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[ Abstract] Objective To explore for a protocol for reprogramming rat embryonic fibroblasts (REFs) under
hypoxic conditions (5% O,) to form chemically induced rat neural progenitor cells (ciRNPCs). Methods The
reprogramming of REFs into ciNPCs was done in two stages. The first stage involved chemical induction to generate
intermediate cells. The REFs were cultured in KSR medium containing valproic acid, CHIR99021, and RepSox (VCR) and
10000 U/mL leukemia inhibitory factor (LIF) for 15 days, under a physiological hypoxic condition. The formation of
dense cell colonies, i.e., intermediate cells, were observed. The second stage involved the specific induction of ciRNPCs.
The induced intermediate cells were digested with trypsin, seeded on a low adhesion plate, and cultured under normoxic
condition to form ciRNPCs neurospheres. Then, after CM-Dil cell-labeling, the ciRNPCs were stereotactically
transplanted into the substantia nigra (SN) of rats. The survival, migration, and differentiation of ciRNPCs in the host
brain were examined with immunofluorescence assays. Results After induction under hypoxic condition for 5 to
10 days, a clear trend of cell aggregation was observed. Compact cell colonies were observed in REFs treated with VCR for
15 days under a hypoxic condition. Approximately 30 colonies emerged from 1x10 cells, and most colonies were positive
for AP staining. Moreover, when these cells were cultured further in suspension, free-floating neurospheres formed and
stained positive for neural progenitor cell (NPC) markers, including Nestin, Sox2 and Pax6. These ciRNPCs could
differentiate into glial cells and neurons, and express neurite marker Tujl and astrocyte marker GFAP. Eight weeks after
transplantation, the cells could differentiate into GFAP" and Tujl* cells in the rat brain. Conclusion Our study
demonstrates that VCR, a small molecule compound, can directly induce, under a hypoxic condition, the reprogramming
of REFs to form ciRNPCs with the potential to be induced for differentiation into glial cells and neurons in vivo and in

vitro, laying the foundation for transplanting ciRNPCs to treat neurodegenerative diseases.
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20134, X% BRI SE A AR FH 780N A S &
(Forskolin, D4476. 2-methyl-5-hydroxytryptamine.
VPA. CHIR99021, 616452 F/Itranylcypromine) SZB T 14
AR e, RAHL S TSR 2 RENE T 41T (chemically
induced pluripotent stem cells, ciPSCs), HALH Fik % | %
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Tl GSK-3B I A A, X451 407 4 il 2 40 e 7 2B O AP AR T
CHIR990215EGSK-3# il 71, AT LAGE 7 01 f 2 A i 2
HOFH, FaE T WSOV T We-Myc, fEE 40 i) [ TR 55T,
i R LA SE i s 2 M5 5 ik S (Wnt/B ., TGF-B4AE) 4Ed 4
Mif £ HePE. RepSox L4 E-616 452K ALKS, JETGF-p3%
PRV A A7), AT RIS BMP S I TGE-B/Smad s
I B, 15 R AT AR AN G R, ] R ) sE BT
AN IE AR SN ERE R4 AE T, ICHIDAZE & Bl RepSox Al
A RIS ox2 5 c-Myc, et/ BT 2k 40 ffd o 25 A2 1
iPSCs, T K i B SRR o AT WFST R I & A7 X 37/
SFE YA A (VPA, CHIR99021 FiRepSox,
VCRALE ) kA H A T BLTIPRE /)N B L 2T 4 40 e o 20 e
PREEHTIARLHR

AR, WA AR | BT 2K SRR 25 i 22 1R A T
R 25 3 e 1 A, JEASREARIG . P A 1A 2
(neural progenitor cells, NPCs) NMYAES F T HTFT A1 531k
TR AL 2 A, T H BB IR TR G B P K
M R G ZBTRAL, I, RN A& W5 SR 20
it e 4 kg 22 REVENP Cs FH TPl 23R AT VB0 1Y) 240 i 25
AT, BATRAIN HET S . APl A N1k
GYIVCRA S, 1755 K B IG UEF 4E 41l (rat embryonic

