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Upregulation of Ngn1 by THBS4 Affects Neuronal
Differentiation of NG2 Cells In Vitro

YANG Haijie*, FU Qiran, LEI Bingbing, YUAN Xin, SHANG Sinan, FENG Zhiwei*
(School of Life Science and Technology, Xinxiang Medical University, Xinxiang 453003, China)

Abstract As the fourth type of glial cell population in central nervous system, neuron-glial antigen 2
(NG2)-positive cells have the potential to differentiate into neurons and provide a potential source of cells for the
regenerative treatment of neural injuries. However, the specific mechanism underlying neuronal transdifferentiation
of NG2 cells is still unclear. In this study, we founded that thrombospondin 4 (THBS4) was involved in neuronal
differentiation in NG2 cells. When THBS4 was overexpressed, the mRNA and protein expression levels of neuro-
nal markers in NG2 cells were significantly up-regulated, such as Tujl, MAP2, and NeuN. The expression of markers
of glial cells was down-regulated, such as GFAP and Olig2. Conversely, when THBS4 was silenced, the expression
pattern of these markers was just the opposite. Studies on transcription factors during NG2 cell differentiation indi-
cated that THBS4-mediated NG2 cell differentiation may be associated with transcription factors Ngnl, ATF6, and
Olig2. Our results suggest that THBS4 can promote the trans-differentiation of NG2 cells to neurons. It may sup-
port a theoretical basis for applying NG2 cells to the treatment of neurological diseases.
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AN FLAN R ORI R = P AR A 2 2 A 1)
IR, X2 T #H2 §T 441 2 (neural progenitor cell,
NPC)ILF 7 HIRE I AR A T HX — R, i
R R R A R B 40 . NG2(neuron—
glial antigen 2)4H Y, 7RFR A2 58 T A4 2 (oligo-
dendrocyte precursor cell, OPC). {EHNHFHXME RS
SR DU SRR AR M, NG2AH ) V2 A7 76 T H A
LRGN, 5 AR AU 8%~9%, AR
AR AR S B 2%~3% s RER AT R, FEAR AR
TR, NG24H MR 734k Ay 2> 5% i o 240 Jfa A /b
VPR TR STANAL Y, Mot oA Ay 2 SR o 4 ) i 4
. BEETTITTHRARERAN, AMIKBING241 it
RS B B A A PRI R AN 2 R T4 W, {H15
NG2AH M HL 45 73 AR 2 T e 0, FRATTHT AR
FAEE R BRI NG24H Uit 2 1 NG2I 7K AE AL A %
FRUESZ MM RAEAR N . RSN BRI A Rt A
AT, BRENG2AH S T s &40 IR AT,
B H AN o A i) o T LRI BT IR N T, 1B
H T AT T A EL

I 7N B J B 2 [ 4(thrombospondin 4, THBS4)
se A AR BT A A R 5, 2 5 R e
G MAEAR. 0. &k, Fift. &, #
SREHEZMAEHIFE". THBS4/ZTHBS K 1% 1)
B 22—, B WIAE AR PNTOE R G oh gl R B0 . A5 E
PR B, THBS4 5 &AL I IR S5 M T8 il
K, HHAENRA LML G R & B FIG I, KK
b PRAE JEL B D) RE A A2 R fik, T THBS45 5 fir )
AT 9%, AERRZE T R BL T K I THBS4, 3XA]
REERM & RGP E & il K, XL TR,
THBS4 1] BE 5 MiING24H0 i 1) 734k, (2 H AL i A

2 Ak
{H7E -

M TTHARE 2, — BRGECKE, Kk
H TR L5 Z 3697 s 2B A 2 F B AL,
HT A A IR T TR R B AR T, R
L BRATIAE F K AR A B R BRING 240 i 1 s A7), ¢
AFFT T THBSAXING24H g 73 A4 1 52 M Kz FL py 7E ML
Hilo AZHF AT B A NG4S T4 28 3549 1 i AR
TBIT PRt — B MBI R SR IR KT o

1 M#RI55EZ%
1.1 MR R EZERF
P TChR &Y

i % A O & 1 2(microtu-

bule-associated protein 2, MAP2). NeuN. Tujl1J$t
1ARIE H & [ Cell Signaling Technologies /s ] ;5 Ji2 i 4]
bR EH W AR B0 25 A (myelin basic protein,
MBP). i Jii £ 4E R 14 25 1 (glial fibrillary acidic pro-
tein, GFAP). 2',3"- A% T B W e - la i (2',3'-cyclic-
nucleotide 3’-phosphodiesterase, CNPase). ¥ 1455 5%
[X]¥- 6(activating transcription factor 6, ATF6). Olig2
MW Z GAPDH I Ht & H 3 [E Proteintech A H] ;
THBS4[H PR H 52 [E RD systemsa ] ; 11ZEPT e
Ui 1gGI H 32 [ CSTA ] ; DME/F123Efil 15 773 |
G 2F 1175 (fetal bovine serum, FBS)IE H HyClone /A m;
JREE IR . 58 R R 200 B AL E B AR
PIBARA PR A 7] L 220 %€ 8 PCR(qPCR) 5 i 4%
SRR B H B 2 A R R TR A | 4
ZRIE RIPA S 8 B B 401 700 B B A TAEY T
FEA R AT Y775 20 I (polyethylenimine,
PED)J# H Sigma A 7] .

