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Abstract

e AIM. To investigate the repair mechanism associated
with cholesterol synthesis regulated by silent information
regulator 1 (SIRT1) in rat model of optic nerve damage.
e METHODS. Preparation of optic nerve damage in 70
rats was randomly divided into normal group (10 rats),
resveratrol treatment group (experimental group 30 rats)
and PBS buffer control group (30 rats). The
experimental group and control group was further
divided into 3 subgroups ( each group 10 rats),
respectively. After 7, 14, 21d injected resveratrol or PBS,
optic nerve injury were observed, then the rats were
sacrificed. Retina was segregated; the surviving retinal
ganglion cell (RGCs) was counted. Dissection of optic
nerve, cholesterol content of them were tested; RT-PCR
was used to detect mRNA expression of SIRT1, SREBP2
and HMGCR; Western blot assay was used to test the
protein expression levels of SIRT1, cholesterol regulatory
element binding protein 2 (SREBP2) and HMGCR.

¢ RESULTS: The numbers of RGCs and cholesterol levels
of rat model with optic nerve injury decreased significantly
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(P<0.01). The mRNA and protein expression levels of
SIRT1, SREBP2 and HMGCR were all decreased in a time-
dependent manner ( P<0.05). Three components of the
three time points, with time injuries were aggravated,
and the extent of damage was significantly reduced in
the treatment group compared with the control group.
But in resveratrol treatment group, the cholesterol levels
and mRNA or protein expression of SIRT1, SREBP2,
HMGCR in optic nerve were significantly restored in a
time - dependent ( P<0.05). The number of surviving
RGCs restored significantly in resveratrol treatment
group (P<0.01) in a time-dependent manner.

¢ CONCLUSION  Up-regulating the expression of SIRT1,
SREBP2 and down - regulating HMGCR by resveratrol
could repair the injury of optic nerve through promoting
the synthesis of cholesterol in neurons and retinal
ganglion cells in the repair process. SIRT1 may be as a
promising new target for treatment on optic nerve
damage.

¢ KEYWORDS ; silent information regulator 1; cholesterol
regulatory element binding protein 2; cholesterol
synthesis; optic nerve injury; retinal ganglion cells

Citation ; Zhang Y, Li HY, Cao YM. Effect of SIRTI regulating
cholesterol synthesis in repairing retinal ganglion cells after optic
nerve injury in rats. Guoji Yanke Zazhi (Int Eye Sci) 2014; 14
(10) :1760-1764

wE

BRI HTE B T 1 (silent information regulator 1,
SIRT1 ) ¥ 2 RH [ B A A AE Q0 48 28 45340 16 &2 b i 4
B

T5 i il A 2 g 05 R R AR, B AL A vk 70 R
KESRHIEFH10 X, ARSERITA (S£564) 30 R
F1 PBS 22 i X IR (XFHEZH) 30 H 5 FRRE S50 41 A0t
HREH 4> 95y K =20, F4H 4% 10 2 6 1 B B R PBS 43
SO S S A RN X HE 2 KRR, SRR A e A S T,
14,21d AFEA R, 4358 P I S | X055 45 2 K R 400 19 e ot
L YL (retinal ganglion cell ,RGCs) FIFETRELE , 707
AR 25, G 0 JHC JIH 61 P2 55 £ s RT-PCR A SIRT1 |
SREBP2 Fl HMGCR AY mRNA k7K ; Western blot 246
] SIRT1 ,SREBP2 Il HMGCR 75 [ # ik K,

