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HE M EFOX03a(forkhead box O3a)it 2Kk 3k id & & &} A K 48 48 2 (endothelial progenitor
cells, EPCs)38 74 ¢4 % vhr, H3E T B A Ad-shRNA-FOXO3aFe R % 7! Ad-TM(triple mutant)-FOXO3a
TR BN, BEAEB O K RIRE @l 5% (fluorescence-activated cell sorting, FACS)
5 B AW R R 4GEPCs(CD133+CD34+), F# /TR E R A LA R SR, H LR THmEH
PR 4E FEPCsH UL IR 4% e 30 R 5 i T & 5 7 2 ; Western blot 5 #71FOX03a% & & ik Ak, @i itk
5MTTik 9 H FOXO3ai 3K 3 it & A 3P EPCs3E 75 69 % vf1. A M E T Ad-shRNA-FOXO3a. Ad-
TM-FOXO3a%& 48 I & & BAK 5% ¢ A fo & JREPCs. Western blotd2 7=, Ad-shRNA-FOXO3a%%
FEPCs/z B 2.474) TFOX03a% & 4 & A ; Ad-TM-FOXO3a%% #EPCs/z P %3¢ /n T FOX03a% &
W RIA, A mAHAFRE. @It EMTT® L34 R T, A ZRKFOX03af BAR# T
EPCs3%74; FOXO3ait %34 90 8. 394| T EPCs3g 4. AJffk R AGEPCsF, FOXO3ah b T mfeig i
EOEI

KR FOXO3a; SEPRIUTER; JEDH 584 WRms #5254, Py Bz AH 40 i, 40 s et

Effects of FOXO3a Silencing or Over-expression on the Proliferation of
Endothelial Progenitor Cells
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Abstract To observe the effects of FOXO3a silencing or over-expression on the proliferation of en-
dothelial progenitor cells (EPCs), the silent type Ad-shRNA-FOXO3a and the mutant type Ad-TM(triple mutant)-
FOXO3a recombinant adenovirus vectors were constructed. The CD133+/CD34+ EPCs from human cord blood
were isolated by density gradient centrifugation and fluorescence-activated cell sorting (FACS), cultured in vitro
and then identified by immunofluorescent staining. The above-mentioned recombinant adenovirus vectors were
transfected into EPCs, the transfection efficiency and cell morphological changes were observed. The expression
changes of FOXO3a were detected by Western blot. Cells counting and MTT assay were used to assess the effects
of FOXO3a silencing or over-expression on the proliferation of EPCs. The recombinant adenovirus vectors Ad-
shRNA-FOXO3a and Ad-TM-FOXO3a were successfully constructed and transfected into EPCs from human cord
blood. The results of Western blot revealed that FOXO3a expression was obviously inhibited in transfected EPCs
with Ad-shRNA-FOXO3a, and was obviously increased in transfected EPCs with Ad-TM-FOXO3a. Cell morpho-
logical changes, cells counting and MTT assay showed that the proliferation of EPCs was significantly promoted by
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effectively silencing of FOXO3a, and was significantly inhibited by over-expression of FOXO3a as compared with

control group. FOXO3a was involved in the regulation of cell proliferation of EPCs from human cord blood.
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768 /0 I A2 B ok s A B 40 5 B o AR ) e
DL i3 PN 2 200 453 4% 0 T 2 1R s 0 ik ke A
Ak R AL AR B IR o YR M I B2 2 H AT i
T 2 —, Forb )y B2 4H 41 fo (endothelial progenitor
cells, EPCs)F& Fa (i 1L 8T A2 97 VEAE ¥R 7 e Lo 11
— P T B O T IR R RS T AT T — o
3, REPAIR-AMIA S 4 B U5 45 R 0o OJULEESE
Ji ek ok P B v R oK U5 I EPCs AE W% 1 325 5035 00 IfiL
BN, P Bz A A M (EPCs) 2 I A5 N 12 200 M Py i
PRANME, & HAT I T N B 4 i A R
SR H A 1 A, TTEPCs R Bh AEAR &2 U e
EPCsH# i ifi 7 AR 1 %4 . FOXO3a(forkhead box
03a) /& X 3k F [l (forkhead)#% s Al -7 5 ik HHOAE X
TG BRI 2 —, SRR A R G A
o b, b, 2GR RS EEAE.
W 9% &k 715, FOXO3aif il PI3K/Akt/FOXO03aik 12 {it
T A B 4 T BRI R A B 4 e R R, B Bz 4
Jf Rk R FOX O3 aids i 17 5 11457 38 A= AH G 1) 55 ]
Hik, AR A N (eNOS) T 4 & 1
(MMP). Angiopoitin2, PDGF-B. BMP4. sprouty2
SR ARSI AN FOXO3aKE R R 41 5, ke g SLpi Bk
Y AR Y b o 2 R B A e e A Il e
EPCs, W %{FOXO03at [ 35 /K- 1) i 22 6 EPCs i
FA 500, oA 1E— 25 Bl 5TFOX03a g L 71 Vi it Ak [A]
WITEPCsF D REHR AL T S0 HEA .

