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S R E R SR RATAR R P R . RB S B B4 A M Ndufad2 & & /2 B % 41
S Fok B s FAL L 9 R L. kI S 4 661W Zm AL AL 2 4L Sk % B 20 ( 49 LK)
LRI 24 h) R (S KA A A 3 MK S0 mmol - L7 % 4B 3 A A2
224 h) si-NC 48 ( i st 4 si-NC 5551 )6 , KA EF 3553577 24 h) si-NC + HG 48 ( @ e
o B SiNC BB IVE R4 50 mmol - L' %] 2 454932 - A 35 4 24 h) #o si-Ndufadl2 + HG
o ZL( 2R 2 si-Ndufad 2 45 53U 716 , A4 50 mmol - L™ # H 456035 R K355 24 h) 5
(o F A qRT-PCR #= Western blot A& s B4 28 Fe 2y ¥E 28 4 it P Ndufad12 64 & ik H 0L, CCK-8 i&4&
+ ) si-Ndufadl2 x4 661W 48 it 7% M 69 % vfr , R R 7 & (ROS) X #) & 4] si-Ndufadl2 3+ 661W
m e ROS K -F 64 % vf, & A SLER AN 3% 7] &40 si-Ndufad]2 2+ 661W 2 it o SLER K - 04 %
tvm, BER OKAZHEREN, 5 EF A RAR, BRI HALR B P Ndufad2 & & &
S kMR, AN EE R R, RS FHEL 661W 2 e Ndufadl2 mRNA 483t % ik 2 £~ %)
4 1.001 £0.069 #= 0.356 £0.071 , Ndufad12 & & 4835 & 15 %2 %] 4 1.000 + 0. 078 #= 0.795 +
0.070, 5 B4R, S 4540 661W 2 it F 49 Ndufadl2 mRNA fe B @ik £ K-FH FTH(HH
. P<0.05), CCK-8 i:A4ml & 70, si-Ndufad12 + HG 28 661W 44 2m JL % A A& T si-NC + HG 48.( P <
< 0.001), ROS |25 £ &9, si-Ndufad2 + HG 21 661W 2 i 49 3 5. 55 B & F si-NC + HG 41,
o R EE LI AR 4 B 2 7, si-NC 48 .si-NC + HG 84 si-Ndufad]2 + HG 28 %m f, b 3% ¥ 5Lk &

¢ {EE BT .200092 | THAZ ; ’%91\71117{7(10470 +0. 140)mm01 - L7 \(7 480 +0. 270)mm01 - L7 ﬁ!‘—'(6. 080 +0. 240)mmol .
C X, P e it 0 L' si-Ndufadl2 + HG 285 si-NC + HG 44, 20 e b3 F SLER & F it — F AR (P <0.001)
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JEE AL, BRI, Ndufad12 76 DR 59 48 FH AR S AL
Hl R E 5. AR5 B 768 i A DR /N R
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SIS S A R |]) ,661W 21 (52563 [ 17, b
AR AP R 2 B M R BT AR B BE IR B2 50 =) L iR 2R
M3 (£ & Gibeo 24 7)), DMEM ¥ 3% ( ¢ & Hy-
clone A]),2.5 g« LT HEAM. L MWK
(EDTA) {4 . D-# % #K ( 318 Thermo 24H])
THEWA(SEE Amresco A T]) ,NDUFA4L2 $ii4
B-Actin U ( b [E 2 18 22 56 ABclonal /4 ] ), RNA
WRPGRF & (th [E EZBioscience N F]) , [ 5 ¢cDNA
iR AN A ( HA Takara /2] ) ,2 x TaqMaster Mix 444}
(P IEMERE A F]) 85 IRAAE B 2 (STZ) Al ROS £
A (AR B A R A PR | FLER A T
& (R A | A2e otk B el & (6 H
Thermo Fisher Science /AH]) ,siRNA J§ 41 B _b 15 25 1
AR PR F A B
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1.2 Fi&

1.2.1 £¥ZEESH M GEO Fidf/# (https://
www. ncbi. nlm. nih. gov/geo/) £ B GSE160305 it i
FREAE T RIEE W2 53858, 22 R0k
ZMMALIEJG B9 P > 0. 05 A1 logFoldChange | > 0.5
(FoldChange ; 22 2% %0) .

1.2.2 DR Zh¥ERIHE R 534  SPF 4 Ak
CSTBL/6J /NI 37 F 1 ¥ 58 18 K 2 I 2% B [ g B
RS o, T SRR E 22 ~ 25 C, F] R
45% ~55% ,FEEHIA G T H h & ROk, R
FRIVSI 56 o) 4] A i BRI 0 38 R 2 B 2 Bt B T
PR R B 2 55 0) 7. & FRHE 1
JEJE T bt A5, STZ 5 00 A 468 R M 17 i, B0 B0
fie /INERZSHE 24 h J5 SR FH RE ML R 7 ¢ 10 40 R PR
W2 (M4 50. 0 mg - kg ™' STZ ) FIE 7 41
(M T S 55 B AT R TR ANV IR ) , Rl 45 6 1, Y%
SRUESFS do HeE 1 WES 1 S BT R I A i b .
/NI =13.9 mmol « L™ &R T, 24 A5
1.2.3 GREARANLZZFRN /R IEF Ndu-
fadl2 EARIFRIEAKE EHEH CSTBL/6) /N FHF
SRR 2 AN A G SRIBGIHE F 9 7 5 AL 58 BN ER
MRERVEA T [ 2 ALHEAY) B o Kb A s, PR is 2
J5,3.0 g - L™ H,0, Zi&BFE 15 min, i1l 2 1 75
. 2 5% il — Pt (Ndufadl2 1 2 1000) , —Hi .
HRP Ric 5 FE , #54T DAB Qe i JRR R B Yy Bh A
LK B W, B e s R, B o A R O
X AN K FH Image] BG4 BRAR 40 A7 245

