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LBk E2F1 X S HE1E S MRS Z T AR 1ER
Fade', xpMR, hER, o, REE, BRA, B9

(1. WA NRERE P ER, MR E NRERE, MR IRKRE B, A 450003;
2. bifgrh R 2GR Mt Je AE BE e A o R, B 200032)

EE BEY: BITE2F LN myoHE 75 T 4 00 Xl 22715 21 MY (retinal ganglion cells, RGCs)A7 i A1 T- (452 Wi 12
HAEHIHLE . F7iE: DARGC-SAUME MBFTEXT G, W @b it sy, KRG C-SUMIFL YL Jm 73 h =5
ISR, B4l . miMli+si-E2F14 . mibi+si-conl . FiMl+si-E2F1+PBSAL . B4 +si-E2F1+SD19
H o iR S 9¢ 6 RE H PCR (real-time RT-PCR)-5 & [ 5 EN b EA 4G I 4 i H E2F 1 mRNAZ A 5
DU AT 22088 5 (methyl thiazolyl tetrazolium, MTT)K: 40 HIAF %%, TUNELEE AR 40HAR (flow
cytometry, FCM)Ku I AHAEI T & BT ED 8 A5 00 40 il v E2F 1 . B R A 1% 5% SR IS -3 (p-signal
transducer and activator of transcription 3, p-STAT3). STAT3. WM& fk A anus B FH % 2 MR B i
2(p-Janus kinase 2, p-JAK2). JAK2. {&1bAYE 21 & R 1Y R A2 BR 8 1 /K i B8 3 (cleaved caspase-3)
G AL 10 2 B IR R T A0 2R A5 i (cleaved poly-ADP-ribose polymerase, cleaved PARP) i H 3
ko R H5EAXNBAML, SEARGC-SAIMETTE2F1RIAKE TR, 40AFTE 0 B TR,
p-STAT3 . p-JAK2. cleaved caspase-3. cleaved PARP E2F15 A AN TR B & T & s ULERE2F1
iR, AMAFTE RO BT 5, Micleaved caspase-37K [ Fllcleaved PARPER [ 15 S I i 8 T 3R [
%o SD19AIR WL PUEIRE2FIXIRGC-SH ML I PRI VEHT . 5518 - I B2F 1R IK RERS IR MBS
FIRGCsH T, AL AT AE S JAK2 /STAT 35 51l A7 5K

[K$2iA] PR 22 A s T B sk FE2FL: BEIRIE

Protective effect of silencing E2F 1 on retinal ganglion cells
induced by high glucose

LEI Yonghua', LIU Junbao', XU Rongjuan’, LI Hong’, ZHENG Zhipan', CHEN Yuanlin', YANG Ming'
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Clinical Medical College, Zhengzhou 450003; 2. Department of Endocrinology, Longhua Hospital, Shanghai University of Traditional Chinese
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Abstract Objective: To investigate the effect of E2F1 on the survival and apoptosis of retinal ganglion cells (RGCs)
induced by high glucose and its mechanism. Methods: A high-glycemic injury model was constructed with.
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RGC-S cells used as the research object. After transfection, RGC-$ cells were divided into a blank control group,
a high-sugar group, a high-sugar + si-E2F1 group, a high-sugar + si-con group, a high glucose + si-E2F1 + PBS
group, and a high glucose + si-E2F1 + SD19 group. Real-time RT-PCR and Western blotting were used to detect
the expression of E2F1 mRNA in cells; methyl thiazolyl tetrazolium (MTT) was used to detect cell viability;
TUNEL and flow cytometry (FCM) were used to detect cell apoptosis. E2F1, p-signal transducer and activator of
transcription 3 (p-STAT3), STAT3, p-Janus kinase 2 (p-JAK2), JAK2, cleaved caspase-3, and cleaved poly-ADP-
ribose polymerase (cleaved PARP) protein expression in cells detected by Western blotting. Results: Compared
with blank control group, E2F1 expression level increased in RGC-5 cells in the high glucose group, cell survival
rate was significantly decreased, p-STAT3, p-JAK2, cleaved caspase-3, cleaved PARP, E2F1 expression, and
apoptotic rate were increased. After silencing E2F1 expression, the cell survival rate was significantly increased,
while cleaved caspase-3 protein expression, cleaved PARP protein expression, and apoptotic rate were decreased.
SD19 partially reversed the protective effect of silencing E2F1 on RGC-5 cells. Conclusion: Inhibition of E2F1

expression can reduce high glucose-induced apoptosis in RGCs. The mechanism may be related to the inhibition

of the JAK2/STAT?3 signaling pathway.
Keywords

W BRI A& — W S 22w BRI 22 4 B ARG
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SRR PR e SEEb e S Tl