Hypoxia

Cell reprogramming Neural progenitor cells

fibroblasts, REFs) B #i % A ciRNPCs I % 2 H B, g
MR PR IR T 7 M e A0 905 B A

1 #RFTTE

L1 RIEZN¥

{E 3t Sprague-Dawley (SD) K FRIE A ZHERLK
PR . WEEHRE Y P iR 3R, PR A
FE25 °C, MERESZ 2 LU R L ¢ 1, IR I <4 /&, [
3. MEERY S AL IR R, i R OK 3k, e
Bkl ST R BT I (290 3 W) A A B A
¥ (GB/T 35892-2018) ) EE3K, MLIEV4 LS shI R A (e HL.
12 FEiRXH

I PEDMEM#; 52 %L | Penicillin-Streptomycin
Solution (BT ) 1 H Hyclone; konockout DMEM#5 573 |
e TFHIEIR(NEAA) . INERfREN . B-Fitk B2, Knockout
1Y) | L-Glutamax, B27. 0.25%JB 4 1 -EDTA |
Ba 4 1.7 W F Gibco; NeuroCult Basal}5 3£ 3£ H Stem cell
technologies; CHIR99021, RepSoxJl4 H Selleckchem;
VPA. Poly-l-ornithine hydrobromide(PLO) 4 H Sigma;
N2Il F Gemini; F1 LI A5~ (LIE) | FRER B2 4= <
A F(rat EGF) W H PeproTech; B4 B £F 24 4 iy A= 4 F 7
(bFGF) Iy | R&D; Fl#iNestin, fediSox2, fudiPax6. il
HUTuj1 4 H Abcam; e LGFAPI H Bioss; F'HT i Cy3 W H
Jackson Lab; I*#7i fil Alexa Fluor 488. CellTracker™ CM-
Dil Dye. #iL2 G K E R I [ Invitrogen; s P i 2 il
K K7 65 4 H Beyotime; Prime Script™ RT Master
Mixis7] & F TaKaRa.
1.3 KRR SIS

BHEML 1L AR 38416 ~ 18 dAYSDR R, BUI L, 2554
SRR POBC, PIREZHZR . PR MR R 55, R AR TR e JEk
FIF AT A1 mm RN T H SR, FHNA3 mLIL
LRYEAN IS IR L, COANMEEEFRAR T B B 1 36 hm, #3%
TR B IE ARSI IR, AR AE K 280% ~ 90% I HEAT £ 4K
Bigr.
1.4 REFsi%ES7= 4 ciRNPCs
141 VCRULFFFFMAmie L KHEgrEP3n
REFs{1 & 1h175 T AN, 16+ — ALtk b LA1x10° /LA 742
Fi, FRECO IR PG 72 d, AR5 ARV CRAY
KSREFFRIE, WEAEAR AR (5%0,) T AR LIFH B2 4L
e e BE LIF A5 AN [) S0 B2 28 v e (] 25 200 ™ A A O
BB 1212 fL. LIFR LN (knockout DMEM+
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15% KOSR+1% NEAA+1% GlutaMA X+ 1% A il iR #4+
0.1 mmol/L B-#i%E £ FE+10 000 U/mL LIF+0.5 mmol/L
VPA+3 umol/L CHIR99021+1pmol/L RepSox+1% Xt ),
LIFMLH 40 N (knockout DMEM+15% KOSR+
1% NEAA+1% GlutaMAX+1%AEIER4H +0.1 mmol/L B-
i 2 £ BE+1 000 U/mL LIF+0.5 mmol/L VPA+3 pmol/L
CHIR99021+1 umol/L RepSox+1%MHT), # EH N
5%CO,. 21%0,, fKELH H5%CO,. 5%0, HITE37 CH—
SEEFRA TP URELREFR15 d, 15 AR — G IR A, (2 Al
R A A ARG ECR 4% 22 5 R A O [ )
A YRS mini, (o FH I B R A 4 €51, 0.5% A T g
(0T 5 e AN A% 5 A, ) R T SR A A,
AL AREN TR
142 CciRNPCs#9 355/~ A& Kerh 254 FH0.25%)8
FBE§-EDTAW LG, SRR TARRTB AR b, T4y
NEMH#;373E (NeuroCult Basal##3E+30 ng/mL JF & +
20 ng/mL EGF+20 ng/mL bFGF), # A5 F4kLL B TR E:
F2 d, B U AR B IFE A R R, BIARAR 25—
fRciRNPCs. ciRNPCsE 2155100 ~ 150 um B o] #E474%
R, K A 2 B T 15 mLI .08 Y, 90x g .05 min,
FH0.25%JPe 86 1 B -EDTAE LS, iInA0.2 mLy5 57 A &
=, BB AT R i), LL2x10°/fLoAbRiERR T
6fLAR 1, FEfR2 ~ 3 AP, 245 ~ 8 At —IR.
1.5 ciRNPCsEBERHLEETE

