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[ ZE] HH RKiTHmLHEHAKAFLLEEGA(IGFBPA) % N L mie R 220 Hrh, Fk S5 53%
I AT AR PR 20 e (HUVEC) SE A AR R A AL 45 #4533 &k IGFBP4 3L 2 IGFBP4 £ ik 6912 J% & A%
B JE A4 HUVEC, 265040 B-F SUAE 35 B 76 L ) & 2 20 L J8) B0 58 5F 5 i WL &4 4w oA ARG A2 P R
N, R BREALmIE, LAARM[IGFBPA( + )] R & M AR I T E B FM (3 BA) Fo 1G-
FBP4 A H IS 20 IGFBP4( — ) 28] 9 B3¢ m[ 14.33 £0. 67 £ 9.67 £0.33.10.67 +0.33;P <0.05] ; =& P &KX 4a
Jo IGFBPA( + ) 2R % F K T 2 BB 28 4 IGFBPA( - ) B[ A% 6 KA B, 5 31 4 (24.60 £0.90) % ¥ (34.92 +
0.92)% .(33.74 +£0.62) % ,P <0.05 ] ; AE XA IG e | SR 200 (F 6 X)) BARIE 0 0 (5 2 R) Ak ed 2 i
Yo sh 34 IGFBPA ( + ) 2B 39 4% T 2+ B8 28 4= IGFBP4 ( — ) 28 (10.35 20.57)% ¥t (14.90 +0.85)% . (13.99 +
0.65)% ,P<0.05] ; &40 F I 5T M40 5 IGFBP4( - ) Ia bbik £ F R4 FE L, &ib 5 IGFBP4 ¢ & A 4k
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[ ABSTRACT | Aim To investigate the effects of insulin-like growth factor binding protein4 (IGFBP4) on vascular
endothelial cell senescence. Methods Human umbilical vein endothelial cells (HUVEC) were cultured in vitro. A
HUVEC aging model was established through cell passaging.  Lentivirus expressing IGFBP4 or si-IGFBP4, and empty vec-
tor transfected HUVEC, then the effects of IGFBP4 on the aging process of these endothelial cells were studied by using
light microscopy, senescence-associated (SA) B-galactosidase staining, and cell cycle analysis. Results  After lenti-
virus transfection, the HUVEC passage number of the overexpressing IGFBP4( + ) group (IGFBP( + ) group) was higher
than that of the empty vector group ( control group) and IGFBP4 silenced groups (1GFBP4( —) group) (14.33 +£0. 67 vs
9.67 £0.33 and 10. 67 £0.33, P <0.05) ; The cell senescence rate of the IGFBP4( + ) group was lower than that of the
control group and IGFBP4( — ) group in every passage (take the 6th passage for example, 24.60% +0.90% vs 34.92%
+0.92% and 33.74% +0.62% , P <0.05) ; Along with degenerate, the decreased cell proliferation index ( API) from
young passage (2nd passage) to old passage (6th passage) of IGFBP4( + ) was smaller than control group and IGFBP4
(=) group (10.35% +0.57% vs 14.90% +0.85% and 13.99% +0.65% , P <0.05). Conclusions IGFBP4

overexpression could inhibit HUVEC senescence.
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FEREAL R i BRI R E RN T4 8 E
I 4 (insulin-like growth factor binding protein-4,1G-
FBP4) 2B i mFEAE K I 45 5 I 20 (1GFBP) Hh
/N R 5L, B 5 R B A A K T (insulin-like
grow factor, IGF ) N HAH DGR FH A L — 15 4% E’J%?
W2 XA AR BRILE R A
YN A IR T A B R IR, E%flﬁffﬁi
N, IGFBP4 {UREI L 5 IGF F k45 &, JF A4k
Yoyt AR AT S E WEFE B IGFBPA S i )
Wnt-B-Catenin 755 1% Tl B i 425, fE3E P19CL6 4
JHL (SIS TN B P19 R JIG P 200 A 2% ) 1o JUL 0 L
ﬂc,LJ&ilE‘?)IIF%HTHﬁll‘)ﬂﬁl@l’ﬂi’:“"ﬂ DL b SR 4k
S IGFBP4 il i Wt £ 515 Sd f xR 1 k4
ﬂﬂfﬁﬁﬁ,lﬁﬁl‘lﬁhﬂ’ﬁﬁﬁfeiﬂli? IGF 43 F 2411,
BHNGIIFE I, IGFBPA 7K - Bl b s AR P
R A BhASARAR N JETF R A, B THED 1G-
FBP4 Xof 240 A 5 2 mT R & #4590 5 4 ), LA AL )
A5 Wnt SEPEA G, AHFFEE L EE N K AR
ﬂ%J @ﬁ%@ﬂﬂ LA TE R a4, WL IGFBP4 RETSAE
TN K AR AN S i M B R,y IGFBPA FEHTIN I
AN AR N B AB S R ATl Bl ok sk A B Ak
FRIRYT TSR AP

