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Methylmercury Tunes Cell Cycle Regulated Gene Expressions in Human Embryonic Neural Stem
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Abstract: [ Objective | To investigate the impact on alteration of cell cycle regulated genes induced by low-level
methylmercury via the expression of microRNAs of human embryonic neural stem cells. [ Methods | After treatment with 0,
10, and 50 nmol/L. methylmercury for 24 h to human embryonic neural stem cells, cell viability was measured with methyl thiazolyl
tetrazolium (MTT) assay. mRNA expressions of cell cycle regulated genes p/6 and p21 were determined in human embryonic stem
cells after the methylmercury exposure by reverse transcription polymerase chain reaction (RT-PCR). Expressions of miRNA (miR-24
and miR-106a) were determined using quantitative real time polymerase chain reaction ((RT-PCR) assay. [ Results ] Compared with the
control group, the cell viability was significantly reduced by 53.5% in the 50 nmol/LL methylmercury treatment group (P< 0.05). Compared
with the control group, RT-PCR analysis revealed significant methylmercury-induced up-regulations of p/6 and p21 mRNA
expressions (P <0.05), but no difference in p/6 expression level was found between the 10 nmol/L. and the 50 nmol/L. treatment.
The expressions of miR-24 and miR-106a were significantly lower with the increases in methylmercury concentrations (P <0.05).
[ Conclusion | Methylmercury treatment at 50 nmol/L could restrain the self-renewal ability of neural stem cells and tune cell cycle
regulators transcription through altering the expression of miRNAs.

Key Words: human embryonic neural stem cell; methylmercury; microRNA; cell cycle regulated gene; cell
proliferation
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R, BRI (2.5 nmol/L ) 1) FF BE5R AT 5 3 NSCs 4
JiLJE B AR B K pl6 . p21 WA, IF H X Ak
AR AT GESEE FARANM . pl6. p21 J2 2 1 4N ik ]
B0, Frdfis ) pl6 ., p21 25 F 2 A ARk 3
fif ( cyclin-dependent kinases, CDKs ) B #ll il %7, A~ [A]
CDKs #3410 i K 325 oS 2 J6 ) 35 ) REL TS, 378 i - 04 i
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MicroRNAs ( miRNAs ) & — RN TR, KIEZ
22 AMZAFRRIYAE A RNA , W] o B4R 1) mRNA
U0 ) 2 19 0 R T R s S R A Th AR A
WFFEIA LK A AR B R B A 28 1 4l ] 2 ——ReNeell
CX A A FTEXS &, dl 3 Wi 4¢ H B oR 7E 4N ML G 57 I
X NSCs H1d J1 B XF miRNA ik B9 5200, DL G
IR X 24 e S 0 e PR ) ] R TR AATL A

1 MREFE
1.1 XA 5AE

HEOR (43 Frali, SE 18 Sigma 28wl ); PO H LA
R ER (MTT, 2% [H Sigma 28 7] ); ReNeell CX 41 Jfd
ReNcell 43543 72 3L . Accutase LTl ( 28 Millipore
INED); NHE K A K I (epidermal growth factor,
EGF ). A H 21 i 1 1 2F 4 48 il A4 4 ] ( basic
fibroblast grouth factor, bFGF )( 3£ [H Life Technologies /v
Al ); DMEM/F12 355755 ( SE[E Gibeo A W] ); 2 RS
1. SYBR Green PCR Master Mix( 3& [ Invitrogen /A F] );
Tripure( £ [E Roche A H] ); %5 5% (RT ) {7 & ( 3£
Thermo Fisher 23 F] ); PrimeScript TM RT reagent Kit
( HAXTAKARA 24 ); miR-24, miR-106a. U6 5|1
A& CB AR HARATER A H] ); Rnase AIAAR( K
AP B A BRA A ); JTERNAFK(E = KAEY)
FARMEFE T ), A DMSO ). 96 FL AR ( 3 [
Costar A ] ); f8)'E 12 58 ( U5 CK40, H A Olympus
AW ); MATHTTHEUR | Elx-800 BFR1YL (3 [E Bio-Tek
NEIDS
1.2 ABERGAY 2T a5

