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Effects of Retinol (Vitamin A) on Biological Characterization of
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Abstract This work was designed to investigate the effects of vitamin A on the proliferation of human
umbilical cord mesenchymal stem cells (hUCMSCs). The results showed that after in vitro treatment of hUCMSCs
with vitamin A, the biological characteristics of hUCMSCs could be performed. The expression patterns of hUCM-
SCs markers and stem cell markers, including CD29, CD44, Oct4, Sox2 and Nanog, were also detected. In addition,
we confirmed that vitamin A could stimulate the proliferation of hUCMSCs. The transcriptions of biomolecules,
such as PCNA, C-myc and Nanog, were significantly elevated, while the transcript of Bc/-x declined. It was identi-
fied that the vitamin A could trigger the characteristics maintenance and proliferation of hUCMSCs, which might be
crucial to reveal the regulation mechanism of vitamin A on the proliferation of hUCMSCs.
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Ho P28 2% U H 5 vy i (8] 78 5 T 41 M (bone marrow de-
rived mesenchymal stem cells, BMSCs) 5 & AH 11,
Al BGARITAM  E A PR, AL
FEAM . JH-40 B AN i S AR 4 i S50, FEM A Rk
Wi~ BEPR S RIR PRI 48 . o0 I8 50 % iy
S5 IR TT T B R K B R 701, 5 BMSCs
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SCsHeHFbR & =M« 7 5T 410 1l 22 A0 75 R4 IR 1
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YeE RAXN I BHRKE M A
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1.2 FERFIFNEE

Jify 2 If1L 175 (fetal bovine serum, FBS) « [LiE &1L/
(knockout serum replacement, KSR)I H GibcoA 7] ; 4
ARAL BEA. IVEREL. DNAE. DMEM/
F1204 [ Sigma/A & ; s RNABGE S EUR 77 & 0 H b
BUE 2R 558 T, MTTZH i 186 5 4 3t 75
Script™ RT reagent Kit with gDNA Eraser(Perfect Real
Time)i7fl#. RNA PCR Kit(AMV) Ver.3.01&77 &6
H TaKaRa/A &) ; —#$ CD29(1:100%%¢ ). CD44(1:50
M) CD105(1:200% B ). CD31(1:2007% 8 ).
CD34(1:200%%%8 ) [ YcbioA ] ; —#1 Octd(1:200%%

Prime-

)+ Nanog(1:500%i%). Sox2(1:200%% )Y H CST
Ay SN G ARG & B AL 2SR A
Al; DABW (X5 &0 B 1 LAY A | A
BRE R4 —80 CCHEBAIR VK #E AIDGS033 AR AR X )
H Thermo s ;31 B4 2 B H Jé BE A 7]; PCR
P PAREIKA . BEIR R R 480 H Bio-Rad A H| .
1.3 hUCMSCsHI 9 B1E 5

JC TR R A Ui B R LI T, il
J i IfL, BT o B PBS H A [R S5 %, FIPBS 7R 43 i
Ve, BBk FIE 5 KORT5E 30 Bk, 2R )5 K 2H 2 BT A
291 mm’ K/, ARG AR AR BTV 2SR 5 g
4 °CYHALIE R, JEIMA0.25% 25 1 ilF+0.02% EDTA
A10.1% DNAFgFH 130 min, 21354k, F120 H 67595
TESCEE A M, R T2494LB0G %, I £712% FBSI)
DMEM/F1255 774, Bie GG, RS R EaAAE, %
BANHFEIN KT R 12% FBSZ; 12% FBS+1 pmol/L4E
R AL, 14% KSRALFN14% KSR+1 pmol/L4EA:
AH, 1E37 °C. 5% CO, M T FNWE 5 55 57 46 v 85 7%,
P52 AE K 2280%~90% L A i BEAT £ 4R .
1.4 hUCMSCs* K2 944

