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F 3% ¥ ARPE-19 Fil HUVEC 4 g 75 & A ) e 2 78 255 b
(5.5.25.50.75.100 mmol/L) G F 3 h 1 3% 48 h J5 6 i
TR LS AN BT S s CCK—8 A4S T 4% 2L 200 JH 3% 2 5 W7k K
91 L AR A 25 2E 40 L 1) R 1 7K F- 5 Western: Blot 6 U 241 fifg
Bel-2 il SIRT6 Fik/KF-, ¥ ARPE-19/HUVEC ZH 28
50 mmol/L #j ML FR S , 557 48 h, R G ey (o
R SIRTG6 A [ 1) S 4H i 22 437 S 235 7K - 5 oy BUH [] Ak 34
FIZR I, B g AR I (] (0.6 .12 .24 36 .48 .72 h) , Western
Blot K634 ifs SIRT6 & 14 i [a] () 28 Ak #a . A48 SIRT6
iF A ARPE-19/HUVEC Fa 5% 4 il 2 , Western Blot ¥
W SIRT6 3t 3 1k XF /& % (50 mmol/L 4 %5 4 ) 1 11 1Y
ARPE-19/HUVEC Hh 4 %5 #5545 12 8 1 Rk KPRy 5200
L8R .5 5.5 mmol/L AWM LL , B 25 5 45 Bk 2 1Y 3%
i, ARPE- 19/HUVEC 41l g /Y 0 s 20, 16 7 8 35 B AIG
(¥ P<0.01) , H. SIRT6 £ 431k K i F AR (P<0.05) ,
VA ) 7K S-S e AR e R s B A4 (2 P<0.05) , [F)
BF, 5 5 A B R T, B IR Bel -2 BRI R IK (P<
0.05), REEFICY RN, mALHL 48 h J5 SIRT6 2 H
FBLE A T ANMIAZ , P A 2 [ 45 A R %, 48 5 b
(50 mmol/L F %54 ) 1% 27 N [R I (8] J & B0 1) ] g 1
TRAERAE ARPE-19/HUVEC 4ii g SIRT6 #E £k, &
G PE S I Western Blot K il SIRT6 i %35 ARPE-19/
HUVEC F&%5 20 My 22 DI #4 &, Western Blot 45 543 M7 i
7~ ,5 HG+LV-con 4140 It , HG+LV -SIRT6 41 ARPE-19
Yiffarh GLUT1 5 GLUT4 RRIX Y TCI i 22 %, GLUT3 %
ETHE (P<0.05) ;5 HG+LV-con #HAH It , HG+LV -SIRT6
20 HUVEC 4 ff2 b GLUT1 B9 3R i5 TGl e 22 =%, GLUT3 |
GLUT4 FRik Tt (P<0.05) .
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Abstract

¢ AIM. To investigate the effects of high-concentration
dglucose on the cell viability of retinal pigment
epithelialcells ( ARPE - 19 )/ human umbilical vein
endothelial cells ( HUVEC) cells, as well as on the
expression levels of sirtuin 6 (SIRT6).

e METHODS : ARPE-19 and HUVEC cells were cultured for
48 h in media containing various glucose concentrations
(5.5, 25, 50, 75, 100 mmol/L) and cellular morphology
was observed under an optical microscope. Cell viability
was assessed using the CCK-8 assay. Flow cytometry was
utilized to evaluate apoptosis levels, and Western blot
analysis was conducted to measure the expression of
Bcl-2 and SIRT6. ARPE-19/HUVEC cells were treated with
50 mmol/L glucose for 48 h, after which
immunofluorescence staining was performed to determine
the subcellular localization and expression level of SIRT6
protein. In parallel, cells receiving the same treatment
were harvested at different time points (0, 6, 12, 24, 36,
48, and 72 h) , and the temporal changes in SIRT6 protein
expression were assessed by Western blot analysis. SIRT6
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overexpressing stable ARPE - 19/HUVEC cell lines were
constructed. Western blot was performed to detect the
effects of SIRT6 overexpression on the expression levels
of glucose transporters in ARPE-19/HUVEC cells treated
with high glucose (50 mmol/L glucose).

