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ABtHE)FE R B E K e A R
fi2 B BRE VIS S 1L

AR KE HNE NAE ERE ELE i
(PR RS2 B0, B 98 XA R A S0, DRI 010018)

HE A AR A 238 AR P 3R A T AR AR 1A 7R F 4@ AE (human umbilical cord mesen-
chymal stem cells, \tUCMSCs), i@l id #& B %5 & fe LAk /7 400 L 46 B, # ZhUCMSCs % . 4l 45 %
), FRAFhUCMSCs 4k ik 4 % B FS0X2, B AR T @ik @mirE4 R RCD29. CDIOF=CDI0S5,
iR Zmik @RSk BCD34. CD45BR A G it Jz & M HLA-DR. hUCMSCs™ A4
AP 22 bm o e R AL, AR B S m ik fE . PaAXhUCMSCs ) A Rl L )6, 98 52 1 3
R ER NN, iR A E FPCRAN & X A& AGCKIVA R, K& %5 9 LET 18] 6938 Ao dn
Bo ZFERE L ThUCMSCs £ = A R Rt ity 4 F oL R, A B S R E 2 ek,

3 3 I NI 1 B Wit o MR P A R e il A )i L HE A L B A bt

Isolation and Identification of Human Umbilical Cord Mesenchymal
Stem Cells and Their Differentiation into Keratinocytes

Wei Ao, Zhang Dong, Liu Le, Liu Chunxia, Cao Junwei, Meng Fanhua, Zhang Yanru*
(Inner Mongolia Agricultural University, College of Life Sciences, Inner Mongolia Autonomous Region Key Laboratory of
Biomanufacturing, Hohhot 010018, China)

Abstract In this study, human umbilical cord mesenchymal stem cells (hUCMSCs) were divided from the
umbilical cord matrix, purified by subculture, appraised by the expression of cell surface markers and differentiation
abilities, and established hUCMSCs lines. The hUCMSCs expressed the transcription factor SOX2, mesenchymal
stem cell surface marker genes CD29, CD90 and CD105, and did not express hematopoietic cell surface marker genes
CD34, CD45 and human leukocyte antigen gene HLA-DR. They could be inducted to differentiate into neural cells,
osteoblast and keratinocyte, demonstrating their multi-directional differentiation potential. After the keratinocyte in-
duction, the differentiated cells expressed CK19 by immunostaining, and the expression of CK/9 gene was gradually
increased with time by PCR. In summary, this investigation established the hUCMSC cell line, which could induce
differentiation system of keratinocytes, and provided basis for subsequent experiments.

Keywords  hUCMSCs; induced differentiation; keratinocytes; multi-directional differentiation potential
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Bk N AR B8 — T8 Bl 2k, 25 5 52 B 4% P
(100473 3 A5 493 AT B0 R A o 2% B JBR 2B KT
RN, HE BRI R T B R
FOR RS B R B2 k45403, (B i TSz Ak 5
RMNAFSSEBEFARN R HEEHHTEY
S AR B IR AL, BT REAE R AR 1) S 9 HE T+ R,
T 20 P A AR A ] DAYR M X — By, 1 H ] DAAE —
JE W26 TR AR 3 RO R AR AL A
TV R 0 A2 17 K o e 1 32 L 2H R 4y, R R Tk B A
A R EE B B, X R SRR R T R AL TR
B

NS A 18] 78 5 T 40 i (hUCMS Cs) A& — Fft M i
a7 HEE R R 43 B R IR R AL T A M, il J LA SRR
R 2 12 TP AR BN T 0 98 e 78— S Hh 136
J7AE AU, hUCMSCs/2& B A m ROs i a8 /1 1 & g
T2, B EA RGBS RAMEAE R %
PERHFI IO T, B ERUCMSCs A2 5] e 7
95 e BT LA A I TUE S, hUCMSCs B4 W AR -
L7 Q= SN 5= N 2T ) WY 11 7 R N R
PR (1) 22 ¥ e e PR B AE 7R A0 OR BE B A ()0, {H
ST R T HARSNG T 230 9 F T A0 B 9 0 /0
ARSI B fE R ThUCMSCs 2y B 5% 97 LL K S8 1A 5 &
JSCHF T3 TR RG22 AR B RT AT 1, T B O IS SR PR
T TR G LA B SR A 45 iR 97 rh g kAR e B
JE AR BRI