1 #RHTTE

1.1 EFE#H

18 J& % # 1K pBOBI, pBOBI-GFP ,pSUPER X .
% % (pREV ,pMDL pVSVG) B K A% Jem 14 R A Li
Yot TREBARH R P8 B, pcDNA3. 1-IGFBP4 J7 fr
M F AR E . A Y5 (Hind I, BamHI  Sall  Xhol
[.Bglll) \DNA Ligation Kit Taq B pMDIS-T # (&1 &
TaKaRa /A & ; ANTP & & Fermentas /A 7] ; Lipofectami-
ne™ 2000 4 B Invitrogen /A 7] ; 5 M Ak 4F 4 £ K H T
(bFGF) W B Peprotech /7] ; fi 2 & B LAY T 72 (PI) |
RNaseA 1] B Solarbio /& ;IGFBP4 #i &k .GAPDH 4 &
W B Abcam /A 8] ; AR I AL M B AR T F AL A 1gC 1
BBk A2 4 Bl s DNA 7= 4 2640 BDRGR 7 & UL/ &
WRAA W E RRAE; EAFERFLAEWER
Fl &M B Qiagen A 7] 5 #Aw AVIIE F 48 X 408 %% 41
FAAFRNRAA &M 8w P AN E B-F I
RERANEWE BT REWHARFR, 5IFHE
Invitrogen A 8] A X,
1.2 BRENE
1.2.1 pBOBI-IGFBP4 # 4k JiT 2 64 #y P
pcDNA3. 1-IGFBP4 w5 H 8y £ B f B A B4, %14

BamH I /Sal I B Ao 5 R W5l 4. Lissl 4 5'-
TTCGGATCCATGCTGCCCTTCGGCCTC-3", T i 5 4
5'-TTCGTCGACTCAATGGTGATGGTGATGATGAC-
3, AEAHRMEPCRY MEWEERFE, HEWE
H &5 pMD18-T # k% #4524 H ey X H 7 7
# JFUkr pT-target, pT-target 2 BamH I/ Sal 1 X B
Ve EWCE B B, B8 B S 4 BamH 1/ Xhol
WEEYI AL By pBOBI £ k& 8, 280 ¥ 3 &K
JAL, PL BamH 1 /Xhol /N & BE 1 % = B 7 #4A
4 B & 7 A g R #F 21K pBOBI-IGFBP4
1.2.2  siRNA 1% 9% & & AR 69 M 2 Tl (O
FBP4 3 [H # siRNA (si-IGFBP4) Z ¥ 3 B #y 1% it .
FIF RNAi Codex # ¥ E it Fl T/ F 7 1E X T# F
5|, 3 45 4 pSUPER ittt B 3% (4 Bgl I \Hind Il B 47
fr 5,4 53" 3% 4 A% it Bel I 2 Hind I B 47 {2
B, & JF 7l B 5-GAT CCC CAC CGC ACC CAC
GAG GAC CTC TAT TCA AGA GAT AGA GGT CCT
CGT GGG TGC GGC TTT TTA-3' % 5'-AGC TTA
AAA AGC CGC ACC CAC GAG GAC CTC TAT CTC
TTG AAT AGA GGT CCT CGT GGG TGC GGT GGG-
3, HAAERHTRAERKAEF, £H 2 2 Bgl
Il /Hind Il % B¢ 47 6 pSUPER #; {4k, £ 4 fb ¥ 3 32
Bk Bel Il /Hind I /)N & B 97 %5 2 #IA h & B B
siRNA 7 7| #9 1% 77 % 3 {& pSUPER-si-IGFBP4
1.2.3 RmEmaR #% B8 Qiagen A 7 & N #
F A K B AR A & 4 1F F A kAT & FUR (pBO-
BI-IGFBP4 .pSUPER-si-IGFBP4 . pBOBI . pBOBI-GFP
pREV ,pMDL ,pVSVG) # J 4% , ¢ I8 4 41 . IGFBP4
it % 3K 4 B IGFBP4( + ) %1 (pBOBI-IGFBP4 . pREV .
pMDL .pVSVG) IGFBP4 #t A T 2 41 B IGFBP4( - )
#1 ( pSUPER-si-IGFBP4 ,pREV .pMDL .pVSVG) | = #
i # 28 B 4t B 40 (pBOBI,pREV . pMDL  pVSVG) , bL
& GFP 4 ( pBOBI-GFP pREV .pMDL pVSVG) , #
GFP 4 A T WL 218 7 % B 3¢ 0 K 40 ML B o R 3 3%
FOB293FT 4% (1 ~2) x10° th & FHEM T 6
FAR i K B A E T0% ~80% i, ¥4 4 &
& Uk R4 R R R AR AT 40 1 4 %, 37°C 5%
CO, BEAMEH 8 h g hEHMl LFE(NERE),
AT S 2%, -80CHRF,
1.3 ABr&ER AR S B 55

