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Abstract

Objective: To investigate the effect of ART on the expression of ICAM-1 and MMP-9 in vascular en-
dothelial cells under high glucose condition. Methods: Human Umbilical Vein Endothelial Cells
(HUVEC) were divided into glucose (G) group, 40 mmol/L G + ART (G40 + ART) group, mannitol (M)
control group, dimethyl sulfoxide (DMSO) control group. The concentration gradient of G group is
5.5 mmol/L G (G5.5), 25 mmol/L G (G25), 40 mmol/L G (G40); the concentration gradient of M
control group is 5.5 mmol/L G + 19.5 mmol/L M (M25), 5.5 mmol/L G + 34.5 mmol/L M (M40); the
concentration gradient of ART of G40 + ART group is G40 + 10 ug /ml ART (10A), G40 + 20 ug/ml
ART (20A), G40 + 40 ug/ml ART (40A); the volume of DMSO in the DMSO control group is the same
as it is in the 40A group. Western blot and cell immunofluorescence technique were used to detect
the protein expression of Intercellular adhesion molecule-1 (ICAM-1) and Matrix metalloproteinase-9
(MMP-9) in each group. Results: The protein expression of ICAM-1 and MMP-9 in G25 group was
higher than that in G5.5 group (P < 0.01), and it increased in G40 group compared with G25 group
(P < 0.01); the protein expression of ICAM-1 and MMP-9 in G25 group was higher than that of M25
group (P < 0.01), and it increased in G40 group compared with M40 (P < 0.01); the protein expres-
sion of ICAM-1 and MMP-9 of G40 + ART group was lower than that of G40 group, in which it was
lower in 20A group than that of 10A group (P < 0.01), and it was lower in 40A group compared
with 20A group (P < 0.01). The DMSO control group showed that the protein expression of ICAM-1
and MMP-9 in G40 + ART was lower than that of G40 + DMSO group (P < 0.01). Conclusion: The ex-
pression of ICAM-1 and MMP-9 protein was increased under high glucose condition in a concen-
tration-dependent manner. ART inhibited the expression of ICAM-1 and MMP-9 protein in vascu-
lar endothelial cells under high glucose condition in a concentration-dependent manner. This ex-
periment lays the foundation for further study of the changes of ICAM-1 and MMP-9 expression in
the mechanism of ART inhibiting retinal neovascularization and leakage.
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HE: FTARTSY HbE &1k F & N 240 BLICAM- LRTMMP-9R A IBL IR . i3 K AR EF ik N B2 i fig
(Human Umbilical Vein Endothelial Cells, HUVEC)/EASZI Xt %, 2 A &% (Glucose, G)4H. 40
mmol/L G + ART (G40 + ART)4, H Z & (Mannitol, M)%F 841, G40 + DMSO (DMSO)X B4, H$G
H ¥Rk B BE 4 245.5 mmol /L G(G5.5). 25 mmol/L G(G25). 40 mmol/L G(G40); MXRHAREE
“~5.5 mmol/L G + 19.5 mmol/L M(M25), 5.5 mmol/L G + 34.5 mmol/L M(M40), G40 + ARTAH ¥
WHEARTIK EEEE 4 NG440 + 10 ug/ml ART(10A). G40 + 20 ug/ml ART(20A). G40 + 40 ug/ml
ART(40A); DMSOX} R4+ DMSOHE 540AH H¥EEARTHT I DMSOAFAHE. K Western blot.
Sl S B TR OGR4 BRI & L4 L (B B PR 4 F-1(ICAM-1) . B &8 F HEE-9(MMP-9)E H R A H
M. ZR: 1) ICAM-1. MMP-9E A7 G254 G5.5HFZEFE (P < 0.01), EG404HBG25HFRIEF
B (P <0.01); ICAM-1. MMP-9%& H7£G40 + ARTHBG40HRE T, Hoh, 10A%HET G404 (P <
0.01), 20A4AMKT10A4 (P <0.01), 40AHKT20A4 (P <0.01). 2) ICAM-1. MMP-9F H7EG254
BM25HREFAF (P < 0.01); G40ABMA0AFREHAH (P < 0.01). 3) DMSOXT A E/RG40 + ART
#I1CAM-1. MMP-9% 5 &% /% T'DMSO4 (P < 0.01). £if: ICAM-1fIMMP-9%& HE B FE &t FRi&
Frm, BEAWRBEKRBM, ARTHI0H] 8 &4 T LB N EARICAM-1IMMP-9& AR E, HAF
WK, it — 5B FTARTH ) 30 P R 26 I T B RTS8 IR I Lk HH ICAM- 1 RTMMP-93R 1A 244 B8
SE A

