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25 R BRAL 43 30 0 AR L 2% e 525 DR LY B R B SR T SE B 92O E B PCR ORI 45 %% e 2 Akt mRNA %
ko WG HE Y AN M4 N Neg-shRNA+SC79 21 il AKT shRNA+SC79 4 , 5 ME & ¥ +SC79 40 4b ¥ 7 4T 85 75, R
F A MR 5 A AR T . SR R [E U EE SCT9 4b B[R] B (8] 200 M o L 10 wg/ml SC79 Fil 4b 34
12 h 0 HE A 3 AR e e e o R AL A0 0 3 2E SR S AIK T OE e BRAL H EE R AR S B +SCT9 AL, 2 R B A Fil
R () P<0.01) =4 2H 40 0 0 T2 3 0y (52.27+3.21) %, B i & T 1E % BRZEL Y (3. 90£0. 71) %0 Fll 1wy 4 +
SC79 211 (20. 70+3. 62) % , 2% R ¥ G il 2475 X (¥ P<0.01) . &4l p-Akt XIAP caspase-9 J caspase-3 &
P A X 2 35 et B AIG F F B BRI = B +SC79 41, active-caspase-3 8 [ A X 2 3k &t B W & T OE B X B4R
FBE+SCTY A, 2 R EA ST ¥ E L (¥ P<0.05), IEF % M4 Neg-shRNA 2 Fl AKT shRNA 4] AKT
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[ Abstract] Objective To investigate the antagonistic effect and potential mechanism of specific AKT
activator SC79 on the apoptosis of human retinal pigment epithelial ( ARPE)-19 cells induced by high glucose in
vitro. Methods The ARPE-19 cells were cultured in high glucose medium ( containing 30 mmol/L glucose) plus
5,10 or 20 pg/ml SC79, respectively. After 6-,12- and 24-hour culture, the optimal experimental concentration and
timing were determined according to cell proliferation rate. Then ARPE-19 cells were divided into four groups,normal
control group cultured in normal medium containing 5.6 mmol/L glucose for 48 hours, mannitol group cultured in

medium containing 5.6 mmol/L glucose and 24.4 mmol/L mannitol for 48 hours, high glucose group cultured in
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high glucose medium for 48 hours, and high glucose+SC79 group cultured in normal medium containing 10 pwg/ml
SC79 for 12 hours plus in high glucose medium for 36 hours. The proliferation rate of APRE-19 cells was detected by
MTS assay. The apoptosis rate was measured by flow cytometry. The relative expression levels of phosphorylated
protein kinase B ( p-Akt), X-linked inhibitor of apoptosis protein ( XIAP ), caspase-9, caspase-3 and its active
fragments ( active-caspase-3) were assayed by Western blot. The ARPE-19 cells were divided into Neg-shRNA group,
AKT shRNA group and blank control group and were treated with the corresponding transfection complex and serum-
free medium. The AKT mRNA expression was detected by real-time PCR. The transfected ARPE-19 cells were divided
into Neg-shRNA+SC79 group and AKT shRNA+SC79 group and were cultured according to the culturing method of
high-glucose+SC79 group. The apoptosis rate of the two groups was tested by flow cytometry.  Results Among
different concentrations of SC79 and treatment times, the proliferation rate of cells treated with 10 wg/ml SC79 for
12 hours was the highest. The proliferation rate of ARPE-19 cells in high-glucose group was significantly lower than
that in normal control group, mannitol group and high-glucose + SC79 group, and the differences were statistically
significant (all at P<0.01). The apoptosis rate of cells in the high-glucose group was (52.27+3.21) % ,which was
significantly higher than (3.90+0.71) % in normal control group and (20.70+3.62) % in high-glucose+SC79 group
(‘both at P<0.01). The relative expression levels of p-Akt, XIAP , caspase-9 and caspase-3 were significantly lower and
the relative expression level of active-caspase-3 was significantly higher in high glucose group than those in normal
control group and high-glucose+SC79 group (all at P<0.05). The relative expression level of AKT mRNA in normal
control group,Neg-shRNA group and AKT shRNA group was 0.60+0.07,0.59+0.03 and 0. 11+0. 10, respectively,
showing a statistically significant difference among the groups ( F=30.44,P<0.01). The apoptosis rate of cells in the
AKT shRNA+SC79 group was significantly higher than that in high-glucose+SC79 group and Neg-shRNA+SC79 group
(both at P<0.001). Conclusions SC79 can partially antagonize the apoptosis of ARPE-19 cells induced by high
glucose, which is related to the activation of AKT/XIAP pathway and the inhibition of the caspase family.
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1.1 #FE