HBLV-THBS4-GFP-PURO i 411845 # ATHBLV-
GFP-PUROX {1895 ¢ (1 W DU A )R AT BR 2
H ] %, 99 BRI B 13 10° TU/mL. THBS4[1siRNAF!
I 1A Xof HE PR STRINA Y b 3 757 B R R 4 ) o) 46 o
1.2 #pEEETR

FRATIAE AL 2 1) A A A R TR NG241 i & G231
AL U2 A DME/F 1285 77 5 70 5% FBS I
AT % (100 U/mL)FI4E S 2 (100 mg/mL)Hil| %58
R IR, AR IR 3T °Cy 5% COHIHE I+
RO PR TRANNE . AL LI 90% T, #2113 L
RV
1.3 fRERPE

H AL AR FENG240 4 5 6L AR Hh, 4 i U B
JE MU — AR BRI B IR A, I N EE RS G477 Poly-
brene(6 pg/mL)J5, A7 uLJiE:. Veh(Vehicle)#& x5
o3 BRI B 1 0] HE 2 B, THB S48 /R THBS4H ZH
BRI . B 974 A ERTIRIE, 24 h/E Sl
FrHE . TR YA MI48 hE, SR A PRI A 1 LA
RNAH: i, 7£-80 °CH{RAFEATH -
1.4 siRNA%EH

SIRNAKL LT, 0.4 ng siRNAFI4 L PENRA
TC g R IR b, IR E20 min)5, MAFUEHA
NG24H fitd 1936 mm¥ 7= Lo, 4 h)5 0 Br 7 4k
TIREFEGNR, 24 WE il BRI IR .
RG24 hE R AR IR H LA SZRNARE i, TRAT




Prifa 55 THBSA LIRSk 7 Ngn ZIING2 41 I AR A A 42 Te 20 1k 1749

F—80°CH % . Scr(Scrambled siRNA)ZE 7~ [ P4 % B
FrISIRNARE JL 121, siRNAZZ /R THBS44F 571 siRNA
YL o
1.5 EHER%REENE

595 B % G e siRNAFE JENG24 148 h/i5 Ui £&
S, SR P B 7RI RIPAZAR S
il S minfigindi 15 s, JRP61K 54 °C. 12 000 r/min
250010 min, 7 2 PT3E )5 8 i BradfordyZ: i 2 1 5
WRPE o AT e 25 0 R A SR A s T Mt e L 9k
(SDS-PAGE), FFE&8 10 ng/fl. HR4EE HmarkerH
VKB OLIE I 28 1 K, 4 58I 7 2 PVDF K | 5%
BSAZ & FE M1 h, FepfE—did cClR . H
BRI RS A PR B 1 hE, A
FIECLE ta 1% ), FlImage) 1.48%X /4 (National Insti-
tutes of Health, 3¢ [E)i#E4T 2K & 4347 o
1.6 RNAIEEUSqRCR

{5 F Trizoli 71| #2 B RNA, B RNA % [ ¥ 84
S 7R 1 BA R I 00 % S CeDNA. - i 4% B gPCR
TR B0 B 1 3R AT QPCRAS I 25 Ff b 28 b 2 4 15 A
RNAZKF-. B 5IIER R
1.7 Geitoh

{ F GraphPad Prism 64t it #E4T 481153 H7
Bl DhxtsRon . o 0k /bl i) 22 5o MR ME
P<0.058 NN EA Gt 245

2 HFR
2.1 THBS4iTRIATHERAENG24HA

N T R THB S48 95 2 4 NG241 g 736 11 5
Wi, {# F HBLV-GFP-PURO J2 HBLV-THBS4-GFP-
PUROH ZH 1855 8 70 A B 2 NG24H fd . anf&l 1o,
10f5EAET T, 955 1% 448 ) IR N 55%~60%
2.2 THBS4id FIXEEB(EHANG2ZHBERITHRLEZ T L

N T B IE THBS4X) NG24H i 70 4k i 20, 3%
¥ THBS4Id 3Rk 5, FH AR 0T G2 BV 2R 5256 43 A
THBS4Xf JURl#H 22 T AH bR E M) R 1 i Rk /K-
sz (B 2A). A0 2T &, & Tohr &
Tujl. MAP2. NeuN. Synapsin[¥] & [ i &L /KF
3l 2 1.406% (P<0.01, E20). 1.801% (P<0.001,
2D). 1.48f% (P<0.05, K 2E)A1 1.251% (P<0.05,
2F). fi I qPCRAS I #1228 e AH S bR HE 4 1 mRNAK
(B 2G), #Z bR &M Tujl. NeuN. MAP2. NF200
) mRNA I K73 il 7 X HE ) 5.406% (P<0.001).
430f%(P<0.01). 5.40f%(P<0.001)F13.501%(P<0.01).
2.3 THBS4EREEBHNHING2APERIRE T L