R BRI AR RGCs 19 47 106 & LA KX A1
22 A [ 5 ik 39 9 S 9 4 ( P<0. 01) 5 SIRTI  SREBP2
Hl HMGCR #J mRNA FIEE H &1k K FH T (P<0.05) ,
FEEEIHER R G 2, = 25 = /A ] Bl s i) 4iE K 5
¥ IINEE | W36 7 AL 45 A A ok HE 21 O S ik 55, T 4
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HMGCR B mRNA F1#E H &35 K, RGCs A7 106 B Y B
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2540 R BEE ot [ SIRTI SREBP-2 K H R i 45
L HMGCR 23k, T — 25 12 F i 28 50 4 Jifa 1) iH
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FH T A F1 45 1 0 A B2 0, 90% LA b 40 il 2 4
5 e A 2 B A Il e v 4 o 2 A 0 A B AR
2 A AT AR I PR A/ UL TR R Ao
ZAB 05 e A T SRR S i S S Az B 4R o i e A
B, A3 0 HR J 38 TR SV ] T 5 5 3R 5 32 1 M i sl LA &
A RIS UTARE R AR R 5 K B, TEAE
Z R 2] DL BB 52 0 40 44 42 (optic nerve, ON) A FE-A= 3
BB, DA B 28 22 G 4 0 455 A0 Sk SRl B AF ST B A, A A
LT RE R AR Xk R i 48 2R G A S PR IR T SR AL T F
SEHARAT [ M ICET M B  A R AT M AR
P22 RGP IR WG ¥ 55 4 28 50 20 L R AR 35 6L
FYIA KD, DUERAE BT F 1 (silent information
regulator 1, SIRT1) 73 Ak H g BE LR <F , % 3 45 g AR O
SRS B XREERMEMS . AR5 B EIRT SIRT
g N P A R 2 A 0 18 2 A AL
1 #RF T %
1.1 B R 2B R & AR SD HEPE K R
70 H IR E 280 ~320g, AMNIR K HR R K A 24 1TE %, 8
BEALE F et 2o dl, B IE® 4 10 1, (2 IR YT
2] (SEYG4L) A PBS 28 hy X B4 ( X HR 4 ) 45 30 H ;58
B 2 R AL P45 40 =4l BEl 10 H, BRI & KA
ST AL . 50mg/ ke ST IE i 1 565 BRI 5, 78 93 2 % A p
28, R ) BE A K BRI A L BRI 95 0.5 ~ 1. Omm 4k 52
Rt i BR RO 2R 58 e PE 5, 2 56 41 7 it
YA S5 37 B[] R P9 VR S P22 I (30me/kg ) , B 12h
— IR X A LE D 2 R O R SR A PBS, 430 TR YT
JEHE7,14,21d 2540 53 Sl Ab Bt 10 H R B, BOIR BR 5 43 0]
I3 B LA 22 RN IR L
1.2 ik
1.2.1 M MEFRSZ R RGCs iH#  H#f IRk, 7
FLOBE K, — W2 W, A A, 2 ) 40 I B 42 2 )
LB Spm HE Jefa s iR B A, D688 T LA R i
S50, R A EMRS HT R G0 2 RGCs $t
1.2.2 {HAEABEEE S EME  F7 00 40 M IH 5 R 5 H AR
FOR -1 AL I, i B & U B R A
TR (43 B BP0 I IE A A PBS J5 2840 3% 11 4 iU TR 8 1
W) 10 L IA BTN 1 mlL (8 T (328790 1 2% vh il
ERRFURA) o, 37°C K ML 10min, 2R J5 78 50 66
FETT500nm KR 43 BN AR R (BRE A) SR 1Y
WOCREEME (M A) , #LFARITE A 10g 41 5E A

JOEL 5 i IR ( mg/ 10 ZMAEE 1) = (D2 A <A ifE
AR AERIR E x 150 +FE fh H &) x10,
1.2.3 LAWK EE PCR &N R LHL M 2
RNA, LA M-MLV 3% SR % 5% 5% cDNAfCh RT-PCR
BB, LA B—actin MO IS BBARUE,, R4 Genebank £
FIELAY SIRT1 ,SREBP2 il HMGCR f mRNA /%41, Roche
TELIAF IS4, KA Applied Biosystems /2 F) AH K
TR K A B 4 36 R 81 A 51 4, 76 ABI 7500 245
SEHE PCR AN F AT A L R 2 A I, B REAR A 3
W, 20l VAR R A HE : TagMan MicroRNA Assays (20x)
1L, cDNA 1.33plL, TagMan 2 xUniversal PCR Master Mix
(No AmpErase UNG) 10pL, Nuclease —free water 7. 67wl
PCR J W 451 :95°C 10min:40 4> PCR 7 ¥F (95°C 15s;
58°C 60s) , ¥ S S HE Roche 1 F M55 9
JITAS (R AR R 254, 7 1 250 FUBCHE 43 BT R B ABIT 7500 &
FHRL M AT: 338 BN 3R A5 1) 8 B BB DL x s Fow,
STRSLER Y AL 3 L b, 2 R B AR R H R 22
Sax i
1.2.4 Western blot  JiT 43 B ML #f 28 5% F 4 M e itk A7 7
SRS K T AR B RE L BT 10% SDS-PAGE BE i HL
UK BlJS %R 2 PVDF B, 43 5l 5 % 2 se BEdt SIRTL it
& (1:500) . $it SREBP2 $Hii & (1:1000) LA K T HMGCR
(1:1000) T 4CHEF LK, VEES —$i & 1h J5,ECL
b2t &k R g