L11 gfoRiE APLRBE @R b R 40 & (human
retinal pigment epithelial cells-19, ARPE-19) i § 3%
[LRE7 R

11,2 20 A4 DMEM/FI12 1537 5 i 4
1fil ¥ (fetal bovine serum, FBS) | Jii & 43 41 0. 25% i &
FIAE MTS (3 [ Gibeo 2 H]) 5 JEHRHE 1 V-2 57
12 £t (annexin V-fluorescein isothiocyanate, Annexin V) /
AL Y BE (propidium iodide, PT) XX Ze I T 46 i 1057 & |
SC79 ., — H % W ( dimethylsulfoxide, DMSO ) | & 4% 8
& (100 wg/ml) | Trizol X7 ( £ [H Sigma 22 H ) ; % I
p-AKT H3g BEHTR (4060) (H i X 34 B8 T il &
( X-linked inhibitor of apoptosis protein , XIAP ) B 57 B $1
K (14334) | [LIK caspase-9 H g FEHT M4 (9508) | 4 U
caspase-3 FATEREPLAA (9662) (il active-caspase-3 A
SEREHTLAR (9661) (BLIR Actin B33 BEHT 14 (3700) (£
CST 2~ #]) 5 F P 1eG MR PR 1eG 9Ot — i (R H
Licor A #] ) ;RIPA SR 2% vhiti ( LG E = RAEYH AR
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H B/ F]) ; Lipofectamine ™2000 %% 44 i3t %] . RNA 2 Bt
157 & . RT-PCR 57 & ( 3£ [ Invitrogen /A 7)) ; AKT-
49 & J¢ RNA (short hairpin RNA,shRNA) i ki ( | i
R AR A PR A ) 5 00 5 5% 0] & (38 [ Thermo
Fisher 22 ) o it 20 248 M AL ( & [ Beckman 2% #] ) 5
Odyssey AL NG R G5 ( 32 [E Licor 24 F]) 5 M it
R 53 HrAX ( 52 [E Thermo Fisher 24 7]) o

1.2 FiE

1.2.1 MR35 54143 ARPE-19 4 id Fl & 10%
FBS ) DMEM/F12 #5575 (& A 1% 1) 5 855 R ) Hi 57
T 37 C AR Ir % 5% CO, FEFRFA M, 5 3 RAEH 1
UK, O B A= A Y A0 B A 7 52 30 o B AR 40 ) T
5.10.20 weg/ml SC79 ) 7 4 (30 mmol/L %5 25 4 ) 5% 3¢
WP R 6.12.24 h, B 46 ol 3 SR B Ak 2 15 5 0 &
48 b A5 I 4 3G A B, IO R AR 25 W ik B S A st
] 3B FR AN SRy 4 A, Horb IE 0 B T
5.6 mmol/L #7245 (1) DMEM/F12 3% 3 3L 5 5% 48 h, H
T T 5.6 mmol/L FZGHEA 24. 4 mmol/L H &5 s
() DMEM/F12 15 3% 55 7% 48 h, & B 40 T & & b i
DMEM/F12 ¥ 3% Wi % 3% 48 h, & ¥ +SC79 4 F &
10 pg/ml SC79 Fy &l BE F2 M h AL #E S 12 h T4k
LV BER) DMEM/F12 B 35 IR 4k S 1555 36 h,

1.2.2 MTS JEE M A% BERRESRLGH
ARPE-19 4ii i, i J8& 20 Ml 5 8 I 3 %, 40 M %5 2
1x10° 4~/ml, #88 1.2, 1 204 7 E DL 200 wl/ LR
T 96 fLAR; In A MTS 20 pl, & F 37 C 5% CO, 4l
BEFRAA AR S 55 57 4 hy LUINA MTS #3320 pl/fLAE
JaEEfLe RABEPR AL T 490 nm 357 4 40 A6 & L 1Y)
W B2 {H (absorbance , A ) o 155 240 M 3 A= 2 = (%
HAME-EHASL AME)/(IEH XA A -2 1AL
AfEH) x100% , JiiA SLgn s A 3 .