e RESULTS: Compared with the 5.5 mmol/L glucose
group, cell number was decreased and cell viability was
significantly reduced in ARPE19/HUVEC cells with
increasing glucose concentrations (all P < 0. 01).
Meanwhile, the protein expression level of SIRT6 was
markedly downregulated ( P<0.05). Such inhibitory effects
exhibited both concentration - and time - dependent
patterns (all P<0.05). Furthermore, high glucose induced
cell apoptosis and downregulated the protein expression
of Bel-2( P<0.05). Immunofluorescence staining revealed
that SIRT6 protein was predominantly localized in the
nucleus after 48 h of high - glucose treatment,
accompanied by pyknosis and nuclear fragmentation.
After incubation with highg-Ilucose medium (50 mmol/L
glucose) for different durations, long-term high-glucose
intervention was found to reduce SIRT6 protein expression
in ARPE19/HUVEC cells. Successful construction of the
SIRT6- overexpressing stable ARPE -19/HUVEC cell lines
was confirmed via immunofluorescence and Western
blotting. Western blot analysis revealed that, compared
with the HG + LV - con group, the HG+ LV - SIRT6 group
exhibited no significant differences in GLUT1 or GLUT4
expression in ARPE-19 cells, whereas GLUT3 expression
was elevated (P<0.05). Compared with the HG+LV-con
group, the HG + LV - SIRT6 group showed no significant
change in GLUT1 expression, while GLUT3 and GLUT4
levels were increased (both P<0.05).

e CONCLUSION  High-concentration glucose-reduce the
proliferative activity of ARPE - 19/HUVEC cells, induce
apoptosis, and downregulate SIRT6 expression. SIRT6
may alleviate high glucose-induced retinal cell damage by
promoting the expression of glucose transporters.

e KEYWORDS: high - concentration glucose; retinal
pigment epithelial cells; human umbilical vein endothelial
cells;sirtuin 6 (SIRT6)
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1.2.1 dfEiEs MR A Y ARPE-19 F1 HUVEC 41 i
WG HEATE 5, BRP T5 10% FBS H1 1% ML) DMEM 1%
W (AR EE R 5.5 mmol/L) 52 &K e b BT &
5% CO, .37 CHEFRM P 3E, 24 h 5 WY 4 K
PR, B B 0 B 37 3 R AN MUK 2 80% KRR IS 1L,
¥ 1:3 LR R 5%

1.22 fasr4A K E MEE R0 ARPE-19 fl HUVEC 4
JBLL 5%10° cells/mL 370 T 96 fLAR 1, B5 5= MG BE 24 h 5
PBS Uk 3 i, 15 B A [ 8 A B B R 5 50 mmol/ L i 4
WET 1R A [R) I () A5 BE A2 20 . 4 2 W vk R BE 1 9. 4
WA E 5.5.25.50 75,100 mmol/L 24 i) DMEM %
FEFERTHR,5.5 mmol/L AW IO BS 241 ifd A BEBERIB VR B 1
2 4 DNEG AL, T 48 hy B 2 Bsf () A 3T 0 Ao (i)
FEALRE 0.6.12 .24 36 .48 .72 h TT434H, A 550 mmol/L
IR DMEM JE 3588555 Al 4 1 EHE L,

1.2.3 CCK-8 #iMl4aRaiE S BUH AR (5.5.25.50,
75,100 mmol/L) #Zj K115 48 h J5 A ARPE-19/HUVEC
A, FEFLAINA 10 wl CCK-8 371,37 CHEFRMMEE 2 h
J&i , B AR AU AE 450 nm K0 22 45 LAY O EE (OD)
H, MR 4 ANEEFLEE, LRES 3K,

124 RAARRARKENARREREEEHEST ARPE-19/
HUVEC 4R A T-RI&m  BUHAFME (5.5.25.50.75,
100 mmol/L) 2515 T 71 48 h J5 # ARPE-19/HUVEC 4fl
M, AN EDTA ()RR HEA T 7 4k, i o n i B,
PBS k¥ 4 i 2 W, R AT g /S PBS, A 500 pL
Binding Buffer 77 4l il , ¥ & 24 4 1x10° cells/mL, £ 40
MR FEW TN 5 L AnnexinV-FITC, #5825, N A
5 pL Propidium lodide 5481R 2], =i G N 8 min, I
%A ARSI