1 MR E7HE

1.1 ##

RGC-sy H 3 E 3 = W A7 2 (American
Type Culture Collection, ATCC); FEIRAA A G
X /R B #7 %E (Dulbecco’s modified Eagle medium,
DMEM) . Ja4: Il 1E (fetal bovine serum, FBS).
DY H ) 220 5 (methyl thiazolyl tetrazolium,

retinal ganglion cells; apoptosis; transcription factor E2F1; diabetes

MTT)5 ~H FE M (dimethyl sulfoxide, DMSO)
YW 1 5 [ Sigmalh Wl 5 2 i SRS 55 e ik
fi? (bicinchoninic acid, BCA)ZE H & it il 7] # 11
bR 8 = RAEWBRDITE I AR S E R
iR 1) R 4 2 R 28 7K fi# i 3 (cleaved caspase-3) .
E2F1Z weBEPLIR | 15 1 19 22 3 B R A0 23R
4§ (cleaved poly-ADP-ribose polymerase, cleaved
PARP) Z vi EHUAR I [ 55 E Santa Cruz/Adl; R
i Janus & M HE 2 FR BB 2 (Janus kinase 2, JAK2)
Z e s ESUR . BRI ILYJAR2 LI (p-JAK2) £
v AR %{E{g%%gj‘%n%%{gﬁ{§%3(81gna1
transducer and activator of transcription 3, STAT3)
BRI . AR BERR L STAT3 (p-STAT3) I
S REGTAA AN B-WLZ 2 11 (B-actin) B 3E BEHTIR NG T
K EAbcam /A Al 5 si-E2F1 K B X 1 5 51 4
M s g 25 B R A R Al Lipofectamine™
2000 5% Y i 57 5 SN 22 Y E P CR (real-time RT-
PCR) A & ¥ A 52 B Invitrogen /s Al 5 fR Ik
%F{V(Annexin V)-Eﬁ%@ﬁ%ﬁ'ﬁ%(ﬂuorescein
isothiocyanate, FITC)/@&’TKW%(propidium
iodide, PI)JH TIN5 & 5 XSO0 2K Mg LA
MR @ A AL RSRERHCA R A F

1.2 A&
1.2.1 %0 B33 BB AL ) 1%

PRGC-SH & 10% FBSHUDMEM®; J: ik, THAE
TER G FRAE R 3%, O 40 52 1E 5 38 5 RS B
% A FBSHIDMEM K% 7 Vi T ey 7 285 4 vk
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SO mmol/LHY B FE gk 4L % 3524 . 48, 72 h, ARG
WSS 20 R R A T I S
1.2.2 @it

fﬁﬁHLipofectamineTM 2000118 5T 1415 i A Ak B
FNFE Gesi-con (= Wi +si-condl) . 7 B AL B RN 75 Yk si-
E2F1 (M +si-E2F14H) . = B AL #1RN % Yesi-E2F 1
JNAPBSYE W (75 ¥ +si-E2F1+PBSHL) . Al Ab 31
F% e si-E2F 1A SD 193 W (/=i M +si-E2F1+SD19
M), U BERGC-SUIML . Y M)E, #MH1.2.1
J7 % i 2% v B A AR Y, R S R 45 A A T
5 [ BTEP I (Western blotting) SZ 5 | real-time RT-
PCRSZH . Annexin V-FITC/PIR G (0 vk 40 i 4 1~
o S5 | R I 3R Tl A SR DR ) S
1.2.3 & @ AP it 5 5

