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Abstract

BACKGROUND: There are many kinds of cell media with different components, which have a great influence on cell growth. Several studies in and outside
China have used serum-free media containing fetal bovine serum for in vitro amplification culture, but the use of media containing human peripheral blood
serum to directionally induce human umbilical cord mesenchymal stem cells to neural stem cells and human peripheral blood serum to promote neural stem
cells to differentiate into other nerve cells, so far there are few relevant studies.

OBJECTIVE: To observe the feasibility of inducing human umbilical cord mesenchymal stem cells cultured with human peripheral blood serum into neural stem
cells.

METHODS: (1) Human umbilical cord mesenchymal stem cells were cultured in DMEM/F-12 culture medium containing 10% human peripheral blood serum by
volume fraction. Flow cytometry analysis was performed at the third passage to identify surface markers and alizarin red staining was used to detect osteogenic
differentiation function. (2) The third-generation human umbilical cord mesenchymal stem cells were induced into neural stem cells using DMEM/F-12 medium
containing 0.5% N2, 1.5% B27, 20 ng/mL basic fibroblast growth factor, and 20 ng/mL epidermal growth factor, and their surface markers were identified.

(3) Well-growing human umbilical cord mesenchymal stem cell-derived neural stem cells were taken to prepare a single cell suspension. They were evenly
inoculated into 96-well plates and incubated with DMEM/F-12 culture medium containing 10% human peripheral blood serum for 8 days. Then, hematoxylin-
eosin staining, microtubule-associated protein 2, and glial fibrillary acidic protein immunofluorescence staining were performed to detect the differentiation of
neural stem cells into other neural cells.

RESULTS AND CONCLUSION: (1) Human umbilical cord mesenchymal stem cells cultured with human peripheral blood serum grew in a spiral-like pattern and
were distributed in multiple layers, with directional arrangement. The surface of human umbilical cord mesenchymal stem cells highly expressed CD44, CD105,
CD29, and CD73. Cells stained with alizarin red showed a color reaction. (2) Human umbilical cord mesenchymal stem cells cultured with human peripheral
blood serum could be induced to differentiate into neural stem cells, and the surface of neural stem cells was highly expressed with CD44, CD105, CD29, CD73,
Nestin, NF-L, and GALC. (3) On day 8 of induced differentiation of neural stem cells, after staining with hematoxylin and eosin, it was found that the protruding
protrusions were longer, with more branches and adjacent cells connected, presenting typical neural cell morphology. Immunofluorescence staining for
microtubule-associated protein 2 and glial fibrillary acidic protein was positive. It is concluded that human umbilical cord mesenchymal stem cells cultured by
human peripheral blood serum can be directly induced to differentiate into neural stem cells. Under the action of human peripheral blood serum, neural stem

cells can differentiate into other neural cells as the culture time prolongs.
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BTTRE, AN B 24y, REFAEME IR Y,

