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[ ABSTRACT ] Aim To investigate the effect of profilin-1 on the process of endothelial cell damage mediated by ad-
vanced glycation end product (AGE) in cultured human umbilical vein endothelial cell (HUVEC). Methods The
endothelial cells were incubated by AGE with different concentrations (100, 200, 400 mg/L) and times (6, 12, 24, 48
h). The protein expression of profilin-1 were determined by Western blot.  The morphology and distribution of F-actin
was detected by immunofluorescent staining.  The levels of asymmetric dimethylargnine (ADMA ) , intercellular adhesion
molecule-1 (ICAM-1) , nitric oxide (NO) in cultured condition and reactive oxygen species (ROS) were detected by relat-
ed kits. Results Compared with control, profilin-1 protein expression was significantly up-regulated after treatment
with 200 mg/L AGE for 24 h, concomitantly with the markedly increased levels of ICAM-1, ADMA and ROS and the sig-
nificantly decreased levels of NO.  Compared with control, the morphology and distribution of F-actin was significantly al-
tered by AGE.  Interfering with the profilin-1 gene expression can protect the extent of cell damage induced by AGE by
down-regulating the protein expression of profilin-1, improving the distribution of F-actin, decreasing the levels of I[CAM-1
and ADMA and increasing the levels of NO. Conclusion AGE induced endothelial cell damage by upregulating the

expression of profilin-1
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Bl 97 ( diabetes mellitus, DM ) IfiL8 R 28 5| & 1Y)
I RAIE R IR B B E R RN Z —, X T
TR oy I 10 R0, 0 A T S 42 o) el R i 55
FERR S TE N 1Y 25 81097 T BOT A REA &L B 1R KE R
o I O 20 1) 2 3 i B Bl oy < AR HE
127, R B RHERL 2K =) (advanced gly-
cation end product, AGE ) A= i3 B #% 2 2 « i
L7 A E R Y RIS UE S i 2R 4 R
1 (profilin-1) /319 F WL3IE [ ( F-actin ) A9 5 21 1
TS A2 VA R 200 M SO | ol 7 3 T T e ) R
PREER, IO ST R BRETET 4R 1 1 TR IR AR
T AR5 5 1 PA) B A 40 v flh 2 1 3 4 N B0 Y
FAABL $R 7S AT LT 426 1 1 R AE 2 P9 R 4t i 452
AALEEp, (HATEF4EE T 1 2725 AGE v &
A8 1ML A8 PN B A5 o BRI 4 oK WL ARG . T ot A B
FRVITTLF 485 1 1 78 AGE i 3 1 I8 7Y B2 4
P AT BEVE T

I RS

L1 EFZEZHMNXF

A E Bk N % 28 i AR (human umbilical vein en-
dothelial cell, HUVEC) i B R X £ B £ TEA
IR # , & JE T % E ATCC ( American Type Culture
Collection) 41 # 5 AGE 1 B Merk 2 & (%% 5.
121800) ; 3 %t FR k= H A 45 £ B (asymmetric dime-
thylarginine , ADMA ) #776 & 1 @ % & Sigma A 7 ; 2F
i 3% & & & (bovine serum albumin, BSA) ¥ & 4t M
192 F N F ; DMEM 3 35 2 W & Invitrogen /A 7] ; %,
JUAHIAF 42 B 1 LR B-actin 1 B Abcam /A ] 5
Z %W B Millipore /A 7 ; BCA X 7| & PIPA 2 ##3K
7 Mk # (reactive oxygen species, ROS) ik 7 & W B L
BETRKENTAHRAF H "ﬁﬂéﬁ(nitric 0X-
ide,NO) X 7| & ¥ B Promega /A 7| ; 28 At [&] 25 it 2 F
1 (intercellular adhesion molecule-1,ICAM-1) i 7| &
W) B R K E W TR HF R T pLNCX2-Profilin-1
T4k kL B Clotech 2 & A i ; Lip2000 % %2 3% 7| #n
W% % & (phallotoxins ) 1§ B Invitrogen /2 ,
1.2 NBFaERikin N R R p SN a A