1 #MRI5EE
1.1

1EH 2 H 43 1 2 A6 42 DY I35 9 12 1 ik
JRE 55 BRI A B A N S A S R R R B R =, AR
2= A N S A PR R B AR B2 Lot
o s RIS, DRAFLE B 1 %80T I B IR 5 22 i
1, 6 hiZ WIRTA SREG 28 I 58 LS 5
1.2 KW FERFI R

DMEM/F12(1:1)#% 7% 2% 1§ T-Hyclone A ®] . Jifi
2 IflL 5 (fetal bovine serum, FBS). i ZE KA. L-#iT
IR B-H B B BN -2tk O . 4 e A4k
R 1001k 5 21 % 2k 8 Al (insulin-transferrin-
selenium, ITS). 100>V R4 37 1 &5 1 (linoleic
acid-bovine serum albumin, LA-BSA). 4%% % H
P 78 FRASI T-SigmaA 7. 3R B AE K7
(epidermal growth factor, EGF)JJJ- GibcoAF] . JE

G I T/ S AR DU A =] o Sabt N 4R A B2
By BEHIACKT9. FITCAR I BT N 40 i f & 1
T FTAPAN-CK . Hoechst 333426 T Abcam A ]
BRIt E A EE bR i 1L 2R Pl SRIgG P, DABHUR
A AR S T LB RAEYHAR A
Ao B IEE L2 g TR Tt ot ad
AT Trizols REEFIAFIE . Ex TaqTM Version 2.0
plus dye. SYBR Premix Ex TaqTM Il FTaKaRa A ]
PCREUE TABIA o AW Fr 43 BT A T Agilent 2
"o COME R B IR W T Thermo /s 7. 3] B 8
JET-Olympus A ] o fIK18 2 LWL T Eppendorf/A ]
1.3 {HREIE R34

TC R 26 A T AERE % 6 P IR R BY VR 5% e 5 ik
I\ 1A BY TF, 50 Bk 3l Jok AN bk o R A 1 i i 2 4
BY R A T 2.0 em 19/ B, 2 85 o TR (19 Ji R 0 (R
HSER) . B ORI BT 0.5~1.0 em /N B, FH TR
JIFEH R R S X RIIR, 2 2 AN B
%o TET251 R =M 4 in1 mL5E 42 £ 7% i (DMEM/
F12+10% FBS+0.1%75 2% 2 f110.1%%E 5 %), 1577
IR o KA I Jie J) I 1) R NG 970, I
FH TG BRI BT e e i 2L 2B, Aof L 5 o 2 [
BRIHBIA3T °C. 5% CO,. 100%345 1 7746
1 h/EECH, WIRE LR RN N2 mL5E &85 9, i
AN TGRSR TR, 4 WE HEZE N2 mLyE k77
T, NG FRAG ARSI 57, B2 Rk SE G2 52 N AN2 mL
FEARBE R SRR . MHMWE, AR N E RS
B, BR2~3 KB, B3 H 2B B T 4
K BN70%I . BT g i ) 4 R B, B3R AT
TR EERE IR AR K 22 70%~80%31 & I BEAT
AL AR TR
1.4 hUCMSCsT 4 fass R E F & R EFR SR
£7E

