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A [R) MR FEAER SRS 2 SRR BT A 4 LT # B8 7
FfE 2, IR, 4R 2, mEAE!
G REERIR AR E, Kid: 3000525 2 A [E A RS SR /S0 LE
Jb3 100048)
WE BE HREHCET A 585 AT 40 (hOPCs) i /6 1 152 mi K JL R ML« HvE iR
WRFERPEIRENZESR, WE 3MNRINA: 21% 041 CHEEXIRLAD | 5% 041/ 2% 0.
4. @it Transwell iITF2 525046 I hOPCs 7EH 4 (21%02) + 5%0:+ 2%O0:255 14 T KL BE
FIH RT-QPCR. #sk 20T s XA e 7 A RAS I SR A5 T - 1o (HIF-10) B 552
k4 (CXCR4) SFRIMIEE A RIS, SadWE Ry th BIEBMKH KEGG i,
PRI A [F) SR 25 hOPCs 1244 BE 1 B M S ST BEALA o Z55R 5%0:H1 2%00K £ IR Ak
P EfE Rt hOPCs #R4MTFE, H. 2%0:K [ T BT Bt I B 2 (P<<0.001) . k&AL
#J5 hOPCs ] HIF-1a 1 CXCR4 5% mRNA ik /K-F¥1EE TR (P<<0.001) . 5 5%O0K %
FALE, 2%03K % T4l CXCR4 FIAH R (P<0.000 1) o JialiaE R, KA S CXCR4
RIERFHEN (P<0.0D) , HEEHFMREZRIFRC, HERAERE DTS (P<<0.0001) . il
B AL Ry M 2 0, RSB AT 0S PISK-Akt {55 4 SR 5| SiEEk . 4w KA
14 9% hOPCs fAAMER BE /1, HAZRUN 58K E R AR, HALH A8 _Eil HIF-1a. CXCRA4
LKL, BUSIEAE PISK-Akt 15 5B S5HhR 5 FIEBA <.
X48iA hOPCs; {K%; iT#; HIF-a; CXCR4; PI3K-AKt {5 53l M, 5] Sl ik
PE>HRS Q2-33
SCERIR B A
Effects of hypoxia at different concentrations on the migration capacity of
oligodendrocyte progenitor cells
Wang Qian®?, Wang Zhaoyan?, Luan Zuo?, Yuan Yuhua!
(1Dept of Laboratory, General Hospital of Tianjin Medical University, Tianjin, 300052;
2Dept of Pediatrics, The sixth Medical Center of the Chinese People's Liberation Army General
Hospital, Beijing, 100048)

Abstract Objective To explore the effects of hypoxia on the migration ability of human
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oligodendrocyte precursor cells (hOPCs) and its regulatory mechanisms. Methods Based on the
variations in oxygen concentration within the culture system, three experimental groups were set up:
the 21% O: group (normoxic control group), the 5% O: group, and the 2% O: group. The migration
ability of hOPCs under normoxia (21% O2), 5% O2, and 2% O: conditions was detected through the
Transwell migration assay. RT-gPCR, transcriptome sequencing, and flow cytometry were used to
detect the expression changes of genes and proteins such as hypoxia-inducible factor 1 alpha
(HIF-1a) and Chemokine (C-X-C Motif) Receptor 4 (CXCR4). Bioinformatics analysis was
combined to analyze the KEGG pathways related to migration, so as to explore the effects of
different oxygen concentrations on the migration ability of hOPCs and their possible mechanisms.
Results Hypoxia treatments at concentrations of 5% Oz and 2% O: could both promote the in vitro
migration of hOPCs, and the promoting effect of migration was more significant at the 2% O-
concentration (P<0.001). After hypoxia treatment, the mRNA expression levels of HIF-1a, CXCR4,
etc. in hOPCs significantly increased (P<0.001). Compared with the 5% O: concentration, the
expression of CXCR4 in cells was higher at the 2% O: concentration (P<0.000 1). Flow cytometry
analysis detection showed that the expression of CXCR4 increased significantly after hypoxia
treatment (P<0.01), and with the decrease of oxygen concentration, its expression level further
increased (P<0.000 1). Ordinary transcriptome sequencing analysis indicated that hypoxia treatment
could activate the PI3K-Akt signaling pathway and the Axon guidance pathway. Conclusion In
conclusion, hypoxia treatment can enhance the in vitro migration ability of hOPCs, and this effect is
negatively correlated with the oxygen concentration. Its mechanism may be related to the
up-regulation of the expression of genes such as HIF-1o and CXCR4, and the activation of the
migration related signaling pathway including PI3K-Akt signaling pathway and Axon guidance
pathway.
Key words hOPCs; low oxygen; migration; HIF-o; CXCR4; PI3K-Akt signaling pathway; Axon
guidance pathway
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HHHX RS 2R 40 R /0 S B RT A 41 B Coligodendrocyte precursor cells, OPCs) , 2K & 4>
0 AR /D 98 B 4B Coligodendrocytes, OLs) , M B R BEMS 45 #M, Kk BEHSZ 515,