1 MRIEAZ%
1.1 #8

pAdenofliip 75 24 A . RetroQZi 44 . pShuttle-
Basic-EGFPZ R4 . pShuttle-CMV-EGFPZ AR 14 |
152 ZSDH501. HEK2934f /i i VU1 AE ) Rk H (1)
A PRA FI$EHE; Ad-GFP AN ORA7; 7 H AL
FOXO3alt) J5 s JioRi e H 52 18 44 2> ] (GeneCopoeia,
USA); 516 T il A TAEY) TREE AR RS- B
2wl A BRI A DIREE I FINEB A ) ; T4 DNATE
P4l (Fermentas /Ay 7)); pfx DNA polymerase = {1 L i
(Invitrogen/A 7); =15 FRMEGM-2MV BulletKit(Lonza

FOXO03a; gene silencing; gene mutation; adenovirus vector; endothelial progenitor cells; cell

/3 )); MR B4R Lipofectamine 20001 A 1 4E 1 #2855 11
Fibronectin(Gibco/A 7]); Dil-AcLDL(Molecular Probes
AT, WREL4H i 23 2 Wi Histopaque 10771, FITC-UEA-I
MIMTT(Sigma/yl); FITC-CD34FIPE-CD133 %14
(Miltenyi Biotec/A r)); FOXO3aif4(Cell Signaling
Technology A A]).

1.2 7%

12.1 KA Ad-shRNA-FOXO3a & 40 5% F BARAH)
. 5. ax5yi RHIRNATHLRNA in-
terfering, RNANFIA, H 5 FOXO3a I KA B AN
R e ER IR SEA% T FR (short hair RNA, shRNA), #HF
5t YEUTERFOXO3a3 3k ¥ Ad-shRNA-FOXO3a i 97 7
WAk, WHE CIAEFsiRNA-FOX03a7 4| CATGTTC-
AATGGGAGCTTGGA(Sigma, TRCN0000010335)#%
T B NUEEE L S, L a5 A\ BamH TR
EcoR TEHIAT 15 sense primer: 5-GAT CCG CAT GTT
CAA TGG GAG CTT GGA TTC AAG AGA TCC AAG
CTC CCA TTG AAC ATG TTT TTT G-3'; antisense
primer: 5-AAT TCA AAA AAC ATG TTC AAT GGG
AGC TTG GAT CTC TTG AAT CCA AGC TCC CAT
TGA ACA TGC G-3', 1B K J5 5 Ze AL 1) RetroQ# 14
R, AL IE AT B P v B, RIOR 2 H ISR T4
41 1) )ik RetroQ-shRNA-FOXO3a. ¥ 13k Tk i
Bgl EcoR 1§ 1) J5 5 28 41 [7] 1§ 1) (1pShuttle-Basic-
EGFP 7 W 44 11 T4 DNAE $2 % 122 0 3 AL sz 7
DHS5a, R ABHTPE i % f5 $E HUTRE, Rl A4 pShuttle-shR-
NA-FOXO3a ¥ 4 75 R B ORE, BE— 25y %€
[-Ceu 1+I-Sce TXLTif V) 4k #ipAdenoif 15 753 B 48 28,
CIP A, SBEDIIETERINAEA v B, B 2eA [R] i
1) 4k #E ¥)pShuttle-shRNA-FOXO3a T T4 DNAE £ i
TR, B E A0 2 80 IOk pAdeno-shRNA-FOX-
O3a, X DHS5a, 24 N PUIETiTiL f5 $E BUTTRE, Xho 11
Y)Y . Pac 1414 pAdeno-shRNA-FOXO3a 5 HLi-
pofectamine 2000/ FT A4S 74 G HEK 29341 il . 4 4%
S WL EZ 41 B9 B ALV (cytopathic effect, CPE), )14 d4l]
JL OIS 439 2 I NS Mot v AT W B, WUEAT3T °C
S AR RIB UE B 0o B RS R4
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BRI -