BAE K R 4T 0P AH i TrizoliZ: £ B 4H i iz
RNA, &7 & e 5 licDNA, FRFENCBIA A (1)
AmMRNAZE: K 7%, HPrimer Premier 5.0%4- 1511 5|
Yo SIWIFFINERL. 51 R TRER DA
PR\ & Bl
1.5 hUCMSCs[E#HZMAAIES 5 L5 FF

2 A YEH IR P53 70 4 15 7%, IhUCMSCs Py
AR M LA2x 104 i #0042 Fl 21 15 AN 35 mm 1) 55 5% 1L
A LS S U, B SRR RE
Y H60% L F o o A 2H By 22 15 5 55 R VR (
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1 hUCMSCsTHpasEREFRERREY . RAREEPCRSYIFS

Table 1 PCR primers for expression of hUCMSCs stem cell transcription factor and surface markers, and keratin genes

E30| S HI(5"—3") B KIREE(C) PR N (bp) GenBank % 3% 5

Genes Sequences of primers (5'—3") Annealing temperature (°C) Product size (bp) GenBank login ID

SOX2 F: GAC AGT TAC GCG CAC ATG AA 54 314 NM_003106.3
R: CTG GAG TGG GAG GAA GAG GT

CD29 F: TAC TTG TGA AGC CAG CAA CG 51 310 NM_002211.3
R: CCAACA GTC GTC AAC ATC CTT

CD34 F: CAA GCC ACC AGA GCTATT CC 55 313 NM _001025109.1
R: AAT TCG GTATCA GCC ACC AC

CDA45 F: ACT CTT GGC ATT TGG CTT TG 54 241 NM _001267798.1
R: TCA GAC TCC AAG TTC CTC AGC

CD90 F: GAATAC CAG CAG TTCACC CAT C 56 276 NM_001311160.1
R: ATG CCC TCACACTTGACCA

CD105 F: GCCAGC ATT GTCTCA CTT CA 54 251 NM_000118.3
R: AACTTG TCA CCC CTG TCC TCT

HLA- F: TGA CCA ATC AGG CGA GTTTA 53 259 NM_019111.4

DR R: GGG CTC TCT CAG TTC CAC AG

GAPDH  F: GAG AAG GCT GGGACT CACTT 55 129 NM_001289746.1
R: CTG ATG ATC TTG AGG CTG TTG

CK19 F: GCCACT ACT ACA CGA CCATCC 55 333 NM_002276.4

R: AAT CCA CCT CCACACTGA CC

DMEM/F12. 10% FBS. 0.1%% % % 0.1%0 i 5%
FHH . 1.5%107° g/L EGF.5%10°° mol/L4: Jx 204 FH IiR),
Xof L gk 4 T M R e A RE R R IR . L R AR T
R, BB RN IGH, K TR 210K, %5E .
1.6 hUCMSCEIRE HERIES o s
EhUCMSCs PRI LA2x 10440 B £ H A 21 5
35 mmfEEFRIL A, J3 B2 A 2H R0 Xof 2 45 4 i
ERKBTO%ICAR, o4 H B h Bl 75 5 7 77
(% DMEM/F12. 10% FBS. 0.1%% % %. 0.1%f
fReER 2= 107 mol/LHhZEKFA. 107 mol/L B-H i
BERREN 5%107° mol/LILIA MLIR) R 7%, X HEZH 4k 4
Hh e R IR A IR . BRR2R IR, K9k 221
K, BT
1.7 hUCMSCsE AR RMIRIES S iEF
HhUCMSCs PsfC4H I, BL6x10°4H i 42 Fil 21
6FLAR, 43 AL AL RN R B 2H . 35 ] 58 A 1 R i ks 9%
ZYNMI60%] G o P04 B 3 F T T A L 175 5
B (% 45% ADSC-CM. 30% MCDB201. 20%
DMEM/F12. 5% FBS. 0.1% PS. 1xITS. 1xLA-
BSA. 107 mol/LhZEKAA . 5107 mol/L 4 J 204k
B2, 5x107 g/LYTIR MR A15%10° g/L EGF)% 3%, %f
HEZH 4% 28 B 4 08 58 A B R B B R IR D A B LR
WFRET. 14, 20RE, AT S RO e il J %