X in
HHEEEE, ARMENST-1, BREREER-9, MENRAM, BRRE DM EREE
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1. 5|8
TE 5 R 9% S BRI S 36 5% i FF, DR I TLHA[1], 7R 4Bk T /R 4R 8 5 0 1 6 5 (R 2]
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DR (¥ RARFAE 2 L @B PRI N, SO R i, L 38 A B BE K i [3]. ART & — KB AL hie
2y, RO 7 HYUMRER, i BLE R s i A AR AR SR T 1 ORE [4]
ART B A HH L PR A0 B Gl ST A% R0 Jes T R A R A0 R R e A 280400 1) e 89 i 8 110
TE AN ER[5]0 BRI H TR BT ART A8 300 il 40 X LB A 1L (N V) I A2 KB IR [6] 0 8 A2 1L T2 i 7 3
B B 240 B )RS B 70 7 - 1(ICAML) A 26 i 4 8 B8 B -9(MMP-9) 2 X B 22 . 15, MMP-9 1] DLR% fif 41 i
HNEEST, D9 AR U TR B AT S 25 AF (7], DR B3 50 K IMLE 16 52 11 I PRUE S W, ofin 48 99 i o
B2 i V5 R 5 B0E BEAK M 0 32 B AL, MMP-9 Rl {2k & 1B E 3G n[8]. Ik, ICAM-1 1£ (41
Fi 5 00 A P R ARG B [O] [10], S BANMAPHZE11], SEN G mstT-[12], i S
R A 248 1“6 T VBV AR T A L TR R [13] [14]. BRBY BOER X DR A8 A U T RS I 1) 2 2067 F
BOAPU VEGE WRYT, (HE, B4ifii VEGF iGJ7 B — & RRYE, WHt VEGF 958 fi e — . i
Fio DR, FRATT TR B B A ME T ) A>T AL B 2R T R A, N — R RS 2R AL T
KA RIERITER 259, CLTBE FYE 7 X MR . 2 AT 7e R W, 7 & 3EES (Artesunate, ART) A JH
Tk 22 B SRR Y R A LA T RS U, AR SEER N ART Ab 3 ks 6 {4 HUVEC, J£H] Western
blot. 2l %% ALl ICAM-1. MMP-9 2 HRIEENL, #RIT ART X bl 4% 4 T L8 A 5 48 A
ICAM-1 Fl MMP-9 A FI52 1 , 3tk — 0 AF 78 ART 90 R0 199 653807 2 1 %5 T BRSO L Hh ICAM-1
H1 MMP-9 35538 4k 35 5E B il .

2. INERE
2.1. M8

2.1.1. RS KRR
HUVEC-C(®{'5: ZQ0446, #Hs: 5 x 10° cells/vial) KT _EilEd 7oA AR A TR A

2.1.2. EERHF

DMEM {9 5 75 (+F [H Solarbio), DMEM % 73 (h [ Solarbio), 4 Ifi% (35 HyClone),
TR R IR G (100X) (1 E Solarbio), 0.25% % 8 FIBH A (T Solarbio), — HIE:EHA(SEH Sigma),
HB N MMP-9 ik (FLE Abcam), i N ICAM-1 HifE(FEE Abcam), it N GAPDH #Hifk(+H
Elabscience), “EHif Western blot —Fi( [E Elabscience), 4157t (7 E Elabscience), WB &
—PPIRBRCGEE 1), YOLPUARREER(TE Solarbio).

2.1.3. FENFRHF

W TAEG(PE BMLZRBRESEREGIRAF), CO, HIEE 7246 (8 E Heraeus), f3E & Me5(H
A OLYMPUS), 8 %t EMEi(HA OLYMPUS), £ IhfgM& R4 GEE Vilber), (K & & OHL
(P E JE R EARAE R B LALA R A D), & SRR & 5O HL(E E Sigma), BT KF(32E METTLER
TOLEDO).

22. FE

2.2.1. IS
FHEAFE NI HUVEC &7, IIANE 10% FBS FEHE(5.5 mmol/L i & #%) DMEM 15 7%, %40
RN 1 x 10°/mL, PAEEI 4 ml 80T 25 em® 559590, T 37°C. 5% CO, fHIRIG TR IHIR 5 9% .