VPR KORZS B iRNPCsH 2R BR, 350 T-PLOFI
Laminin 4% (1) TC R F, 4B CO B FR A Ak S5 77
4 WA A, R KER o A BN BE I, AT e ol e e, T
IRFR R 4% 2 R REE E 37 FAY 418 min, 535
A E A D (2% BAS+1xPBS+10%Y Il 7 (NDS) +
10%F I3 (NGS ) +1%TritonX-100) % {15 178 min, ]
W2 (2% BAS+1xPBS+10% NDS+10% NGS) % i £} 4]
50 min, ffHI AP G TE4 CHER LR, BT
Nestin (1 : 00), #4Sox2 (1 : 300), HffiPax6(1 : 50),
HLGFAP(1 : 100), RPLTujl(1 : 300). K H, FOEHZO0
¥t Alexa Fluor 488(1 : 500) 5K Cy3(1 : 1 000) EiRFH
1 hJm, H4', 6- Z KEE-2-FFns| bk (DAPT) &2 44 40 il #%
15 min, HLAESEEERFE F, HR A BB (Olympus,
FV-1200MPE SHARE, H 7)WL 45455, A1 256
M7 EE 3K, RRIREE G2 11800 ~ 12004 7 hnic
AN, TR R
1.6 ciRNPCsfEMILIEFR EN U REMEE

PERRAE KRS RAFHY 28 = 1R ciRNPCs, LI2x10"/FL4%
FPFPLOFI Laminin €0 4% (19 JC B 3% 1, R 20 ML BE J5 24T

oMb, O AN ZI5E T 54 TEH g N2B27R; 7R Ak
(neural basal medium+1% N2+2% B27), #4¥2:4%53%14 d,
@l & T oAb T #4850 43 A6 85 37 2 (neural basal
medium+2% B27+1% N2+10 ng/mL BDNF+10 ng/mL
GDNF+10 ng/mL IGF+1 umol/L cAMP+200 pmol/L
ascorbic acid), ZkEERi %228 d. QIR RN /r1k: F ik
2R TR A M55 3% 37 2 (neural basal medium+1%
N2+2% B27), 4kZidi3%21 d. B YIEL AL 2428 1k
Koy At B, FH 32 56 3 i A A 28 e T e e MBI
Ji T uj 15 P 28 e o 4 R S P B I GRAPRY R 3A
1.7 ciRNPCsZE [m)#HE K R ERIUKEEX

156 ~ 8 I M SD A R FHE IR F, FH i ST A4 i oz
ASCI] 7 I BRI ER , LATT X1 A AR AR st 43 31 1) A i 7
A5 (DAP-4.4 mm, ML-1.2 mm, DV-7.8 mm; @AP-
4.0 mm, ML-0.8 mm, DV-8.0 mm){E A JCM-Dilbric i
L1 {09¢EHCiRNPCs(P3, 1x10°/8 ul) . A 40 I8 JH ),
1 I B B IR, I EAT UKV DD e, SR e S e AG
GFAP 5 Tuj lFE SR R, WO R A 10 35 Wl ¢
ciRNPCsTEAS TN AFT T8 KRB .
1.8 Western blot#& il