MAT-ZHM (neural stem cells, NSCs) 4345 T-#4 248,
BAAREHSEHEGE, st &ot. DREY
M AN TR I R A s B KRR R, ASF SRIE H Al 78
5T B 7 — i AR A R AT 1 5 5 NSCs®®. NSCs BLAT %
SRS, bR R R ERE, 2 REROA R
(R RE 23 A6 R 2 A0 s NSCs B 7 T4l 3L A R 4h,
HPUR M A5 bR, BAHG 5k N E R4
TP RGX G2 RN K, BRI e
RGP AN T Y, o EERE, i A
A0 A LI 53 B3 77 hUC-MSCs, A& 4152 1715 524 NSCs,  %f
hUC-MSCs J§i 14 NSCs [¥1 70 b ThREHEAT T KL, A NSCs # 4
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1.3.2 SEIAUAR AR A e AR SRR A
JIHAE ( L) AIRAF BIE M Z B IEE %
BRI B T A PR A F] 5 B YA A R A I B R
LHAT BB A HEE eppendorf I ARl 1HIE
KIBFEE il —ER S ERA R AR s 1
EER A AR B O J R R R R AE A IR A
Al A B o B X e B 3£ [ BD A F]; DMEM/F12, 0.25%
Trypsin-EDTA(1X). N2 ¥ il 71 1 B27 5 I 55035 i) [ SR 2R K
IREME (P IR AR 3B AR K R 7 R R 2T 4 41 i
A K H . Nestiny NF-L. GALC Hiiy g B 3 E L 3EA A
lgG1, CD34. CD45. HLA-DR. CD44, CD105. CD29. CD73
Pk HEE BD A F]; MUEMHCEA 2 Puik. KA 4
FR PR A PRSI B 3 ( B ) R AR A A .
1.4 Fik
141 NN s & REAVEE A NS I 50 mL,
SRBN 2SR EOERE, 4 CUKFEA B,
1700xg. 4 C &0 10 min, $RJGHN 56 C K H AT #OK
U5 30 min, W€ IMTE, 0.22 um B SkE St B 1 I 4
B, —20 CUKFERLT & o
1.4.2  NAFMEIMLIE 75535 7% hUC-MSCs  fiff bR AR AR 5 B
TR ERRE T, 2h Z T/ BRER, BRI A 141
BISTIRATHEFNAE T75 532N, MG = & AR 7040 10% A
AMJE LIS ) DMEM/F12 5535, 48 h g ik#fuill, 25 —PUK
Bl 1%, R TUEHE A, KEIRE 10 d B 4L
4 % 80% I I IR AL AX, FH 0.25% Trypsin-EDTA gyl 1k, #1 @ 2
PeBifE 2T 1R, dric e 140, 5537 3 d i 40 M iR,
B HAT AR IR, A& 2158 3 AT 40 iR %5 08 JoE i 3
k.
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BRARHEFETE:  FARYINIE IR 48 h BRI, 2R SPURESR 1k, BRE
10 d I FF AR

LRREFEAE - YRS 4 80%, I 0.25% Trypsin-EDTA g fk, %1 © 2 [k
Bilf 2R AR, 5597 3 d R MR, FT e,
JLALH 3 4%

YRS RE - A, AL E. ERiES S
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1.4.3 A MACRT I hUC-MSCs R ALK L HUAEK R 41
25 3 4% hUC-MSCs, il 4% i 5200 il A, 56— R R N
PE-IgG1, 2% — % [ 1 XJ & 43 7 0 A\ PE-CD34. FITC-CD45, Per
CP-HLA-DR i #£, 5% = % FH 1 X B& 43 %I in A\ FITC-CD44,
APC-CD29. PE-CD105, Per CP-CD73 HifA 4 ‘CHEEYEHFE 30 min,
400%g 50> 10 min, FF i, I 700 pL PBS .24, T8/
_I BD FASC Calibur Jit sCAHA A, K Cellquest 3475347
1.4.4 hUC-MSCs % ‘B 73t hUC-MSCs 1% % %5 3 /C I, DA
1x10%/ FLI 2 FE e Fh T 6 FLAR P, FRAi G BE G, ek
AR 4> % 10% A A0 FE I i 37 . 10 mmol/L B— H i 8 R 4.
20 nmol/L HiZE KA. 50 pmol/L 4E4= 2 C () DMEM/F12 3%
TR 7R, B3 d AR, 20d 5 R IR, PBS
Ve 3, AR E 95% LW E 10 min, GEAEKYE 3 K, N
N 0.1% 9 Z 41 —Tris-HCL 443 (pH 8.3), 37 “C 44 30 min,
T T g

1.4.5 hUC-MSCs 5 [} 3 /3£y NSCs - B2 3 € hUC-MSCs,
VYR T N 1x10° LY, BT T75 8538, I\ 10 mL
% 0.5%N2. 1.5%B27. 20 ng/mL B i £ 4 2 o A= K P 7 A
20 ng/mL 3£ A K R 7 1) DMEM/F12 35783k, 355748 h 5
AT, RSB PSRN, KR 14 KitAT
TG M 255 AN 2 .

1.4.6 hUC-MSCs JE 1k NSCs 22 210 Bk & B 4 ] hUC-MSCs
P51 NSCs, il £ g gl i A, BB R B R
PE-IgG1, 25 % [9] ¥ XF B 43 5 N N\ PE-CD34. FITC-CDA45,
Per CP-HLA-DR #i4%, 25 — /& FH X I 43 il I\ FITC-CD44,
APC-CD29. PE-CD105, Per CP-CD73 ¥ 14, &5 U 4 BH 1t %t
& 1 N Per CP-Nestin, PE-NF-L. FITC-GALC $T 14 i 3¢ 0% &
30 min, B0 BIE, dEE RGO T