1.2.3 i 240 A A 0 248 e 0 =K O B K
W ARPE-19 40 M, i & JF o B 4 % O =
2x10° 4~/ml, 30 F 6 FL AR, 4% B840 20 J5 28 i A KA R
MR SR 2 ml/fL, 5555 48 ho JH 0. 25% i i 5 16 Jo Uk
S, ¥ PBS ¥k 1 YK, L Annexin-V/PI 4 J5 %
7 2 A0 S A R T, e o R A R I R A
A TR T A A S B H A 3
1.2.4  Western blot JA il A0 0 48/ 1 R ik i sk
FHREFR 48 h AL, il PBS YR, A RIPA 2
G VIRV I A0 B, 250 2E AR 8 em, 13 000 r/min £ .0
10 min Y& FIE A E L >R F SDS-5 P 4 it iz 58 11 v
Uk KB E A ED 2 PVDF i, ¥ PVDF & F & &
A 5% AR W5 Ry R s B I 1 b i AR A 4

5%BSA % B p-Akt(1:1 000)  XTIAP (1:1 000) .
active-caspase-3(1:500) ,caspase-9(1:1 000) ,caspase-
3(1:1000)  Actin(1:1 000) fik, £ K b %R
30 min,4 CHFHF &, TBST P 3 ¥k, & YK 5 min; I
AAHR IRDye 680CW 5§ IRDye 800CW %¢ 3¢ —$1 (1
1:1000), =R #EEEE 1 h,{fi  LICOR-Odyssey %
G, LA actin Sy NS IR THIE A H B9 2 A XS
ik,
1.2.5 M Xor4l 5 ARPE-19 40 Jfa 73 0 iE &
X BRZH | JC SCBE A% IR B 1 XF B 40 ( Neg-shRNA) Fl
AKT shRNA # 9L 2 | H o 1E 5 X B A il AT o b 22
T6 SCBEAZ IR BB A1 AKT shRNA KL dy b 365 75 ¥4
HEARARA A L, 15 ARPE-19 41 0 4: K % 90%
Rl B, P 5 7 0 40 B B Ol 2. 0% 107 A4~/ ml
A0 M B W, #2 0.5 ml/AL M T 24 fL ARk, B T
37 °C 5% CO, 03 746 b 35 5% 24 b, JHIC LY A
UG 5 77 AL 4y 0 M B AKT shRNA kL (1:50)
JG S shRNA J§iki (1:50) Fl Lipo2000(1:50) , % ik
B 5 min; ¥ 7 B4 9 AKT shRNA i1 & . shRNA 5
Lipo2000 i &), = i T % & 20 min; ¥ & ¥ 4%
400 wl/fLMA 24 fLikH, & T 37 C 5% CO, 4Md Lk
FEAA PR SR 4~ 6 h, PR Ge ik, o 5 ML IR 0k 4k
ZERE SR 24 h ORI 4 IR R 0 +SCT9 21 Uy AT Ak
B, 5 B 4E i Neg-shRNA +SC79 44 #1 AKT shRNA +
SC79 £, I 58 I vt =X 240 Jf A 4G D00 240 i 0 T %%
1.2.6 Lot 5etE & PCR K AKT mRNA £
ik AR B G JE A0 M, ) Trizol 1% 2 UG RNA, JX
500 ng RNA 75 10 wl 385 5% 12 1 15 7 it 46 7 eDNA,
PL2 wl eDNA GBI AZE R 519 o AKT FE A IE [6] 5
Y51k 5-GGCCCAGATCACCATCAC-3", ) [0 51 ¥ )¢
51/ 5-CTATCGTCCAGCGCAGTCCA-3"; GAPDH 1F n] 5|
W51 % 5-GATCGAATTAAACCTTATCGTCGT-3", % ]
5% %)k 5-AGCAGCAGAACTTCCACTCGGT-3", 5|
Yooy i B S5 R A BRA ml G . VIR RN
20 pl, g 3G A5 95 C WAZ P 30 8595 CAZPE 5 s,
60 CiR k 205,72 °C FEfifi 20 s, 3t 40 495 ¥R, LU
GAPDH RN SR, R 274 353155 AKT mRNA [
Xf Rk,
1.3 St 05k