Sk i 19240 FEZ2 16 ~ 18 dRISD R R, HUIR BRLLAH,
FSFCARRSE AR, U I ZH 2, 5 4 S5 I A 1620 min, #2
PRGBS, 1~ 2 dRIA] g 380 SR AR Al A i 221
A Hfd (neural stem cells, NSCs) . HUREFs, ciRNPCsHl
NSCs = ZH 2t i 43 51 A T 0k 28 1 40 1 5] ) 2 1y 2
VR, B R I VK - 2430 min, 4 °C, 12000 r/min5 .0
20 min, WA R 118, SRR T FUE . AR
BIH20 pg i (1 E47SDS-PAGE, L5482 ZPVDFf I,
o HINestin, Sox2F1Pax6HLA I & I 54 I 9 — B [ b,
A2 RO R BT PR SS & X R, XA R 43
i R R A T T
1.9 PCR#&il

FARN ARG & #2IXREFs . ciRNPCs, NSCs i
RNA, I RNAFE & 3, K RN AT 5% icDNA, il
ABCHF B Y BEAT 945, F A5 2000 7 Wy 247 Bl I
JEEHLTK, HLIKSS RS EAL AT R 0. BAKS 1 9)¥ 51
(5'-3'") HGAPDH(F: GTATGTCGTGGAGTCTACAG;
R: GAGTTGTCATATTTCTCGTGGT) . Nestin(F:
TGCAGCCACTGAGGTATCTG; R: CAGTTCCCACT
CCTGTGGTT) . Sox2(F: GCAGTACAACTCCATGAC; R:
CGAGTAGGACATGCTGTA) . Oct4(F: CGTTCT
CTTTGGAAAGGTGTTC ; R: ACACTCGGACCACG
TCTTTC).
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¥ FGraphpad 8.0. 1V ATGE 11275317, PITAs iy 5
S EE X £ s320m, SRR 27 22 0 ik 55, P<0.0524
ZRAGITHE L

2 #R
2.1 HRELIFMESEEGTREN S FLEWVCRIFES
FciRNPCsHI L%

TEMRAE (5%0,) 541 F, LIFE e 4 5 LIF(R e E 41
P AR RIS A 22 S A Ge it 7 3 3, 55 dim ik
JEEZE VT D B S ) 200 SR AR R A, PR B 2 A L A 4
AR 7% HAEANAS 2. 510 ~ 15 O, @5 ik 8 20 % i 3%
AT, AN e A (30434 ) R TR IR BE 4 (P<
0.01), 7 42 (100~200 um) IR K FARHE A (F1A),
FEWIHE INLIEA B2 7T 4k 3 3 =5 REFs 5 4 P2 by it 28 i A 4
LR

B LIFHR B IR R 41(5%0,) 15 %5 dJE, HBLEUs B4
BB, 5510 ~ 15 dn] DLRERC A 4R M4 9%, HL55 ) FEl 240
TR B, (A 4L (21%0,) TE B A i v 5570, HLA
K. A AISE F15 dJR R ILAE1x 10 REFsH1 K 27
A30 BB A O RE (K11B) o BERRIRSAUA A A T2 ik
REFsH i 2} ciRNPCs.,
22 I FUAYMVCRASGKEE SREFSERIIEHN
CiRNPCsfk &

ARSI o, REFsH 4 2 4 ciRNPCs 22 i WA~ B Bt

5% O:

LIF: 1000 U/mL LIF: 10 000 U/mL

5 days

100 yum 100 pm
100 pm 100 pm

10 days

50 pm 100 pm

e 15 days

(F2A. E2B), 55— B BoR k215 S i 2S00 A=, REFs
B2 din, EIRAE M (5%0,) TR A& A VCRA A A
10 000 U/mL LIFMYKSREFFRELARLLREFR15 d, WA H] I
BRI ALV, Bl ) S g g (& 2C) o fl i % iR
fif} (alkaline phosphatase, AP) Yt AR 1, 90% A _I- 1) L&
F#RIKAP(E2D) . 5 B B R 75 S ciRNPCs, H
V1) 2 20 WO 76 &5 A T . EGFHIbEGF Y M 25 FE Rl 1 2 3k
(NEM) {15375 ~ 10 dJ, 1T WL B2 [ 2 INPCs BU 421
JL([&I2E, A%k ) . 0.25%8i%E F1E-EDTA T /L a5
YA, R TIRBR AL, NEMBG 3R 500 A 50 T Bk
722 dJi AT UL iR 2 IR ER Y B, B TR 0 b 2 BRI
Jii, B A 2E— 1R ciRNPCs([E2F) .
2.3 REFs-ciRNPCsHISFIEEE S BHEH