M RGNE S FRZBEN, SEURE. BEHFARIRE /I B . OPCs KR bR &4 1
INRATAEAE KR T o (platelet-derived growth factor alpha, PDGF-a) 1% OPCs 458, 773 Al
TR brEYDRIR A &5 T 2 (oligodendrocyte lineage transcription factor 2, OLIG2)
25 OPCs i Rk for 4@, OPCs WIEAERE Uk TS, ik Nt BE A A8 5 AL 1) 40 A 2 A2
SRS A 5 R BE R ACR 1 s IR KBl fafb IR 75244 4[chemokine (C-X-C motif) receptor 4,
CXCRA]IIZRIA /K5 OPCs ILFRE /I IEA M, $& 5 OPCs (ILFeRE /1A B2 i it B i
TWRIT I OCHE . ICE AL AT R T A i #e fe /), R aRph A, 8 78 Al
i 25 22 b 40 i R RS VB RE B, (ER S AL FE S N /D B BT A 4H A Chuman oligodendrocyte
precursor cells, hOPCs) 4% RE 711520 f LML 7 Th (R 70 i WARTE o 12 TR T AN A4
WX hOPCs iLAL BE JIHISEMR,  FFHINT HIELENLA], B 70 A (b B3 5E SEa A .
1Rt E
1.1 SERARF K FEM

DMEM/F12 }57: 4. F&. B27 5 N2 4l fud% 7= 7. Neurobasal™-AMedium #5775 |
GlutaMAX™-1 ([ Gibco A 7)) ;3 NI A 4% E . DAPI (3E[H Sigma A7) 5 il
IRATAAEKE T A EFRR -3, BiEAIHI 1 (32E Pepro Tech Inc) ; PBS (H1[H
Solarbio /A7) ; TRIzol k7] (3%[H Thermo Fisher Scientific A ) ; %t A PDGFR-a. ##i
A OLIG2./NEHLA A2BS5. I P/ il ALexa FLuor 488. J'#i % ALexa FLuor 488 (£ [H, Abcam
AFED ;s /NPT BVA21-PDGFR-0, (£ [H, BD A F]) ; /MR BTN PE-A2B5 (£ Miltenyi Biotec
AFD s INRPLA FITC -OLIG2 (ZE[H Millipore A #]) 5 /NR$TA PE-CXCR4. Human TruStain
FcX™ (3¢ [H Biolegend A #]) 5 Transwell /N 7SFLER (3E[H Corning A7) ; RNA prep Pure
Cell/Bacteria Kit. DNase (*1[E Tiangen A F]) ; 5>Prime ScriptRT Master Mix. TB Green®Fast
gPCR Mix (HZA TAKARA A7) .
1.2 SERAY SR

i TAES (hENERBEA D » IR (HA SANYO Ar]) =R (£
Thermo Fisher Scientific A7) ; .04l (HA KUBOTA A ;3 a4 (£E BD 2
A s BB e B LR EROLHH R AL (H A Olympus A 7)) ; Chromo 4 Real-TimePCR
Rl %4 (£[H Bio-Rad A#])
1.3 HE
1.3.1 hOPCs #ER L K 2 5E

ARAE SRl S5 B 507 RO, AR A AFIZT40/ (human neural stem cells, hNSCs)



7559 hOPCs HEATH 141577 . 4 hOPCs iELEALANE Py HI T4 M 4 5 St o Jd I S % S Al
R4 2 hOPCs MBIl bR &Y, R PDGFR-o il OLIG2. K% (5%0,. 2%0,) THiALHE S,
I T MM AR, I E PDGFR-o A1 OLIG2 [k 4k .
1.3.2 Transwell SEZHAA RIS E T hOPCs FIiE# R

