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Influence of microenvironment of normal neurons and neurons expressing
seizure-like discharge induced by free-magnesium extracellular fluid culture

on the differentiation of oligodendrocyte precursor cells
Wang Yue,Jiang Li,Liu Liming,Yang Xia,Chen Hengsheng,Cheng Li
(Department of Neurology ,the Children’s Hospital ,Chongqing Medical University ; Ministry of Education Key
Laboratory of Child Development and Disorders ; China International Science and Technology Cooperation Base of
Child Development and Critical Disorders ; Chongqing Key Laboratory of Pediatrics)
[ Abstract ]Objective ; To investigate the effect of microenvironment of normal neurons and neurons expressing seizure-like discharge
induced by free~magnesium extracellular fluid culture on the differentiation of oligodendrocyte precursor cells(OPCs),and to explore
the influence of epileptic seizure on the remyelination. Methods : OPCs were purified on the 3rd day or the 4th day of proliferating
phase. According to the proportion of additional neuronal medium in which neurons survived in the total medium, objects were divided
into three levels: 1/8,1/4,1/2;and each level was subdivided into three groups:OPC differentiation medium(ODM) group, OPC differ-

entiation medium+corresponding proportion of induced seizure discharge neuron medium (ODM+INM) group, OPC differentiation

medium +corresponding proportion of normal neuron medium
(ODM+NNM) group. PDGFRa,CNPase and MBP transcription
expressions of oligodendrocyte cells on the 3rd day,5th day,
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7th day of differentiation phase were detected by qRT-PCR.

Results . There were significant differences in MBP transcrip—
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tion expressions between ODM group and ODM+1/2NNM group
at the differentiation phase; MBP transcription expressions were
higher in ODM+1/2NNM group than in ODM group on the 3rd
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day(P<0.05) and 5th day(P<0.05) of differentiation, while lower in ODM+1/2NNM group than in ODM group on the 7th day of dif—
ferentiation (P<0.05). There were also significant differences in MBP transcription expressions between ODM+1/2NNM group and
ODM+1/2INM group at the differentiation phase; MBP transcription expressions were higher in ODM+1/2INM group than in ODM+1/
2NNM group on the 3rd day of differentiation(P<0.05),while lower in ODM+1/2INM group than in ODM+1/2NNM group on the 5th
day(P<0.05) and 7th day(P<0.05) of differentiation. Conclusion ; The neuronal microenvironment has significant effect on the differ—

entiation of OPCs. The normal neuronal microenvironment can promote OPC differentiation,and the induced seizure-like discharge

neuronal microenvironment can inhibit OPC differentiation.

[Key words Joligodendrocyte precursor cell; differentiation;neuron;microenvironment ; epilepsy

71> 5% g 3R 4 40 B8 (oligodendrocyte precursor
cell,OPC), I Z A RFE PR ARG, REFE DL
TR A 5 1 i 4 M, B8 8 T i SO BB
B, iR 2455 1 1 38 AR R A 2 5
AU RAERFIE B R IR AT BBk — AR AT, RE
T AR 22 7T 3l , BB 43l i A 22 13 R AR 4 /D 58
JEE SR ML A A BB R TE B, IR LA SRR &
JELABAS T B 43R BB O i 3 B, ALt
TRAr L REBS B (BN 22 R AR AL 45 ) s Hh 3L
A RN IR BN R e SR A RS A 5
DIRJBRR . MBS R UL R hifs 3 i 3l
YRR 1 S BE 8B 2 F (myelin basic protein,
MBP) ik & T W, BER AT R R B/, A BRET 4
K EEWAED, #E— 2 AR A S Y SEIE B TR A
FL X RERE R R, O T IRR WAL S OPC Z A X
R, ETFARSINK -2 37 P R0 A SE 8 R AR
R AFE R A REWEITE OPC HiEFHEN Hb
Mz RGEMZITS OPC BURE A F L EE 55,
WA EHEEEM R 5 OPC HiEFH10 FHEHH
$ 5 OPC L5 IE R I OPC FEIRSE 37 5%
T, ATB AR D R AR i S &
SEETE AERY , M T A VT8 o 5 Ak | 22 b AL R
TOPC HYHFH oML AFT o 1995 4F Sombati AL
SERSMER R R | FOBR) F BR F OB 40 AN R 8
RBEEWETT, FH A DR EERARBERE
R R AR SRR RER R A FHE R R B R MR
BRI SFA B E R AR T B R R R A
oo, AR R B R R, ER,
F M R & SRR B JS M 25T 5 OPC dE8E3¢
HRERL, O T WRSKFRR B0 5 B A R
Z IR AE S , A SEROR RR M 2T IER R /T OPC
LB , B SR I M ICREREXT OPC 43