1.4.7 NSCs b AR AN B4R K R 411 hUC-MSCs
JEPE NSCs, 4 °C. 400xg B5.0» 10 min, ZF [3%, A& & PBS
400xg B0 PE ¥ 10 min, FF _Fif, AN 2 mL 0.25% Trypsin-
EDTA B4k 1 min, FH B Hil D) &1 28 H LA 7 25 i 1x107 L™ 54
MR, P T TS T B 2 SR R R ) T TR 7 B ) 24
FUBR R, BEFL 500 pL 40 AL =, DN F AR R4 4 10% A 41
JE 75 79 DMEM/F12 55364k 4285 9% . R4 S 1b5s
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1.4.8 MWAMMBTIAKE - L yetts BUH NSCs #5550 1b
SANIE, FIARR %0 95% L FEE 52 10 min, KK E Tk
TR0 80% 2.0 1RFRr %1 70% .l 3 s Jm, idK1s, 4R
Ja BT AR QB 5 min, 32 AJKH 30 min, FAGRE
Je2min, MK 1s FETIKLEE, BEEIHEET ZHFK
H 5 min, HE JE IEE RAE T WL,

1.4.9 WAL B NSCs i 3Lt i
J&Fr, 40 g/L % 5 H [ & 30 min; PBS J&%E 3 ¥, 5 min/ IX;
0.3%TritionX-100 i I 30 min; % N 100 pL 44 #2373 %t 5% 1L
SEAMIE 3 AT 30 min, WK AR 25 40 B n— P
FHORHEE I 2. RA4RIESE D (1 1 200) g fEhifk,
TR, 4 CUKAMME LR PBSIRYE3 K, 5min/ ik W
IKARIR AR, =Pt (1 500) B TR &, 37 CE
B E 1hs PBSIZYE 3K, 5min/ s WEZRK, W
DAPI(1 : 1000) 4% 5 min; #B4H/KF4r¥EH 5 ming 50% H
T, POt R N g,

1.5 T EURIEF OFIMEEFREFEF hUC-MSCs J2 NSCs
AR R A @3 2040 L AR K huC-MSCs K&
NSCs RAMRIL; @VE R LY EMEE hUC-MSCs 1] B 4 i
S AE DL @ NSCs 13— 2075 T 04 5 [ 2 40 M 347 T3 R
F — PR gt R e ot Yt 2 58

2 458 Results

2.1 ASNE o E 549 hUC-MSCs  ARF 43 % 10% A 4h

I ML 375 75 5 15 57 ) hUC-MSCs 7 18] B X T T W0 %¢ AT L 52 i
WRAEKBZZE0 A, HPIA TR, R R Y
W, WE 1,

Bk P A D S A i 18] 78 Jit T
MM FREE 7 %5 B AR 3 AN
78 TR IR 4 Ko

E 1 | rEEsa AREE R RTEBRETS (FRR % 100 um)
Figure 1 | Morphology of isolated and cultured human umbilical cord
mesenchymal stem cells (scale bars: 100 um)

2.2 hUC-MSCs Z &)i5-9 444 NSCs  hUC-MSCs Ji A&+
AMHRTS T TR 7R VUK, AMERRTT G AR, A7) 2R
FEHED, 4% 35598 7-10d B, K40 T 46 SR SE LB
s TERCNERE AR . B E B TRET AL,  BRIE 454018
W TR IR AL T B AR ], TSR, 2%,
Setkng, BRRAK, TR SRR, iR
KARTE, AT /NG i & AT K 2, WA 2.

2.3 AKX @AM hUC-MSCs &R i 4 M4 7047 7] AL,
hUC-MSCs 2 [ 5 J& % & CD44, CD105. CD29. CD73, A%
ik HLA-DR, CD34. CD45, W[ 3.

2.4 A 4w ISR M hUC-MSCs JB 1 NSCs & A& hUC-MSCs
JE Pk NSCs & F 3% i& CD44. CD105. CD29. CD73. Nestin.
NF-L. GALC, A~3%ik HLA-DR. CD34. CD45, JL[E 4, Uh45R
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vE: K A A hUC-MSCs Y4 14 NSCs 5 7% & 4 K; B A hUC-MSCs J& 14
NSCs £ 9745 7 K; C, D hUC-MSCs Jift: NSCs 153745 14 K.