55 1A 45 A AF, A FsiRNATRT BLA 200t 2R
NG24H s HTHBS4 K ik . AR I, #1E ohr &
YIMAP2. Tujl. NeuN[tJ 3K iA& 8 #1 il T (KI3A~K
3E), 4 & 5 I £0.544%(P<0.01). 0.65f%(P<0.01)
PL }20.36£%(P<0.001). [E] I}, #£ kR & PImRNAK]

®1 AMRERABS

Table 1 Primers used in this study

HE K ER 553" ST 51 #(5'—3")

Genes Forward primer (5'—3") Reverse primer (5'—3")

GAPDH GGT CGG TGT GAA CGG ATT TG GCT TCC CAT TCT CAG CCT TGA
THBS4 ATG TGA CGT GTG TGT GCG GT GCG TCT TCT TGG CCG GAT TT
NF200 ACC TAT ACC CGA ATG CCT TCT AGA AGC ACT TGG TTT TAT TGC AC
NeuN CAG GCC TCA GAAACA CACAA AGC ACC AGT AGA AAT GGATGA
Tujl TGA CGA GCA TGG CAT AGA CC TGT TGC CAG CAC CACTCT GA
NeuroD1 CTT GGC CAA GAA CTATAT CTG G GGA GTA GGG ATG CAC CGG GAA
MAP2 ACT TAG TCG AAG CTT GGG GC GGG TAG TTT GCC CTC CAG TC
Reelin ATG TGA CGT GTG TGT GCG GT GCG TCT TCT TGG CCG GAT TT
GFAP ACG TTAAGC TAG CCCTGGACAT CTT GAG GTG GCC TTC TGA CA
S100p GCC CTC ATT GAT GTC TTC CAT CAG GAA GTG AGA GAG CTC GTT G
MBP AGA GAC CCT CACAGC GACAC GCC GTA GTG GGTAGT TCT TGT G
SOX10 CCATCC GGA CTA CAA GTACCAA AGT GAG CCT GGA TAG CAG CA
CNPase GTT CCG AGA CCCTCC GAAAA GCC TTG CCG TAA GAT CTC CT
Olig2 CTG GCG CGAAACTACATC CT TGG GTA GAG GCG TCG AGT GT
ATF6 TCAAAA GCT CCT CGG TTC CC CTGACCACATGGGTCGTCTC

Ngnl AGC GCAACC GTATGC ATAAC

AAG CGCAGC GTCTCAATCT
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Veh

200 pm
——

THBS4

200 um
[ —

THBS4 5 2155 7% (HBLV-THBS4-GFP-PURO, THBS4) 1% [ 45 7% (HBLV-GFP-PURO, Veh)7> 5l YeNG24H 1, 48 h/E 75 1] W% & s Ao e i
(DGR &
NG2 cells were transfected with recombinant lentivirus containing plasmid HBLV-THBS4-GFP-PURO or HBLV-GFP-PURO, respectively. The
transfection efficiency was observed under fluorescent microscope 48 h later, and the white light and fluorescent pictures were taken.
Ell THBS4ERBHREEENG2AMBRI
Fig.1 Analysis of transfection efficiency of recombinant THBS4 lentivirus in NG2 cells

(A) Veh THBS4 (B) 20 ©) 1s . (D) 25
THBS4 | S S 18 o £ 16 B
—. g 1.6 o 14 220 fiid
; =14 s 12 s
NPT 12 Es
MAP2 [ . g s £ 038 £,
Qo6 S 06 St
NeuN | & % 0.4 =04 S0
. Zo02 £ 02 <
Synapsin | S | E o 0 =0
GAPDH [ Veh THBS4 Veh THBS4 Veh THBS4
—

(E)\c 18 (F) 216 (G) § 7 oOVeh
S 16 * S 14 * £6 o THBS4
E 1‘2‘ g 12 < 5

. z

210 2 (l)‘g z 4
% 0.8 < U E 3
3 0.6 S 0.6 .
Z 04 g 04 8

2 0.2 §02 5 !
“7 =0 20

Veh THBS4 Veh THBS4 Veh THBS4 NF200 NeuN Tul MAP2

A: I EER YNG4 148 )i, THBSAFIFHE IR B H (3K AR AHXT KT B~F: J: T AR AL 53 #T; G i B I 4N G2 48 h), #lR Az &
Y mMRNAM RIEKF . GAPDHE RN Z . n=3, *P<0.05, **P<0.01, ***P<0.001, 5 Veh41 LL#% .
A: expression and relative levels of THBS4 and neural markers protein after 48 h of virus infection of NG2 cells; B-F: grayscale analysis of Figure A; G:
relative expression level of mRNA of neural markers after virus-infected NG2 cells for 48 h. GAPDH is an internal reference. n=3, *P<0.05, **P<0.01,
*#%P<0.001 compared with Veh group.
E2 THBS4ZFRIAF LURHNG2ARAIMEZ AR EHIRIFRIE
Fig.2 Overexpression of THBS4 promotes expression of neuronal markers in NG2 cells