1.2.5 Western Blot #ill SIRT6 5 Bcl-2 EAMFRIE Ik
LA A AN, AR U R I e E A EA R, B
AR IEAT SDS-PAGE HiJK ,300 mA HLIEH 60 min, &
BT, H 10% Wi s 03 83 £ 11 2 h, TBST YEIE 3 Ik,
4 CWEE —H0 (SIRT6 1:1 000, Bel-2 1:1 000, B —actin
1:5000) 3172 , % H —$H0 (5 =40 1:8 000) FF & 90 min, JH]
Image Lab &M BUG EG 50#T R 40 0 B IF RAEEMR ,
Image J FPFXTEE (AT I EEAEIEA T8E 1 00T K 4521 B 18R
P28 8 1K B (BLSR LA N 2 I ABEA AR b i i i Ak
1.2.6 B£EW W NS #EX ARPE - 19/HUVEC 40 A
SIRT6 EEEMMEBIEMZIE 7ESHIEH M 6 fLi+
BFh & 8x10* 4 ARPE-19/HUVEC 4 MU 19 3% 352 5L, & ot
24 hIEFEMGBERE 2 J5 K A0 HL 5 R NC 41 (5.5 mmol/L
A BB FE RN TR ) R HG 4H (50 mmol/L 7 %5 bl 1 55
FLALEL) . TSR 48 h JEEUGHANRIE H, i F £ R B ik
TEZ IR E 2 30 min, TritonX—100 B 20 min , 1 2F 1fi 775 &t
F] 30 min, SIRT6 £ 5 FEPLIA (1:200 FikE) —H1 4 CHFH
W, P E 1 h, DAPL X401 AZ Ye B8 A, TR ab B
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F1 B 5 57 AR B
1.2.7 #3% SIRT6 5T & iEA) ARPE-19/HUVEC %4 %% 40 ff1
& ¥ ARPE-19/HUVEC 4l i 18 5.0x 10* 4~/ FL4EFh7E
6 FLAR H, 2 2 3R AH (LV —con) Fll SIRT6 1t 3 ik 4H
(LV=SIRT6) . 24 h J&5, M 6 fLAR, 5 L %5, PBS 15 U
2 0%, MR HE B AR R = MOT x J8& e 41 Mo %/ 35 0 B
(HUVEC f#) MOI=20 ARPE-19 () MOI =30) 15 1 440
Y I TR #EAR BRI, Z 5 &AL Hi Trans GP ( J&&
YLR SR U ) 40 WL, I AR DMEM 5 4 85 38 3L 4 58 &2
1 mL, 72 h &, 26 b iU ss W8 Jdk Je 24 % 3k 2] 80% LA
R R E AT 2 we/ mLIE NS B 2 AR S e B R 3
H 02 8 SEA TR 117 4 B, 7 35 H 0 e e 5 75 110 440 e,
PR Yy SIRT6 1) 25 4% M ad 3 3K 9% 7 1) ARPE - 19/
HUVEC 40153 B3R T10 emB5 38 ML | £5 40 e 00k B 15 35
24 h &, LA PBS VU =K, Bl G B 7% 50 mmol/L %
00 1 R 1 7 i A B 48 h, &5 oS AR A DL &
1.2.8 Western Blot #:illiZ &% SIRT6 XI5 #E T T 41 A8
NEEREFIZEARENEmM WESHAREHNER
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AR SRR e A, A E R S LR AT
SDS-PAGE Hiik ,300 mA HLF R 60 min, FiR &AM,
FH 10% Wi Ne 058y £ 51 2 h, TBST Ve 3 ¥k ,4 CIEH —Pi
1 (SIRT6 1:1 000, GLUTL 1:3 000, GLUT3 1:4 000,
GIUT4 1:2 000) , & H %1 (% =%t 1:8 000, B =Pt
1:10 000) %7 90 min, J Image Lab %8¢ A% S 5317 %
G A I RAEREL . H ] Image J 010 2R 1 4570 K (B
AT 00T, B 4521 B 8 Rk KB EBR AN S
TR PEAEIEA T AR ek i f ik