B ARAFI S — R ciRNPCs I 2 BR 70 T 5 A PLOAN
Lamininf 8% 19 JC W 3 Fr, e O e 45 1R ow,
ciRNPCs/t Bk B A #t AL i)t 28 BREE S5 1, B 0% K Gk
NPCsHriC ¥ Nestin, Sox2 5 Pax6, E A NPCsHHIE (JF13A .
[€13B) . MIREHB % SR B 7 5 72 1 ciRNPCs i 2 IR 3K,
FIELEAL ZP13MR, PR 2T A0 FR 3 7 LA R A1
PCERIEARE ST, K AEATEARAE . AFFRK(PL, P3, P5,
P13) I BE B2 15 5% 1) ciRNPCs AN ETE &5 5 A4 KRS TE
B, 5K ENPCstl R AHRL(EI3C), T H.ciRNPCs
P10t 5 P3fRIRER K /NS Fii th JE A B 25 5 (113D, %
HHREFs-ciRNPCs H A7 NPCsHFIE, F 1T LAKEGE FI [ F 5

. Western blot 5SRT-PCRAGNFE Y, 5SREFsH L,
LIF: 10 000 U/mL

5% O:

21% O2

5 days

100 pm L 100 pm |

10 days

@ 15 days

B 1 HEnGARESEREGHAL

Fig 1 Optimization of the induction culture conditions of neural progenitor cells

A: REFs induced cell colonies under the two concentrations of LIF (Left: 1 000 U/mL; Right: 10 000 U/mL); B: REFs induced to form compact cell colonies under

normoxic (21% O,) and hypoxic (5% O,) conditions.
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Intermediate cells

ciRNPCs

o

f

e Days-2 (replate) 0

Day 15 (replate)

Day 17

50 pm

100 pm

‘50 pm %

50 um

2 REFMH TS FUEMVCREE SREFF= 4 GRNPCs
Fig 2 Induction of ciRNPCs from REFs by VCR, a chemical cocktail, under physiological hypoxic condition

A: Schematic diagram of the experimental strategy for inducing REFs to from ciRNPCs; B: Changes in cell morphology at different stages of the induction process,

presented in order from left to right were REFs, cells induced for 5 days, cells induced for 15 days, and ciRNPCs; C: Clones obtained 15 days after induction under hypoxic

conditions; D: Induction of AP-positive compact cell colonies by VCR under hypoxic conditions; E: Induction of NPC-like cells from VCR-treated REFs; F: CiRNPCs were

formed.

ciRNPCs T Z W REE % 5% [ T Oct4., Sox2. Nestin§
Pax6f ik 2 1 (P<0.01), 5K FRNSCs HA W] 1 A 41
IvkE(E14)
2.4 REFs-ciRNPCsHIESM L BE TR TE
P3f{REFs-ciRNPCsTE # £ I 73 1k 35 77 B v 1 57
14 dJ5, 42% 4 JL b 28 507 5 P B B Tuj 138 34 BH 1
(FI5A) . 7EN2. B27fneural basal medium®5 55547
FHEFR14 A5, R0 A 3R A 28 0I5 A A S M
J#GFAP([¥15B), HGFAPFHEAHfIEIA R ZMIE, kL4
2, FERAR WIE U 1 i AR 25, FRWIREFs-ciRNPCsH
A NPCs/H b i 2 4N 2 1 e
2.5 REFs-ciRNPCsTEX BB N EiE . AW RIEH
KRG LH KR Y) S e 5K I 45 3R s, B
J5i8)&, CM-DilhRic Y ciRNPCs A i 18 K BRI P9 19 4~