BOE B R AR K B 2.2 A 4, R
JEVTVE % M (radioimmunoprecipitation assay,
RIPA) %, $2HUEE A B, BCALMHITEE L
A, HTEATEK, AT R RO
(polyvinylidene fluoride, PVDF)%H}%, 42 h,
RIEM—¥0, 4 CHELKR. KH, WG HBH
MR A AL AR I — 5037 CIEF 2 ho ZEAJE N
ARG, BB, UKW KEMES
B-actin K FEH MY FLAE 7R H I EE FHE2F1 ., cleaved
caspase-3. cleaved PARPHYZK Y-,
1.2.4 Real-time RT-PCR 5 I

i FHTRIzolIA A & HEATFEERGC -5 4l
il SRNA. cDNAG M : W48 &5 5l 7
UL BERAE . E2R18IES . IFE Mgl Y
S'-CATCCAGGAAAAGGTGTGAAATCC-3', JZ I
51#¥)5'-CTGAAAGTTCTCCGAAGACTCCAC-3',
G APDHS35 ¥ F % iE w5 W
S TGGTATCGTGGAAGGACTCATGAC-3', X [f]
5145 -ATGCCAGTGAGCTTCCCGTTCAGC-3';
RT-PCRJZ I : KH HSYBR Premix Ex Taq
11(2x)10 uL/fL, cDNA 2 uL/fL, 1E&I51¥4%
0.8 uL/fL, ROX Reference Dye(50x)0.4 uL/¥fL,
ddH,0 6 uL/4L; W4 H95 C 5 min, 95 C
30s, 60 °C 30s, 72 °C 30 s(3SUKMEIR) . 45K
JES s, SR B miR-140-3p . E2F1
mRNAA X A7 .
1.2.5 MTT &4 4n fe 38 74

WA 2 X B KRG C-sA i, % %96
fLbr, SIS AL0 uLF BN S g/LEIMTT
WA, B34 nln, LW, BALEMALSO L
FIDMSO, #R¥% 10 min, F|H bR (A I 4 L

TEPE A 490 nmkb 1WA (optical density,
OD), 4l M A7 = (4b 1 41 W 6 B A/ %o R 4l W e i
{H)x100% .
1.2.6 Annexin V-FITC/PI 3% &, &40 28 jtL )8 =

BOE X B K12 28 A, LR
PBSUEW3 K. 73 IS G4 vl 500 L B2,
ZJFMAS uLiAnnexin V-FITCFIPI, R4, iR
WECH B 1S mino MR TR HH i =X A A o By
WA o A8 T =R 8 T i T3
1.2.7 TUNEL # RGC-5 %8 i )4

Fi BT UNEL A i 2 7] 65 8 B 5 A ) 4% 20 2¢
eI WCEE R LHRGC-SANML, X 40 A 247 I
FIEE, IMATUNELK I, FH T 29¢ 6 7 K
FoJa %Ot BB g, FE M fH Image JHK 14
AT 5T S

1.3 GitF4bE

S I BCHE g I SPSS 21,08k 40 b . 1
R A IS 0 Y B bR 1 25 (£s) /oK,
P L3R LR B, S LR AN R 7 4%
Mr, PPN ELECR I SNK-g#G 50, P<0.0SE R ERA
GitE

2 R

21 AEREEHEF ST RGC-5 # Al E2F1 &
ey op=A

Sapd i, mEAarer g EEEE2FL
mRNAFMIE2F 185 [ 1381k (P<0.05), 48 hilf 2 % &%
h (R, E).

2.2 LB E2F1 (R A SHEFE S RGC-5 MAFE
oA R, mEAMIE24. 48, 72 h
A5 R PR (P<0.05) 5 5 ikl +si-cond] HL#L,
B +si-E2F 140 4 BIE2F 1 4R |11 32 18 {15 (P<0.05) ,
24, 48, 72 hif BIAFIE R W& T (P<0.05, #R2).