FILEWE FiH#S, MAP2, Tujl. NeuN. NF200 2.4 THBS4TFRIABEBHIFING24HEARI IS RAARE
FIMRNAZK 1A 7K ~F- 73 71l A2 X B8 170.3 54 (P<0.001)+ Sk

0.421%(P<0.001)\ 0.461#%(P<0.01)/10.58F(P<0.01, ¥R Ok, AT I THBS4XING24H il i %
KI3F). iXegh B0, THBS4HES E K SME HENG2 i o> R T A . AT THBS4 5 4H 5 23
Y R 22 TG 70 A JENG2AH AL 5, FH 2R 11 G 28 11 70 52 56 A6 W 58 I 240



WA S THBS4 #4536 K T Ngn 1 52 ING240 il ) A A 28 8 404k 1751
(A) Ser siRNA — (B) |, ©) .. D) .
X © o
2 1.0 o 1.04 %1‘0.
‘;‘0.8 s g 0.8 " EO.S ok
% 0.6 % 0.6 oo
So4 3 041 S04
N <
é 02 0.2 .:?0,2
o = 0 0- :
Scr siRNA Scr siRNA Scr siRNA
€ |, (F)_ 12 oSer
< 1.0 Z£1.0 @ siRNA
g S
£ 08 o 08 o
ok
E 0.6 720'6 wk ok *kk
< o4 r 204
z 202
Z 02 £0
Z 0 g 0
Ser SsiRNA Scr THBS4 NF200 NeuN Tujl MAP2

A: SIRNAKBENG241 48 b/, THBSAMIFHZE bn 5 52 F IS LLARRT K B~E: 2T AR EE S HT; F: siRNAZEEENG240 148 hjs, #h4e
PR EPHImRNAMIR RIE K. GAPDHVCANZ . n=3, *P<0.01, ***P<0.001, 5 Scr4l L
A: expression and relative levels of THBS4 and neural markers proteins after siRNA treatment of NG2 cells for 48 h; B-E: grayscale analysis of Figure
A; F: relative expression level of mRNA of neural markers after 48 h of siRNA NG2 cells. GAPDH is an internal reference. n=3, *P<0.01, ***P<0.001
compared with Scr group.
[E3 THBS4TUEBRHIHING24HAHE TTAR S TRIE
Fig.3 Silencing of THBS4 inhibits the expression of neuronal markers in NG2 cells

THBSS [S - 121 12,
< 107 < 10
2 0.8 éf 0.8 4
2 061 Tt g 0.6 -
& z
0 0 A
Veh THBS4 Veh THBS4
® ®
S s O Veh
o 1.0 £ 1.0
g g B THBS4
E 0.8 Qg 0.8 1 sk
E 0.6 = 0.6 - sk sk
e *ak z ok
Q04 =04
12} >
£ 02 £ 02
& o & :
Veh THBS4 Veh CNPase SOXI0  MBP  SI100p GFAP

A R EERYENG2AH A48 1, THBSARVE TR NI bx 4 H 1 1235 LUSAR XS KT, B~D: 2T B AR LM HT B iR AN G241 348 hi, A2
PR EMMMRNAA NS FIE K. GAPDHIZ AN S . n=3, **P<0.01, ***P<0.001, 5 Veh lLAL.
A: expression and relative levels of THBS4 and glial markers protein after 48 h of virus infection of NG2 cells; B-D: grayscale analysis of Figure
A; E: relative expression level of mRNA of glial markers after virus-infected NG2 cells for 48 h. GAPDH is an internal reference. n=3, **P<0.01,
*#%P<0.001 compared with Veh group.
[El4 THBS4IHING228R IR R ARSI RIE
Fig.4 THBS4 blocks the expression of glial markers in NG2 cells

PREM M RIL(EAA). GRRI, MTHBS4E K ik
I, 2 R 40 il b 25 YGFAP 1 D xd 8 110,58
f5(P<0.01, E4C). /b7 5 5 20 i (¥ b & YMBP A
CNPase 7 7l #2& Xt i [190.524%5(P<0.001, F4B)#10.40

AN

£%(P<0.001, FE4D). [FIET, 3 L5 5T 40 B bs E ) 1
mRNA R IL WA A FFEEZ R N (B 4E). MBP.
SOX10. CNPase. GFAP. S100B/) mRNA7KF43 %l
FEXTIR ) 0.336% (P<0.01). 0.37f% (P<0.01). 0.631%
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B