R FMTTE D 52 40 AE K ih 28BS —4RhuC-
MSCs, PA2 500/FL1 % B2 Fh T-96FLARGEEAT HE 7, 43
WIAERE IR, 2,3, 4, 5, 6, 7 A 429870 i B G 4% 4 48
MO BEATMTTAE I . I AMTTY W10 pL/fL, 37 °CH
H4 h, Nformanzani 100 pL/FL, 37 °CH¥ & % forman-
zan5E VA AR, TR S A AN b Y%K 570 nmAbFs:
I3 FL )2 FE (DA, AR AT 1) W' {8 22 11 4
Mtk K h 28, B4 e FLX HE
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H210 min, FJ55 min; PBS#¥E /5 FH0.5% TritonX-100
Ab BE15 min(4H A 3 T #7 idCD29. CD44. CD105.
CD31. CD34ARZ 5 u); PBSHYEE IMA3% H,0,
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Table 1 Sequence of primers and product length

e Gkl P

Gene Sequence of primers Product length
Forward: 5'-AAG GTC GGA GTC AAC GGA T-3'

GAPDH 290 bp
Reverse: 5'-AAT GAG CCC CAG CCT TCT-3'
Forward: 5'-AAC CAA CCG TAG CAA AGG-3'

CD29 591 bp
Reverse: 5'-CCA CCAAGT TTC CCA TCT-3'
Forward: 5'-CTG AGC ATC GGA TTT GAG-3'

CD44 778 bp
Reverse: 5'-CCATTT CCT GAG ACT TGC-3'
Forward: 5'-GCT TCT GGT CCT CAG TGT AAA-3'

CDI105 589 bp
Reverse: 5'-CTT GAA GCC ACG AAT GTT T-3'
Forward: 5-AAA ATG GGA AGA ACC TGA-3'

CD31 475 bp
Reverse: 5-CAT CGG AAG GAT AAA ACG-3'
Forward: 5'-TTG CTG CCT TCT GGG TTC-3'

CD34 450 bp
Reverse: 5'- TTC TGC CTT GAT GTC ACT TA-3'
Forward: 5'-GGT ATT CAG CCA AAC GAC-3’

Oct4 390 bp
Reverse: 5-CCT GAG AAA GGA GAC CCA-3'
Forward: 5'-TTT GGA AGC TGC TGG GGA AG-3'

Nanog 245 bp
Reverse: 5-GAT GGG AGG AGG GGA GAG GA-3'
Forward: 5'-GAG TGG AAA CTT TTG TCG-3'

Sox2 550 bp
Reverse: 5'-AGT GGG AGG AAG AGG TAA-3'
Forward: 5'-AAG AAG GTG TTG GAG GCA-3'

PCNA 702 bp
Reverse: 5-GTG TCC CAT ATC CGC AAT-3'
Forward: 5'-TCC CAC TGA CGA GTT CTA-3'

C-myc 196 bp
Reverse: 5'-CTG TTT CAT GGC GTG CTT C-3'
Forward: 5'-TGC CAA GAA GGG AAG GAG-3'

Fas 238 bp
Reverse: 5-TGG TGT TGC TGG TGA GTG-3'
Forward: 5'-TGT GCG TGG AAA GCG TAG-3'

Bel-x 238 bp

Reverse: 5'-AGT GAG CCC AGC AGA ACC-3'
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M B N R ICNFBS41(A1~A4). FBS+Vitamin AZH(B1~B4). KSRZH(C1~C4). KSR+Vitamin A41(D1~D4)4H L A4 KRB . A5 =50 um.
Growth situation of cells treated with FBS (A1~A4), FBS+Vitamin A (B1~B4), KSR (C1~C4) and KSR+Vitamin A (D1~D4). Scale bar=50 um.
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Fig.1 In vitro morphological characterization of hUCMSCs in different conditions
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Fig.2 Growth curve of hUCMSC:s in different conditions
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2 AT X ACHART & 4R YA A G R (8] (eks, n=6)
Table 2 The doubling time of each group’s cells in logarithmic phase (X+£s, n=6)
FBS 41 Vitamin A+FBSZ KSR Vitamin A+KSRZH
FBS group Vitamin A+FBS group KSR group Vitamin A+KSR group
21 Bt 5 4 ) 11
hialle 75.63+0.12° 52.15+0.67" 80.26+0.21° 54.67+0.19°

Cell doubling time (h)

AT S B 2R AL 2 5 3 P 1) 52 4 3 2 5 (P<0..05), AR R] SRR s 21 ) 2 18] 5 B I 1] O 2 3% 72 5 (P>0.05) 0
The different letter indicated significant difference (£<0.05) in cell doubling time, and the same letter indicated no significant difference (P>0.05)

in cell doubling time.