AL BRI | 3% FH Sombati A /A 4MER R A BY % S 4
ZICIR T, VR 40 AR AL M R IR 5
EH M ZITCHENEST OPC /ML 255

1 #RSFZ

L1 SRt

L11 SCEEh%)  SPF ZARAFMEME: ek SD RBL(ERER
K PLi b ORAL) 1R 11 A%, KERIRR SRR

Z 1 d, MEATTIEF R EA 1 d ARHA R, OPC 5K H

HiZE 3 d IR A R

1.1.2 s2EiR#  DMEM/F12 3% 3% 3 (HyClone 24 &) ) ,Neu-
robasal 3% 7% 3 (Gibco 2 8] ) . MR ¥ A 4 1fil & (Gibeo 2 7] ) .

B27 $5 R EIINF] (Gibeo 20 F] )  L-BEBERE (Sigma 22 F] ) |

0.25% Jg B ~EDTA ( Gibco 2 ®] ) (N2 (Gibeo 2% 7] ) , Human

PDGF-AA(PeproTech /A H] ) ,Human bFGF (PeproTech /28] ) .

L BE % #E _EDTA Na,(Solarbio 2 &) ) NaCl (Sigma 2 7] ) |

HEPES (Sigma /A 7 ) .CaCl, (Sigma 2 7] ) .D—(+ ) —Glucose
(Sigma 227 ) KCl(Sigma /A &) ) . H & & (Solarbio 24 8] ) . %

BHES (Sigma 2> 8]) NF-200 & (Millipore 237} ) .PDGFR-
a Pi#k (Santa Cruz) NG2 Hiffk (Millipore A ] ) olig2 Hi {4
(Millipore 2> F] ) \MBP HL44 (Covance 22 &) ), —~$L 555nm ¥
o/ (life A 7)) . 3% 555nm FE3 4 (life A 7)) . 5T 488

nm EHi 5 (life 28] ) . 3T 488nm EHi/DR (life A7) JLK
B KE R R (BB RAF]) PDGFR-a 51 (P ELE T AY

THEAH]) CNPase 5191 (7 EA TAY THE/AH ) MBP 5

VFEATAEYTEAE) REE RNA B 50 &
(BioTeke /A H] ) .PrimeScript™ RT reagent Kit with gDNA Eraser
(Takara 2> #]) .SYBR(Takara A #]),

12 EBF*

1.2.1 WETHFREE

1211 MZEITEFR FHE 1 dRESD KR 10 R 4G

BUE B2 2R, 43 B B T R BRI, BY W8 I R 8 1 e A -

EDTA (& -EDTA:PBS=1:1) K 4L 10 min, ¥ I5 45 I L
1ETEAL, F 200 E 38R (28T PBS 1818 )t 8 , WA I,
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B.0> (800 r/min, 10 min,4 C), RFERBHK , LB EFA (5~
10) x 10° M REMEZRBEROHTH 6 FLIR L, BT
37 °C.5%CO, HFREPIER 4 h F2BP NI MFEFHFE
(Neurobasal+2%B27+1%L- B 2Bt ) , 8 3 d TIMFEHRE
PRI, |
1212 WRTEE BEHE T ROMABTIRE , SHEEHL
WEBURH 2 3K, 3t 3 Ht4aMR R (BD 3 (RISLEE LK), K
FRER AR TO M 222 H (neurofilament protein,
NF)200, #4545 . 4% L B P B EE,0.01 mon/L PBS ¥ 3
W, B 5 min, 10%2F 175 EH H X 10% TritonX~100 ]
15 min, —#i NF200(1:500)4 CHELK, £ 2 HEE 1 h
J&,0.01 mon/L PBS ¥ 3 K, B 5 min, —Hi(1:500) Z iRk
§¥% 1 h,0.01 mon/L PBS {E¥k 3 WK, 45K 5 min, DAPI 4%
(1:5 000),£2 0.01 mon/L PBS ¥k 3 ¥k, 4K 5 min, HFiB%t
BRI, FEOCHREBHME TN,