S AR o Al Y WY = 3 S B
(human umbilical vein endothelial cell, HUVEC) & 1%
M EREEE, HRITEFEEEE KR
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& FE 80% A A u, UL 0.25% JEE B (4 0.02%
EDTA) 7tk R,
13,1 BRI sz it A2 o 4 i B A 0 A ) R
HEFPHERE 2468 RAM, FARTERELEZE
80% A _E B, Bl 0.25% Jif & & B 0 R 9 bk & 4
H, B0 F BELLPBS 2 %k, E & F 500 pL PBS
OB E AR AR N - 20°C A R K B
L.SmL ¥, k5 & 4°CEE=LA; B8 3 L8, A PBS
2 K, AN 1 mL PBS E £ 4048, i \ PI 1 RNaseA
FHORE A 50 mg/L,37°C 774 30 min, R 4 AR
Ko 2 0 B, SRR Modlfiv $ 4 34T 25 B 047
1.3.2 A4 xEid4d IGFBP4 o) & ik t
REBRPHRE 24,68 R, FUlErpsd
% 80% A B, A 0.25% ff & A B L ROE i &
28 1, , Western Blot % iF 3 £ it # ¥ IGFBP4 % ik
A
1.4 1BFEF L HUVEC

W& 2 K HUVEC # M T 6 JL A, 32 8 X
B 41 IGFBP4 ( + ) 4141 IGFBP4 ( - ) 41 % GFP 41,
B f K BB F 80% B, ¥ A 2 4T 1 18 % & 2 F
MmN HAE T RRERRS,ET 37C 5% CO,
EREPHER, 24 h BHR, 4 EFF48h 5, K
% 40 i, , Western Blot % if %t J& 41 IGFBP4 ( + ) 41,
IGFBP4( - ) 41 IGFBP4 % & By % ik ,GFP 41 & T 7%
KB HHETWE GFP & ik, M ALE M AL B, 1 %
Gl R G S G o =02 ol
HE,
1.4.1 R #J5 HUVEC #4945 K 32 5% o = R
LfEWEABITENE 1 RAJATHERIESR, K
KIBFEA2R 3R 4K LA = 4
ATHERRE, REXLEARERRE, W %L
MERBURE, F3 EERRE,
1.4.2 FEMXB-FILBFoLE B-¢ LA
HHE(SA-B-Gal) 2 5 & F £ 4 Bt — A& ) F 4%
A, MEAE2 4 6O R, FalEKkbs
£ 70% 7 A B, 3% B-F LA A B 43X 0 & 0 A
Tt SA4REBHENNE 4 MRE, it
Bouk 4o gm o Bofn e BB B HET R E
1.4.3  smERAL G R X m A aa i 7 i1
EHE2 4O RAM, FNHBREREELE
80% VA _E B, 0.25% fif & & B 94 14 R 48 e,
5 2 8 AR AR T 4 BB HR SRR Modfit 24T 4 R 4
A, 75 2| B R OR &40 20 BBy 20 R B AR 3, T A
%6 REE 2RI 40 I K (AP,