Gt . LR EE 203 WL L (HEE 3 K
PI_EAY SIS S RT-PCR \WB 25 HAKSC86 ) . R ST
2Rk SPSS 13.0, BEILL x+s Fox. i ANOVA
PTG A, B 5 d ) LSD A8 36 34T Post—Hoc #8101
BB A i USRI 7 225007, P<0.05 22 %A 48
IS 38
248
2.1 ARMHERAELRGEBEST AFLBKRY
Hama R, TR, MBEEN oMt i B &
A ARHRBEEE IR 98 M I N, B 3 AR s JC AR, 90 DRR)
IR AL TE 5, TG H i R0 P90 B 25 % A= AR IR i L 1
K, EHAE2 ~dmm, BHEXDGRG(-) , XL S (+)
RIVAH XS P £ A A [ £L 52 B2 % ( relative afferent papillary
defect, RAPD) , £ T P4/ H8 A S L2 A4S AU A 7 i 3y
2.2 MMRFLSFEMET  1E 5 X ML S g PN ) S0 43
AT N RAME R 45 2 AT U HE
PERR 25405 5 7d, X6 B2 AT U A 2679 400 i 2 M A L oy
A ARG N R 0 T R A A% R ROAME R AR,
20 e HE 51 ZE L 5 177 S 56 4 00 I IS 45 4 O B R AR 4k, 14d
Jei %ok HE A A R BA S s D B HES ke i £ L, Y
AR TN AR R TR TR ok N8 S (R R TR
AR, e o R AE B o 21d J& , X R 2 45 2 4 T 4K
H B /b | b 287y 20 23 R A A /0, e VR 4 25 Ak
1 2 R T A LR P A A A U 5 T ST 2H
PR BEARRT R, AR s Ak 3L 45 2 A N P 5 78 18
AR B s, 7 BAFZERT AR G R (K1),
2.3 RGCs B E T ot 45 B B K R A% W0 R i
RGCs 20 A A7 105 Bk, 76 45 Hsf [ o500 4 1 &% 2 B S i >
(P<0.01), JF 2B A ¢ R, T S 56 41 5 1F 8 41 L
B, A B () AU T AL g ek 2D (P<0. 05) |, L 2 B[R]
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1 Eﬁulﬁlﬂﬁ HE $# ( x400)
2 F . AR AL TR 14d 41 G, FAZES AL TR 21d 40,

TGRSR 2 5500 R ZH A 45 B[] 5 B A7 A B 3 T 42
THEE 255 (P<0.01) , AW 1 22 P B 7 T 4k 52 K BROAL
2R LI A RGCs 21 B A7 305 B i, HL 5L Rl
WOCR FEWNE L,
2.4 RGCs HBafEEIEE & 2T Hi Ui B ALK BUAY AL
JIEE RGCs 24 i 14y L[5 Pt 55 i 7 45 B 1) A 04 1 5 2 W I
WD (P<0.01) , FF 52 B (AR OC R o T S 30 41 5 1E 4
LA , 6 45 BF ] s 368 0E 5 2 U 20 (P<0. 05) , 52 A i) 4K
FOCFR TSR 2 5500 B2 A 45 B [0 S5 3 7 A B 3 TR 42
THEE 255 (P<0.01) , BEWT 1 2P B3 T T 4k 52 K B
2 AR L I RGCs 41 I %) JIEL 6T 55 k| L S s ]
LR L2,
2.5 RT-PCR # i) SIRT1,SREBP2 #1 HMGCR & mRNA
FIKKETA BRI R A AR 2, SIRT1 . SREBP2
HTHMGCR ) mRNA 23K 7K - 78 45 Bif (] o5 #0428 1E % 41 B
W (P<0.01)  JF B RMRHEIOC R, ML 5184
A HLHR , 7E 45 of ] 05 48 1E 20 /D (P<0. 05 ), L S i [A]
M 2, T SE G2 A% IR 2 SIRT1 . SREBP2 Il HMGCR
) mRNA ik K PAEAS B [A] s B AAAE i Gt 25 7
(P<0.01), i B 11 B2 B3 y7 T R &2 K BRI #f 28 vp
SIRT1( &1 2) .SREBP2( & 3) il HMGCR ( K14 ) i) mRNA %
KK,
2.6 Western blot #il SIRT1,SREBP2 #1 HMUGCR & H
kK F AL B4 A K R R A 2 op ) SIRTIL,
SREBP2 Fl HMGCR )85 1 338 7K 78 25 B[R] o5 R4 1F
LD I BB R OC R . ML I 4] 5 1E % 4 L3, 7F
A5 HSF T1) 5 A TE L D/, S B TR 06 2 1T S B 4
BT HRZH SIRTI SREBP2 #il HMGCR HY 75 [ %% ik K 7
PR IR 25 5 VLB R ST BT T A R B A
£ SIRT1 SREBP2 1 HMGCR (8 3647k F-(81 5) .
3itig