122 OPCHEFREE

1.2.2.1 OPC3%E3F ZH8 Niu ZMOPC FHEE Rk g4tk
Tk IRAIEFRE 8 K, BRI IEFFH (DMEM/F12+5 pg/ml
B E+ 19%N,+20 ng/ml Human PDGF-AA+20 ng/ml Human
bFGF) , IRIB4IMUIRASHETE 2~3 d J5 , AT 4RMa i 3= atifk, 4ifk
&, BRE RIS, FEL TN IR, W
SHAAL B3 5L (DMEM/F12+1%FBS+1%N,+5 pg/ml ESE),
1222 OPC%E Hifb/EHE5 1 d & OPC &K, BHtKEHL
WK 2 3k, 3% 3 HARMIE A (B 3 ks ERLH), K
FRBEACBEARIC M /MR A K B F32 4K -a (platelet—de-
rived growth factor receptor alpha, PDGFRa )//)> 22 i R 40 i %
% F-2 (oligodendrocyte transcription factor—2, olig2 )/ffi B8
HEREE K NG2, —Hik A PDGFRalolig2/NG2(1:500)
itk , BARBRIELRIE AT,

1223 APRERAKEE S 3 RWORBRBERS
HEH , BHBEPLEBUR K 2 7, 3t 3 HE4EMIEH (B0 3 kb
NEHEER), RARERIEIIRD BRI EY MBP
0 olig2 , BX A8 Fl— T MBP $LE Lolig2 ik (1:500), Bk
BB TRFRT

123 LEAFRWARENTNSMEEAHoE )M
LA EFEE 11 X, REERE BN, B
R E M2 I0H B ZSERNLI(n=8), (2)WETTIEH
BRES 11 X, BREEFE, MATESE SR, B 37C,
5%CO,3EFE 3 h 5 , EH R IEEHE T 5%, R A Multi-
clamp~700B & i 8 R G0t W & 40 AT £ AR A
Hato R, 29H{L(MODEL P-97,SUTTER INS TRUMENT
COYRLHIFF MR N RAN 1 um 4, BRFEHR
B AW BB 3~5 MQ BB, X430 R AR5 40 M 83
BREE, AT RETILE, TE R 404, RO RUE A
HEgMIC RS, IEREEINRFER M ABTHR BB
(n=9),

124 MEITHEREWE

1241 EWRHETHEFENE METERES 1 X,

BREHIRE, A AN, 9958 37 C.5%CO, BEFF 3 h
& ERIE B WA TSR R 14 Rt EMA TG
FE,
1242 ZHSFESEWHSTHERENE BRELFRRER
PR TR SRR R , R R] SRR IE AN B A
MM
125 FRSH AZRBEMAMHZITEFRELRSE
BEFEBRM LA METEREEERE), FR3INE
W 1/8 WREE . 1/4 ¥REE . 1/2 YREE (BRI M2 T E 37 2 4 BARRIY
1/8.1/4,102), BRWEH SR 3 4 .0PC L3R EA
(ODM 41) .OPC S b N ARIE R G LT
41 (ODM+INM 41) ,OPC AL 3537 2+ AR AR IE B M 2T 1S
FRE4H (ODM+NNM 4), B4 A% 3 f4M 7R (B 3
KPS ERLR),
1.2.6 qRT-PCR #&{ll OPC /+b)5 & B SR E P H) mRNA
HEXFAE HARERAL RNA POl RBUAF & A
P EA I E] S AN S mRNA, 37 BIA I H mRNA ¥R,
SRE MRS FRH &K mRNA %% 5% 4 cDNA, PDGFRa,
H R B BE B B8 (cyclic neucleotide phosphodiesterase,
CNPase) MBP . B-actin 4 F5| ¥ HFEETAEY TERAFAS
R PCR RBLEEZE A 25 ul,f03E SYBR 125 ul, 514 1.0 pl,
5147 1.0 pl,ddH,0 8.5 wl,cDNA 1 pl, fEFSE.PDGFRa,
CNPase;95 C 5 5,59.8 C 30 5,65 °C 30 s, 3£ 39 4MEFR ; MBP,
95 C 5 5,62.9 °C 30 5,65 C 30 s, 3t 39 MER, RAAHIE
Bk BRI 2% RR, SR EYE S R=HNIREY
mRNA F%HR/3 FHREY) mRNA HIXHR ; o2 T ior g
X} OPC #HiEt, ¥ ODM A& #itr E YR B B
PDGFRa,CNPase \MBP . B-actin 4 Fh5 [ IR RFE 1,