SR T REFRE P2 1) hOPCs HALALARIS, Kealifusrh 3 4H: HHAH (21%02) . 5%0;
. 2%02 M. 3HAMAEHEFXM FHFE6d, 7R, FCAAME MUATEFRAE, (40
FAEARE (5%02. 2%02) , 5%CO2, 37°CHEIFRKM TALEE 24 h, A 40 M 7E W F k1 R 4%
SeiigE. H] Accutase 2> IVHAL 3 AN, hOPCs 3575 BB 40 1%, B p 4 i fh 2
CVE I NI IR AT 4 B 2R A1) Transwell /NE E=ERWN, 2x0P AL, drid/rd: w4
5%0; 4. 2%0, 2, HFH % 3 ANEFL. Transwell /NEH) EZIIANNIEMR 100 pL, F=EIMA
hOPCs £57%3& 500 pL K /NEJN 5%C0,. 37°CE;FRMMFH « dNTER F- 8 Hh L fe it (A A
24 ho ITREI 28 IR U NS, WRoE Bk, PO R, RERBRRENE
g, #HEEE A 4%2 R E 40 10 min, H PBS Wif/NaE FEERE, %+
F DAPI Je A IR ARz g 10 min, et ek, AZGEIE RMsnfics. KA Image)
AT A AT E B i, TR BEB BN RIS E (ND , RIEFIYIH
SRR (N2, Pt — DT H 4TS 2 (V1%) o B 4HH0IT R 2 (V1%) =N1/N2>100%.
1.3.3 WAL PAN E AR FEKE T hOPCs #rE#) (PDGFR-a. OLIG2) & CXCR4 4K
6.2

W ri IR 5 HE I 3 AN A I AL, RN s B E b, RS  5>10°
A, 2000 r/min B5.0» 5 min, 787 7 iSRRI, B M 5 uL Human TruStain FeX™ Fc
SZARFEWT) (F25: 422302) , =FiRWEE 10 min. HEOSENTAXE, HHED. G,
@. ®. ®MDEFMA 5 uL BV421 Mouse IgG2a, k Isotype Control. 5 pL BV421-PDGFR-a.
5 uL Mouse IgG2b Kapa Light Chain Isotype Control, 10 uL FITC-OLIG2. 5 L PEMouse 1gG2a k
Isotype Control #1 10 uL PE-CXCR4 £ X\ $if4 /5 4 °CHiFE 30 min, ] Wash Bufferh Z2 i ¥t
VAR EAURS I . {5 Flowdo %t vi0 23 Bl .
1.3.4 RT-gPCR A FIEWRE T CXCR4 fl HIF-1a EFZ8 L

B H AR (5%02. 2%02) MI4HiiH L b2 f5, H RNA prep Pure Cell/Bacteria Kit
I RNA, i Nanoophotometer®i 1 73 Y6 6 B v 1Hl & RNA ¥R 5 45 . R FH 5>Prime Script
RTMaster Mix il 5 i #5% ) % (85°C. 55, 4°C. 3~5min) 373 cDNA, FiLL cDNA

NELRARYE TB Green®Fast qPCR Mix i fl &t 47 RT-gPCR 5248, il CXCR4-mRNA FiA/K



F, DL GAPDH AW ZHE N SIS AT EHN: 95°C, 30s, 95°C. 55, 60°C. 305, 58
Ji% 40 NMEI . FE S FIU RN . CXCR4A LiE5#4 5' -CTTCTTAACTGGCATTGTGG-3'
TH# 5 AN 5’ -GTGATGACAAAGAGGAGGTC-3' ; HIF-la L35 %N 5’
-CACCACAGGACAGTACAGGAT-3" , T 5140y 5’ -CGTGCTGAATAATACCACTCACA-3’ ;
GAPDH L5 # N 5’ -TCGACAGTCAGCCGCATCTTCTTT-3' , TFiFsl ¥ N 5’
-ACCAAATCCGTTGACTCCGACCTT-3" . HIWEEFRE T e ERH 24 4CT 5.
1.3.5 BEAMRE (2%0,) HFEHFHANF