TR L HEK 293411 i, HLR/E N B IR . &%
B IR 5 30 A5 7 1 FE (1) Ad-shRNA-FOXO3a & 41 i
o B

122 R EAAG-TM-FOXO3aE 40 1% 7 & BAK 49
ME, Kx. A5 AMIEINFOX03a,
LA T = AR SF 1Ak B2 A6 47 55 (Thr32,
Ser253. Ser315)F! 58 4% J5 /N g B Akt IR 1k, M7
Az FLA G o AT A = AR AT AT, R
P& FOXO3a[Homo sapiens](Gene 1D: 2309)# > 4] #%
=X R, A ILAEFOXO3a%E )7 51 i [ AH Y.
BRI AT B R A R AR(93A>G. T57T>G. 943T>G),
T 2 AT = A AR IR A0 A7 15011 22/ 95 24 IR ik 3 34 5878
TN R 5% FL(T32A. S253A. S315A). ARG
(I TM-FOXO3ali 46 JFUR A SRR, P 1 oE— X5 | 4 an
T, iS5 ANKpn TRIBamH T £5: sense primer:
5'-CGG GGT ACC ATG GCA GAG GCA CCG GCT
T-3'; antisense primer: 5'-CGC GGA TCT CAG CCT
GGC ACC CAG CTC-3', Hipfx DNA polymerase = {#
HHE B TM-FOX03a H 134K, PCRY™ 1 J5 [H1I H
(1) 7 Beidt 47 Kpn UBamH 1§V /b3, 5 [R)FE Bl D) 4b 21
(1) pShuttle-CMV-EGFP 7 #2 &5 14 1% 42 Ji5 4k I ik 42
HUmok:, Bk pShuttle-TM-FOXO3a T 41 %5 12 2847 it
b, HE— 007 % 5E . pAdeno-TM-FOXO3aTE 4 Jii:
TR AR I i S % E . Ad-TM-FOXO3a 541
RS R BRI LR Y, PRI 1.2.1.

123 AMrf Rk BEPCs#)4 B . Eafbe W
BT IS0 mL, JF 25 Pkt K PBSHi RS J5, 4% FE b
55 B0V 53 B FF AR F AN A% 41 il (mononuclear cells,
MNCs), Ht— 2 il i 5 40 & 7 5 S FITC-CD34.
PE-CDI1334i #437 °CJx M 1 h, it 2 41 Ma A% 3k 1T ¢
6 3% 40 i > ¥ (fluorescence-activated cell sorting,
FACS), %33% H CD133+CD34+X{ {H P [FIMNCs, $2Ff
2 NEFYEE D H 1 (fibronectin, Fn)HUJG (K6 L57

Febh, B4k 2 HEGM-2MV BulletKit4> 5% F5 7k .
B IR0 M AE3 ddfil— IR, 2914 I EE 4 i S LA
FIRETEAS, G BE 40 i 7 5% 7 AR LR 1T FH80% A A+
LSS AR, Z G 1% LS Lu P-4 44 dfeqR— kit
TP I TG B850 . 0 3 IR 4 b AT S 05 5
Y8, AERE TR R N0 ug/mL{jDil-AcLDL, 37 °C
05 7724 )i, 4%% 58 FRE [ 52 15 min, PBSIEVE, 1K
20 pg/mLIKFITC-UEA-IJII T FiRbrA, 37 °CHEF 1 h,
I TDAPIRL A A k%, 20 WA st g2,