2 | BB FE R 2HAE (hUC-MSCs) ZE [a)15 SRIHE T 4 A (NSCs) 2
7 (#RR 79 100 pm)

Figure 2 | Morphology of neural stem cells induced by directional
induction of umbilical cord mesenchymal stem cells (scale bars: 100 pm)
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B 1. PE-IgGL %y hUC-MSCs [F] B4 %} i £H; hUC-MSCs 2 T i /& 2 ik
CD44, CD105. CD29. CD73, IfijA"#ik HLA-DR, CD34, CD45.

3 | R 7 A 18] 78 B F 20 (hUC-MSCs) Fy =B

Figure 3 | Analysis of phenotype of human umbilical cord mesenchymal
stem cells using flow cytometry
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LA R T T T I b
Fl:: PE-IgG1 JA hUC-MSCs [A] B X} I 41;  hUC-MSCs J& 14 NSCs = )% 3%
i5 CD44, CD105. CD29. CD73. Nestin, NF-L, GALC, /~#ik HLA-DR,
CD34, CD45,

4 | SRR Hr A B 1B 78 B F 4R Al (hUC-MSCs) SRIFRI 1 F
2B (NSCs) B!

Figure 4 | Flow cytometry analysis of neural stem cells phenotype derived
from human umbilical cord mesenchymal stem cells

5 P AMIT FE SRR IC 3 NSCs e 5 M F T b i AR 5 070
DRI, JE bR T 25 2 0 5 R 3 T b 76 420 11 3R 08 T HIE s A 4
JA L1375 55 77 1) hUC-MSCs [§.Thi% 5 NSCs.

2.5 MEmMILEHELLEE hUC-MSCs B SEE, &R
QOB T AT WE B R SR AR O RN, 74—
AEr e EY), RGO, ILES.

[
T

Pl 2R 2 T AR RS 45 1 e e il

TR

5 | ABFHERRTARREFSHME (BROLRE, #mRA 20um)
Figure 5 | Osteogenic induction and differentiation of human umbilical
cord mesenchymal stem cells (alizarin red staining; scale bars: 20 pm)

26 AWZmMICHAN - FaEER HEERRSH 10% A
A8 1L L35 1) DMEM/F12 3 77 HE 4k 4L 55 97 NSCs,  fifi %5 5 7%
BT AR, FPEEBRTTLANGBE, I & Bl H K oeiie, 25
W ER 2 AR AR A, B R I . R
8 KIf, LI ANE — 4L Yt o i & 41 M 7F i e T ] 38
T R LA S R SR K L, St 2 HAT I 4 i
Z ISR AR, 2R ERES, ILE 6.

PIVE: 20t 5 Sk BT s 20 i Aol HE

KW TG, I wr WAL I 240 i [) AH

: FOEBERR, R SR T e 2
- R ElE e

6 | ABfwviEl 7e BT 4R AR 1 A T 4R 5 (L A E 4R ( TRARHS -

fRLIRE, HrRJA 100 um)

Figure 6 | Differentiation of human umbilical cord mesenchymal stem

cells derived neural stem cells into other neural cells (hematoxylin-eosin

staining; scale bars: 100 um)

2.7 MEmMIRRARAFEER  GREEIOCRN LR LR
EAREA 2 et B4R R A A R,
YRR 2 MY, RERZ, HZ hlbEE LRt 2 ek i P
JEITBURPAR A, T 78 70 U W Ao 220 20 it o 5 S (1] ) S 4
A g T AR IR A, W 7.

BIVE: BUE MK
H H 2(MAP-2) [
PEAIAL (+), Rp b
280; AT 4k
P2 1k 8 H (GFAP)
FHOPE (+) 41

1Py Aidbita)i o

7 | RERAFELEERINES AR IE TR T AR RE T 40A
[ 42 JT RN 2 LB FR 4R A 43 1K (x100)