KM SPSS 22. 0 Gpit b i tr g it o Ao it
PR 2 Shapiro-Wilk #5075 & IEZ5 404, PA x+s IR,
Levene £ 5 J7 22 5% o 4% 4 IA] 22 5% L R B R T
2553 M, L8] P P LU R T LSD-1 K 86 . P<0. 05 O 22
FAGIEE L



St B IR B 2L Ak 2023 4F 3 HES 41 %5 3 ] Chin J Exp Ophthalmol ,March 2023, Vol. 41,No. 3

- 229 -

2 HR

2.1 R[FWBEE SCT9 Xf b iE 5% T ARPE-19 4fi Jfi 3
A= B8 T 14 5% 1)

MTS JEAG I 25 S 7R, AN 6] e B2 SC79 4b #1126 24
I35 5% 6 12 F0 24 h 20 3 AF 32 SUA 2 S YA 5
P2 & L (F=56.09,47.78 12.25, ¥ P<0.01),
5 wg/ml, 10 pg/ml, 20 wg/ml SC79 #H ¥r 3% 6,12 1
24 h 5 403G A R4 0 we/ml SCT9 U T+ &, 2 R4
Bt (¥ P<0.05) ;L) 10 wg/ml SC79 T4k
P12 h A0 ML A R e (R 1) o NIAE )G 2250
rh I B 24 W vk BE AR T B ]

=1
76 B 18] A 0 B 38 A ER LR R (x5, %)

Table 1 Comparison of proliferation rates of ARPE-19 cells in high glucose at

different time points treated with different concentrations of SC79 (xz*s, %)

%2 %4 ARPE-19 48 4 R b5 (x5, %)
Table 2 Comparison of proliferation rates of ARPE-19

cells among different groups (xz=s, %)

451 R i g 38 A R
1E X B4 3 100. 000. 00
HEEmdl 3 98.82+1. 04
=1 3 20. 67+2. 15"
B +SCT9 41 3 70. 04%9. 67"
F A4 104. 41
P1H <0.01

5 TE R X IR AL P<0. 01 5 B M 4 AR, " P<0. 01 (B[R 2 7
253 BT, LSD-t Ky 55 )
Note ; Compared with normal control group;*P<0. 01;compared with high

glucose group,”P<0.01 (One-way ANOVA ,LSD-¢ test)

AREKE SCT9 L EE RS T ARPE-19 A5

2.3 RAMMM TR
Tt 2K 20 A A T 25 2R R T R X

MR CH I S oM A R+ SCT9 4

AN [7) B ) i 200 394 2 ¢

2151 REAR 1 - = MR TR A R (3.90+0.71) %
0 pg/ml SC79 4 3 22.19+1. 04 19.73+ 3.25 16.62+ 1.59 (3.7480.42) %, (52.27 £3.21) %
5 pg/ml SC79 4 3 24.85+2.28" 29.65+ 5. 68" 37.00+ 2.84° (20.70+3.62) % , A& LB 22 5t A 4L 3t
10 pg/ml SC79 41 3 43.6323. 30" 71.24+11. 46" 64. 49+12. 80" L (F=149.90,P<0.05) . Hrp
20 pg/ml SC79 4 3 43.17+3.38° 63.13x 6.22° 56.30+ 3.30° FE LA 5 1F B % B840 40 i 0 T 20 B
Fi 36.09 NG 12.23 B, % 5 RS L (P>0.05) 5
P {4 <0. 01 <0.01 <0.01

e 2L 240 M T AR W] T OE R A TR

H:5 0 wg/ml SC79 4 L, " P<0. 01 (5[5 3 J7 22 43 H1 , LSD-t K 5 )