124 4 EPCs& Western blotZr 4744 2 EFOX03a%
B Ak OfF 2 B 3 14 Ad-shRNA-FOXO3a.
Ad-TM-FOXO03a } B Tk % I Ad-GFPLL J& 4 & %L
MOI=40/&JEPCs. KYL2 hfi, B BB LR FRIR, 9%
6 BB N TR SEGFPAE (0 5 6 R A5 5 41 i I 24
U . Y48 hiT B2 AN L i 25 1, SDS-PAGE
H1 UK, PVDF /300 mA % 4480 min, — Hii(fe it A
FOXO03a 1:1 000, fi{#t A Tubulin 1:1 000) 4 °CHiF & it 1%,
TBSTUEN3 K, 9tk BAR i 4 A6 ) i (horseradish
peroxidase, HRP)A51c ff) - 41 5 5 B (1:1 000) 2 i
&1 h, TBSTYEM3 K, ChemiDoc XRSAY. 2 % Hif4:
A M Y G FOXO3atk [ 1 R .

12,5 mieit 3 5MTTik 5 A 4% 4 G EPCs3 78 1
Ao I EEEG48 hig, IS —=MEPCs. H %,
PLEFFL1x10° cells+2.5 mL EGM-2MV 4 1% 35 9 e Fh
6L, FERI AN A3 AL, B59772 hiG, REFP 41 HLIA
— B T (200) B AL 3% HU3AS PR T T A0 BE 41 g
o, A FR gl Mo AT v o v . SRR,
PLEFFL5x10° cells+200 pL EGM-2MV 4> 15 55 i 2
296FLMR, FEF A3 AL, KiFR72 hiG, HHIMTT i
A IR BE A

1.2.6 “ito#  HISPSS 13.0% 1 #4748 it 4>
Bre V1o VERER F 38 B br vt 25 (X ks) K KR, 4110
PO R FL R 35 7 22 93 A, LAP<0.052% 22 2 e vt

FR1 FOXO348EFHHh =N SRTHISIHFF

Table 1 The primer sequences of three point mutations in FOXO03a target sequence

CIE R S1P5I(5-3")
Primer name Primer sequences(5'-3")
T32A_sense CGT CCG CGATCC TGT GCG TGG CCC

T32A antisense
S253A sense
S253A_antisense
S315A sense
S315A antisense

GGG CCA CGC ACA GGATCG CGG ACG

GCG GCG GGC TGT CGC CAT GGA CAATAGC
GCTATT GTC CAT GGC GACAGC CCG CCG C

CGT TCA CGC ACC AAT GCTAAC GCCAGCACAG
CTG TGC TGG CGT TAG CAT TGG TGC GTG AAC G
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FRX
ISP

2 R
2.1 EHEBRNNFLEESXho 1B L E

242848 FkiipShuttle-shRNA-FOXO3a. pShuttle-
TM-FOXO3ai% 5 b i 5% Jé A B 2> w00 e, 0k SE B
W1l [FsIRNA-FOXO3a) 7 51 Lh Je 573/ s 58 748 (1)
FOXO3aH M Jr Bt CLEM TN & ZF R Bk b, E4l
Jl 5 75 % 445 )R pAdeno-shRNA-FOXO3at Xho T
Y)Ja Bk Bl DUR 740 4 i 14.5, 11.7, 4.1, 2.47,
1.45, 0.6, 0.5 Kb( € 1a, b). pAdeno-TM-FOXO3a
Xho 18§ V) J5 1 LA R 745417 4 e 14, 11.8, 4.6, 2.66,
2.47,1.45, 0.6 Kb(Kllc, d). BA HH M52 5 3
A JTORLAE Ay B A %5 B 4 Xho TR ) 5 v vk & DL R 6
ZAGYIR: 14, 11.8, 4.0, 2.47, 1.45, 0.6 Kb(Klle), |
R 45 5 PO 8 A AH AT o
2.2 ABFIKIRE M B E

ZEFACS4) % Hi 1ICD133+CD34+ X0 P 41 i
I 4 28 HY IMING s 190, 1%(1812) o 158 & S 1
NSRRI AN ML TERS, 2014 d2c AT H I B A RE I
FE AN M, 1 N RE Ay 5 R AR L 10 AR 80% 2 A7 I
B3 —ARP(E3). 51K, MEDIl-AcLDL, 5
A FITC-UEA-DXU5E G (0 51 P R 15 % 40 i A P R A1
ST, e N KT B RPN, dEGH R TR I