B HUVEC %0 fo#k , #F % 2 7 5 Am N4 10% #F
BB A o R AR R 0 e AR, B TR R
FLET 37C.5%CO, BABFHATHESR, BF
2~3 R# 1 RFEFM, FAEH T0% & & 8 A
0.25% fie & &1 By W At X, 20 o Rk 2 B )R UL &

L 1.0x10° MM T 6 AR T, Falk
80% Fk & B 3 il & 1% Fib 4 i 7% By 35 o 4k 4 3 5
24 h, fEmpE B, B H A 1% /D F mEW
BRI E 24 hy AGE 4. A A B i Z (100,
200 400 mg/L) AGE #1 BSA ¥ 7 it # % HUVEC
6.12 24 48 h;AGE + Profilin-1 F#t 41 . & 200 mg/L
AGE ## 4 g pLNCX2-Profilin-1 F 3t i 4 3£ B 8 &
WHE M4 h,4 h Jg 3805, 4 4 F 200 mg/L
AGE % # 20 h,
1.3 siRNA FH I

Profilin-1 siRNA F 3k 52 3078 A 52 36037 4% 3
M ab FoAm L % #E, B Clotech /A # % it A& &
pLNCX2-Profilin-1 siRNA Jit 41, £ il 7 3E 55 5% [& Y
RNAi #T# 7 7] 100% E# , %K JE X 0.5 ~5.0 ¢/L,
%k 7% K& A (green fluorescent protein, GFP) f T
Rl A E, AR 24 h A RE BB LA
ML, ¥ 40 R JE R e LA AL 5.0 x 10° A4 e B A
T 6 FIFERMA , EHELEE R 80% ~90% , 1%
B4F 1 pg R Am N 30 pmol B siRNA, 48 5 4% 1: 1
Byt ] AL Lip2000 % %44 7| 7 B i AL Fn siRNA, %
HEE S min 5,454 pg TN,
1.4 A EERF—FLEKENE

AR F NO Bk JE R B R R
NO, ~f2 NO, =, Al % # ¥ NO,~ & & NO, ,NO,
it Griess E AR N £ A & &0, A 722 2K
T 540 nm AW E, K JE ARG A R E AR
NO, ~ A&-F, DLk R B 48 i E3E R H NO IR JE
1.5 #HAE EiFER P ADMA KFENE

B4 i 3 F BB R 100 wL, Ao\ 5-7 A B
TIEE A, B8 10 min 5B L& &R, H &R wH e
3% (high performance liquid chromatography , HPLC )
M % E % ® W ADMA 4 & (HPLC % %4
LC210Advp ; # 3 4% . Nova-Pak C18), B 10 wL Ei#
REAFE R AN 100 WL 47 A RF (MK —_WHE 5
BB EF R B-RECENRAY), R, ZRT
FOBL 3 min &34, R B B & M4 E DR L E 7 R B
A M T AE T R B[ R B0 A A 0. 05 mol/L ZLBR 44
(pH 6.8) -H B2-10 A ok # (82:17: 1) ; %% 31 # B
0.05 mol/L 7. 44- W Bs-10 & wk %5 (22: 77: 1) 5 i £
H 1 mL/min] , & A 4 3 &, Al RF-10Ax1 & 7% o
ol 28 % E K A AR ADMA 34T A (K K K.
A338 nm; B YUK K :N425 nm) .
1.6 AR E KRN

MEAKHKZE (2,7 -dichlorfluorescein-diacetate
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DCFH-DA) R & % H R K, BN EHE N G, T H
BP0 Y B B KR A B DCFH, 40 L 9 8 ROS ¥ DL4
6. 7% Sty DCFH 4 & % £ By DCF, 4 Il DCF
By 7% 8 7 T LUK Bk 28 AL A ROS # K F, ¥ HUVEC
BT 6 ILNIATREE, £ E IR, % 1:500
A T v # Fk A B DCFH-DA,37°C # %5 & 30
min, | T o 7 B 3% 25 O % 3 0k, R K 488
nm, AR AEREAHEHRETEENE,
1.7 ZHREBTA4EES 1 &N