(P<0.01). 0.33f%(P<0.01)F10.401%(P<0.001).
2.5 THBS4TUERREB IR HNG2LRARIER B ZmAa 2t

H siRNATHENG241 i 1 THBS4/ KL . £
B g EEE SEAG R AT I, B A L AR £
& THBS4H T, HIL 7 FiE (E15A). AHELXRE,
GFAPZRIAHE A 1.556% (P<0.01, K 5B). MBPAH
CNPase 11K 7 BN E 1.406% (P<0.05, K 5C)F
2.401%(P<0.001, FE5D). i qPCRAGI i 53 41 A
LY mRNAKF (B 5E), A11E M MBP. SOX10.
CNPase. GFAP. S100B1 mRNAZKF-43Jill & 5 B F)
4.401% (P<0.01). 3.201% (P<0.05). 3.80f% (P<0.01)-
5.801% (P<0.01)A117.901% (P<0.001). iX&bst B,
THBS4 A] 7E AR AN HING2.4H i 0 e J53 41 i 434k o
2.6 THBS4T] gl T £ %% R E FNgnl, T
Olig2. ATF652NING2ZHARY 5314

5 Ja, FATHF 7T 7 THBS4 % 6 % # 5t A 1
FILHI M . 8L qPCREZES, FATT A I, THBS4/
T HING24H e 73 46 7T g 5 %% 5 I FNgnl. ATF6.
Olig2 H K. HTHBS4d LiE I}, #f£E J0 73 A AH 56
¥ 53 H 7 Ngnl (I mRNA R 1k 7K ¥ 42 5% HE 3,20 f%
(P<0.05, K6G). ¥ it I 21 H #H 5% 5% 5% [K F- ATF6
550 TR 5 40 P 1 2 e s IR F-Olig2 i1 2 [ i R A

Scr siRNA

(A) ®

THBS4 W S o]

GFAP | wee—= D g 141

g 124

e

& 0.8
< .

&) ]

o]

O-

Scr

(D) (E) o,
< 307 s 3 8]
_g 2.5 § 7 1
=20 5 61
- 551
% 1.5 - E 44
% 1.0 4 2 ;
3 = 27
z 0 21
Q 0 - 0 -

Scr siRNA Scr

CNPase SOX10

K43 3 2 X B Fr10.416%(P<0.001, BE6C)F10.531%
(P<0.01, Kl6B). 5 it &5 3 Xt i, ATF65 Olig2(t)
mRNAZ 1A /K ¥ 45 51 B 22 X% JE10.314%(P<0.001,
K6G)LL }20.4245(P<0.01, E6G). T 24 THBS4T
BRI, Ngnl fimRNAJK ¥ /2 %f f [10.451%(P<0.01,
Kl6H), ATF6H10lig2 () mRNA /K - & %f 1 ()8.801%
(P<0.001, EI6H)FI8.601%(P<0.001, E6H), & H /K
P R 245% (P<0.01, El6F)F11.70£%(P<0.001, &
6E). X SeH 4 1 W, THBS4 ] gl it I i Ngnl 3£
IEEHENG24H Lt 22 o0 404k, Hasid T ATF6 5
Olig2 AR PNHING24H i 1) 1 53 41 B 41k

3 g

R 22 B IE A 2o, NG24H M vl ZE 4R . 44
AN AR ORI T B 4 T, IRORTEM A R
SR TH A P YR FRONG 2.4 PR A o 220 e A T
REPELS1OL, SR, NG24H M J& 120 58 it Joi w44 41 g,
Foor 4 =) 22 B0 /> S o3 4 M FH /N8 40 B TR R I
YA BT T, ORI EENG24H i (1) p 42
O3k, BON A RING240 B AU T — AN U

ZHE T, AR BN B 2R A 51 A%
THBS4A] PLA 2% e BENG2 40 i ) 14 28 40 i 431k,

©

1.6 1 *
1.4 1
1.2 4
1.0
0.8
0.6
0.4 1
0.2 1

MBP/GAPDH ratio /%

siRNA Scr siRNA

O Ser
B siRNA

MBP 81006  GFAP

A: siRNALLPENG24M /148 h/im, THBSAMI 5 A0 tn &M R K305 LU K1 B~D: ZE T AR EZ 73 4T; E: siRNAZEEENG241 /48 h/m,
JR S At bR S mRNARN 15 KF . GAPDHUEE NS . n=3, *P<0.05, **P<0.01, ***P<0.001, 5 Scr4iLL#4 .

A: expression and relative levels of THBS4 and glial markers proteins after siRNA treatment of NG2 cells f or 48 h; B-D: grayscale analysis of Figure
A; E: relative expression level of mRNA of glial markers after 48 h of siRNA NG2 cells. GAPDH is an internal reference. n=3, *P<0.05, **P<0.01,

##%P<(0.001compared with Scr group.