M: 1 Kb DNA ladder; a,b: Xho 1ffYJpAdeno-shRNA-FOXO3a; c,d: Xho 1
fii1))pAdeno-TM-FOXO03a; e: [JIVEXT I .
M: 1 Kb DNA ladder; a,b: pAdeno-shRNA-FOXO3a digested by Xho I,
¢,d: pAdeno-TM-FOXO3a digested by Xho I; e: negative control.
Bl Xho 1G4 E BLHRIFH R RAL
Fig.1 Enzyme digestion analysis of recombinant adenovirus
vector plasmids by Xho 1

P2

PE-CD133

10 10 10°
FITC-CD34

P2: CD133+CD34+4 it iy MNCs[10.1%.
P2: CD133+CD34+ cells accounted for 0.1% of MNCs.
E2 FACS$i£CD133+CD34+4Aff
Fig.2 CD133+CD34+ cells sorting by FACS

B3 BFEMREE—RKCPHEEERET2ARHRAMF
2 75(40%)
Fig.3 The first generation of the cultured cells passaging(P1)
was typical cobblestone morphology under inverted

microscope(40x)

BESH I 5 Dil-AcLDLAFITC-UEA-IX 14, DAPIAE
G B A0 A% (E14)
2.3 EPCsH#EMELTE SMBRSF T

41 15 75 2 /K Ad-shRNA-FOXO3a. Ad-TM-
FOXO3a }¢ B 5+ I Ad-GFP#; Y<EPCs 48 h, ¢t 13
Bi R AL BIGFPLR .5 B R IA(E5). X Ad-
GFP#; Y2 (FEISAHH LL, JTER AL Ad-shRNA-FOXO3ak%
L2 (15B) EPCsAE KRS R 47, WisE A=, 40 e as
U] 5 AR B [ B, 4 B ) 3 R4S /1N, GFPE Ot 32
BB AL T 1 5848 B AD-TM-FOXO3a%% Y 41(K
5C) EPCs EKARSA K, #7r giREA 564 HIEAS
ORI, 248 ) 23 RIS, 7] — e A B AR (100x)
i 20 o Bt B S, GFP Y - B o 1 A%



A: Dil-AcLDL(ZL {432 ;); B: FITC-UEA-I(%% (%3¢ ):); C: DAPI(#i (7,
#6); D: &I, B2 I Dil-AcLDLFIFITC-UEA-DXU 4 (B 1 o
A: Dil-AcLDL(red fluorescence); B: FITC-UEA-I(green fluorescence);
C: DAPI(blue fluorescence); D: merge, the orange parts were Dil-
AcLDL and FITC-UEA-I double staining positive.
E4 M EAHMDiI-AcLDL+FITC-UEA-I
WS Y TE(200%)
Fig.4 Dil-AcLDL+FITC-UEA-I double fluorescent
staining of EPCs(200x%)

2.4 Western blot5y #fr 4% & FEPCsHIFOXO03a%E
SES

EPCs#% 4448 hj, $ 41 g 5\ 5 1, 4 Western
blotZ)#7. 5 EAYEX B Ad-GFPAH Lt 2748 %Y Ad-TM-
FOXO3a%% 4% (FJEPCst, FOXO3alf] 8 (1 % ik 0] i
450 1 30 2R 8 Ad-shRNA-FOXO3a%% Y (fJEPCs
FOXO3al) 8 1435 B 2 FEAIK, Tubulinhy 4 Z:(1516).
25 AT EEMTT A 2 i £ FEPCsHY 1L 5E
&R

ST A (FR2) HMTTVA(ER3) 45 HR W, 591k
X Ad-GFPAH L, 58748 1 Ad-TM-FOXO3ak% G4
EPCs/1 4 &1 3 55 52 2] B 2 41 (P<0.05), 1 71 2K 7Y
Ad-shRNA-FOXO3a¥% L X EPCs [ /& 41 38 5 A7 HH 12
freitAf 1 (P<0.05).