S BUE AR EE R 3 4H hOPCs, BN 2 32 15 mL 5.0, fitlfbrid, 11084/
%, PBS BLUEN LI, FEEIEW, FEMA 1 mLTRIzol W7, [ I8 A) 2 40 13 25 B
B AKEHE . ¥ hOPCs [) RNA FEAE T-80°CUKRERT, BAREAI LR S LB R}
A IR A7 58 mRNA K. #2HUE RNA 1§ F DNase 741k DNA 5, H7f Oligo (dT)
(2R & B A% AE ) mRNA; IIFT Wl mRNA T WS B, BLFT IS i) mRNA s
AR TSR EE BEAL 51 04 5 cDNA, SR J5 Il 8 & U R 5 & B cDNA, F:{3
FIEAALIUEE cDNA; 4L XUEE cDNA T RIMEE . I A BIFERN Ak, REH
TR BOR/NESE, e T PCR Y1 MEE LI SC ) Agilent 2100 Bioanalyzer it & 4% J5
18 FH 1llumina HiSeqTM2500 &£ llumina HiSeq X Ten JAt il FE A #4730 F¢ , 724 125 bp 5% 150 bp
) XS B 4 o
1.3.6 F LI 3 504 I TRAL B % o B

P e BB o A o el I RR B AR M B R A IR A F] SE . @ i R e A Y
JRAEHARE (raw reads) F fastg #2051 v 715 20 H T J5 825 i =1 i & reads, 73 22X raw
reads ATk (BRI IE . B SE{E ) Trimmomatic B1FREAT 29T 2k, fEUbIERt 1
b PE AT A DL S N B, 245 35 BT E Y clean reads. KA hisat2 T H., it g1 3
f¥] clean reads tLxf ZiZ M FP S H R KA, BAFSECABIASEL, @i 7 B4 HLO ZR P FE
AL o
1.3.7 ZRENE KR EHLK GO Ml KEGG 7347

I eXpress FKAFIRELTE B % M FEAF A (protein-coding) 1 reads #(H, {#H
DESeq(2012) R package [J estimateSizeFactors e& Z06 $4 AT bR 4L, 348 A nbinomTest %L
THHE 7 B L) pvalue A1 foldchange fE . Bk P <0.05, ZRMEH AT 2 MWERESA, I
REAT 22 36 5K GO Ml KEGG & 4240 #T,  LAKISE 2 53t e i AR S BE R IR () A= 47 2 T R el o T
i



1.4 Giit2eab 3

1§/l GraphPad Prism8 iz {4 il SPSS26.0 Rkt AHIF 7 (¥ S B H s b A7 43 o BT SR 56
B BIRRm X s o ZHMBBIN BRI 20, PIALIE) EE EE SR S R
Ak, P < 0.05 NZEFHLHE Lo
2 R
2.1 hOPCs HITEA B Atk 2

hOPCs [tk LB, HAR M ZXHR, BN E IR, A ) 2 5 Bk
WHES (B 1A) o HfEue e geta s J 7R hOPCs #r&# PDGFR-a K OLIG2 KM (&
1B. C) , a4 A L 52 R PDGFR-o fl OLIG2 FIBH 2 3714 96.6% M1 96.7% (/& 1D.

E) .



& 1 hOPCs 7R %200
Fig.1 Identification of hOPCs culture %200

A: Contrast microscopy was used to observe hOPCs morphology under brightfield; B, C:
Immunofluorescence staining was used to identify the expression of PDGFR-a and OLIG2 in hOPCs;
D, E: Flow cytometry was used to detect the expression of PDGFR-a and OLIG2 in hOPCs.
2.2 EIREXT hOPCs SER RE /1 B

HASKAE R REFRIN hOPCs HiEAS RNy (7.30+1.86) %, 5%O0, WikkH 5 hOPCs [IiE# %
e E (29.8841.95) %, 2%0, FALELG HITH R — DM s (42.2636.91) %, RUMKH
TRAL PR RE S 2532 T hOPCs ML RE ),  H.BEAE 20K L AR e 72 R B4R T (B 2)
B WS, SRIRE (5%02, 2%02) FALHE 24 h J&, TSI AA HEZL (E
3A-C) . 5%0, Fiilkb 5, PDGFR-o 1 OLIG2 [HBA 53  95.8%7F1 97.7% (& 3D. ED
29%0, TiAb 5, PDGFR-a A1 OLIG2 HIRH LR 73504 94.3%41 95.1% (K 3F. G) . IRASH

AL, trEd) PDGFR-o fl OLIG2 [IRIATLEEE R,

B 2 Transwell SZKTERE SR



Fig.2 The results of Transwell experiment showing migration ability

*kk

P < 0.001 vs 21%0; group; **P<0.001 vs 5%0; group.