SRAENEA D, RREEELEEA, A
BCA XAl &M & & AW E, & E -70C 1k 74
Flo BEEE 4 pg, HAEEELZHES min, 15%
+ B FE A BR 4 2R T Bt AR B PR L K (sodium dode-
cyl sulfate polyacrylamide gel electrophoresis, SDS-
PAGE) #fTH ik B & B , R B EAHHF &
LAt Ag ( polyvinylidene fluoride, PVDF) B, % f& f&
F1% HFAFH37TCHA L h, mNTHEEE 1 —
i (B A 1:2000) ,4°C 1B H 1%, TBST %
3 K, K15 min, & 5 T #AR 3T A AL 4 B8 (horserad-
ish peroxidase , HRP) #RiE 89 ZH00% & 1 h(1:5000) ,
TBST %34 3 K, 4% 10 min, R ¥ X LEH T
¥ X BB,
1.8 EXNLEKRN F ALSHE QSNG4
FA=R I Sv

KapRiyErmGAE 24 h EASRFE
[ % , A 0. 1% Triton-100 % ¥ 4 ¥ 10 min, % & B
J 3% BSA H A 2002 h, B aTF 4% A 1 (1:50)
4°C L7, PBS ¥ 3 K, &K S min, 4k 5% & T min
% =40 (1:1000)1 h,PBS ¥ 3 %X, %X 5 min, M
REFF(1:200) % F .30 & &, & ¥ 30 min, PBS
P2 K, 4K 5 min, 45 Fl DAPI %4%,PBS 32 &,
K S min, FH kF, %A £ R E 8 %% (Olympus
FV1000) ¥ 2,
1.9 SitZESH

By +s £ 7, H SPSS 19.0 4t i & 4 # 4T
FtF A, Z A B AR A ANOVA J7 # 447 3
TR, P<0.05 AN ZRHELITFENL,

2 % R

2.1 AGE WA RERBIFEER | RiEHZM
AR (100,200 400 mg/L) AGE S8 PN Bz 4

g 24 h BT A 1 2B LI (P <0.05; &

1) ,fHLA 200 mg/1 AGE fzHH . (P <0.01; 1), 200

mg/ L AGE i[RI R P4 Je 4N ir 47 4 35 1 1
BUEIR (P <0.05,P <0.01;# 2), J5£L 5258 ¥ 3%
200 mg/L AGE YERIN B4/ 24 h, f#iFH siRNA £
THERTLF4E R A 1 JEH AT EA B N8 AGE 51
AHMIATAF4ERR 1 1 RIB(P <0.01;K13)
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Profilin-1

b
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1 2 3 4
B 1. RNERE AGE EFN KRR 24 h METHEER1 X
FEHRME(n=3) 1 A BE4L,2 100 mg/L AGE 40,3 4 200
mg/L AGE 41,4 7400 mg/L AGE 41, a4 P<0.05,b i P <0.01,
5% MR O
Figure 1. The effect of AGE with different concentrations on

the protein expression of profilin-1 in endothelial cells (n =3)
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[ 2. 200 mg/L AGE 1R A K 20 B A [5] i B I AT T 4R R B
1 RIEMFMM(n=3) 1WA 2 H6h4l,3 H12h4l 4
H24h4,5 A48 h 4, aH P<0.05,b N P<0.01, 5% 4
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Figure 2. The effect of 200 mg/L. AGE for different time on

the protein expression of profilin-1 in endothelial cells (n =3)
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3. Profilin-1 siRNA F#Xf AGE F SR EER 1 RIEMFM(n=3) 1 X4 ,2 9 AGE 4 (200 me/L. AGE W8 14 40
Jf124 h) ,3 4 AGE + Profilin-1 424 (J 200 mg/L AGE 14 wg pLNCX2-Profilin-1 T3t Foki 3% [F B E 2 4000 4 h J5 48251 200 mg/L AGE §%
H20h), ay P<0.01, 55X A LL# ;b 2 P <0.01, 5 AGE A IL#,