Figure 7 | Immunofluorescence staining identification of in vitro induced
differentiation of human umbilical cord mesenchymal stem cells derived
neural stem cells into neurons and astrocytes (x100)
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BF TR, hUC-MSCs B AT = BEf A . (R ik, 2
A8 RE S0 5, TR E 251 B o oA N 2 4 i T4
M. BCE Mg U, S 5a i R ARBE, f£H SR
PEGE . FFEr4ith. M RGeS RSt A T2 N
R P02, TR AL LR YR L B T . AR R
i) A0 455 T B 0 A2 BB A B R . hUC-MSCs 35 97
R A S, MR S A RE AT RS
5| 2 JR P 2 S R A A e R B, gk, I B SR A
TRELIG R, 1% S50 R FH N A0 & I iy kAR = i 4 i, JF
JRI Ay B R TR R (R 7 B T AN, AR S 2RIk AE K
HZZEnm, HAE 7R, e 2REGTEIR, X
HERMrEM S Thae st TR, 4R ERRMrEYD
CD44. CD105. CD29. CD73 ¥ 9 ik, A3k HLADR.
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CD34, CD45, JH S 0G4 v R4 yetbn] W5 45717,
LA R R A ) S S SCR AR A B, 3K 78 43 1 A A
JE I I 2 A B AR R A E BRI, BT RThiE
S, XORT R G R R L AR G A I3 A AB LY BT
Foh B[R] G g N & AT g, SR BRAR IS FREE . NSCs B T T
YU AR e AL, FLBUR AR 75 Sl il o o B
FrUAB MG G NME RS, ®IERFEN G Z, EEN
ALEI R, PR R VR T R4 R GO FRAR I Tl B
F T4 FE ] 8RN SRR IR A, NSCs o )iz B T I PR 9
A PRIETT s BEFN R FIX — R WE 7, E S8 T
ity [F) 78 J0 40 B PT 5 )15 5 204k A NSCs, K JA Nestin, #1282
JCRESVEPUR bR NF-Ly 2 ] i ol 440 o 38 T s 10 420 e ol 21 4
T 1k R 1 % /b S I 41 M 2 T b i 4 GALC %%, % se it
T UL ESCHRIRIE, SR T E IR RO 0.5%N2, 1.5%B27,
20 ng/mlL Bk P f 2T 2 41 B A K PR 7 R 20 ng/mL 3% 57 AR K ]
T DMEM/F12 Br FR AT 15 S35 9%, SRR 3 a4
MBS R EERFE R, R4 b Bon v & T4
ik Nestin, NF-L. GALC, MAIHEIE A 2% UL R RE S 11 2R T AR
I RTIE SN A & 0L L3745 37 P J5F 5 [0 7 0+ 40 B e Th i 5
A TYHM . ZEARF A% 10% A SFE IS E R, NSCs
B R IR AR, AT — D M A giiL, XF ik
B 22 SR BB AT TR ARG — R n e tt, AR N WIS N E
B B2 A0 2 TR T BRI 42 3 e B IR 485 o 48 5% s AR
AHKEE 1 2 Yt PHMEARRAN A G, AT 4E R M 5 (1 e B
PENAC R TR R4, Se36 R BUME SR A 2 bric g
I e S B AN 2 W Ak, AR 2 (RD TR A R 0 11 % i e 2z,
N HLTIRRZ TORE, BT YRR TR B A e I Al 2 2 A
Tt BN AN ) I 0375 R {66 4o 20 40 B 2010 R B P b 22 T AL
T M 5 4 g B2

g BRTIR,  NAME I IE 5 7% 1) hUC-MSCs 7E 4441 AT A
5E [A]175 5 NSCs,  1fil NSCs 75 A &1 J& il ifiL i 1)/ F F o] gk —
WO R A TG S BT IR AN, B w2 20 1 e
oA RN UM ASE S5 ) 3, R RS A4 A 5 5 1 97 NSCs
PR MR LI T &

TEBTTER: HEATER TR, HIBEE . FIRIE ST ILAEIIIE T
RIHR R TIRAFARI; HIRT R A A L ey A BRIt

FIFARZR: LFeedE4 B9, ERAHMA AL FREIRY FELEF R
R,

FHUORENERR: &2 — B RR L, R4E (GeirE ZFTH) “F 4% -
LA - AR F KL F 407 3k, ESEIRNGHAT, RFRALIER
Wkt B e T RIA SR AT R, B AKHERA P AiE. TR #FN.
ik ATPP. Ak, RBHIEIZ IR, AT RS, AR ASIE SR
T AR,

RRAREELL : 3 AT AR 5 330 F T S RARAE ik i

WG : L FREEFEFREFNFSEER S (FAFLE R 5RE
Fo B FHITI %5 L RGIRFILY ; LFHMAT 2T+ kR D) 5 Lk m 2
GBAT3AXFAALAEE; XFL PRI FERRNEFAH, RTPAAL
FHOMTEEZEE.
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