 2 Y

112 F2 0 &4 hESCs JC Il ¥ B 5% Jk
mTeSR™1 ReLeSR™ Wi fb ik (fin£E K Stem Cell A7) ;
DF12 35333 i 15 A4 (knockout serum replacement,
KSR) AR G IR | L-4% & Wt i\ B-#i ik & i ( 3 [
Gibeo 2 ®] ) ; Bl £ B £F 4k 40 M A= K B T ( basic
fibroblast growth factor, bFGF) (3£ [E R&D 7y a) ) ; Wi &%
i #F & (RRO37A, H A& TaKaRa /3 d) ); SYBR
GreenER (£ [F Qiagen 22 7)) ; DAPI( L3 = KA W)
FHEZ A A 5 SRPT N BON FE [] P58 e 5% 5 2 (paired-
like homeodomain transcription factor 2, PITX2) £ 77 [
Pk (ab98297,1:200) At N 5% s H 7 0% H 2B
( transcription factor AP-2B, AP-2B ) £ 7% B P 1K
(ab221094,1:100) ( 3% [E Abcam /A &) ; S i A P75
Z WA (OM267105,1 : 150) ( 35 E Omnimabs 2
7)) /EITAN B GKE T 1 (human natural killer
1,HNK-1) P 55 B i {& (C6680,1:50) ( 25 [H Sigma 72y
7] ) ; Alexa Fluor 488 #xic I $iT fe IgG ( A21206) | Alexa
Fluor 488 #ri2 B Hi/M il TgG( A21202) ( £ [E Invitrogen
) s SR A IR PTS (47 A CD271-PE, 345106,
1:100) HNK-1(#1 A\ CD57-FITC,359604,1:100) ( 3 [F
Biolegend /Y ] ) ; NIC | Sirtinol , [ 22 ' [i ( resveratrol
Res) (& [E Sigma /A ] ) ; Matrigel 354277 ( 22 [E Corning
22 7]) o NanoDrop One j# {73 GG BT (& [ Thermo
Scientific /2 7] ) ; PCR { ( Rotor-Gene Q, % [& Qiagen 72
A ) s WOLH R 45 B35 (Eclipse TE2000-U, H A J¢
FEA T s A A (Aria T, 26 E BD A ) .

1.2 i

1.2.1 hESCs B335 KBS0k R mTeSR™ 1 ¥
H1 40 55 57 75 Matrigel £ 8¢ 19 15 F8 o, 4 K4
¥ige 5~7 d & hESCs 77 [ 82 31 gl 4 B ] ReLeSR™
AL, BL 110 W Bl L A0, A& 0)5 38 A0 2 B3 T
gL HI Y W B 70% 4, 4756 Tk, R
P15 G 3 IR AL (DF12 (R £ 20% KSR FE 07 2 Ak
MR L4y A Bt bFGE | B-5ii Jk Z 1) o+ W4l 73 1Y A
[) 0 0 R s i NIC 4 (A felE 5 S 15 R 56 ) (NIC 8 00
ZH (£ 10 mmol/L NIC 1355 S 5595 3L ) .NIC+Res 2 (&%
10 mmol/L NIC F1 10 wmol/L Res [/ 5 1 35 &) F
Sirtinol 2 ( & 10 wmol/L Sirtinol i S 573 ) . &
AN A R, S T do b TG NIC
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Day hESCs I NCs induction I
Me4dium ! |
mTeSR1 NIM +/- NIC
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Figure 1 Schematic diagram of hESCs-derived neural crest cells

induction process hESCs: human embryonic stem cells; NCs: neural

crest cells; NIM : neural crest induction medium ; NIC ; nicotinamide

1.2.2 SERFEEERE 7 PCR LKL hESCs il £ i AH
KAREW MR RE  oaliEiHE S 1.3.5.7 d R
i NIC 411 NIC #5419 375 5 40 o OF 32 BUE. RNA R
H] NanoDrop One Jill 15 RNA ¥ BF A K 4t BE o DLHE B
S RNA g AR, i BR300 5 sy a7 & 43k 100 20 R 30l e 5%
4 cDNA, B il 20 wl K% ,37 °C /v 15 min,85 °C
5s,4 C %k R . L cDNA f B4k fim A SYBR
GreenER FlIAH B 571 ¥ 3547 52 I8 52 ) it PCR; 51 ) H
& TR DR A HAR A RA R A %519 )7 5 I
# 1, PCR B 5544 :95 CHAZ P 2 min; 95 C A2 1
55,60 C iR K I GE A 10 s, §7 3 40 1E H . U
GAPDH NN S R 27 3k 15045 56 I3 10 b 6 2838
o AR EL 3 WD,

x1 BHEESIYF

Table 1 Primer sequences of target genes

519 51MIFF1(5-37) 3 A B BE (bp)