El5 THBS4TUERIRHNG240AEAL FRABAR SR RIK
Fig.5 Silencing of THBS4 promotes expression of glial markers in NG2 cells
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(A) Veh THBS4 (B) . (C) -,
T 104 g 10
o s T
. E 0.6 DD« 0.6 *kok
= K=}
[ONE 0
Veh THBS4 Veh THBS4
(D) Scr siRNA (E) 2.0 - ok ) 2.5 - -
< 1.8 S
S S
runss. (| <] < 20l
—-'— = 144 g
ATF6 1 é }3 E 1.5 4
S 06 g
&0 04 = 0.5
0- 0-
Scr siRNA Scr siRNA
G
( Z 61 . OVeh (H)_ 12 O Scr
g 5 g 10 seokok
g BTHBS4 g " @siRNA
% 44 % 8
Z 3 5 6
> >
o 24 4
R R
N *k *okok 52
2, | [ S £ o =
Veh Ngnl Olig2 ATF6 Ser Ngnl Olig2 ATF6

A~C: i B YENG241 H48 hJi5, #55% [K T ATF6. Olig2 (11 2 (138 IA /K °F; D~F: siRNAALFENG2411HU48 h/i5, #%35% [ T ATF6. Olig2 (11 5 [1 3815 /K 1
G: i EE R IANG241 1948 h)5, ¥ 3 FNgnl. ATF6. Olig2[FJmRNAZKIL/KF; H: siRNALZFING24/f148 h)5, 5k RFNgnl. ATF6. Olig2if]
mMRNAEILKF o GAPDHURANZS . n=3,**P<0.01, ***P<0.001, 5Scréfl LLEL.
A-C: protein expression of transcription factors ATF6 and Olig2 after virus-infected NG2 cells for 48 h; D-F: protein expression of transcription fac-
tors ATF6 and Olig2 after siRNA treatment of NG2 cells for 48 h; G: mRNA expression of transcription factors Ngnl, ATF6, and Olig?2 after infection
of NG2 cells for 48 h; H: mRNA expression of transcription factors Ngnl, ATF6, and Olig2 after siRNA treatment of NG2 cells for 48 h GAPDH is an
internal reference. n=3, **P<0.01, ***P<0.001 compared with Scr group.
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Fig.6 Transcription factor Ngn1 is up-regulated by THBS4

(7 Fief 35 B S 5 0 AR NG 2 400 i 1 Ji R A R oA — M
O, P2 RS2 100, NG24H i 75 14 4
A, IER B A A, 7R AR T AR I B R 5 4 e AN
AN, T RO ST IR — 5T, BRI (1)
TERAT A AR R AL, SRASZ L, 75—
T, IRt R i R A K, S A TR
FEEHE LT, A TRATMBE 45 R, FEoR T
P B AL ING2 40 i ik FRIATHBS4 )5, #it I
AT B[R] B 75 A NG 22 i 119 44 8 2 A B A 2 o 24
BRI = X R TE R 45 AL, RIS
SEILT G 0 T AR RO R A PR ET
DA AR, 1) FH 5 20 95 753 524 4 Rk 2 45 4 S A7 1)
NG241 il R IATHBS4, % 7F 7] UUAE N & 4516097
() — I SRS

THBS4/F N THBSZK R — i, 124 A1k, THBS4
A2 UiRe, A—LDRefl 15 HAL THBS A Fr X

5y e (EHLETT T, THBS4MI/EH 5 A THBS A th
Y M 2, 1% A0 THBS LA THBS2 R 4 He A 25 i 4 L
A T T 4429, T THBS4R 35 22 Th i ) 2 42 1 5 2E
BRI, THBS 2 3E£F 4 AP THB SAH il il £ 4 4
MO A TR, FATRILTHBS4E N — M fE
ST (FCAA), SING24H L RSN A0 e B B 2
IR TR . THBSAAMEARE HENG24H i 1 1 28 5 53
1k, 3 [ B NG 2 40 M 1) e 5 o0 Ak 8 e o 1 9T
i T THBS4HAEY) % Dy fig: THBSAA L B A (2 i
L35 A B RE, 38 TT DA T NG240 i (1 44 46 73 L g
7o
THBS4 41 7] 1 TTNG24H g ) 1 28 55 43 1k W 2

B ROk, BATWETT 7 THBS4IT ik 6 # 4 o b 71
(1) %% 5% R FNgn 1 {15200, & I THBS4R] Ji i % % 5%
[HF Negnl Fi75 SALHE NG241 I AR 54 504k . Ngnl
VERANRARE K AR DR T, R ARt e 22 AH 40 ffa A



1754

B

S )78 R T4 AR A 42 0 B2, fERAMIF SR I,
FE Ngn L 0E ) R 22 5 8 3+ miR-9%5 &, T i Jak-
Statiz /2 b OCHERSY, SEIStath FR AL 4], AT
FETE R AN TR 2. 25 FE BING241 i A5 _F
SRR AN 4N PR PB T A AR, R iz AT e 4k Stk
— IR T e R T Ngn 1 % 22 R 40 . T4
PHEE A B A B B R