2.3 A E2F1 B SHEHE S RGC-5 AT
Ha&H4ML, SHARGC-SAIMME2F1E M
FiK T (P<0.08), TR B ETHE (P<0.05),
cleaved caspase-3fllcleaved PARP & [ & iL 38 in
(P<0.05); SEibli+si-condl lb#, EBH+si-E2F14
RGC-SZMIE2F1 8 1R IAFEAK (P<0.05), TR
%TF%(P<0.0S) , cleaved caspase-3$ﬂc1eaved PARP
EHRIAEAL(P<0.055 %3, F2),
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F1 SHEFESIIRGC-SHME2F 1R XK RN (n=9)
Table 1 Effect of high glucose induction on E2F1 expression in RGC-5 cells (n=9)

L E2F1 mRNA E2F17E
- 24h 48h 72h 24 h 48h 72h
2SHAE 1.02 + 0.04 1.05 +0.08 1.02 + 0.05 0.18 +0.03 0.14 +0.03 0.12 + 0.03
TR 221+0.15* 425+ 0.27* 3.32 + 0.24* 0.35 + 0.06* 0.55 + 0.06* 0.43 + 0.06*
t 22.996 34.091 25.128 7.603 18.336 13.864
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
528 IE, *P<0.05,
Compared with the blank group, *P<0.0S.
24h 48 h 72h
QI S, S
B F S
ﬁiacrjn _
E1 E B RENEE R NRGC-SH M P E2F1E B Rk
Figure 1 E2F1 protein expression in RGC-$ cells detected by Western blotting
2 TTEE2F 131 5 #5165 SRGC-s A B TFiE HI R 00 (n=9)
Table 2 Effect of silencing E2F1 on the survival of RGC-S$ cells induced by high glucose (1=9)
ANREATIG (R TF25 1 4H) /%
ZH 5 E2F1 ( — )
24h 48 h 72h
=il 0.15 + 0.05 103.35 +3.25 97.34 + 435 99.37 +2.67
B 0.48 + 0.06* 73.26 + 4.08* 64.54 + 3.46* 58.22 + 3.89*
BB +si-conZH 0.51 +0.07 72.58 + 4.37 62.21 + 4.68 59.34 + 3.27
b +si-E2F 141 0.32 + 0.04" 81.64 + 4.68 85.64 + 5.28 82.97 + 5.26"
F 78.571 108.915 128.161 234.416
P <0.001 <0.001 <0.001 <0.001

HaAg i, *P<0.05; 5 mib+si-cond] LA, P<0.05,
Compared with the blank group, *P<0.05; compared with the high glucose + si-con group, *P<0.05.

RT3 MEE2F13 HHEF SRGC-SAAMATFE . HMALAT Kcleaved caspase-3$ﬂ cleaved PARPE B R iX IS0 (n=9)
Table 3 Effect of silencing E2F1 on the survival and apoptosis of high glucose-induced RGC-$ cells and the expression of cleaved

caspase-3 and cleaved PARP proteins (17=9)

ZH 51| Cleaved caspase-3 Cleaved PARP FECM/% TUNEL/%
2 2 0.15 +0.03 0.08 +0.01 5.07 £ 0.59 5.07 £ 0.85
oy 0.38 + 0.04* 0.41 + 0.04* 24.37 + 3.66* 43.87 + 08.71*
FE M +-si-conZH 0.34 +0.05 0.38 +0.0S 23.64 +3.37 4172+ 7.64
=i +si-E2F 140 0.23 + 0.04" 0.17 + 0.03" 14.46 +2.86" 13.93 + 3.42°
F 59.818 182.118 89.109 92.408

P <0.001 <0.001 <0.001 <0.001

Hos A e, *P<0.05; 5 Eh+si-conZ L, "P<0.05.
Compared with the blank group, *P<0.05; compared with the high glucose + si-con group, *P<0.05.
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C EEEl Al
N - -
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>
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Figure 2 Effect of silencing E2F1 on RGC-S$ cell apoptosis and the expression of apoptotic proteins
(A) A RAKMRGC-SANEIHT-; (B) HEH FENE AR IRGC-sAI A %3k ; (C) TUNELKGMRGC-SANAEI T .
(A) Flow cytometry to detect RGC-S cell apoptosis; (B) Western blotting to detect RGC-5 cell protein expression; (C) TUNEL to detect

RGC-5 cell apoptosis.