2.2.2. Western Blotting %l ICAM-1 1 MMP-9 & B RIA
KH SDS-PAGE #A7HE HRENIE 34T, HEEFFEME SXSDS-PAGE & H FEFEG % Ll (4:1)
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B, IEEMEE ST &, B 10%75 B, S%IRGREET k. #EA¥%® 2 PVDF I F, HECH]
LF IR J AT BEL IR FSE b RS et 5 5 A i ARt A MMP-9 Bt (32 [H Abcam), i A ICAM-1 $ifk
(JelE Abcam)BEAT —HiF A, MBI GAPDH Hiik(*h[E Elabscience)(F NN SR 5 L BT
Western blot —#i(*1[H Elabscience)# 1T —$HiiF F . H ECL KOG B AR 7 Hr i w5 T Image
TR Bt 2R A BEARL, ¥ 2% H B3 K BEAE 5 N 2 GAPDH 2617 K A 2 FUATE iz 8 1 B AR XS R0k
T, BHE SRR AEE R G ST

2.2.3. HiERERIE N ICAM-1 F1 MMP-9 EHRIE

PR S50 75 B TC B 2 B A BT 24 FLARIG 12 FLEK 10 LA . % HUVEC LA 1 x 10°/ml {2 B3 fh T
MY B 3TCHEFE 24 ho AR JE LB, H PBS VE¥k, 4%% RHEER E 10 4380, JEEEIRTH 0.1%
Triton X 100 J8iE 1 7380 BAUITESH 10%3 1 FH IEE 1 2E 1% PBS 3 1 /M. APt ICAM-1
FOEHUAGEE Abcam)TE 4 CHFE LR, AN R —FLA I —H/E R A HT I . B 2E P s s —Hi(h E
Elabscience)fE = NI HE 1 /M. i DAPI £ 4% 10 min. ff FHPTOE G RE 03 7o vldt B, @i oAy
o 200 i IO RABE M SR TR A R

2.3. G EAE

iZH SPSS 17.0 X HEIAT Gt 50071, S BHE L Shapiro-Wilk ¥ 363 2 IE& 4346, B DA%
PREZR IR, PEEE 2 RILLBCR A ¢ 15, L P<0.01 3 P<0.05 NEFEH S5 L.

3. &R

3.1. 5% HUVEC ICAM-1 #1 MMP-9 ZERRIANFEWE ART WEHESEHET HUVEC
ICAM-1 1 MMP-9 B FRiXHIE20

M G5.5, G25, G40 [MEFFRMALEESHML, 12 Western blot. 4 Al 6% % 64 Il ICAM-1.
MMP-9 HFHRiE . 4R KA ICAM-1. MMP-9 & H/E G25 H#% G5.5 HRiEF =, H G40 45 G25
HEETE, ZRALGI#E L (t=4.796. 17.31. 3.430, 2.987, ¥4 P<0.01). B F 10 A, 20 A,
40 A =Fh 25 Wik 5 6T 40 M i AT A0 FE, 35 Al Western blot. 411 % 7% % Y Al ICAM-1. MMP-9 & H
Rik, HHEFEY ICAM-1. MMP-9 E A7E G40 + ART 48 G40 HEIE T, b, 10 A 4K T
G40 4, ZRARITHEE X (t = 3.846. 8.887, 4 P <0.01), 20A 4K 10A 4, ZERAGRITH¥E
X (t=6.536+ 5.329, P<0.01), 40 AHMT 20 A4, ZERERITHE L (t=6.169, 3.947, P<0.01)
(& 1A~ 1D).

3.2. BBIEEN HUVEC ICAM-1, MMP-9 B FRiAR 00

XFF M GHHREE, A Western blot. 41 4 2% Al HUVEC ICAM-1. MMP-9 25 [ RIEE I, 45
RIER ICAM-1. MMP-9 &5 A FIA7E G25 4% M25 RiATHE, G40 A M40 HEiETHE, ZRER
it g L (t=11.84. 3.845. 8.803. 15.30, ¥4 P<0.01) (W& 2A~4 2D).