5E, FEH]FH SN 2 0t s B PCRAS I A 71 s 4 it A
S CK19I AN KL &

2 #R
2.1 hUCMSCsHIRIN D E1E TR
AL B ST (0 A3 R 2H B B R SO R I, 4 4B
JE K b B (B LA), B 72355 15K, ik
FI80%- A (K 1B), M IR 2H 23 B B H AT = Ik U
B, 2R AT A /b B 20 A A 4 2 I K HE (B 1O,
SR Ja R N RE SRAG Y 40 Pt B b L2 SRR AR K (B
1D).
2.2 hUCMSCsT4apaseREFEREWLEE
ZEPCREG M, FIT 43 25 1A 40 B 2% 0k 1 40 e % 5%
R -FSOX2, UL J% 8] 78 5+ 40 i & 1 A B CD9OFI
CDI105 J 545 2 2 AR CD29; ANFRIA T I 2 40 i 22 1
br £ WYICD34FICD45 2 N 41 iyt IR HLA-DR . #]
B E 53 B9 A B (R 4 M A I TR A8 T A R (1E2)
2.3 hUCMSCs[EHE 40/, RRE @b, AR
paziilibantd
2.3.1 hUCMSCs fdvZmiansi 44
75 FhUCMSCs[a &4 il AL i 77 8572 25 10K
I, et 5 AL A gk A7 JE IR G, Ak AR &
AR SEARIBAR 5, W] LA 5 2 41 A B 1 o B
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100 pm N 100 pm

100 pm

AR LB FR ORI A b B4 i NZHZUC H (A), 15 RINAIIA BRI A(B). AZUH N BE2 R IN AT 20 i /> B HY BL(C), B4R 5 RIN 4l s
4 H 2jieimR2E K (D).
When the primary cells were cultured for 9 days, a small amount of cells climbed out of the tissue block (A), and the cells reached a large amount of
confluence on day 15 (B). When the tissue block was attached again, a small amount of cells appeared on day 2 (C), and the cells were more pure and
spirally growing on day 5 (D).
Bl hUCMSCsHIRE ST
Fig.1 Primary culture of hUCMSCs

R o

) '
o P o o Y\\)’O

bp

200

5 e ¥
0919 (;OgQ CO\Q 3070\42%0“ Wﬁ\“e

PCREGII 45 F 7R, hUCMSCsAl il R [E bR EXICDI0. CDI0SFICD29, #3% K- SOX2NBAYESRIE, iCD34. CD45 X HLA-DRNWIMERIE
The results of PCR showed that htUCMSCs expressed cell surface markers CD90, CD105, CD29, transcription factors SOX2, and did not express CD34,

CD45 and HLA-DR.

B2 hUCMSCs#iREEZFRIA
Fig.2 hUCMSC:s cell-specific gene expression

KELRA Y, RPN PEA A, T I
HANM AR WA o, WE SN T 4 e R4 H R 1)
TR SR 77, hUCMSCs I E S 4L v 4
M (1&3).

2.3.2 hUCMSCs®) B ey is o 55955
FE21RIT, F BKT A 4 40 M 3k AT 98 R ALS Y L 4 5,
A3 A AL 20 L HE B0 B R LT S YL L AT L R AT Ak 5
T, T 0T HE A A0 R D (K14, 1R i e
SRR G AR RT LAE B A S T, B R A e
KA,