0CT4 1E 1 : CTGGGGGTTCTATTTGGGAAG 222
JZ 7] : GTTGCCTCTCACTCGGTTCT

NANOG  IE[a] : ACCTCAGCTACAAACAGGTGAAG 140
J2 7] : AGAGTAAAGGCTGGGGTAGGT

SOX10 1E 7] : CCTCACAGATCGCCTACACC 161
J2 1] : CATATAGGAGAAGGCCGAGTAGA

P75 1E 1] : TTCATCCACGGATATTTGCAGG 137
JZ 7] : GCTGGGGTAAGTGTACTGCC

HNK-1 1E 1] : CAGCGAAGCCAGGCCTACT 166
Jz 1] : CATTCACCAGCACTGGCTTCT

SOX9 1E 7] : CCCAACAGATCGCCTACAG 100
i) : GAGTTCTGGTGGTCGGTGTAGTC

GAPDH  1E[1] : CATGTTCGTCATGGGTGTGAA 150

J 1] : CATGGACTGTGGTCATGAGTCCT
T :OCT4: N R IKEE 5 5658 T 45 NANOG . [l I3 3 115 SOX: SRY A
K HMG &5 P75 #4837 I F 52 1 HNK-1: N AR R W T 15
GAPDH . H i B -3 ik Jit i

Note: OCT4: octamer transcription factor 4; NANOG: homeodomain

proteins; SOX : SRY-related HMG box; P75 neurotrophic factor receptor;
HNK-1: human natural killer 1; GAPDH: glyceraldehyde-3-phosphate
dehydrogenase

1.2.3 G dOt Y (75 € hESCs Sk I b 22 U85 240 i
MR AR & HERIL RGN NIC A NIC 7 fin 4 5
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PHFR T d AR T R R 4% Z R E
& E 10 min, B B2 3h 2% b ¥ ( phosphate buffered
saline, PBS) ¥ 3 ¥, & 143 % 0. 1% Triton-X100 1§ i
10 min, PBS ¥ 3 ¥, it & 70 %0 5% 4= L7 2 3 H %= iR
B 1 bW B W B A P75 (HNK-1 AP-28 #il
PITX2 —4ii 4 CF LA . WH,PBSHEHE 3 K, A
PSP (1:300) FiRMOCHEF 1 h, DAPL & L4 i
¥ 10 min, JOGH A 3 R A WA T WAIF IR IR, B
HEmfEL 3 KU L,
1.2.4  FANMAR 20 Hr hESCs Sf U5 i 25 165 20 g % 1
PRI TR M LL 3 KRB NIC 441 NIC 78 Jin 4
i LA 0. 25% JR 25 1 i - 0. 02% EDTA Ji 1k,
1l 2 2 R e R B B 2% Ji A 1T (fetal
bovine serum, FBS)-PBS & VL 40 iy 2 ¥, 250 x g &5 .0»
5 min, 150 wl 20 ] 4 64,22 ph i (2% FBS-PBS) H & 4
fte, i A P75-PE Fi1 HNK-1-FITC ,4 °C %% {4 30 min, %
A5 HE PBS PEUANMT 2 3 E AL, fei 1 o =X A0 i A
X2 A AMBEIEFT 0T o Wik NIC+Res 41 % Sirtinol 4
A FE & E AT HNK-1-FITC 355 X 5% 8 73 17, H 45 4
HNK-1" it 3 pr sese 9 ER 3 bl b
1.3 SEib2aorik

K H] SPSS 19. 0 4¢3 24 8

SIS E f PCR A I 45 2R s, NIC IR 4 5
ARV NIC 20 95 3 A [5) B (8] 5542 R P 2k K] OCT4 F
NANOG mRNA A%} # ik & MK L, 25 R399 H it
X (OCT4: F,, =61.370,P<0.001; F,, =21.460,
P<0.001; NANOG: F,,, = 26.210, P<0.001; F,,, =
3.410,P=0.043) , Hri 5 K70 NIC 4141 kb, NIC 7§
A5 3.5.7 d BF OCT4 mRNA A X} ik & B 3% FF
fi%,1755 3 d f1 5 d B NANOG mRNA AHXf 3R ik 7 i %
FEAR, 2 R A Gt 2 5 L (¥ P<0.05) . 2 M 4if e
J& AN TR B[] o 28 0 20 P AR 7S 4 P75 HINK-1,SOX9
S SOX10 ) mRNA FHXF KRB BAK LK 2E R B A5
2% B L (P75 Fy, = 29.210, P <0.001; F,, =
31.220,P <0.001; HNK-1: F,., = 96.350, P <0.001;
Fyw = 17.700, P < 0.001; SOX9: F,, = 55.330, P <
0.001;F,, =17.990,P<0.001;S0X10: F,,, =54.740,
P<0.001;F,, =18.640,P<0.001) , 5K NIC 21
e NIC YR N4l P75 F1 SOX10 mRNA A %} 3 ik 78
W3 3.5.7 d W& HNK-1 mRNA A X} 3% 3k 2 75 75
S 5df7dTHE,S0X9 mRNA X L REFES 1.
3.5.7 d Tk, 2R BA G L (B P<0.05)
(£2~7),