3.3. Ji—45FEA ART XM=& H T HUVEC ICAM-1,MMP-9 B FAH20, i E DMSO
DMSO X HEZHH DMSO H &5 40A 4 f# ART JifFH DMSO 1A F3AH[A], % FH Western blot. 4/

G g% 9L ICAM-1.MMP-9 2 [ 3RI%, 45 R B8 G40 + ART 41 ICAM-1.MMP-9 & [ R IA{K T DMSO
H(t=15.997. 10.31. 21.43. 3.378. 8.229. 18.19, ¥4 P <0.01) (Wi 3A~[E 3D),
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Figure 1. A, B, C, D The results of Western blot and cell Immunofluorescence showed that the expression of HUVEC
ICAM-1 and MMP-9 increased under high glucose condition in a concentration-dependent manner. ART inhibits the expres-
sion of HUCAMC ICAMI1 and MMP-9 proteins under high glucose conditions in a concentration-dependent manner.
(*indicates P < 0.01 compared with G5.5 group; **indicates P < 0.01 compared with G25 group, # indicates P < 0.01 com-
pared with G40 group, ##indicates P < 0.01 compared with 10A group, ####indicates P < 0.01 compared with 20A group)

B 1.A. B\ C. D Western blot. RARZERNLERER HUVEC ICAM-1. MMP-9 ESHREEH T RIAAS, HAS
RERENE; ART ATHIEISHES M T HUVEC ICAMI, MMP-9 EARIA, BEBREKRBIECRTRS G5.5 gtk
P <0.01; **&RRx5 G25 LAMEEL P <0.01, #5RR<5 G40 #HEL P <0.01, ##3R/"5 10A HHELL P < 0.01, ####3R <5 20A

2HFHLE P <0.01)
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Figure 2. A, B, C, D Western blot and cell Immunofluorescence showed that high osmotic pressure had no significant effect
on ICAM-1 and MMP-9 protein expression. (*indicates P < 0.01 compared with G25, **indicates P < 0.01 compared with
G40)

[ 2. A\ B\ C. D Western blot, iR ZRALEREREZEEX ICAM-1, MMP-9 EERIALEEFIT. (*RKR
5 G25 Atk P <0.01, **3R/R5 G40 #8Ek P <0.01)

4. Wit
ABF ALK FAESE T ICAM-1 A1 MMP-9 %5 [ 76 i 24 1 T 265 T i, HLELAT I et ART

AT R AR TR I P R 4 ICAM-1 F1 MMP-9 & [ I5RL, B B AU R
A R R 22 AR 38 BH JOREFE DR B IRALH] R EZ/ER, DR 45 TR 1P JORE M 15],

v MMP-9
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Figure 3. A, B, C, D Western blot and cell Immunofluorescence showed that the expression of ICAM-1 and MMP-9 in ART
group was significantly lower than that in DMSO group. (*indicates P < 0.01 compared with the 10 A, 20 A, and 40 A
groups)

3.A. B\ C. D Western blot, ARG ERNERET ART A ICAM-1. MMP-9 EERIZZERXT DMSO H(*&
TS5 10A. 20A. 40 A ¢AFEEEJ P <0.01)

7E DR AR I R TP AR 2 R a0 R 7 4 SRRG B BN 16], F 20 B 2 ORE I A 1) 32 220 BB 43171,
P R AR IR IA 1) ICAM-1 AMXAT LA 48 M5 9 B2 R ARG B, T ELAE A D0 B B A A 1T 7 i
PE R 5T o R AR (18] [19] [20], AT 5 3 A0 D0 5 6 4 I /6 J v 3 R 7 AR I T B[ 13] [14] .
MMP-9 A {2 FTA RS [21], AU S AL AR, 40 M SR8 T2 H ZUAb A %[ 22] .

UEAh, DROGHAIME A BB BO G R A BRI B AR, N B AN R R A5, B S B0 I T R
X i 2R P S R R B 0 A2 L R 4 J AR I IR 5[ 17] . MMP-9 2 55 5 4 J 2 1 8 5 iR IR A B (23]
TR B B RN [24], FEMAEANME LR, B0 3R 4 A R 0 — 34 [ 7], X2
P B AR AR A BT JE 5T P BB AR BRI i 0 0 25 AF (8] T H., MMP-9 RIFEfi# BRB PN B2 21 i 55 35 i 4%
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wHEAS, WINEBRE24].