Figure 3. The effect of profilin-1 siRNA on the protein expression of profilin-1 induced by AGE in endothelial cells (n =3)

Density

2.2 AGEXHNEMMFAEASFMETEE KRS HN L4 AR, XL, v T I e, 5
B 1 RiEM T XTHRZHAH L, AGE 2P Bz MM h A £F e 2R 1 1Y)
XTHRZ F LShEE A2 R 2o M AE AU i R RS TN RIS AR N, siRNA THLHT
WA EAA] AR E HE % T 200 mg/L AGE &b ZFHEER A 1 FAEIHEGE T AGE 5% F JLali
P24 h G4 F B E ARSI mRE AWELAREE , F LS H 380 A6 e 40 M
A S0 A0 SR Y FOLsh 2 (T b i eh R R A AR s (1 4)

Merge

DAPI nuclei Profilin—1 F-actin

[ 4. Profilin-1 siRNA Xf AGE "SRRI 4 ER 1 RiZHF IsEB SR 51 4790 HRLL %52 174 AGE 41,553 47

N AGE + Profilin-1 44 .
Figure 4. The effect of profilin-1 siRNA on the expression of profilin-1 and the distribution of F-actin induced by AGE

2.3 AGE Xt4Hp L5k ADMA.ICAM-1.NO 7K 455 Fi5 W ADMA [ ICAM-1 7K, F& % NO
FHIF M KFE(P<0.05,P<0.01;5), FHL4T 4 pe
200 mg/L AGE AbFRN 4008 24 h Al BT+ pLNCX2-Profilin-1 3 BRI B PN Bz 20 i v B ik
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/b AGE JiF 21 ADMA ICAM-1 7K 19 FH i, 84 NO 4R (P <0.05,P <0.01;&5)

1.01 )
a 600 b 70 . c
08 c __500 d %l 60
3 3 50
£ S 400 E
5 06 £ 240
z 300 3
S 04 <§I: 200 % %
< 02 S 220
] 100 =10
0.0- 1 2 3 0 2 3 0 1 2 3

5. Profilin-1 siRNA F#i%t AGE 9+ 5 ADMA ICAM-1 ,NO 7KFEHIZMH (n =6) 1 MR, 2 S} AGE 4,3 4 AGE + Pro-
filin-1 T34, a N P<0.05,b K P<0.01, 5XMRALE ;¢ I P<0.05,d 2 P <0.01,5 AGE 4104,
Figure 5. The effect of profilin-1 siRNA on the levels of ADMA, ICAM-1 and NO mediated by AGE (n =6)

2.4 AGE 3% R 4 fe & 14 R A R0 IS R 24 TF 7 I8, AGE B 38 FE A R 847 AE ,
200 mg/L AGE AbFRPYEZ 40/ 24 h JRAUMIEDS AR RBHCI2” rT 4kl s i A iy ket
ARAFARAN KN, 25 £85I . 8, #2878 AGE B it DA 12 241 235 ) R ) T 52 A0 A2 W DR 9 148 g 7%