TG RIS %2 HSRERESKFMNIC 45 NIC 7128 OCT4 mRNA 8%} 5 i% 8 b & (x+s)

Shapiro-Wilk § % i 5 £ JFF TF 45
ﬁ%ﬁ’ U\;is il‘:_(‘ZT_\‘o 5"5%‘\7111 NIC

Table 2 Comparison of relative expression levels of OCT4 mRNA between two groups

at different time points (xxs)

A NIC RIS AR A P A

OCT4, NANOG, P75, HNK-1,

VoS AR I ] £ OCT4 mRNA AH X35

SOX9 .SOX10 mRNA X FEiL &

1d 3d 5d 7d
AT NIC 21 3 0.623+0. 126 0.777+0. 070 0.592+0. 062 0.489+0. 031
NIC %84 3 0.557+0. 062 0.477+0. 101" 0.364+0.019" 0. 155+0. 044"

KR 22 S ORI IN 2R 7 220

T : Fyy =61.370,P<0.001; Fyp = 21. 460, P<0. 001. 55 A R s [|] 5 A B NIC 41t %8, °P<0. 05

Br, W LR A LSD- £ 36 5 oK
#m NIC 41 F1 NIC #8415 &
7 d J§ P75° F1 HNK-1" 40 Jfi k%
2 5 BRI M ST RE A o K
RUSN NIC 20 NIC % hn4H NIC+
Res #H Fil Sirtinol #H [a] HNK-1" 4
Jf LY % A AR R R Ty 2

transcription factor 4

(PR R T7 22507, LSD - 3 )  NIC:JE se itk s OCT4 : /NI AR ZE 5 5% 5t [ T 4
Note: F ., =61.370,P<0.001;F,,  =21.460,P<0.001. Compared with the group treated without NIC

at corresponding time points,“P<0. 05 ( Two-way ANOVA ,LSD-¢ test)  NIC :nicotinamide ; OCT4 ; octamer

£3 FESTEMEESKREMNIC H5 NIC iFindH NANOG mRNA #xt5R A B Lb i (x+s)
Table 3 Comparison of relative expression levels of NANOG mRNA between two

groups at different time points (x+s)

SrHT, P EE R T LSD-t K 5

V5 A A I ] 5 NANOG mRNA AA K ik =

P N BL A 425 3 2 22 20 5 FEA &
<0.05 WESFAHSHIFFE L. 1 d 3d 5d 7d
ot RUshn NIC 24 3 0.647+0. 088 0. 836+0. 301 0.727+0. 341 0.376+0. 190
2 #R
NIC B3 3 0. 600+0. 128 0.279+0. 121° 0.151+0. 102* 0.073+0. 058

2.1 R¥Hn NIC 415 NIC @
ZH A [7] s ) 05 4 e Pk T b 45 0 4n
B AH 5€ 2 [ mRNA A X} 3 35 &

It ﬁ homeodomain proteins

Note ; I

group

TE 2 F g =26.210,P<0.001; Fypy =3.410, P = 0. 043. 5 A 8 B i) £ oK %80 NIC 4 H %2, " P<0. 05

(P2 J5 2243 17, LSD-¢ £33 )  NIC: J@ si i lic s NANOG : [] JL R 7R (7
=26.210,P<0.001;F; . =3.410,P=0.043. Compared with the group treated without NIC at

corresponding time points,“P < 0.05 ( Two-way ANOVA, LSD-¢ test)

NIC: nicotinamide; NANOG ;
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%4 FEFFERESKRSMNIC A5 NIC iFin4 P75 mRNA #3552 8 (xxs)

Table 4 Comparison of relative expression levels of P75 mRNA between two

groups at different time points (xs)

Vo3 A [A] I ] 51 P75 mRNA KX 33K 4

44931 FEAR

1d 3d 54d 7d
KT NIC 4 3 0.979+0. 190 1.348+0. 412 1.702+0. 262 1. 630+0. 112
NIC ¥R 4l 3 0. 845+0. 073 1.995£0. 195"  2.813+0.291"  2.220+0.297"

H:Fyyy =29.210,P<0. 0015 Fyppy = 31,220, P<0. 001. 547 5 B [ 5 A 80 NIC 41 Ho 4, “P<0. 05 ( A