TF 783 B b 460 1 I 55 P 2 41 K2 DR 3% ICAM-1. MMIP-9 Rk FH[8] [25] [26] [27], Hif
BN B G ICAM-1 T i S 78 2 B R P AR P [ 28], A SR 45 55 2 AW 7L 45 B — 3, oAb, ARSLigic
HE—IE B BE A R R T, A A B 40 MMIP-9 ik £l T, 4R 5 e B ok F52 W] R in 2
R PR 975 1 AU R 5 T L FE R . AWEFCLE BB R ART wl 4] bl 2 F B I N 41 ICAM-1, MMP-9
Fik, HHEIIKRERBM. ART i8id Nl VEGFR2, PKCa F1 PDGFR 232 e 1] G T 5 AR 94
T A I, T AR T I BB 6] A S8 A ART IR 0 B30 2 108 (0 0 RIS R AL 17 3 A
FHEE AR S HF . BRI B MY ICAM-1 7KF&, i HH /A& CD11a/CD18 #1 CD11b/CD18 7K
WIGAN[29]. FEWT ICAM-1 8L CD18 HIZRIAIHTS 1 W PRI 20140 1 R0 o0 e 1L v 1) 1 4 MRy« P B2 4 A
TR B IR[30]. 7ERFR ICAM-1 A1 CD18 JE[AI [ DR /) FRUBE T mp 408 o3 FEE 0L /65 il B (40 11 &40 e 25 s o D
I N Rz A0 A5 1 25 DR/, L — A0 A IS A DA PR, 00 IO I 1. 5 2 0 3 5 SR R [ 16 o i 10 il
MMP-9 F 375 14 R P 1) 7 s 2 I T2 B 5 (-7 BRB ZhAE I 58 Bk, Jal /0 400 R0 B I VB I [3 1] [32]. AL,
LEAARIGEA AP AR LS R, ICAM-1. MMP-9 A8 ART J6377 DR ETERIGL A&, I RIERTT
EH .

DR KRR, I P R 20 i AR K DR (VEGF) AR A5 3 A I A2 BE /K 70 A 1 32 221K -1 [33], 1H
2, el P EE RAEEM, 1 ICAM-1. MMP-9, HMGB-1 [34][35] [36], TNFa[37] [38]%,
tt, VEGF JEAEBHE M T RAS IR IME— R 2K B BTER B AR A K s BEK M itya 97 £ 28 %1 VEGF
IR o Bt VEGF 294 nT $fil AE A T s, HE3e T3 B /K i A3 R 71(33] [39]. (HJ2, $i
VEGF /) AAE— € R TE, PR i%E[40], 2990 R Rpsemt e, @ldn, HEo vz S B Bk bt e
B3 H B A s v S AAE R 25 W0AE IR N AL ZR IR TT 7K [41]; 3B —, {UAELL VEGF F-2eir Y ya 74
&, X Aflibercept A1 Conbercept REZNZF LG EL A R ATRITHE R[40]; EZMZE, RADT 50%H)
G B2 PT VEGF IRTT I3RS JI IR TH[42] [43] [44] [45] - WF 7T 0 P88 425 il IR 7] FAAIC DR B0 % [46],
R PR 4R 15 KPR R AR, AR R RAATRER), 7 BRI R & 14 T ML % B B 29597
BE R DTS AR T XA o T ART 7] LU T VEGFR2, PKCa, PDGFR =AM i 11l 40 X FE
B L R A R R ANETR, 23 R [RHCIE 6 N H (6] 111 H AR S 56 75 40 B 7K ~F-iE B} ICAM-1.MMP-9
AIYEN ART BANHTERINL e b4, ART M SZVERRUF[47], 7 8 2% SOAT AR M H0HT A i AR FH IR BE AR
MR TIESR ST FIE T 702 —[48], EIERFNIE(10 mg/L)4 & KIAR H A4~ A Ao EIEH [46]
[49] [50] [51] [52][53], EAlk, ART RiA T DR BYF ARG VA T RO AT RE .

B, ASZISE AR AR ICAM-1 Al MMP-9 ()7} 80 AT 480 40 B i B AR sk, AR 3E 2 R I 72 7
—SEFEE LI DR B BRI M s A, ART RI4M SrbE 26 4 A Py 4 ICAM-1 Al
MMP-9 £ R E, HEFREMKEM, ICAM-1 f1 MMP-9 [ #:/EN ART #6897 DROFHERN &, NI
BRI DR BIHT AL 259 e ART 040 W9 S8 A= 1L T RORTZ IR BIATLA] HH ICAM-1 FT MMP-9 SRiA 431k, |
RINILHE ZIETEIRIT I E SR AEHS Bh o (02, A SEIGAUR R T-40H /K7 ART % ICAM-1 I MMP-9 [1]54,
X T ART FHIAR 0 JEH 2B I8 T s RS IR AL o ICAM-1 I MMP-9 Rk A0 A 5 it — B S ib w7t .

EHEWH

IR BARRIERE S (YRS : ZR2018BHO13).,

SE
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