ReNcell CX 2 g F 32 [ millopore 23 /], #i5%¢ H
JZ2 R AL BN I B IR L, A 4R R SR oA
bFGF (20 ng/mL ) Fl EGF ( 20 ng/mL ) il 45 58 4> 1% 37 ik
YEAT ReNeell CX 4HAfL 8550,
1.3 e & B Ry ml 2 (MTT % )

H Accutase B AT B0 K BH RO 40 6L, EEAE 40

RS 22 R A RS AR R 2 x 10° 4 /mL,
100 pl/ fLEFN T2 5% B 1 96 fLAR T, 24h )5
W R RRFRE, IMA R ORI, LA o0 4 ks
FEHE100pL, H IR YL B85 FH DMSO 17L&, 4%
F LR AYZHEE M 0 10, 50nmol/L, FEA# 3N 1L
37°C . MO RN F1 5%C0, 5535 20h )5, BHFLANA 20 UL
MTT, 4kZ205 5 4 h, FEREHR{L 490 nm P T M 5%
FEARL, 1158 4t AR X A7 36 % (cell viability, CV )=
( Do/ Dguz ) x 100%.

14 mRNA 5 miRNA #3255 14 44 5%

H Accutase BETH AL X B K 40 i, R0
RIS 20 2 A VRS AR R 1.75 x 10%/mlL,
500 uL/ fLAEFN TR FEE el 6 fLik, IFE
o kg i B RaAUAF 2.5 mL, 24 h 5 LR IR0,
JIA i DMSO Bt & (9 F R OR YL 39, 48 H R i 24
WRENO0. 10, 50 nmol/L, FF4HE 3 PNE fL, H5F:24h
Jii s F Tripure — 2 3 $2 HUE RNA . HU 2 pg 5L RNA #%
RT-PCR I Gt 54 5 A3 5] ¢ DNA, 3005 S 119 5Oy )7
K. 42°C 60min; 70°C 10min 50 uL, miRNA iz ) &
T MR AR DB FRA AR, miRNA (130355 5%
SR UR CulEE| PrimeScript TM RT reagent Kit, 2 500 ng j=
RNA . 100 nmol/L i) miRNA 25385 | #9422 B 7] 6515 B
P T S, WG SRR NIRRT N . 42°C 60 min;
85°C 55, M IAZR A 10pL,

1.5 #3453 % R4k R 5 (RT-PCR)

BT pl 39055 545 321 i ¢cDNA JE47 PCR P14, pl6.
p21 B RT-PCR 1& #% f-actin 3 N Z F: N, H iy 5
51 %1 ¥ %) il 12 Primer Premier 5.0 4% 11 i i 4= T
W TRRABRAFE B, 519)F 914 B-actin IE 17 ;
CACGATGGAGGGGCCGGACTCATC; JZIil: TAAAG
ACCTCTATGCCAACACAGT; pl6iF [i]: CCAGAAGT
GAAGCCAAGGAG; ILIi: GTGCGGTATTTGCGGTA
TCT; p21 iE[i): ACACGCTCCCAGACGTAGTT; J[f]:
AGCAAAGTATGCCGTCGTCT, ¥4 4 Hy . 94°C Fii
A5 3 min, 94°C7EE30s, 55°CIE K 30s, 72°C 4k {i
Lmin, 3£ 30MFH B 1S 5 pl 47 B BHEE e Ha
UK, ARG GBI G T -

1.6 85 *E & PCR(qPCR )