THBS4 32 4 {a] 1 5 NG240 iU 1) i 53 41 i 53
Thig RN ? FRATII0E 78 R B, THBSAR] i 3 T 1 &
TE I J53 2 B 2 5% TR 1~ ATF 6 B /b 5% Ji Jo 401 o 2 =%
TOlig2 )1, B 1M I HING24H B 75 44 &1 1) 1 J5 41
ML o4t CAEERE 7R I, ATFOTE I 4 AR 45 A fiE /D
B ASE Y r BE 8 (2 a2k A2 T IR O A VS 4K 5 & T )
TE5R, A3 IR 2, ATFOR: Il (14 [7] ] LA 21 Bt
S H R TR FET . 25 A AT 9T, THBS47E (2
HENG24H g #h 28 70 A I TR, SO T B R 1
ATF6[1)3RIE, X2 15 75 M 5 THBSATE R ENG241 i
PR T 43 Ak R R R ] B i % ke 3 i 2 R4 R 7
We? 48R1X 75 B AATEAT RN T AR5
A B R R L SRR T, YRR EEE BoR, W RIA
Olig2 J&i P i i3k /b T e ST A0 B 1A T B2 200 5/ 3 P ki
i Jiz J5 984 (diffuse intrinsic pontine glioma, DIPG)j&
— PRGN B LB s T R R, A SR R A
FoH R B, Olig2/&DIPG AR A [ 75 IR 7, FE& Bk
Olig2¥E FE K/ ADIPGIR JT W DB ik H 0, 454
BATHIR I, i FIETHBSA )5 AT LLFEKOlig2 (I 1A,
X2 75 Mk 5 THBS4X DIPGI VAT 245 25 112

I TR BRI, THBS4{EAR SN 3A 8 i
SNG24H i 4 22 76 o0 1. THBS4RERS i #h & ¢
FrEWYITujl. MAP2LL K 4% s IR 1 Ngn 1 1 52, 1 H.
THBS4IE Re il i Joa 40 e 1A% 5 PIGFAP. Olig2 A &
Bk R T ATFORIOLg2 R IA . 7ELAJE IIRFFL R, Al
WA B A N S25R, WK BCE BE RN AR T Zh AR, F A
THBS4id 1A FING241 ffl, 5 Fid R IATHBS4H) i
BRI GLANZ UG TR AL, TRV 2 T THBS4S RIA
WS I SERRIT 8. S, BRATTHIII 45 SRS RENG 241 g
REAER— AR IR A0 F TR 25403 109R 9T -

SE 3Lk (References)

1 Butt AM, Hamilton N, Hubbard P, Pugh M, Ibrahim M. Synanto-
cytes: the fifth element. J Anat 2005; 207(6): 695-706.
2 Dawson MR, Polito A, Levine JM, Reynolds R. NG2-expressing

glial progenitor cells: an abundant and widespread population of

11

12

13

14

15

16

17

18

19

20

cycling cells in the adult rat CNS. Mol Cel Neurosci 2003; 24(2):
476-88.

Raff MC, Miller RH, Noble M. A glial progenitor cell that devel-
ops in vitro into an astrocyte or an oligodendrocyte depending on
culture medium. Nature 1983; 303(5916): 390-6.

Kondo T, Raff M. Oligodendrocyte precursor cells repro-
grammed to become multipotential CNS stem cells. Science
2000; 289(5485): 1754-7.

Berninger B. Making neurons from mature glia: a far-fetched
dream? Neuropharmacol 2010; 58(6): 894-902.

Lu HZ, Wang YX, Zou J, Li Y, Fu SL, Jin JQ, et al. Differentia-
tion of neural precursor cell-derived oligodendrocyte progenitor
cells following transplantation into normal and injured spinal
cords. Differentiation 2010; 80(4/5): 228-40.

Ju PJ, Liu R, Yang HJ, Xia YY, Feng ZW. Clonal analysis for
elucidating the lineage potential of embryonic NG2* cells. Cyto-
therapy 2012;14(5): 608-20.

Ju P, Zhang S, Yeap Y, Feng Z. Induction of neuronal phenotypes
from NG2" glial progenitors by inhibiting epidermal growth fac-
tor receptor in mouse spinal cord injury. Glia 2012; 60(11): 1801-
14.

Liu R, Zhang S, Yang H, Ju P, Xia Y, Shi Y, ef al. Characteriza-
tion and therapeutic evaluation of a Nestin"CNP"NG2" cell popu-
lation on mouse spinal cord injury. Exp Neurol 2015; 269: 28-42.
Stenina-Adognravi O. Thrombospondins: old players, new games.
Cur Opin Lipidol 2013; 24 (5): 401-9.

Lawler J, Duquette M, Whittaker CA, Adams JC, McHenry K,
DeSimone DW. Identification and characterization of thrombo-
spondin-4, a new member of the thrombospondin gene family. J
Cel Biol 1993; 120(4): 1059-67.