2.4 Bk E2F1 X & HEE S RGC-5 41/ JAK/STAT3
ESERAMm

525 (4L, mRGC-541iilp-STAT3
p-JAK2HE (1R B N (P<0.05), TMISTAT3MJAK2
HEHFIATL R E %7 (P>0.05), p-STAT3/STAT3
FEAE . p-JAK2/JAK2 HLME I K 5 @ i +si-con Hb
B, mbE+si-B2F 12040 fflp-STAT3 Flp-JAK2 8 3%

KR (P<0.05), STAT3FIJAK2%E K150 i # 22
5 (P>0.05), p-STAT3/STAT3AH . p-JAK2/JAK2
FEAE /N (P<0.05; [E3, #4),

2.5 JAK/STATS 1= 518 B iE FI &R 7% 8T Ek E2F1
T RGC-5 4R HIRIP1E A
B +si-E2F1+PBSAl L&, & W +si-
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E2F1+SD194 4l i E2F 1 75 1 £ ik Tt & (P<0.05),
TE24 . 48, 72 hiF i R W E ML (P<0.05); 4040
T2 2 5 (P<0.05), cleaved caspase-3 7/l
cleaved PARPZE [ iK1 il (P<0.05); p-STAT3HI

p-JAK2 8 (4 F ki (P<0.05), TMISTAT3MJAK2
FEHFIATL R E 27 (P>0.05), p-STAT3/STAT3
bl . p-JAK2/JAK2 H{H K (P<0.05; %5,
%6, K4),

B-actin

3 T AKE2F 1 X RGC-s A MISTAT 315 S 1 Bk AU #2H

Figure 3 Effect of silencing E2F1 on the STAT3 signaling pathway of RGC-$ cells

(A) | A FREDIE IR ARG C-5 40 fflp-STAT3 FISTAT3 R 161k 5 (B) I (BN ARG C-S 4N Ml p-JAR2 FIJAK 2K 1 %34 .

(A) p-STAT3 and STAT3 protein expression in RGC-$ cells detected by Western blotting; (B) p-JAK2 and JAK2 protein expression in
RGC-S5 cells detected by Western blotting.

R4 MEE2F13 FHEE SRGC-s A fflp-STAT3, STAT3. p-JAK2FNJAK2E AR ILHI M (n=9)
Table 4 Effect of silencing E2F1 on the expression of p-STAT3, STAT3, p-JAK2, and JAK2 in high glucose-induced RGC-S§ cells
(n=9)

2051 p-STAT3 STAT3 p-STAT3/STAT3 p-JAK2 JAK2 p-JAK2/JAK2
2 HH 0.19 +0.02 0.76 = 0.05 0.25 +0.03 0.26 = 0.06 0.68 +0.05 0.38 +0.04
[ 0.46 + 0.04* 0.74 £ 0.07 0.62 = 0.06* 0.64 £ 0.07* 0.63 + 0.04 1.02 +0.07*
15 Ml +si-con4] 0.48 £ 0.06 0.79 +0.08 0.61 +0.05 0.64 +0.08 0.65 £ 0.05 0.98 +0.08
fe W +si-E2F 14 023+0.04"  0.74+0.06 0.31+0.04" 041+0.06"  0.64+0.04 0.64 +0.08’
F 114.333 1.155 159.174 67.633 2.049 214.052
p <0.001 0.342 <0.001 <0.001 0.127 <0.001
Hes b, *P<0.05; 5 EiHi+si-conf L3, “P<0.05.
Compared with the blank group, *P<0.03; compared with the high glucose + si-con group, "P<0.0S.
3RS STAT3{5 518 &S 7 SD 1950 7T BRE2F 1 3 4L I FE 481 22 75 20 B B B2 i (n=9)
Table 5 Effects of STAT3 signaling pathway activator SD19 and silencing E2F1 on retinal ganglion cells (1=9)

20 HAF TG (RE T3 1 4) /9%
A5 E2F1 FCM/% TUNEL/%

24h 48 h 72h

[ +si-E2F 1+ PBS 0.28 + 0.04 99.13 +4.84  102.51+442  98.86=3.84 14.22 +1.83 11.09 +2.13
R +si-E2F1+SD194H 0.45 +0.03* 77.33 + 5.36* 69.27 + 4.92% 58.64 + 4.36* 21.49 + 3.69* 32.38 + 4.34*
t 10.200 9.056 15.032 20.768 5.295 13.211
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