Gi 25430 . R A SPSS 20.0 Gi 122 45k %t B a4 7
AL TR DA R R 22 KR, 2 L] FL R A
HZE 24381 (One—way ANOVA) | & EAK 2 FH Gt
B, 252K Dunnett R556 , F XF B4 5 45 525640 49 )
AT HORR . P ST A B R ST FEAS ¢ K56, DL P<
0.05 MEFALI¥E L,
2R
2.1 5¥Ext ARPE-19/HUVEC RIS A G RIS %
ARPE-19 J HUVEC 4l fifd % 5% F /S [5) e 5 6 5 17%) ) 7 ¥
Regr b, PSR , 705 40 i 5k B I 7 25 0 vk 1 1 T
s>, CCK-8 35 52 00 25 S 01, £ o 48] 4 W ok I
Jt, ARPE - 19 J HUVEC 4i jfg 3% 5 1% ¥ F B, ME T
5.5 mmol/L# %4 # 4k P 2H | 25 mmol/L 4 % Kl b ¥ 4H
ARPE-19 } HUVEC 40l 3G PR WEit# 27 (¥ P>
0.05) ;50,75 100 mmol,/ L #j %5 15 &b BB ZH i) 40 i 15 P 2 &
TR ZRASIFE L (¥ P<0.01) LR 1, K 1,
S0 T A B A v VR R 1 R 25 RE U2 4 ) ARPE - 19/
HUVEC 4ii il (34 5H RE
22 A 4 RE K AR R E S E X ARPE-19/
HUVEC i e AT XM &Em ZRExR BT
5.5 mmol/ LA Z M B 4H | 25 mmol/L %5 25 B Ak 3 4H 1) IH
ToRAART TF B 22 R IEGHF X() P>0.05) ;1
50,75 .100 mmol/L 7 7 4 kb B 2H wb | Wi R 20 i () O T 3R
85 5.5 mmol/ L ) 25 M b BRAH BH 004 5, 252 A Ge i
B (¥ P<0.05), W2, 2, RN E#EGHESE
5 ARPE-19/HUVEC 48 p T,
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5.5 mmol/L 25 mmol/L
B
C 1.57 D 1.57
R
W R
= 1.07 g 1.0
= =
=2 ]
5 O
& 0.57 < 0.5+
1 o]
< T
- 0.0-
a0 55 25 50 75 100

il % v B (mmol /L)

BEIES
vs 5.5 mmol/L 2H

F1 TREREFEETHESARBIGEEEILR xES

Gikariadcs ARPE-19 41 HUVEC 4ifif
(mmol/L) BB G WAAE TG ME
5.5 1.00+0.03 1.00+0.07
25 1.07+0.12 1.04+0.07
50 0.74+0.01" 0.67+0.04"
75 0.66+0.01" 0.46+0.06"
100 0.64+0.03" 0.41+0.02"
F 46.080 128.100

P <0.001 <0.001

¥ ."P<0.01 vs 5.5 mmol/L 4H .

®2 ARAREFEETHRESHMAMBATELE (X+s5,%)

AT A5 e ARPE-19 ZH i HUVEC 4l
(mmol/L) TR FT-%
5.5 17.62£1.30 25.50+1.21
25 24.46£5.15 34.90+7.68
50 29.87+0.81° 42.13+8.86"
75 34.47+5.56" 46.55+4.48"
100 36.87+6.22" 69.10+2.25"
F 9.219 32.470

P 0.002 <0.001

1 .*P<0.05,"P<0.01 vs 5.5 mmol/L 4,

2.3 RNEREEE X ARPE-19/HUVEC 4AAf Bel-2 &
BHRIZZM  Western Blot 44T 7, Fifi 25 48 25 0 -+ 7
WeFE ) h 34  ARPE-19 2 HUVEC #iiiiid Bel-2 F %35
KPR TRE#ESY 5 5.5 mmol/L 4G Bl AL HEZH AH %, 7F