(A) »

(B)

A: Ad-GFP; B: Ad-shRNA-FOXO3a; C: Ad-TM-FOXO3a.
E5 R—MFEFARSEERARTHERERNREME
RS2SR 2R (100%)
Fig.5 Morphological changes after EPCs transfection under
view of the same field with normal light and green fluorescent
light(100x)

1: Ad-GFP; 2: Ad-TM-FOXO3a; 3: Ad-shRNA-FOXO3a.
Elo MEBMABIERRFIFOX03aEAKRIE
Fig.6 FOXO3a expression after EPCs transfection

2 FOXO3aZE HFik s T A M 57 48 240 A3 5E 7Y 52 0 (2 B i 40 (x +5, n=3)
Table 2 Effects of FOXO3a expression changes on the proliferation of EPCs(cells counting)(x s, n=3)

) AN E Ay AT H(10°/4L)°
Groups Cells counting(cells)® Cells counting(10°/well)®
Ad-GFP 128+4 3.45+0.18
Ad-TM-FOXO3a 99+6* 2.43+0.10*
Ad-shRNA-FOXO3a 153+8* 4.10+0.13*

a: [l — i 00O BEHUHLE B # vH- SO BEAR I b: W AR AN NS T Eiit 2. #P<0.05, 5 Ad-GFPALELAL .

a: directly counting the adherent cells in randomly selected fields of the same high magnification(200x); b: cells counting by the counting board after

digestive cells were collected. *P<0.05 vs Ad-GFP group.
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&3 FOXO3aEHFRiAM I X A K ELH AR
HEIEHFIMMTTE)
Table 3 Effects of FOXO3a expression changes on the
proliferation of EPCs(MTT assay)

41 MG BE B (v 5, n=3)

Groups Absorbance values(x +s, n=3)
Ad-GFP 0.423+0.011
Ad-TM-FOXO03a 0.324+0.010%*
Ad-shRNA-FOXO3a 0.492+0.012*

*P<0.05, 5 Ad-GFP4I L
*P<0.05 vs Ad-GFP group.

3 itig

FOXO3a s 2 15 1T 4 il 41 i 386 4, 5 S04 f 4
WIBH A, (e HEn M T . WFFT W], FOXO3an] 8 ik
JE B0 2 (1 Cyclin G211 2 35 18 41 i J& 391455 1E 1
Go/G ", A2 T 15 3 7L I e MCF 740 i A ) =
(1) S5 h R B, FOXO3a f H B FE K Bim Flp2 757 7K
PR TR R A/ 2 B IR A A8 T 4 TR 1T FOX-
O3a 35 PR (1) 7. 40 i 5 o7, S L2t s i P oo T 2
YE H, FOXO3ast £ [1 ¥ B B(PKB/Akt) [ — /> 5 %
VERIEY), Joa LM 7 5 3 A7 = A AR SF IR Akt
WERRALAT 15, BERR AL IFOXO03asE fr T Mg, #5005
PE =2 2404, £ BERR AL FOXO03asE fir T4 o 4%, 1l
ok ] 7 O R R 3R 0K /0 40 P R T A O T A R
R IEL R AEY) AR ] . FOXO03alg T2 Hilis Y
S MOBGHE . PTG ER R Ab, GRS I R
A AF S 1 3 PR 361, TTEPC s ¥4 7 M I 4% 3 26
FOH U B R i, H [ % FFOXO03afE
W TEPCs ) RE 7 T (WA Uk Ase /b, VR ML AN B
.

ARSI T Ik B R B R 0V 4 B FACS A3 1,
) 4 B IE AR A B 5% N Il K YR EPCs(CD133+
CD34+). K HRNATHRH AR SR HA, i
@ T U1 B B Ad-shRNA-FOXO3aF1 58 7% 71 Ad-TM-
FOXO3a T 21 1393 B 2044 - % Y EPCs, Western blot

PLREE YL JFEPCsIFOX03az& 1A 43 73l Ay I I B A A
B I 0, 455 A B & 22 008 . 20T 25 MTT
R, B AT BRFOXO3a it HEEPCsHE i, FOXO3a
ok 28 U W A HEPCs G Al . i 2, AN SR R S,
FOXO3ai( Bk ok ik 3% ik XFEPCsH I 17 15 & & 5%
Wi, 50k BCALAH b AT Gevk 24 2 S, Wik— kot
FOXO3a I 1 i L5 R Y EPCs DY BB A T 5156
FEA, JF LR A B DGR EPCs D fig . 15 i A2
A B AR F I it 75 B
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