% 1 PDGFR«.CNPase.MBP, B -actin 3|41/ %l
Tab.1 PDGFR o ,CNPase,MBP, B —actin primer sequence

319 =2

PDGFRoa 3 E¥F 5’ -CATTGTGCTCCGTAGTCCCC-3’
B TW  5°-GCTCCTGAGAACTGTACCCAC-3’

CNPase B4 L 5°-AGACATAGTGCCCGCAAAGG-3’
B#F¥  5’-GTAGCCACCGTGTCCTCATC-3’

MBP B4t  5°-CTCCATCGGGCGCTTCTTTA-3’
B|#Ti#F 5’-TCTCAGACACAGGGACATGC-3’

B-actin 5l ¥  5’-CCCATCTATGAGGGTTACGC-3’
Bl%F# 5’ -TTTAATGTCACGCACGATTTC-3’

13 %it 244

SR SPSS 17.0 e K A4HAT S # 04 . AIMAREER
Je% 5 (qRT-PCR Z5RBR B T 3 KM ERLE, HER
FHRABE £ bR (v 2s) B, SARLLESRHBAE R
EHATE 0T, AP R BCR A LSD— 3, K%
JKHE a=0.05,
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’ _ ’ 10 mV

25s
5 BAHENIESWETEER

Fig.5 Action potential of normal neuron detected

by patch—clamp

F6 HMAMWATHESEMETHELERFERERFRR
Fig.6 Spontaneous seizure—like discharge of neuron induced by
free—-magnesium extracellular fluid detected by patch—clamp

2.4 qRT-PCR ##i4 %

24.1 SHALIESREXT OPC AHLASEM TR OPC 7E4H k%
FrE:(ODM 4) R AAEFRT , & B LTEIREE K BR8]
B, RIUBELETEIEHN, MBP Hof5)2 BLZ B n o
3, PDGFRa W52 W B #5% ; CNPase HFI 2 BLE
WA, B 7 BoR 3 MR EARAHMLRT I
B CRKE N 1B s AR R F A A T 2R L)

1001
-~ PDGFRa

‘K‘I‘ 804 == CNPase
ﬁ ~&= MBP

604
£
& 407
z 20
g

3 5 7
Ar4kEtiE (d)

BH7 SBSEPERASLHENESE
Fig.7 Percentage of each stage maker at different
differentiation time

242 EXWHZITHEAEN OPC HMEME W WIEEWE
TURE IR IR A R BN A B3 SR P (1/8., 174,172 ¥k
B, HIHE 1/8 ¥R IR #2705 35 241 (ODM+1/8NNM
) SR T 24 (ODM 41) . 1/4 ¥R EE IE % M2 03
FRE:4H (ODM+1/4NNM 4) 5 8404k 3E R 240 (ODM 4) |
12 ¥R IEH ¥ 203537 24 (ODM+1/2NNM 4 ) 5 .44y

ALIEFE R (ODM 4), R 12 WEIE B HE TG FEX
OPC ZMbA B B AW, BN 12 EIER MR TERER
R, FESLE 3.5 KX, 0DM+1/2NNM 41 MBP HiX{ &= T
ODM 4 (P=0.014,P=0.010) , 54k 3 XA¥BE PDGFRo #HXT
BT (P=0.004), 7355 5 KIEFE CNPase T FE(P=0.004),
% 2.3;40465E 7 K MBP 3 B{ETF ODM 4 (P=0.012),
PEBE CNPase AHXF 8 T B (P=0.001), .3 3, ODM+1/8NNM
20 .ODM+1/4NNM 415 ODM 45 thi , 3 MBP #ixt B R4 it
HER,