1.5 HFEAEMGEIT O

BULRHELI R, LREFEH Ux£s X
R, WAEFKA SPSS 13.0 a4 2 A 4 it EHR
BB KR T #E T, TP H B H SNK-q 4 36, P
<0.05 H=RHAKITFENL,

2 % R

2.1 EWEREEE IGFBP4 HIH 18 #Hk Rk &
RNAi AR

i T IGFBPA fEW8 X P B2 40 i 7™ AR AR e L RF
ANIVER , ARSER R FHES 3 U8R fE 2k R 40,
IGFBP4 1295 B 5% YL P J2 A1 ffL, fili IGFBP4 £ P9 Ji2
AL R AR Kk

PLBORL peDNA3. 1-IGFBP4 it , o 4% S
519,347 PCR B 15 H14< 764 bp 1Y H B
Br(E 1), MR TR, I 2 Bl B B e fL vk S
DNA 5 56 UF B 2y #4 2 H 19 BRL, 12 993 B 4 2% B
Dy JE YL N B2 40, L Western Blot 461 4% 2H 41 fitd
IGFBP4 [k 1500, &% B IGFBP4( + ) 4L H I E A
KEFKIK , IGFBP4A ( - ) 4R WL B I A R IE, Ui
IGFBP4 LK 7F IGFBP4 ( + ) ZH 1 IGFBP4 ( - ) 404y
SR A R RIS FUTER (B 2) . GFP AU E T
PN R F LR GFP ik, 3 GFP 4R
9 68. 4% , T Ak I 45 2H A0 IR L8R 2 R 68%

M 1 2 3

1000 bp
750 bp
500 bp

1. IGFBP4 PCR F=# i ik
0,3 ARG BT AR
Figure 1. Electrophoresis of PCR products for IGFBP4

M Jy Marker,1.2 &y PCR 7=

S e e CAPDH

2. Western Blot 3 if & 25 40 g IGFBP4 [ &% 1%
IGFBP4( - ) 41,2 x4 ,3 Jy IGFBPA( + )41,
Figure 2. IGFBP4 protein expression in each cell group by

using Western Blot
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2.2 HUVEC WE#HIMTRE

it A LA 53 B 248 L 39 T ke R, A AR AR AR
r PN R 2 A RS AN G1 A EE A S
() EAE 2T TR, DN G2 HIE A MBI ER A3 in (3%
1) ; 4 B 34 48 5 20 (PT) HHEE 2 101 34.05% =
0.47% W Z 45 8 121 18.13% +0.89% ., % 6 1t
(27.47% +0.52%) % 8 IR 55 2 L. 5% 4 1€
(33.85% =0.67% ) MMIAH L8, EFAGIt¥ 2
X (P<0.05), UaBH N Bz 40 A7 7E & Hil 5 % (1E
ARSI 3 242 BR ) b A8, v T A i 2
FHOCSEBGFFY

WeAESE 2 4 6.8 fRANM, Western Blot A5l 55 2%
P FE Y IGFBPA 1Y IA K, K BUTE IE 5 N K 4t i
T ERIA AP RAR, AR T i 25 5 (&1 3)
2.3 IGFBP4 X N B 4R 3= & H 2R

o BRI A T I SR A ML AR A AR, in b A YL AR AR
BURAOE 15 3 B AEL, BOF- 2418, 15 3125 4% 4R
AL IGFBPA ( + ) LA (14. 33 £0. 67 ) FX IR
2H(10. 67 £0.33) I IGFBP4( - )41 (9. 67 £0.33) 1%
RAREHI B2 (P <0.05,n =3) , % B ZH 5 IGFBP4
(-)YdHMERTLGIT¥4EX(P>0.05,n=3),

B FLbE AT il U o 45 R R, AR IR IGFBP4
(+)2H XTHRZH IGFBPA ( — ) 2H W Y 200 i B0k v 1
Z(F4), AR S L) 40 35 38 % R 0L &
2 FHRMCIR N 20 B 5 2 6 L8, IGFBPA ( + ) A1 I
R TR HRZH A1 IGFBP4 ( - ) 41, R B St 5 X
(P<0.05,n=3) %45 IGFBP4 ( - ) 4 [H] 2 F
TG X (P >0.05,n=3),

FEAGAR AN SR P e A 4 e P 346 5
1B TR oy U A LA T 24 S, A5 B AN
AR A5 2H 240 B P At L 1 B R 5 (3R 3) o BEAR IR 3
i, EACIS AR (5 6 AR) BARAIR 40 (25 2 1X) 41