& 3 AR I T3 L RAREE AR =100
Fig.3 Comparison of normoxia and hypoxia under brightfield and flow cytometry detection
post-hypoxic <100
A: Normoxygen; B: 5%03; C: 2%0;; D, E: The expression of biomarkers in hOPCs pretreated with
5% O hypoxic; F, G: The expression of biomarkers in hOPCs pretreated with 2% O hypoxic.
2.3 EIREXT HIF-1 F CXCR4-mRNA KikHIR
@it RT-gPCR & S MK (5%0, il 2%02) %4 F hOPCs 1 CXCR4-mRNA A

HIF-1a-mRNA £iA2 4k . RT-gPCR 455 B, A 4 A2 CXCR4 B[R 21412 5 (P<0.01),



BEE IR FE IR, CXCR4 FE K 1A & 1 B4 5 (P<0.000 1), [FIEHMKA 5% E 4 HIF-1o
FER KX B FHIR 5 (P<0.000 1), REPEEFIREZERFL HIF-1a ZEREIRFFIEHA, (HZ 5%0;

A 2%0, ARG L. WK 4.

Bl 4 NEEIRE T CXCR4-mRNA K HIF-1a-mRNA &k
Fig. 4 The expression of CXCR4-mRNA and HIF-1a-mRNA at different oxygen concentrations
“P<0.01, ""P < 0.001,"""
2.4 {&E B hOPCs i) CXCR4 EHHIRIAMR
i A AP AAG I AR SR EE T hOPCs & il CXCRA4 HIRIEA M . H 4 AT~ CXCR4
SEARPATE R J9(14.5740.94)%, 5%0, 4bHE 24h J5, HARIEFHIETH % (48.57H.8)%, £ AR

PETHY 3.3 1%, 2%0; 4bF1 24h J5, HEIAFRIRTI £ (72.4740.83)%, LINH AL TH 4.9 £

P < 0.000 1 vs 21%0; group; **P<<0.001 vs 5%0; group.

(E5) « 55%0#tk, 2%0, e &I+ T CXCR4 Kik=.



B 5 KA E X hOPCs Rl CXCR4 RIAMFL M
Fig.5 The effects of hypoxic treatment on CXCR4 expression on the surface of hOPCs

*kk

P < 0.001 vs 21%0; group; *#P<0.001 vs 5%0; group.
2.5 NFEEIREALE hOPCs ZREF EE GO TR KEGG &A1

XF AT 2%0, IR E AL PRI hOPCs HEAT e 20 o 73 At P kAT UL, ) 22 e 2 R 308
KIE (B 6A) o S RERREAR 98 MZEFER EiH, 66 MR T, 72 5
R AL 45 Ak 2 5 A0 IEAS DG BE A, 5140 CXCR4. SEMASA. COL18AL. IGFBP5. EPHAS,
COL1AL. DDIT4. EGLN3 1 HK2, Tij/E i )3 Bl o -t A7 i il #2495 UNCSC #l SCG2,
PR 51 TR R AR S AR 28 . X 22 R AT GO ThAk & £ MRl KEGG
W E TR, EMCERIE A hOPCs L, 2 7R EHK GO thit 54T
% (E6B) , Wil TIAREEIRTT 5 hOPCs IR ML IBE R RIL . F M 2%0, i ¥ it
PE[¥) hOPCs ELA 1) 22 7 B2 F 8 A2 1) KEGG 1l 464 R 51 5. PIBK-Akt (5 Tl % . 1515 5l

By HIF-1 {5588 AR5 7 S oM AR A . WLBhaR AR B 2R R 15 A Ras 5



FiHEE (FHeC) .

& 6 ZREERIE S
Fig.6 Differential gene expression analysis

A: Volcano plot showing the expression of differential genes between cells in the hypoxic (2% Oy)
and normoxia groups; red: upregulated genes; blue: downregulated genes; labeled genes are
associated with cell migration; The y-axis is -logio (the corrected value of p value), and the abscissa
is log2 fold change; B: Differential gene enrichment and migration-related GO functional items
compared between hypoxia (2% O) and normoxibe; C: KEGG pathway diagram of differential gene
enrichment and migration associated with hypoxia (2% O2) and normoxia groups.