Note : Compared with respective 0 pg/ml SC79 group, *P<0. 01 (One-way ANOVA ,LSD-¢ test)

2.2 HAANMEIE AR

MTS JEAG I 25 3R B, 1% % M2 CH R i a5
BEAL v Bl +SCT9 21 40 M 39 A= R B R LB 2 = A et
R (F=104.41,P<0.01) ; H & Br 4] 5 1E 5 4 it 41
A MG AR R, 22 R BRI R X (P>0.05) 5 = i
ZH 2 JH 8 A= 3 B AR T I 6 T R R +SCT9 4
ZE A G (39 P<0.01) (% 2),

LRI +SCTY 4, 22 5 A Ge it L
(¥ P<0.01) (1),
2.4 FYL40M Aky/XIAP 58 B K
ARG H 3R

IE WX BRI AL R B AL AN B +SCT9
20 [a] 40 My p-Akt, XIAP . caspase-9. caspase-3 Fl
active-caspase-3 i [AAHX] KB DR L, 2 R A
Gt L (F=18.79 .43.43 27.05.45.58 .52. 16,1
P<0.001) (Hrp, 1 88 BE2H 5 1F # X B 20 & 85 1 A X

A AL H AL E+SCT9 41 100 =
UL UR UL R W o UR
* 1.32% 1.06% 29.85% 11.87% 80}
- f’ ﬂ . z
= o o o =
o 1.74% " L129% " 2359% " 12.19% S
Annexin V

1 ZFHMABTER A% 22000 T A0 A6 I

groups B:Comparison of apoptosis rates among different groups

LSD-t test,n=3)

A ; Flow cytometry results

A B/

F=149. 90,

IEHAIRAL R Al mRiesCTo 4l
FMEA R T AN O B 2 T B2 A0 U T A
P<0.05. 5 @M LLEE,“ P<0. O1 (B P 507 224317, LSD-t K3 ,n=3)
Figure 1 Apoptosis of RPE cells in different groups

There were more apoptotic cells in high glucose group than in other

F=149.90,P<0.05. Compared with high glucose group,“P<0.01 (One-way ANOVA,
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Tk IR, ZF LG 2 E L (HP>0. 05),m19$
2H p-Akt XIAP caspase-9 M caspase-3 &5 [ # X} F ik
B SAEK T 1 %k IR 2H FN 2 B +SCT79 4, active-caspase-3
HE AR 08 5 s T IR0 B N = B +SCT79 41, 22
Y geite i (34 P<0.05) (& 2,55 3)
2.5 %40 AKT mRNA tHX} ik &5 K
1E# X B4  Neg-shRNA #H #1 AKT shRNA 2 AKT

mRNA AHX} R ik & 43 5] 0. 60+0.07,0.59+0. 03 Fl
0. 11£0. 10, AR L5 22 5 A i it 2% 5 L (F =30. 44,
P<0.01) ; Hirf AKT shRNA 41 AKT mRNA A %f % ik

i WA T IE 5 X B 4L i Neg-shRNA 41, 22 R ¥ H 5t
THeEE () P<0.001) (& 3) .

1 2 3 4

p-Akl R —

XIAP
caspase-9 D G e —

caspase-3 wee— s—

active-caspase-3 v v il

aclil — G S S—

E2 FHAHMKN A/XIAPERRBTHXEAREEKE &
HWi2H p-Akt  XIAP | caspase-3 Fil caspase-9 # [H 517 JK B 55 T HAb 4H ,
active-caspase-3 2 [ 4547 K B o T H A4l 1. E#% X BR4 ;2. H &%
B2 ;3 AL 4 B ME+SCT9 4l Akt 3 (I B; XTAP . X 3% 41 4
TR E A

Figure 2 Electrophoretogram of Akt/XIAP pathway and apoptosis-
The band

intensity of p-Akt, XIAP , caspase-3 and caspase-9 proteins was weaker and

related protein expressions detected by Western blot

the band intensity of active-caspase-3 was stronger in high glucose group
than in normal control group, mannitol group, and HG+SC79 group 1:
normal control group ;2 :mannitol group;3:high glucose group;4:HG+SC79
group  Akt:protein kinase B ; XIAP : X-linked inhibitor of apoptosis protein