Wit 25 P0G B R AT B A v AT R sk R
BB I IRYT , LARE O JE R R8sk 32, 1 il 3 A
W, AP ZE4545 (traumatic optic neuropathy , TON)
FE U5 8 AR 0.5% ~5% , TG H 2% 2
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AN A. -4 A
A IEH T IRZ]; B.PBS AbFH 7d 41; C.PBS Ab¥H 14d 41; D.PBS ZbFH 21d 4 ; E. HEL S EEALFE 7d

oy

< - ‘-‘

®1 HHAARERESR RGCs AlEMEHETN
(xS, A~/ B ET)

20 5] n 7d 14d 21d
IEHH 10 33.18+5.02

SEHGARITA) 30 29.46+3.28"  25.19+2.54>  22.66+1.87"
X BR 2L 30 17.31+3.18  14.55+2.28 13.62+2.88

"P<0.01 vs XJMEH .

%2 RAFRFEREARGCs AMHERRSETL
(X£S,mg/10g ZHMIE )

25 n 7d 14d 21d
IEH A 10 102.26+4.23

STHHIRITAL) 30 87.54+8.63" 72.15+6.38" 64.3825.14"
Xif HE 4 30 54.2124.67 43.59+3.96  32.65%3.12

bP<0.01 vs X IR,

1.2

AR SIRT1 MRNAZ % 52 7
o o o
- D [e0] -

o
[N

ERH ERA ERA SRM R4 NEA xE4
(7d) (14d) (21d) (7d) (14d) (21d)

E 2 SIRT1 B mRNA RiAKFE AR T K BRI 2,
SIRTI AY mRNA 3 ik K 78 45 BF 18] 25 (7d:0. 71 0. 06; 14d:
0.61+0.05; 21d:0.49+0. 07) A IEFH (&R 1) W B D
(P<0.01) , TWisCEA] 5 E 8 4 R, 724 B[] 21 (7d.0. 87+
0.12;14d: 0.75+0.09; 21d:0. 68+0. 07 ) % 1F H 2 W& ek /1> ( P<
0.05) . T SCU2H Foxt IR 21 78 45 i 8] S5 AR fE B G T 2R 25 57
(P<0.01),

PO SR AR R B R N 22— B P LA 245
1JJEI’JII PRFIA 4 JCHE— IR M %J”ﬁﬁﬂ%?ﬂjﬁnﬁilé@
BRI 4 B2 RS A S RIME i 2 —
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HXSREBP2 mRNAR A & #
N o o -
£ » [o2] - N

o
N

EFA R4l ERA SER4A R4 XR4D xR
(1d) (14d) (21d) (7d) (14d) (21d)

3 SREBP2 fJ mRNA FRikzKF 5475 45 10 A BLAY AR 4 22
o1, SREBP2 () mRNA 3 35 7K F-7E £ i) 1] 55 (7d. 0. 61 £0. 05;
14d:0.53+0.06;21d:0. 44=0. 04 ) #HIEF 4 (BEHR 1) B Wyd >
(P<0.01), IS5 2H 5 05 % 40 He A, 76 4% 1A 5 (7d.0. 79+
0.08;14d:0.73+0. 06; 21d.:0. 63+0. 04) % 1F 5 2H W& I > ( P<
0.05) , 1M SZU2H F5 HR 4 7 45 B [0 o A7 70 0 35 A e i 2%
5 (P<0.01),

1.2

-

o
©

MHAHMGCR mRNAERIAE &
o o
B o

o
N

EFA KR4l ERA SRR R4 R4 X4
(7d) (14d) (21d) (7d) (14d) (21d)

4 HMGCR H9 mRNA FRiEKF 45 15 8 K FRAY 0 4 22
H1 HMGCR ) mRNA & ik 7K - 7€ 45 i [8] 25 (7d. 0. 68 +0. 04;
14d:0.58+0.03;21d:0. 51+0. 04 ) ARIZIEH 0 (&M 1) BBk
N (P<0.01) , WS4 5 1 40 i, 724 i A 5 (7d:0. 88+
0.11;14d:0.74=0. 06; 21d:0.69=0. 05) % 1E F 21 W& 98 > (P <
0.05) , TS5 41BN HR 41 75 45 B [A] s A7 7E B M G T 22
F(P<0.01),