75 mmol/L 100 mmol/L

i

55 25 50 75 100
AT B K
E1 ZARREEEELIE 48 h I ARPE-19/HUVEC BIZEME A ARPE-19 4% % B i IE
&l C. ARPE-19 47 [ e B2 A A 0 v i B 5 6 7 s D . HUVEC éﬂiﬂ@f?ﬂz&ﬁ%ﬁﬁ*ﬂﬁiﬁ%(ﬁ@ 'P<0.01

(mmol/L)

A& ;B. HUVEC 40002

25 mmol/L H & FEAL L4/ T, ARPE-19 5 HUVEC 41
W Bel-2 S FMRBKTBA TR, HESTRIT2EE X
(¥ P>0.05) ; >4 1 % b v BE T+ 2 50,75 ,100 mmol/L K,
PR 20 A R SR 2 B B R AR, B2 R A St
FE (¥ P<0.05), L33, K 3,

2.4 BE¥ER EREE Xt ARPE-19/HUVEC 4lBf SIRT6 &
BHRIEMZM  Western Blot SEU6 45 F W 7R | £F bifi 1 45 B
QOB BE A0 THE , ARPE-19 }2 HUVEC 41 fifl 4 SIRT6
HEAWRIEKCEE 2 TREES 5 5.5 mmol/L i 4 ¥ b
PRZAHHE , 25 mmol/ L 7 % B 4b #E 41 v 5 F 248 ¥ SIRT6
B FRIBEA L, (H2ZE R L5 2= (3 P>0.05) 5
T 224 46 A B B 4 9+ 2 50,75, 100 mmol/L A, | ik P
Tl 240 B P32 5 1 A S TR AL 5.5 mmol/ L 7 26 A Ak 3 4 £
MR T, ZREBEA% 28 X (¥ P<0.05) , 0L
x4 K4,

2.5 S #EXt ARPE-19/HUVEC 4 Al SIRT6 T {ir #1514 B9
2 RETREIRSER 50 mmol/L #j M EH T BEFT
ﬂAmm19ﬁmmm%w¢$MBﬁam%¢m¥

P AR I IZ R BEAE N IS S i T s A RORE . &

CRND S IS @VM&%SM%EEE%EH?%%@E
W, 5 NC AAMHE, HG A P2 ai e iy SIRT6 ik /K-
B0 R H ($ P<0.05) | IR AT UL 535 A 200 S A% [ 4 R
RE AR R 5 | 5,

26 5 #E&JE?F [ Bt 4 Xt ARPE - 19/HUVEC 48 ffl Fh
SIRT6 EERIZMEM I ARPE-19 5 HUVEC 4114y
SIBEALRI 5B 6 2, 43 3 H 5 50 mmol/ L 5 25 1% Y 1% 57 3
REFH0.6.12 24 36 .48 72 h, Western Blot 45 % i 7, 75
A ) e FE v BRI 25 F T I Ak LS ] %) E K, 79 b 40 i
N SIRT6 5 [ R K A . UL O h AbFHZH %t e,
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IKTHE ERAE G E L (P<0.05) , WLk 7, F 8, R
it 23k SIRT6 Al {2 ik =i s 75 1 ARPE-19 20 i 3 434
) e S LB S AN T &3 Y AW - I

2.9 ¥J% SIRT6 T Rk HUVEC AR  2¢)% W iks
WML 7R, LV -SIRT6 18 5% 7% X} HUVEC 41 ifg () B e 3R
T 80% , 1k BRE e e AN AR A A A v, HE— 2Bk
Western Blot SZ8 708 & B, 5 LV —con HAH L, LV-SIRT6
ZHANBE  SIRT6 2 H 1) R 38 KF 3 1| (P<0.01), I
& 9, JFS2ka i i Feik SIRT6 19 HUVEC 40 22 C il gt

1703



2026 F10 8 &26% 108
85205906

ERIRRIZE
E81E . 029- 82245172

https://www.ijo.cn
BB 3= :ij0.2000@ 163.com
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i 13330 29.960 %8 3% SIRTE M BMTFFA HUVEC MALHE i £
P <0.001 <0.001 B
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