1.0~

0.8

=X
558
I

0.6

0.4

AKT mRNA AHXF #k

a
0.2

-

FHA ML Neg-shRNAZ]L AKT shRNA 41

B3 SHPAMBEH AKT mRNA HIGRIEELLE F=30.44,
P<0.01. 5IE# X B4 LA, " P<0. 001 ( B[R 3R 5 22 43 #r , LSD-t 4%
%y,n=3) AKT:ZH M HG B;shRNA & KK RNA

Figure 3 Comparison of AKT mRNA in RPE cells among different
transfection groups F=30.44,P<0.01. Compared with normal control
group, “P<0.001 ( One-way ANOVA,LSD-¢ test,n=3) AKT; protein
kinase B;shRNA :short hairpin RNA

2.6 Ilﬁj%"ﬂéﬂﬁﬂéﬁﬁ‘%%}:éﬁﬁ@ﬁt%tbf

% B 2H | = Bl + SCT79 4H . Neg-shRNA +SC79
2ﬂ\ AKT shRNA + SC79 #H 40 M 4 T° % 4r 51 K
(3.90+0.71)% .(20.70+4.43)% . (21.90%1. 62) % FI
(43.38+5.66)%, ik lL B EZ R A RIT ¥ E X
(F=102.40,P<0.01) , Hrp AKT shRNA+SC79 414 il
JHT R W] B 5 T i B +SC79 41 1 Neg-shRNA+SC79 41,
2R A G F R L () P<0.001) (41 4)

3 g

DR 2 T4 30 i b5 2200 A 0 R JE PN i A S

T, WS AT DRI A A R 2T 2 L A T A AR
L S f B 2 R RS I W R I A S

A B 5% , 2019 4EFRE 20~ 79 5 W R B H B T
Bk 116442 R ERES —"" T 7E AR B R
BHET,DR BRI RN 24.7% ~

£3 SAMM Akt XIAP 2% R BT 185 E G A3 Rk BB (xes) 37.5% "', Hi kWl WL, DRy By
Table 3 Comparison of relative expression levels of Akt/XIAP pathway and VB TAEBTEEE, SR . 55 DR
apoptosis-related proteins in ARPE-19 cells among different groups (xzs) . N o .
£ N 2 2 , J
— o e RIEW IR B EAE, LA
B " p-Akt XIAP caspase-9 caspase-3  active-caspase-3 )HL%IJQ ’ *}Eﬁl@%
IE 3 % R 41 3 1.00£0.00  1.00£0.00  1.00£0.00  1.00£0.00  1.00x0.00 RPE 2 fi /T 90 0 B pf 22 |
Hamma 3 1.00£0.00  1.00£0.00  1.00£0.00  1.00+0.00  1.000.00 W25 k4 EE 401048 )2 Z 6],
[y E 3 0.32+0. 12° 0.21+0. 08" 0.33+0.07" 0.19+0. 02" 1.48+0. 23" T{éﬁ‘}‘%ﬂz E]’j}}b j] *ﬂ,{%}‘% yl'[[
EBE+SCT9 4 3 0.87+0.23" 0.45+0. 11" 0.79£0.14" 0.33x0.07" 1.140.06" 225 7 B ) i G 52 4
= N IE
F1{& 18.79 43.43 27.05 45.58 52.16 . [17] - "
P i <0. 001 <0.001 <0. 001 <0.001 <0. 001 RN LR
5 5 E 9 X AL L, P<0. 055 55 B MFALAH 1L, "P<0. 05 (HLPA % Jy 22 407, LSD i) AKT. PRI IE B, Br 75 fE i 16 AR
T R B XTAP X 3% 88 T 3 61 5 A J AL BE AR T RPE i i M Il
Note : Compared with respective normal control group,“P<0. 05; compared with respective high glucose
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Figure 4 Apoptosis of RPE cells in different transfection groups A :Flow cytometry results There were more apoptotic cells in AKT shRNA+SC79

group than in other groups

“P<0.001 (One-way ANOVA, LSD-¢ test,n=3)
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