2.3.3 hUCMSCsw) A A i amfe ey is o0 Bl
EHiEFREI, /A AR T E B 4k

MR RREAEMETE . HEE.. =MEfiz
MIEA, FFB R ALK X HRAH A& L AR
b, AR AR T IR IR AR K (BISA). 73 3% R 7=
() TP L L, e B3 AN B[] AR AT S e e i &6
RTIR, S A2 A DR A AR AR SR RT DA 21
J7 R B L (PAN-CK) A7 AE, = fs 8 T ol # o H 2%
Btk B 40 0 4 B BT (BISB). Tk R4 R, X
A 91 i 4% # Hoechst 3334244} JL il #5 (4., X IE B,
223 A1 5V R M 55 5 23 A 85 7%, hUCMISCsiZ i 43
A RRT 53 WA A A B ) b R A

AL R CK 9 A X Rk 2 5 0 R ZHAR L, B
RIS (] (B I G N . X UERH, hUCMSCs£: it
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- T /

P; hUCMSCs i M &I S 5535 10 K5, #ET 2 IRUL LK & 2R EF4E(A), T BEAL(B) A WL €.

P; hUCMSCs were induced to neural cells for 10 day, and a large number of filamentous fibers were stained by Nissl staining (A), while no staining was

observed in the control group (B).

El3 hUCMSCsE#HZ4RIE S 571t
Fig.3 Neural induced differentiation of hUCMSCs

P3 hUCMSCs il 75 3159721 R, HEAT # R ALY (0 R 50 45715 (A), W B AR L (4(B).
P; hUCMSCs were induced to osteoblast for 21 days, alizarin red staining showed calcified nodules (A), while no staining in the control group (B).

El4 hUCMSCsEl k& 4% S 21
Fig.4 Osteoblast induced differentiation of hUCMSCs
(A)
©

7 7 m Control m Differentiation

= 6 A
8
g 5
[="
>
5 4
PAN-CK+ o
(B)  Brightfield PAN-CK  Hoechst33342 Hoechst33342 & 3 |
g
=
&

2 <

7d

100 pm| 100 ym 100 pm 100 pm 1

T

14d 7 14 21

100 pm 100 pm 100 pm 100 pm Time (d)
21d

100 pm| 100 pm 100 um

A: Py hUCMSCs|ii 1 it 441 i 3% 77 it 175 5 R 5 3800, 4 i e KoM T A2 B A T J it R 65 A 22 B TR (e yn B ZBLATS DR KRR TE (). B A
hUCMSCs[l M S IRA0T. 14, 210 RBEAT S e e (h, 45 A WY 0P 40 A DK A4 M 3 L v T LA T BIPAN-CK A7, i fi 8 T
R A Ok B AN AR o T B2, A AN R B Hoechst 3334259 il €. C: FERUCMSCs I £ i 15 3 B R I 257, 144
2URFRHRNA, PUE ERT-PCRETIICK 1952 IA 15 5L, 45 R W1 53 (L2 i CK 1R Fe3k B 55 0] LA B, I %5 77 I 1] R0 484 o v 464 1

A: Py hUCMSCs were induced into keratinocytes. The cells changed from long fusiform to keratinocyte-specific polygons with the increase of induction

days (LEFT). The control group still maintained a long fusiform shape (RIGHT). B: immunofluorescence staining was performed on day 7, 14 and 21.
PAN-CK could be detected in the cytoplasm of a large number of cells in the differentiation group, and green fluorescence could be discerned under
high magnification. The cytoplasm from the cells. In the control group, only the nuclei were stained blue by Hoechst 33342 dye. C: RNA extracted from
hUCMSCs to keratin-induced culture on day 7, 14 and 21, was applied for testing the relative expression of CK19 with RT-PCR. The expression level of
CK19 in the differentiation group increased as the culture time increased compared with the control group.
El5 hUCMSCsElf R RAARIE S 3L
Fig.5 Keratinocyte induced differentiation of hUCMSCs
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PSR, M Y BRI, JF R IR
SR CK 19(5C) 0