FRA AL
B 7d 14d 21d 7d 14d 21d

SREBP-2 |- T D e - .- —|

Actin

E 5 Western blot il SIRT1 . SREBP2 1 HMGCR & B ki
KFEEWL,

Sinuins BLUTEE BT EE 2 ( Silencing infomation
regulator2 , Sir 2)) J&— S JHME e R I 0e B 1R (NAD+)
MR 1 20 25 11 25 SRR | 2 R DR A R TE AL P
BEORSF, SRg I A SRS SR 2 KA S
wAAM S R SRR . KEEWFFEUESE Sinuins 753
UUER \DNA U085 A 223 240845 KBt i 1= 55 5 T 2]
THEEMMER Y £ ZBHLRE 1 (SIRT) J&—Fh Ak
5245 DNA [, A BF 5 K B B v 18 & AT 1 22518
AT PR 1 T AT I 2% T BRRE 0 UL 22 400 ) 2 B AL E (44
CHRUR N E , ALS ) (/N B P Y S PR AR 1 7

5 B rb A A AN TR]  RCAF I L 30 P i v g i 22

TR, BRI REE L S A DNA RSB
5K DNA S5 DL K 5 B0id) B PR 20 S e X #f 28 oe i
R BHLAR TAE, I B, DNA /> FHER BN A S
TE A 2R AT PSR L A0 BT 7% 2% 6 BRAE A ALS S 15
SUF N R et AF B IR AW & £ Bh ALt
T AR 1k K i 28 B 8 77, Li—Huei Tsai ZE0F58 T X iR 4
PR oAU, AT &3, A SIRTL, M & T k&
A A TG B DNA #5145 eah, T
B SIRT1 BYAT A 52 31) g — Fof it ) 42 i) 98] 5 ———3X Fof il
5T DNA (B HEATRAR . A58 F ] SIRTL %
NRTT AT I 2R AT PR B 2R 2% g BRAE 1/ LY
ALRER IE P4 T & B DNA 5455 10

ARSI I, A5 A I B A RO JBE RGCs 1A
T A0 L R A Ao 22 DL [ It 5 5 24 W] S il D> 5 [R] I) SIRTIL
SREBP2 Fl HMGCR ) mRNA FIZK 1235 /K P45 F [, Jf
SR SE R R SIRTL #8711 2 2 BEIR 97 410
A 22 L 75 1t ) &% SIRT1 SREBP2 \HMGCR Yy mRNA
TR FI KKV, RGCs A7 15 B ¥ W1 & [0 7F, SIRT1 3#%
B A ESE L 198 SIRT1 SREBP-2 KT e #a 4t
HMGCR 93k , Al i — 2D A2 JE 28 T 20 e f) AL T 55
TS LA R A P sSaeh 22 5 4 e A 45 s Je A SR A

M fe U S LA E B R R DI ¢, R A
W =R T5 T 22— RG2S S A, JHG v R o e J B A 5%
Gl UM OGP R R HL A X 40 Y A o T R
WA B R AN ST A B SIRT sl 11 2 it 1:d
9 SIRT1 .SREBP2 K H: T i i #5 3% [K) HMGCR AU 15,
HE— 2 AR RN 22 TT A M 4 H B 5 0, ASBIFSE IR 42 T
FEBE T SIRT1 7EA 2850 41 A i E 1] 5 pioied 72 v 1) 8 22
DHREPEVE T, LA 10 90 s Aeh 245 2 g ey i i 2 52 i 7
) SCHEVEVE T SIRTI i i A3 R iF i) SREBP-fiH
W A Q3 %, (2 A A T ph e i M 18 52 R IR 26 W) o
(RHE ) B35, SIRT1 AJ fE LA M 22451 45 )5 18 52 ad
R 2 OGO Y, L0 45 0 B STRT1 -SREBP2 ~
HMGCR 18 i X 240 M 4 AH 5 2R W= D RE L ey S

B, B ATTIA R SIRT1 K Hod 43 % SIRT1-SREBP2 -
HMGCR nJ g F T HL #h 22401 0 18 2 3 209+ B3R5, T
SIRT1 1] e A 22 01 B2 IR TP HE A
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