FF 230, LSD- K 5)  NIC: Je SE ke ; P75l 42 8 35 R 7 52 4k
Note: F =29.210,P<0.001; F,, =31.220,P<0.001. Compared with the group treated without NIC at

group lime

corresponding time points,“P <0.05 ( Two-way ANOVA, LSD-¢ test)  NIC nicotinamide ; P75 ; neurotrophic

factor receptor

x5 FEFREREAKRFMNIC 5 NIC FinH HNK-1 mRNA 3 RiE 2 L8 (xxs)

Table 5 Comparison of relative expression levels of HNK-1 mRNA between two

groups at different time points (xs)

5 AR 1] £ HNK-1 mRNA X 3% ik i

Eipl AL

1d 3d 5d 7d
KA NIC 21 3 0.411+£0. 053 0.708+0. 192 0.440+0.113 0.462+0. 056
NIC % gl 3 0.553+0. 111 0.895+0. 155 1.049+0. 154° 1.563+0. 117"

TE: Fpy =96.350,P<0.001; Fypp = 17.700, P<0. 001. 55 4H i B [7] 45 A 73 i NIC 41 Ho %%, * P<0. 05 (7 [K]
FITZSIHT, LSD- 48y )  NIC:Je sEft i s HNK-1: A H AR 7 1

Note:F,,,, =96.350,P<0.001; F,, . =17.700,P<0.001. Compared with the group treated without NIC at
corresponding time points, “P<0. 05 ( Two-way ANOVA ,LSD-¢ test) NIC:nicotinamide ; HNK-1; human natural
killer 1

6 FIARFMESRRFIM NIC A5 NIC {0 SOX9 mRNA 1834 3% & bk & (x2s)

Table 6 Comparison of relative expression levels of SOX9 mRNA between
two groups at different time points (xs)
7 S AR ] 5 SOX9 mRNA A % % ik &
4151 B i
1d 3d 5d 7d

AU NIC 4 3 0.504+0. 238 0.732+0. 044 1.231+0. 145 1.490+0. 277
NIC 7R 3 1. 055+0. 365" 1. 851+0. 287" 1. 847+0. 090" 2.257+0. 346"

TE 0 F 4y =55.330,P<0.001; Fyypy = 17.990, P<0. 001. 554 137 I [8] £ A A5 i NIC 41 B 42, P<0. 05 ( 15 [

R 2501, LSD- £33 )  NIC: J8 sa Bt ; SOX9: SRY A5 HMG £ 9
Note : F =55.330,P<0.001;F, =17.990,P<0.001. Compared with the group treated without NIC at

group time

corresponding time points, P <0.05 ( Two-way ANOVA, LSD-¢ test)
HMG box 9

NIC ; nicotinamide ; SOX9 ; SRY -related

®7 FIAFEKERKFMNIC A5 NIC 704 SOX10 mRNA 33 %k B LR (x25)

Table 7 Comparison of relative expression levels of SOX10 mRNA between two

groups at different time points (x=s)

5 AN [ I 1] 5 SOX10 mRNA X 2 35 &t

215 FEAS 5

1d 34 5d 7d
SN NIC 4 3 0. 434=0. 120 0.811=0. 289 1. 150+0. 358 1. 120+0. 596
NIC 74l 3 0. 740+0. 233 2.188+0.263"  2.186+0.548"  3.625+0. 667"
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Figure 2 Morphology of hESCs-derived neural crest cells in groups
treated with and without NIC ( X 100, bar= 100 pm)
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without NIC after 7 days of induction  B: Polygonal arrangement of

hESCs-derived neural crest cells was observed in group treated with NIC
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Figure 3 Expression of neural crest cell markers in hESCs-derived
neural crest cells ( Alexa Fluor 488/DAPI X100,bar=100 pm) Weak
expression of P75 and a little expression of HNK-1 were seen in group
treated without NIC, and AP-28 and PITX2 were not expressed. Strong
expressions of P75, HNK-1, AP-2B8 and PITX2 were observed in group
treated without NIC ( Cell markers showed green fluorescence,and nuclei
presented blue fluorescence ) NIC: nicotinamide; P75 neurotrophic
factor receptor; HNK-1: human natural killer 1; AP-2B: transcription

factor AP-28;PITX2: paired-like homeodomain transcription factor 2
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Figure 4 Percentage of P75" and HNK-1" cells in hESCs-derived neural crest cells by flow
cytometry A :The percentage of P75" HNK-1" cells was significantly higher in group treated with NIC
than that in group treated without NIC after 7 days of induction B Comparison of the proportions of
P75 and P75" HNK-17 cells between two groups after 7 days of induction
treated without NIC,"P<0.05 (Independent samples t-test,n=3) NIC:nicotinamide ; HNK-1: human

natural killer 1;P75:neurotrophic factor receptor
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Figure 5 Impact of SIRT1 regulation on the percentage of HNK-1" cells

cells after 7 days of induction
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