BT pl 33555 545 3 i miRNA ¢DNA #E17 qPCR §~
1, miR-24 5 miR-106a 1Y) PCR & £ U6 /5 4 N 2 3k
, BIPIHREE A 200 nmol/L, 5191 &Rk H TN B 1l
B BRA A o Bl 25 e 7 ke vk, B
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FEAE M E 3R VAR R T . SYBR Green Mix
5ul, F IS4 0.5ul, cDNA 1pL, /K3 pl, 4714
254K 95 C TS PE 10 min, 95°C7A5 % 155, 60°C B Kk
FEAH 1 min, 40 MEIR . 0 SRAEA SNAE HOE
SRR E A B (AL T 28 7 AP BB Ce i, 2728
PN R R
1.7 %ot

FH SPSS 16.0 X 55 55 45 5 ik 47 5 K 2 Jy 25 70 A
FILSD-1 3 K6 B0 52 36 086 F x + 5 678, K 3 /K 1
0=0.05,

2 H#R
2.1 @feE N

[ i RS SR YL B AL RN 240 ), YLREMRIE N
10 nmol/L i, ReNeell CX 41 g1 71 A X B 2H 18 95.76% ,
2 TGA 24T L MY EE R IE TR 4 50 nmol/L i
YT 7 PR S A BRI T, A X B Y 53.50%
(P<0.05), H5YE N 10 nmol/L L HLAES, 254
GiiteEm X (P<0.05), W1,

R 1 HERYE 24h j5 ReNcell CX ARHITE N

R A EE (nmol /L) S A
0 100.00 +2.14
10 95.76 + 2.47
50 53.50 = 1.99"

[VE ]%: GTEAHMLL, P<0.05,#: 5 10nmol/L 414 tt., P<0.05,

2.2 pl6., p21 mRNA & ik 695w

ReNcell CX 40443 24 h i, Y3545 4 10 nmol/L
I, 4 M N p16 mRNA KI5 /KF- B I, Sy Xf B2 1Y
124%; #JE A 50 nmol/L it Ay %t BEZH 4 130% , 225334
BT L (P<0.05), FEETRLE 10 nmol/L s} 41 fif
N p21 mRNA FEik K BT, X BRI 110%; WeEE
4 50 nmol/L B A XiF BEZH (9 120%, H. 50 nmol/L 21 4 Jifd
M p21 mRNA FiAACEIE & T 10nmol/L 4, 255
HHRITH#E X (P<0.05), W2,

%2 HERYE 24h 5 ReNcell CX ZRAE pl16, p21 Y

RikKE
F LSRR (nmol/LL ) pl6 p21
0 1.00 £ 0.04 1.00 +0.02
10 1.24+0.10° 1.10 £ 0.05*
50 1.30 = 0.03* 1.20 £0.01

[VE ]*: GRTEBAML, P<0.05, #: 5 10nmol/L 4L 4tk , P<0.05,

2.3 miR-24, miR-106a #9 & ik

IR 7E 10 nmol/L B 2 g I miR-24 Fik KT
R, Rkt HRZH 1) 84%; Wk JE R 50 nmol/L Hsf Ay Xif B2
1 18%, A 50 nmol/L 2H 4l g N miR-24 3 15 7K A H
BART 10nmol/L 4, 227G 51175 X (P<0.05),
FH R TE 10 nmol/L B 2L A miR-106a ik K- TR,
N HRZEL 1Y 46% 5 e E A SO nmol/L B Sy X BRZH 1Y 4% ,
[ i} 50 nmol/L 2H 4 Jifl 4 miR-106a 72 35 /K - B A% T
10nmol/L 4, ZFHA G X (P<0.05), W3,

+R3 HERLZ 24h 5 ReNeell CX ffH miR-24 5
miR-106a YR i%£ K F

F SR MR ( nmol/L ) miR-24 miR-106a
0 1.00 +0.07 1.00£0.17
10 0.84 +0.07* 0.46 + 0.14*
50 0.18 = 0.02* 0.04 +0.02**