HANANML Y ROS /K (18 6), A pLNCX2-Profi-  ZAMIIASI IR . PN B2 408 7= A 10 46 1 4 I3 1 Al
lin-1 FORCHF A GFP THRSZIGZE R BORAT TG A FF s P 22 [a] 1 1 48 0 P e 40 B 2 6B T 0 1Y b
L ROS ZKSEAG I AR, — FLR 5 F o BT Ry R 440 D) BB B -
NO J&H— & L & A B (nitric oxide synthase, NOS)
1AL L-A5 2 B2 ( L-arginine , L-Arg) F2 LT 2k, L-Arg
FIZEIP T ADMA | &5 L-Arg 554+ P31 NOS
TEPE B> NO Az B, XFIR 1T NO 9 A ke 75 224
F o ATAESR KB B BFFTIE S ADMA ARAUJE N 2 1
REAS 4 0 s 5 TR, 02 0 I 48 9 0 1) A8 B TR
T T WoR  FERNEE SR Y B 41, AGE
A SN EBG, 0 NO B A= iR P Bz 5 — 4R Ak
R A (endothelial NOS, eNOS) % 12 15, 3 il

& 6. 200 mg/L AGE A2 A B2 48 f5 34 & 14 S Y R ICAM-1 Hy7K TS 45 T30 AGE #I15038 X%
I IRAL, 40 AGE 41, 22425 (alagebrium chloride) , AT 43| AGE X} P4 57

Figure 6. The change of ROS after treated by 200 mg/L

] ) M5 L RIS 45 SRR A 5T FR IR
AGE in endothelial cells

S AGE RSN AT 755 N Bz 40 M 35403 , 2 Bk P9 Bz 4
T ADMA ICAM-1 /KT, 9 2 A3 A1

3 % i NO (4= /b ROS Az BN
AP FR I 2 TR B S A W PR 2 M B I A ATEFAEEL 2 1977 4F 1 IRTE 2R N &k B —

AT K WIE R R RO BOE BB ERNA 12 ~ 15 kDa /N T E AR A 7E TR
Z— . IR BTSRRI K B R BN L A SRR A A A U B R
MK S AGE ULRU S ET S MR IER BRSPS X TFAHURRAE R0/, BRI
DIRED) M A 25 sk b A R R Rk P EEVERSA 4 R R, DR ATSR 4R A 1 A
FZLZTH AGE ZIRMZETE /> AGE WA, ¥ WRIRI Ik i AR UL 3h 3 1 5 2 R A
R EAPER . KRB SR, KR BRSNS, 540 i E e, RS g
BEELRL AT RE F IR P/ i A0 A, AT RESE, VP25 00 03 T R B R
B R BRI AGE £ B, AGE A& & 5K H (low density lipoprotein, LDL) A fb BUAIG %5 &
T HEE MR ARAR S A R B AEE 2 B8 (oxidized LDL, ox-LDL) AaUARAH [ | 145 5%
MR, XA B A R AR R, kR W] BRI AR AR 1 R, B8
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P A 2R s R g I O AP R 1 iR
IKA] L ICAM-1 2R3k 34 in P9 B 20 Jf 3 i 1 |, 175 &
PR B2 AR T, R 0 P R A0 B RS | 28 R AR A 1 4
flIE B0 s S PRI O BR AT AP 4R 2 1 1 PR FH AR X
SERF ST R AT R 4R 1 1 AT RESE A S 0 PN 2 46
Bz 5MEWRAEN LA, FEUoE BR AGE Fk
FRARHE =4 0 — 35 mT 5 | 7S N 12 400 e 2R WL 3 2
SR S o P N e O v A
| RN 1) 1E4 B4 s = W E et OF i k= < A = Wl
Bl A A RN T4 A R BN E AT R
TSR, ST, FROTE AR T AGE XN
B AN RTEF A2 1 1 Fak i sgmn , 45 5 R | e85 9%
R P B2 20, AN TRD 9 B Y AGE Ab B 2] (3% | 9
FILFAEER 1 EEIA , H A MR , e ooty
R s AGE Ab B S ] B o 30 40 A 2% A 21 4 &
H 1 EREA F WLh 8 A A d 2 A5 A, 200 A
BRI, FBON ARG, it — 25 IR AT
Yo 1 X —a R P A B UIVE L, AR A siR-
NA FHHA, THALF 4R 1 (95550 0 5
il AGE S Bt , 23 F AL 2
FURLA A, SE P B 40 NO 4 1%, 9di 2 AD-
MA ICAM-1 BY7KF, IR/NATEF4E S 1 £ AGE 4
S P B B R R B OGS VR (A — 2P
AT,

[&E k]

[ 1] Ceriello A. The emerging challenge in diabetes; the “meta-
bolic memory” [ J]. Vascul Pharmacol, 2012, 57 (5-6) :
133-138.