3

hOPCs I LA73 b 9 /b SR 57 4 I I A0 S i SR BB R 48 AL, X 2477 B0 P9 o AT S ot
oAb 7e, SR IER L EMERIEE . SR17 OPCs WXL BE J1i8as, ik N\t Bl 59 A s 1 Fr 4
A B 2 M BE A S R ACREL, 1958 hOPCs [MIERERE ), BATHRTHREMIT Ak, WRINTE IH%
RS E, B R B AT S AR R IE A R . o, ARAEUAR B B T H AR A
HLRETEITE . JDRe. 20 W55 2 07 THI 3G o 200 0 T B 7 5 32 R0 i P SR FE 20 1% ~ 8%,
AT R S 5 77 B R o HOR FAZ TG N B SR FE AT B FR B A 5 AR FIDIRES, HARS
PRI T {2 B B 2 S AR S I . ST T 0T TR (29%/5%) % hOPCs IZ#2RE /1Y
somm, 45 R B RARE A B R OB A U4 J¢ OPCs FRE!H: 4> I mikik, UiBHIE 5% hOPCs it
FRE IR, REHALCR AT B, AL, 2%0, 8 5%O0, H 2 5 5& {2 i#t hOPCs it
e ). IREACFE TS AR T BT, ARTUH H B HARHT Fi 45 R BoR IR IR T
X hOPCs JH T34, 7 fgt5 AL BE S [RIAH AT EE (24 H) 2%, Antebi et al™ Ay [ 4L Ak
PTG 0 A S, IR TA) b BRI 2 5 B AR AT o ASHIE T AN R Z ALAE T M AR AR TEA
[Fl S8 E 51 & hOPCs T~ Fy i St 1] 55

REFE ST (hypoxia inducible factor, HIF) iR RAIAEE R 25 41 B 1w N5y



T REARRERI BRI RIE, L EEE HIF-1. HIF-2, HIF-3 %0, AHF 7L HIFL-o 3%
BRI, HIFL-a FJHERZ 2%0,. 5%0; IlLAALFEHE N OPC i RE /I RN 731« il it s 20
NP A1 gPCR 734, o HIFL-o 5, HRHKRHT HK2, EGLN3. CXCR4 AL -
CXCR4 & 5 il 40 A S5 5 4l SDF-1/CXCR4 (4% 043 7, S41HLIERE k713 DIAE 1,
FEME RS, CXCRA 25 THMATCKE NI ITBAT NS TSI B4 A 558
i CXCR4 fIFRIEAAH|E (RN hOPCs iLF RE I U IS I, RBUREEUEH R E T,
CXCR4 HAFKIEBMEN hOPCs Ll A 14.9% LTHE 72.2%, RWHIEH A BEH .
Transwell 3% 5256 FIESE TR AT E3E hOPCs HIIERSAE S, 24 h HEERERH (7.34.9) %
WERIE (42336.9) %. HARHIBLHIATEES T HIFL-o Rik, feif 5 CXCR4 2[5 )
T ERBEISTT A A, #-TF CXCRA BIZRIEAI KM, CXCR4 £ hOPCs iL#% . Fiififi it 2
P EREDI S WARIE, 2T CXCRA EMAE RYGKF HEIw it e rh AT sk, Hig#EtbR 1
SZEFET LG, CXCRA 1A W EE OPCs IR #% LA K B 15 52 s G s ) £

e P o M ionREE hOPCs Hh 54T . Rl o 5] S AR ThRERE Al CXCRA4.
SEMABA % is. Lif PISK-Akt {5 5@ Al it hOPCs iL R AHBEHITE RIS, AHTIE P
A PIBK-AKt {5 5@ B A 2 1, HEDR S AL B fie 2t hOPCs iEA KB E 1 5 %38 Hs A
Ko WAh, HIRSI G THEZZ MG E TR, SURMRERE SR, Yoe KRR
[0 7 10], AL TCIM 45 T U SRR R 1T). OPCs S Fh LAl B 11 4 M 1 48 80 ) £ IR By, FE 45
FFITRE b 2 o AR K HEAR AU, %) S 2 R4 hOPCs AT 25 53 BE Rl (1) KEGG @ #% 43
#r, HEMMR A 4LE_EIH Axon guidance i # LAf i hOPCs HIIERERE ). fE )8 TAEH, A M
BAKE 3t — 20 73 W R S AL BRI hOPCs FAAA N A BCBEAH RE /7, M T X 5t A 80 AH S0 4 B 5 )
il R R A (A E R

22 3CHk
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