Arber S, Caroni P. Thrombospondin-4, an extracellular matrix
protein expressed in the developing and adult nervous system
promotes neurite outgrowth. J Cel Biol 1995; 131(4): 1083-94.
Ebrahimi A, Keske E, Mehdipor A, Ebrahimi-Kalan A, Ghorbani
M. Somatic cell reprogramming as a tool for neurodegenerative
diseases. Biomed Pharmacother 2019; 112: 108663.

Zhang S, Ju P, Tjandra E, Yeap Y, Owlanj H, Feng Z. Inhibition
of epidermal growth factor receptor improves myelination and at-
tenuates tissue damage of spinal cord injury. Cel Mol Neurobiol
2016; 36(7): 1169-78.

Torper O, Ottosson DR, Pereira M, Lau S, Cardoso T, Grealish S,
et al. In Vivo reprogramming of striatal NG2 glia into functional
neurons that integrate into local host circuitry. Cel Rep 2015;
12(3): 474-81.

Rivera A, Vanzuli I, Arellano JJ, Butt A. Decreased regenerative
capacity of oligodendrocyte progenitor cells (NG2-glia) in the
ageing brain: a vicious cycle of synaptic dysfunction, myelin loss
and neuronal disruption? Cur Alzheimer Res 2016; 13(4): 413-8.
Richardson WD, Young KM, Tripathi RB, McKenzie I. NG2-glia
as multipotent neural stem cells: fact or fantasy? Neuron 2011;
70(4): 661-73.

Schafer MKE, Tegeder I. NG2/CSPG4 and progranulin in the
posttraumatic glial scar. Matrix Biol 2018; 68-69: 571-88.
Moeendarbary E, Weber IP, Sheridan GK, Koser DE, Soleman
S, Haenzi B, et al. The soft mechanical signature of glial scars in
the central nervous system. Nat Commun 2017; 8: 14787.

Adams JC, Lawler J. The thrombospondins. Cold Spring Harb
Perspect Biol 2011; 3(10): a009712.



Wit 55 THBS4 % 4R 1 Ngn 1 2 ING2 40 L (R 41 0 28 765044 1755

21

22

23

24

25

26

Muppala S, Xiao R, Krukovets I, Verbovetsky D, Yendamuri R,
Habib N, et al. Thrombospondin-4 mediates TGF-beta-induced
angiogenesis. Oncogene 2017; 36(36): 5189-98.

Zhou Y, Poczatek MH, Berecek KH, Murphy-Ullrich JE. Throm-
bospondin 1 mediates angiotensin II induction of TGF-beta acti-
vation by cardiac and renal cells under both high and low glucose
conditions. Biochem Biophys Res Commu 2006; 339(2): 633-41.
Han S, Dennis DJ, Balakrishnan A, Dixit R, Britz O, Zinyk D,
et al. A non-canonical role for the proneural gene Neurogl as
a negative regulator of neocortical neurogenesis. Development
2018; 145(19).

Schack L, Budde S, Lenarz T, Krettek C, Gross G, Windhagen H,
et al. Induction of neuronal-like phenotype in human mesenchymal
stem cells by overexpression of Neurogeninl and treatment with
neurotrophins. Tissue Cell 2016; 48(5): 524-32.

Zhao J, Lin Q, Kim KJ, Dardashti FD, Kim J, He F, ef al. Ngnl
inhibits astrogliogenesis through induction of miR-9 during neu-
ronal fate specification. Elife 2015; 4: e06885.

Hashida K, Kitao Y, Sudo H, Awa Y, Maeda S, Mori K, et al. AT-

27

28

29

30

F6alpha promotes astroglial activation and neuronal survival in
a chronic mouse model of Parkinson’s disease. PloS One 2012;
7(10): 47950.

Zhang WG, Chen L, Dong Q, He J, Zhao HD, Li FL, et al. Mmu-
miR-702 functions as an anti-apoptotic mirtron by mediating
ATF6 inhibition in mice. Gene 2013; 531(2): 235-42.

Li P, Li M, Tang X, Wang S, Zhang YA, Chen Z. Accelerated
generation of oligodendrocyte progenitor cells from human in-
duced pluripotent stem cells by forced expression of Sox10 and
Olig2. Sci China Life Sci 2016; 59(11): 1131-8.

Deng T, Postnikov Y, Zhang S, Garrett L, Becker L, Racz I, et
al. Interplay between H1 and HMGN epigenetically regulates
OLIG1&2 expression and oligodendrocyte differentiation. Nu-
cleic Acids Res 2017; 45(6): 3031-45.

Anderson JL, Muraleedharan R, Oatman N, Klotter A, Sengupta
S, Waclaw RR, e al. The transcription factor Olig2 is important
for the biology of diffuse intrinsic pontine gliomas. Neuro Oncol
2017; 19(8): 1068-78.