4. 6’ KBZAMM B-FIAEFERRE

OB B RAR A AR BE1E A APLIGFBP4( + )41 API
(10.35% +0.57% ) FL X} HR4H (13.99% +0. 65% ) Al
IGFBP4( — )#H(14.90% +0.85% ) (AR TR /N, 22
SAEGIFE (P <0.05,n=3),

DL 5L TIGFBP4 ZEAR AN 3% 14 TN iz 40 it
B 52 e A R T R A T, T R S AR P R A
WEIMIELE

F 1. FAERXHNEHEBBEBA (v +5,n=3)
Tablel. Cell cycle analysis of different cell passage (x +s,n

=3)
R G0/Gl1 S G2/M

#2108 62.86% +0.38%  27.91% +0.64% 6.23% +0.25%
Haft  66.51% +0.67%  26.91% +1.20% 6.94% +0.53%
Ho il  72.20% +0.65%  19.86% +0.56% 7.95% +0.45%
S 84%  81.90% +0.87%  10.24% +0.88% 7.86% +0.49%

*2. AEARAREHBDHAMFEHARER (x+5,n=3)

Table 2. The mean cell senescence rates of different passage
in each group (x +s,n=3)

Rk pogisEii| IGFBP4( +) 41 IGFBP4( - )41
5527 16.35% =0.56% 11.33% =0.76% ™ 16.68% +0.31%
H4° M 22.33% +0.72% 16.83% =0.53% ™ 22.43% +0.32%
%6° 10 33.74% +0.62% 24.60% =0.90% ™ 34.92% +0.92%

a A P <0.05, 5ECsT R4 L4 ;b 2 P <0. 05, 5[F{R K IGFBP4
()4 IL#,

GAPDH

1 2 3 4

3. Western Blot 1l & X 40l IGFBP4 3%k
fR,2 55 4 10,3 % 6 10,4 5 8 AL,
Figure 3. IGFBP4 protein expression in each passage by u-

1 R5E2

sing Western Blot

WNFE AR Fy R HBZ IGFBP4( + ) 40 F1 IGFBP4( - ) 4H

Figure 4. -galactosidase staining of 6’ th passage in each group
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xR 3. ARKRRSHBMEN T HMADIGEIER (2 £5,n=3)
Table 3. The mean cell proliferation index of different pas-

sage in each group (x £s,n=3)

Rk pogittil IGFBP4( + )41 IGFBP4( - )4

H52° 1% 30.84% +0.46% 34.42% +£0.76%* 31.12% +0.89%
A 23.63% +0.56% 29.72% +0.53%* 24.00% +1.30%
671t 16.88% +0.43% 24.08% +1.08% " 16.22% +0.34%

a A P <0.05, SRR L L3 ;b R P <0. 05, 51HRIK IGFBP4
(=) 4,

3 47 g

IMA5 N B2 ZR G0 0 N AR 0 F B2 3 4y, B
53 Wb 22 A= 55 1 0 I, o 4 R I ARV Y-
EEIEEMEH, AP I 3 Kok FE s Ak 1y 32
BRI R, E & R R HLHIPT RE 5 s i) 46 46 K
DNA &5 B[ 38 i 560 B AR 34, i
PN B AN A A2 A BE T R R T8 TR i
P e A BT e A A 25 L, Bk TN B AR A I il 4 T
SRIIRE T R R AR I S 5 | P R TR S T A
Ay Wb 4 A R M R B kL R R
ﬁ[l}-lﬂ .

ARSI o R SR B2 LM O P
6 K 20 B SR I 2 A5 7 YR B AIE T IGFBPA XA SN G
TR R AN ERE RS2, WIS R & B IGFBP4
AT Bz 0 B A% AR ARER, D WA U 40 i o
R ERALACLT T A0 G SR B R R, DA 2
TEIUESE e R A1 55 557 () 9 Bz 20 i 3t #2 vf | IGFBP4
15 IR T RE RS UESE P Sz 41 i 1 5 S 0E A 5 T OE
F A0 IGFBPA FKihsK-F-AXM%, 5 1IGFBP4 KPR T#R
JERIAMEXT A LR gt #2257, X—458 N
B PN H 4 M A T4 10 TR B A8 52 R A o 3 ik ok
FEREALIRYT ST $2 1 T — D A IR A
—E M R iz AT, (AR 7 T A 4 L
il i Fp i — 2B IR A X HE 7
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