243 FTEBSREMWATHEREEN OPC HMLrE i ¥X
BRESE MRS 5 B AR LA A B4 i SR &
(1/8.1/4 172 JREE ), A BIHLEE 1/8 Ik E B G M A TTHE
FRELLH (ODM+1/8INM ) 5 1/8 IEE K MATTIEFREH
(ODM+1/8NNM 4) 14 R EXE B RE WA ILIERESH
(ODM+1/4INM 4H) 55 14 ¥R IE ¥ 2o s 240 (ODM+1/
4ANNM 4) 12 WWE LB FE R 5 A& TTIEFREL4 (ODM+1/
2INM 4) 5 172 B IEH M2 ITHE 5 5 41 (ODM+1/2NNM
H), R 12 WEXEFESEMEITIEFREX OPC SHLA
BB, SRR 12 EERFREHETERERFER
B, 7E5r4E5S 3 X, 0DM+1/2INM £ MBP X BB BT
ODM+1/2NNM 4 (P=0.029) , W3k 2;+4L58 5.7 K ,0DM+1/
2INM 4 MBP FEiA & B BT ODM+1/2NNM £ (P=0.001,
P=0.026) ,5k5 5 KAEBE PDGFRa,CNPase AHXT BN (P=
0.002, P=0.000) , 1.7 3.4, ODM+1/8INM #4155 ODM+1/8NNM
#8 ODM+1/4INM £ 5 ODM+1/4NNM ZH ) MBP A5t B L4
IHEER,

F2 L 3 XBREY mRNA RiZKF(x+5)
Tab.2 mRNA expressions of each stage marker on the third day
of differentiation ( x £ s )

43 PDGFR « CNPase MBP
ODM 1.00+0.00 1.00+0.00 1.00+0.00
1/8¥E ODM+1/8NNM 0.87+007 1.03x0.18 1.25:0.24

ODM+1/8INM  0.81+£0.10 1.13+0.14 1.28+0.16
F{8 6.033 0.759 2.637
P{E 0.037 0.509 0.151
0oDM 1.00£000 1.00x0.00 1.00+0.00

1/4¥KE ODM+1/ANNM  0.69£0.17* 1.16+0.56 0.86x0.25

ODM+1/4INM  0.69+0.07 1.17+0.54 0.88+0.28
FE 8.380 0.135 0392
P1E 0.018 0.876 0.692
ODM 1.00£0.00 100000 1.00+0.00

12W ODM+1/2NNM  0.66 +0.08*° 0.86+0.32 1.56+0.12

ODM+1/2INM  0.80:0.14 0.97+040 2.02+0.32"
F{H 10.409 0.194 19.991
P& 0.011 0.829 0.002

¥ :a, ODM+ FRF4AFR NNM 415 ODM 4 H %%, P<0.05;b: ODM+ #H

RIRTH INM 45 ODM+ AR B NNM 41 He#, P<0.05
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F3 MLE 5 REMREY mANA FikKE(xrzs)
Tab.3 mRNA expressions of each stage marker on the fifth day
of differentiation{ x +s )

251 PDGFR « CNPase MBP
ODM 1.00£0.00 1.00:0.00 1.00+0.00
1/8¥KAE ODM+1/8NNM  1.25+0.07* 0.95+0.12 1.06+0.14

ODM+1/8INM  1.16+0.06 093+0.16 1.06+0.13
FAH 17.231 0.301 0.291
PHE 0.003 0.751 0.757
ODM 100000 1.00+0.00 1.00+0.00

UAYKEE ODM+1/4NNM  097:0.10 087+042 086x021

ODM+1/4INM  1.07+0.10 083036 0.77+0.26
Fi& 1.262 0.246 1.046
PHE 0.349 0.789 0.408
0DM 1.00£0.00 1.00+£0.00 1.00+0.00

2% E ODM+1/2NNM 1.03+0.16 0.74+0.04* 1.14 £0.05°

ODM+1/2INM 153 £0.12° 1.20+0.11" 0.92+0.06"
F{H 20.319 32.835 17.936
PE 0.002 0.001 0.003

1 :a,ODM+ FHM AT NNM 255 ODM 4 e, P<0.05;b: ODM+ #f
RIRF INM 45 ODM+ MR A NNM 4 L8, P<0.05

F4 SUE 7 XEPFEY MRNA RikKFE(xs)
Tab.4 mRNA expressions of each stage marker on the seventh
day of differentiation ( x +s )