[2] Romeo GR, Kazlauskas A. Oxysterol and diabetes activate
STAT3, and control endothelial expression of profilin-1 via
OSBP1[J]. J Biol Chem, 2008, 283(15) : 9 595-605.

[3] Bouras G, Deftereos S, Tousoulis D, et al. Asymmetric
dimethylarginine (ADMA) ; a promising biomarker for car-
diovascular disease? [J]. Curr Top Med Chem, 2013, 13
(2) . 180-200.

[4] Cheng JF, Ni GH, Chen MF, et al. Involvement of profi-
lin-1 in angiotensin Il-induced vascular smooth muscle cell
proliferation [ J ]. Vascul Pharmacol, 2011, 55 (1-3):

3441.

(5] 8, sREERL, ERask, 55, SCHMERE R R BUiZH 2
W S HE AL 2 oK 7™ Wy | il 26 1T 3% PR BB T A g
ALUL T [T]. B 28 A, 2010, 12(6)
732-735.

(6] JURKR, HEGEH], 3 92, 55, POV HRERGS T IHLX
2 BUBEPRI KK/ Ta /] 55U T W6 30T 6 10 22K 7= WO 1l
RHEZEFREm (1], hEERZGE, 2012, 14
(2): 140-145.

[7] Soro-Paavonen A, Zhang WZ, Venardos K, et al. Ad-
vanced glycation end-products induce vascular dysfunction
via resistance to nitric oxide and suppression of endothelial
nitric oxide synthase [ J]. J Hypertens, 2010, 28 (4) .
780-788.

[8] Feng L., Zhu MM, Zhang MH, et al. N-epsilon-( carboxy-
methyl) lysine is unable to induce endothelial dysfunction
but is able to attenuate ages-induced endothelium damage
in human umbilical vein endothelial cells[ J]. Pharmazie,
2013, 68(4) : 251-256.

[9] Romeo GR, Moulton KS, Kazlauskas A. Attenuated ex-
pression of profilin-1 confers protection from atherosclerosis
in the LDL receptor null mouse[ J]. Circ Res, 2007, 101
(4): 357-367.

[10] Jin HY, Song B, Oudit GY, et al. ACE2 deficiency en-
hances angiotensin 1l-mediated aortic profilin-1 expres-
sion, inflammation and peroxynitrite production[ J]. PLoS
One, 2012, 7(6) : €38 502.

[11] Ding Z, Lambrechts A, Parepally M, et al. Silencing pro-
filin-1 inhibits endothelial cell proliferation, migration and
cord morphogenesis [ J]. J Cell Sci, 2006, 119 (19) .
4 127-137.

[12] Wang J, Liu H, Chen B, et al. RhoA/ROCK-dependent
moesin phosphorylation regulates AGE-induced endothelial
cellular response [ J ]. Cardiovasc Diabetol, 2012, 11
(1): 7.

[13] EH M, BB, 2558, 55, MR L= o iy
RhoA il ROCK 75 B Jk L5 P9 B 400 L F) 23 A 22 A
[J]. hEZKEEZE, 2010, 18(5) : 341-343.

[14] Sliman SM, Eubank TD, Kotha SR, et al. Hyperglycemic
oxoaldehyde, glyoxal, causes barrier dysfunction, cy-
toskeletal alterations, and inhibition of angiogenesis in
vascular endothelial cells: aminoguanidine protection[ J].
Mol Cell Biochem, 2010, 333(1-2): 9-26.

(S )