[ ]#: GxtEA4EH, P<0.05. #: 5 10nmol/L 448 t., P<0.05,
3 iFig

H 20 it 20 60 X B A< K AR 95 15 5112 & 1 LA
o, HRSRTG Y — FE N B A A St 1A ] it 107, H
HEoR AT 38 3 7K A= W) 1 SR AE T e A NS A 12 T 5
Mg N2 il . — B LAk i oAk 2 T £ DLSEoK ™
e R OR R B 10 E 2R R, T IR HE
{a e, 25 E EPA . KR EFSA 2520 2145 5%k AR T fig
ARZ A A TR, A E R AT
FHOCHTARE AL, 5 H A AT IR A™ b o B ok 5
ST C AT RLE o AR R, IR I b X
7K (O FOKEE ) B R & B B & T L
b X2 £ B B LR TS Y A s o A e f B
PRAE G o A IR B BRI 2k
PEREST, DLt —2 e B SR i e s B ML L
SR EE R A EY AT R INEEM S5

A 5T WLEE T A M€ FE (10 nmol/L 5§ 50 nmol/L ) HY
FLIRXT ReNeell CX 21 ALY RZ M, ¥ BEAIRF 1998 AL RK
HERIF 5 X HE AL JBF H I A B 2R 2 11.9 pg/Ll s
MTT 52 59 28 3 2 7R B 2 5K 24 50 nmol/L Bt BV AT 417 1
ReNcell CX 2 Jfg 1% 76 71 3 B AL F 10 nmol/L 41 . [F]
If, SCERaE R L P BRI RS, pI6. p2] mRNA 5%
RIKERAE AR BT LSR5 RS Rose %1
M BTSSR — 3k

A KEUFEIESE miRNA i E AR EK . &
B PR AR, HH A 808 miRNAYE A )
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PR TG RN (IS Wi sl i, ARSI &
B miRNA Z 52 A p 45 504k . 128, Sl

oMM 4 RS kA R Z A1 B, Pallocea
L6152 I R YL BRI NT2 4L 2, WFSE R I 54

2 M A 2% B9 miRNA (e.glet-7, miR-125b, miR-
302b %% ) 23K 5 H . Fineberg 2571 HF 57 & X miR-34a
RIS P 22 AR 2N B o A S T Numb 1 B 463K o it
SCHRA FR RN i A, FRATT A& I miR-24 5 41 i
JEAR RV E R, AR as A4 p16 19 3°-UTR [X 1fij
v L 1 DA 1 bR 4B A 34 s miR-106a fiE
BE AN p21 (TR S AN 3020 AR 7 il A1
e S AL SR YL 355 K miR-24, miR 106a )2 k1% I
PIFRTT miRNA 25 5 F LR R 45 40 it ) 30 ) o6 32 (R
KRR . SERT G E i PCR &SR R, 5T BEZH A
L, B SR L35 1Y 40 i 7R miR-24 . miR-106a #4445 A [H]
R R R 7E 10 nmol/L IS, ZH0YE 77 1 A H Bl ek s
miRNA [ 235 )t BRI, HH 5K 4 50 nmol/L 41
B 52 T 10 nmol/L 4 . MiRNA FY 22 35 7K F- T [ 19 )
W p16. p21 mRNA BYZRIRIKPTH o 450488 Ak
] BEAH 1 I miRNA (335, b 1R 4 i JR) 409 o 4
Kl p16 1 p21 (235K, 1T 52 Wi 200 Jf S 3, 5 4n e
JEV BRI 5 i e

25 BT, AR 1 B 35K AT 51 S NSCs 1 /152
FUPDH o BEE I, 200 S0 A 4 DR L R s
TSR FE B T, H AR miRNA 3K 7K 43 51
)RR P A ARG . MARNA k7K SR 4 TG 77 1 A B i
AR ) s R AR AR, IR ATTIA A miRNA BB
o SR Sk s I HE R SR S A M 1 s e R, R
1012500 miRNA FIAE I TE AR s a5, Tk
DURR W ARV i ph 22 e B e, R N A3 A
SR, RN T I BRIA A R AEIRA PR 2o i
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