55 R MiE+si-E2F1+PBSALLLHE, *P<0.05.
Compared with high glucose + si-E2F1 + PBS group, *P<0.05.
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6 STAT3{5 S 18 B A FISD19F NN EKE2F 1 X RGC-S 41 A RIZ IR (n=9)
Table 6 Effect of STAT3 signaling pathway activator SD19 and silencing E2F1 on protein expression in RGC-5 cells (n=9)

o Cleaved Cleaved p-STAT3/
205 p-STAT3 STAT3 pJAK2 JAK2 p-JAK2/JAK2
PARP caspase-3 STAT3

feif +si-E2F 1+ PBS4] 0.18+£0.02 0.25+0.03 0.19+0.02 0.76+0.05 0.25+0.03 0.26+0.06 0.68+0.05 0.38+0.04
it +si-E2F1+SD194]  0.29 + 0.03% 0.36 + 0.04* 0.46 + 0.04* 0.74 +0.07 0.62 + 0.06* 0.64 + 0.07* 0.64 + 0.04 1.02 = 0.07*
t 9.153 6.600 18.112 0.697 16.547 12.365 1.874 23.815

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.079 <0.001

p
55 il +si-E2F 1+ PBSZL UL, *P<0.05.
Compared with high glucose + si-E2F1 + PBS group, *P<0.05.

A f i +si-E2F 1+ PBSAL i +si-E2F1+SD 1941 C

fe M +si-E2F 1+ PBSZL M +si-E2F1+SD 194

p-STAT3
Cleaved PARP | sus ey

JAK2

Cleaved caspase-3 | W_—_— -
pJAK2

B-actin - - B-actin

4 STAT3{5 S B & 7/ SD 1971 B E2F 1Y RGC-s A B1A - FA = & B 2408

Figure 4 Effect of STAT 3 signaling pathway activator SD19 and silencing E2F1 on apoptosis and apoptotic proteins of RGC-5 cells
(A) AR IIRGC-sANMI A T; (B) I BENIE LA MIRGC-sA IR 114155 (C) TUNELKMRGC-SARAIAT .

(A) Flow cytometry to detect RGC-$ cell apoptosis; (B) Western blotting to detect RGC-S cell protein expression; (C) TUNEL to detect
RGC-S cell apoptosis.

3 1Tt 5 T PR R e S M L R AR G DR FR A
KA B ROR B 26 1F T, RG Cs I 22 12 5 240 i

DROENE IR B W W) —FPOOF A IE, HR X BT S URE, B RT3 R G Cs FURE R A
LT 500 0 B I AR A A B, BB B ALY . RGCsHDRMSE R A B SE DR & i bl il (1



524 Ifi PR S B4k, 2022, 42(3) https://Icbl.csu.edu.cn
R ) = B T I RG C-S 40 ML 03 ) AR P AR T . ik 3R B

E2F 12 O & PG sk A T B2 R 58 I P i il B 2
—, R R b G P K s h = O E
B R S E2F 1 IR AT 3 g 3R 5 1 0 M 6
AR R AT 20 R B R 4, HE— 25 e A0 i
AR R T %5 — R A FE 5 Wang OB
K ILB2F 197 5 5 M 5 3 09 /0N BRI o S A1 A4S Aol
ZICHETS, MHIE2F 13K 36 0] 4 R B IS S
A JIEE b 25 5T S 07 A3 LA M AE T . YuanZ5 1945
TE = W15 5 NI I B 20 i 0 0 s #2 B2 F 1 3R
B EE, T UHE2F L A R L sh R
1% & 1K1 (mammalian target of rapamycin complex
1, mTORCL) S5 Ay H Wt AR T IR 16 Ak 25 11 e
aZ(AMP—activated protein kinase, AMPKaZ)fl\E'F
B R T AT ek A v R S S i N IS P B A i ) g
Bifd . AR R TR WL BRGC- YIS
E2F 1R A7KF 35 7, 40 A7 0 % 1 3 AR
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