3 g

B SRR R 3 B0 5 kB,
e KA bets, — B UL AW B EE N & T
SR, T A R AN A I PR3 8 1 S ) . B 4
5 FRE AR AN R TARE ) B, A8 17 22 T 2% Bl 2 21
P Hh R N AT AR A T Hd R R A R IR
KRR 7 T4, 2 IR G TR R e 1
TG 1 B A RE 77, XA 15 i A 0 R ) 78 5T T 41 Al
BN AT B AT T I B AR A A AR N IE R Bk
(1) 22 2 2 B EL 5 AR B R . PR SR 4R AL, Lang-
erhans4il iid. Markel4H i, T A U A4t Y o5 26 52
) N 7 N e NE s S N ETR s A B
Y A0 R A A A M BE ), CKI92& 7y T i
40 kDalf)—Fh M a8, A& A 8 E SR N IR
R, AR, CK193: ZE7E 3 7 56 )2 41 il o &
ik, HAEMRANRE FRI A — 5 (112 FE 1R 5 38 5 A
B — e R TR, AR S5 i 42 2L
A AR S B CK TR R A 8% 3% £ 53 T 1 400 it
IFRIC2E R . PAN-CK FH ML JZ SR 5 1 _E 57 40 i 4
WA SR, Sy e e Yt R, S 4 P PAN-CK K&
BIFHMZ ., iRt e BEPCRAG IR E 175 51 17
(366 0, ST 56 2 20 e 52 LA 5T T 4 L — e A R
A, BE— PR X 22 HhUCMSCs b TR 1
ST A2 A IO T A B

JiE i 18] 78 J5 T 400 PR T 3 22 e 4 P AE K TR
1E A Y BN B 155 5 o0 A 55 77 32 w8 I A 52 56 1)
2% B 5% 1 2 I 7 18] 70 0 T 41 A 2% 1 35 77 BE(ADSC-
CM), J 1 TR 4l i 5 ot 4t 7 2 P 4,
A AR 7. A A 75 5 i R 7 e 1 5 4
B (115 S 175 TR ED T, A KA & LR R AE T
B R . (E 2 AEhUCMSCslal £ i T 520 i 5 5 5t
FEA ORI, 440 B K336 LR Ji5 ol 4 30 B VAR BT
XT 20 o () hUCM S CsAX AE K L JES S5 38 70 JBd 7%, 1
H AT DA B A et BRI b B G 1) 5 R T i
£ AN I 7R R A B ) J5, 3 3l T AR Bk
A R ) 20 M O TR e AT S B B OK AR T .
3 3o 675 5 2H A A i E A K O HEAT AR, IRBE
G 42 b 25 B DA SIE K A= K R AR IS 8] SR il e 1 A 1)
e 151 S I A N 4 I 2 4 R AT DA

4 1) R 2 20 B A, I A R R 4 J X
YR 2 T R R R T, R T AR SI2 56 8 B e A
N R T A B 5 S N AR . 7E 1) Rh 28 40 L i
B 0N 4 s 24 HE IR R 1% B Y2 3 00 b 448 400 L ) 2
&, X CRE A INB-5i 5 41 15 FhUCMSCs|rl
PR A o A 1 7 2T 5 0T, gl i R I R R
TR, i HLBE S Ry R (] (3G ngn B A LK R
TS

BT 40 i o f ot — AN 2R AR 584k, BT DA
ERN R SRS E S R A ERE il S iibus
PRI FEIEE . & AR KT R 98 e et UL
43 F KT S 5% % i EPCRIGAS I, 25 R 5K
IGA S IRAAARES. BAREELIEREKRIE
B R MRFE, 7 EhUCMSCs4 7 F 5 B h 4>
RS TE A . A 5 488 R R R TR AR 45347 1 s PR
J% FH B 5 Bl

4 £

FATIBT IR, T M B A S A 345
) 75 58 0, 32 3ok Bl SR 43T % LE AR T
$4 TV A 5 2 20 8 A LR 0, P T
hUCMSCs i 5 B i I T B, A9 i 8 ) 1 e 45t
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