B0 SRRSO U] 0 1 R AR DX 38, 5 240 it v &
A RERE B IERS (292 mm), HEZ CM-Dilbric it 40 G
DA Tujl . GEAPEFHPE, 1M H Tuj1"5 GFAP 4il g 4]
B TR AL, IH G T FLCiRIk (Kl6), W
FE Y REFs-ciRNPCs ] LATEAE E W AT A% I T34
WIS AR A, G 2 gt

3 e

20144F, JE 84 B + AT BN & RAEAR A1 T, LA
VPA. CHIR99021F1RepSox —F/NrF b &4 41 & 7l LA
K /INERUSCZT 4 40 i B 4w B I NPCs™ TEULIERE I, AHF
FEXNVCRAL G5 T 0 7] 5 A K PR FLIFWR BE R4 T T 1Ak,
WA S 455 T REFsH 4 f M ciRNPCs 5 SRR . ABFSE
FW], FEA BB (5%0,) 551 T, VCRA G AT LMET 43
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Sox2/Nestin/DAPI

Pax6/Nestin/DAPI

50 pm

ciRNPCs neurosphere

50 um

ciRNPCs monolayer

ciRNPCs monolayer

20 um

20 ym

ciRNPCs P3

ciRNPCsP10

r

—_
(=3
(=}

®©
(=)

Number of neuropheres
(from 1 000 cells)
-
S 3

3 REFs-ciRNPCsHIHFESES AR E#
Fig 3 Proliferation and self-renewal of ciRNPCs

[ mm ciRNPCs P3
== CiRNPCs P10

30-50 >50-100 >100-150
Cell diameter/um

A: The induced ciRNPCs expressed the NPCs markers, Nestin (red) and Sox2 (green); B: The induced ciRNPCs expressed the NPCs markers, Nestin (red) and Pax6

(green); the nuclei were counterstained with DAPI; C: Representative images of ciRNPCs at passages 1, 3, 5 and 13 were shown as indicated; D: Neurospheres of ciRNPCs

at P3 versus those at P10 cultured in suspension (n=30).

REFs  ciRNPCs NSCs

-~

Nestin

Sox2 Gews S

Pax6 S— ev—

o B-actin | WEE_—_E_ —

M REFs ciRNPCs NSCs

Nestin
Oct4
Sox2

e GAPDH

Relative mRNA expression

Relative protein levels
(/B-actin)

REFs
Il ciRNPCs
Il NSCs

3k >k

w
T

Kk

)

Nestin

2.5, REFs
M ciRNPCs
2.0 B NSCs
E 15¢
S
§ 10}

Nestin Oct4 Sox2

4 REFs-ciRNPCsHIFFELETE ( n=3 )
Fig 4 Identification of the features of REFs-ciRNPCs (n=3)

A: Western blot analysis of REFs, ciRNPCs and NSCs proteins; B: The activation of pluripotency-related genes were validated by PCR. M: Marker. *P<0.05;

**P<0.01.
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Sox2/ /DAPI

10 ) pm

ciRNPCs P5

10 ) pm N 10im

GFAP/ /DAPI

20 um 20 um

20 pm

[ 5 REFs-ciRNPCsH{E5M > L BE 140
Fig 5 Multipotency of REFs-ciRNPCs in vitro

A: REFs-ciRNPCs expressed neuron marker Tujl after being cultured in neural differentiation medium; B: ciRNPCs could differentiated into astrocytes and express

astrocytes marker GFAP.

CM-Dil/GFAP/DAPI

50 pm

CM-Dil/Tuj1/DAPI

[l 6 REFs-ciRNPCs7EX M I7FE .51k
Fig 6 Survival and differentiation of REFs-ciRNPCs in rat brain

A: Transplanted cells could differentiate into neurons, ciRNPCs (red) and GFAP (green), in the brain; B: Transplanted cells could differentiate into glial cells,

ciRNPCs (red) and Tujl (green), in the brain.
LI REFsHE 4346k i R &S 40, 3X — 3 #2 fF:FfiRepSoxiik
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