(A) F F+V K K+V (B)
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Q.
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20400
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% 0.000
12d Culture time
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A H SR RITE NG5 18] 70 50 120 B p 20K 35 20 FRIK B B: R PCNARI R IR BEAR 43 M4 5 C: K C-myc AN IR FEAR 53 B &5 S, D: 3[R Bel-x
A K BEA A AT 45 5 . FAREE12% FBSZL; F+VAL# 12% FBS+1 umol/L4E4: 20 A4 ; KAC#14% KSR F+ViL#14% KSR+1 pmol/L4EAE FAZH .
N [7] 5 BER TR AL ) 2 IRV AH K] 2 028 e B Wk 25 2 5 (P<0.05), AH[F) 7 RE 2R R 2L 53] 2 T AR 0 3k B T 4 35 72 53 (P>0.05) o

A: parts of the electrophoresis images of purpose gene in hUCMSCs; B: the analysis of PCNA relative transcriptions using Quantity One; C: the analy-

sis of C-myc relative transcriptions using Quantity One; D: the analysis of Bcl-x relative transcriptions using Quantity One. F represented the group
of 12% FBS; F+V represented the group of 12% FBS+1 pumol/L Vitamin A; K represented the group of 14% KSR; F+V represented the group of 14%
KSR+1 pmol/L Vitamin A. The different letters indicated significant difference (P<0.05) in relative expression, and the same letters indicated no sig-

nificant difference (P>0.05) in relative expression.

&3 PCNA. C-myck Bcl-x#EhUCMSCs™H AJRT-PCRH&;
Fig.3 mRNA transcription levels of PCNA, C-myc and Bcl-x in the hUCMSCs detected by RT-PCR
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Fric EE AN

43 5l FIRT-PCRAN 4 % 4L AL J7 VL X s 4 A R
ARG E B IR 40 204K 5 Fobr i 2R I i) 3R A HEAT R
Mo 7E RN EEFEKF E, RT-PCREG I 45 5 R, 28
20fRhUCMSCs = Kk HAR id K CD29. CD44, A

235 P Bz 40 bR 75 L BRI CD3 TR 3% ifL 40 i b 2 2
[KICD34, v fa %€ ik T 40 b ic 2 K Oct4. Sox2.
NanogZ:[H . 1E8E K b, s ALK I &5 3 5
78, CD29. CD44. CDI105. Oct4. Sox2F1NanogfH
PERIA, B, CD31MCD34RA M #ik, A&, H)
20fEhUCMSCs % £CD29. CD44. CD105. Oct4.
Sox2#INanog, Ifj H&IECD31MCD34([&4).
2.3 FYREAMEXEEFMhUCMSCsirid EE fELE
FHRIEWTL

RT-PCRA il -4 i AH 5 3k R AIMS Cs b ic 5 K]
TEA M A )R IE 45 R 7R, MSCsIARic & CD29,
CD44. CDI10SHTZHbRicE K Octd Sox21EANF]
R g e, ARAPRERY LR ZEEZR, T4
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A~H: G I EE R, IR IAMSCshz £ K CD29. CD44. CD10SFI4Afitl b7 4 [ Oct4 . Nanog . Sox2, &7 Sk FT 48 il 4 BH LR A4 (M40 1,
ANFIE E R AN bR G S R CD3 TR M4 i b 25 [RICD34; T RT-PCRAGIISS 5, 4N RIASERICD29. CD44. CD105. Oct4. Nanog. Sox2,
AFKikCD31. CD34. xR=50 pm.

A~H: the results of Elisa test. The expression of the cell markers of MSCs (CD29, CD44, CD105) and the markers of stem cells (Oct4, Nanog, Sox2)
were detected, while the marker of epithelial cells (CD31) and the marker of hematopoietic stem cells (CD34) were not invested, and the arrow rep-
resented some cells of positive expression. I: the results of RT-PCR test. The expression of the cell markers of MSCs (CD29, CD44, CD105) and the
markers of stem cells (Oct4, Nanog, Sox2) were detected, while the marker of epithelial cells (CD3/) and the marker of hematopoietic stem cells (CD34)
were not invested. Bar=50 pm.