#5) PDGFRa  CNPase MBP
ODM 1.00+0.00 1.00+0.00 1.00+0.00
1/8%E ODM+1/8NNM  1.36+0.30 1.03+£0.12 0.95x0.13

ODM+1/8INM  1.61+029 1.13+0.13 0.96 £0.07
FE 4974 1.280 0.297
Pl 0.053 0.344 0.753
0DM 1.00+0.00 1.00+0.00 1.00+0.00

/4% & ODM+1/4NNM 0.82+0.12 0.74+021 0.90+0.18

ODM+1/4INM  0.87+0.18 0.74+020 0.87+0.13
F{E 1.675 2.461 0.803
P{E 0.264 0.166 0.491
ODM 1.00£0.00 1.00+0.00 1.00+0.00

1/2i%%E ODM+1/2NNM 0.89+0.16 0.73+0.07* 0.82 +0.09°

ODM+1/2INM  092+0.08 0.76+005 0.68 +0.06"
FAE 0.859 27.813 21.164
P{E 0.470 0.001 0.002

7 :a,ODM+ A 4458 NNM 415 ODM 41 %%, P<0.05;b: ODM+ #H
RIAFL INM 45 ODM+ #ER AR NNM 4 L8, P<0.05

3 1 #

OPCAE R —Fb i R R 4 , KRR
RS TRANE , T RS 22 TTRh ST IR B, et

2, OPC B #i 4+ 1k A B OPC | ok s 28 i i
YR | B 5 B S A M, TS [R) #9434k st 0 A 4
M, BAARIWEREIREY , PDGFRa A OPC ¢ 7
HRBEWIREY ,NC2 PR M2 R IEKEAK
#pih OPC MR R AR E Y, CNPase ZTEMLH R
B, MBP %3 BH 38 BH 1240 it O R B> 28 B 5
YRS, ARSI IS T OPC eI S s
A bR, & BB AL at R B9 FE K , PDGFRa 5% 7%
KB B /D, 5 AREASBE B, CNPase 55 % /K F
Set¥ £ )58, /0 , MBP %% Rk -2 8 3% i , 3 i BA 7E
RS, OPC REZ Wi AL N R B> R
FRAMME , 55 S R SR TR AR .

OPC 5SMATTHKRER, “AZHEEENE
R R | 5 AT LGE RO 2234 B E#E OPC 843
k., AR EZER YRR %D MBP Rk &
TR, S, R AL BRBR RS E NS SN
SRR, BEICARE S i MBP Rk B TR, 4)
A B FRETRTEREENAERZ
7, BIREIRRA B E, BT I W R A
A RE SRR BN RS AR RS A Ok (H R &
YERE M OPC 43k R B30 52 I8 R 4R i TS AN B
W, Ak, AU DL PR TA B R/ MR AR TR - T
BAMNEOEF M AT E R E B R M R B 4
HUBLRY | BER M TC R 8 B SR IR S U X OPC
Gantain)-2 8

B R LER IE % W 2 LR 5 Xt OPC 434L 1
EKSLI T I E B M 2T S B0 sk
TR R A R MR SRR AT X b, B4 (8] 2D
REFHARAREZ IR ED O FKRTFHER, EH
MA R WEEEMETRERER , EHE IR,
55 5 X ,MBP ¥ R/ F+ i , 7% B 20 58 52 o 4 i 14
% A% 3.5 R5r34EBE PDGFRa . CNPase J8/0,
FHH OPC K AR D RIE R4 % H 2> F ODM
4, HE— AR IE # 2 TTRR R AT LUE i OPC 43
b BRES TR, MALEE#HATIERER, 2
MBP % 7K T W, Uh B 7E U A 8] 53 40 A i D SR B
FR4H /> F ODM 40, 3% B i A ] 50 1E 3 P 42 T4
I OPC Ak /DR R4

PEMXTREFESS 11 RMIEH M2 ouiz FE A 8
AT MIC S, AT B LT B REMER
A, RATEINBINE 3 W, REREEREHETT
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