E4 4% RAFELIEFhUCMSCs, X2040R04R10 B E #9 f & 4L FRT-PCRAG
Fig.4 Immunohistochemical staining and RT-PCR detection of f20 hUCMSCs incubated with vitamin A

(A) F F+V K K+V (B) Nanog
a a
| b bp & b2
o~ — —~ — R S 1! B B
2]
cons i % oo |
&
2 0400 L
o
& 0200 L
3d 6d 9d 12d

Culture time

Ac H BRI N5 18] 78 50T 40 T R IA IR0 53 Fi UK B, GAPDHY N 235K B: NanogBE IR K FEME A3 T4 5 . NanogBE IAERE 379 df
12 dRURE S e RAL M RAA B B35 B, HABSERINTE BB . AR BER R 40 2 (AR X 30k B 2 8 35 22 2 (P<0.05), AH [ - RER R
20 2 T AE R 23k 70 X 3 22 57 (P>0.05)

A: parts of the electrophoresis images of purpose gene in hUCMSCs; B: the analysis of Nanog relative transcriptions using Quantity One. The tran-
scription of Nanog was significantly up-regulated at the 9 d and 12 d after incubated with vitamin A. However, the transcription of other genes did not
been affected. The different letter indicated significant difference (P<0.05) in relative expression, and the same letter indicated no significant difference
(P>0.05) in relative expression.

El5 hUCMSCsH#RigEE K F4atRc £ E#IRT-PCRIGN
Fig.5 Transcription patterns of the marker genes of hUCMSCs and stem cells in the hUCMSCs by RT-PCR
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HOFR1C 3 K NanogTE 2% 41 41 i 5% 57 9] #A TG 30 3 A8 1k,
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3 Wig
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AT AE YR AR, BhatiaZ5B R R B, IR
F 2 2E 2 AT R 33 IR i T 40 B B 7 5 SR I 4 B 4R 7R
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WARZS, A58 o KR SR I 4 2 R AES FRhUCMSCs
20185, RT-PCRAFN G2 2 AL A I &5 S 3 S o 4 g
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i — S E Y .
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BT R T8 78 U B

SharowE IR 7T R W, MURRER AT 4ERRC 555
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Al REXT AL G TE A — o R R . AR sREe s

MTTHE I KB, 7555 752 I N pmol/LI) 4 A2 2
ARFFRANM, 4R H BB 2 . 4 o 39 A R
SR, HE—BRT-PCREGIN & BN, fE7RIN4EAE &=
A EFR A b, 20 38 58 FE IPCNA . C-mycfE
3~12 AR5 FR I 40 i H 3546 AS TR RE B 1 3, i & e
AT 5 R Bel-xfE A B 3 776 df5 FH a6 NI RIA.
MTTSE SR AT 50, 55576 dJm 4811 -F3& $100%7C 4,
AR KAk N R B, 1 Bel-x BRI TE6 d)E TR
T, 2R AR F AR 0 R RE X BH RS 41 A AR KA
WM R R AR —EMER. BT, 448 KA
AT B8 4 A AR K A5G FE R A A B ) R Y,
PG s R A M A IG5 . S8 b, B
e R AR 724, NanogkE K 31k & W4 Fr LM,
Park SECO I AL 45 R B, W RE I Nanog HE [ 1)
ik, e 2 Bom £ K K FGDR3M R IE i T
WERGTEE A IG5 . ChenZE 10506 28 Bl (o, 76 8%
TR A INGE A= R AT Nanog R K 3255 B, 4%
LIF/Stat3{5 5 1% 5180 4% M 17 45 55 VR i T 4H a1 2298
REMEAT 5 FR T, LRSI, NanogE K (1) b &1k
A B85 4 M ) 3G BEAF OC

gE b, ARSIG R, 4k AN HEhUCMSCs ik
AMRGE I B, 4ERF IR IR R RS R 2 iE R
P, kA R AL EhUCMSCs RSN 5E (148 FTALEL AN
BE— ARG PR L A R FE AL T — 58 B SR i o
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