1.2.4 661W ZHRRFIEESRE 661W 4UfEEFP T 10
em SR, 40 AL G R 70% ~ 80% W) & F & 14
P E10% BG4 17 \10.0 g - L™ -5 R R
DMEM 35323k, 76 37 C . F R0 8 5% CO, 5%
FAHPREFR . B 661W 21 it R FH BE AL A = 4 75 43 R Xt
FEZH (AR IR B B 7R 3 55 95 24 h) (b4 (4
K F#50.0 mmol - L™ Fii Bl A B - 3L G 97 24 h) |
Ndufa412 JTER N IR (si-NC ) 2 (4 5% G si-NC T ¢
JPHJG , R IE 8 KE 37 3L 15 9% 24 h) (Ndufadl2 &5 6%
DUERXT BE (si-NC + HG) 4 (4l e % Y si-NC TC)¥ 751
J&i KR % 50.0 mmol - L™ A A B Y 5% 57 S 0% 55 24
h) Fil Ndufad12 B HHITER (si-Ndufad12 + HG) 20 ( 40 jitg
e si-Ndufadl2 F§ 5 @ )7 5 )5, R H &% 50. 0
mmol - L™ A M B SR L8555 24 h) .

1.2.5 CCK-8 i%# il Ndufad4l2 3+ 661W ZHBE;E M4
HIENE  si-NC 4 .si-NC + HG 411 si-Ndufa412 + HG
2 661W il fEF T 96 FLAR, L 100 pl KR4k,
A 2000 40, WG RE 24 h 5 BEFL N A 10 pL
CCK-8 7], i FRAE N 537 1 h, R B AR A0 & 450
nm AR (D) o AHXTIIIIE M = (D —

1.2.6 ROS #iRXF E4 M 661W 2R ROS 7k
o SR H H,DCFDA 956300 % ROS /K-, 4 661W
20 M FE AL 0. 2 x 10° A 55T 12 FLBE A, Itk
BE 24 h J5¥% si-NC 4 .si-NC + HG 41 f01 si-Ndufad12 +
HG 21 661W 4 it in AAS [RDBi B2 A9 85 57 36 (1 mL) |
7 24 h 5 PBS 3i50E 2 W, A 10 umol « L™
H,DCFDA Jetaifg , 1€ 37 C (RFU % 5% CO, K37
FATRIEE 30 min, SO0 R T WSO, A R
IR

1.2.7 qRT-PCR il 661W ZHff FA Ndufa4l2 mR-
NA FikKT  SZH RNA 23] & 3L I0E 5 20 F s b
20 661W 4l & RNA, Fi 06 % SRl 474 cDNA,
SYBRgreen qRT-PCR JE-& 4l %€ Ndufa4l2 mRNA 7
661W 4 Jiil (1) 35, B-Actin fE R N 2, Ndufad]2
Bl WFS . sk 57 -TAGGGACCCGCTTCTAC-
CG3", Rl ¥k 5° -GGCAAGTCGCAGCAAGTA-
GA-3’ ;si-Ndufad 2 B9 E 51 . Lie14k 5° -UUGC-
CGUUUCAACCGACUACA3’; F Wi 8l ¥k 5°-
UGUAGUCGGUUGAAACGGCAA-3’ ; B-Actin J¥51; I i
B|¥14 5 -TTCGTTGCCGGTCCACACCC-3 ; F 8| W
45’ -GCTTTGCACATGCCGGAGCC-3 . #2744
T 661W Ziiffd b Ndufa4l2 mRNA [ 40X 31k
KF

1.2.8 ZLEWENKXFIE4 N 661W ZHAa EiEhFL
es=  ILEL si-NC 21 si-NC + HG 2041 si-Ndufadl2 +
HG 241 Lig i+ 1.5 mL 204 1,10 000 r -
min " B0 10 ming FEBRUTRE , K 401G 55 A9 _E 35
RS BB R, e R LR R S U
FC ) PR R, F 156 B s E] S SR FH AR AU
i 450 nm FA AL D, BRI 4 L ER VK
FLBRHRE = (Dt = Do)/ (D = Do) %30
1.2.9 Western blot # 3 661W ZHBf1 b Ndufadl2
EARIEKTE 15 661W 415 w55 57 MUEH 80%
IF, W BB ML Y 58 45 50 7E 2 R T, PBS
THUE3 W RIPA 2R -5 8 1 4 i 70 42 (R FH L
100 : 1 RA G , BEFLINAGE & IR AW, iCEAEVK b
10 min FE57 24 . FHANRLE] W 20 M08 T J5 % R8T
BIEFELE T, FE4 CHEET 13 000 ¢ -
B0 15 min, U, EIF&E AL SDS PAGE
WKIG B &y 5 25 PVDF L, bl vt 358 P o
P, 43 5 S b/ B Ndufad 12 —470, IL=EHT e =1
SEMIEE Sk, i ECL {22 & ot i a5 & ik
frigt, RO, &0 0 Inage] A5 it 5
Ndufad 12 75 [ AT kK o DL RR ST N Y B-
Actin AXT 5 8O FEUE

1.3 Zit=7iE KM Graphpad 8.0 {4758
IS A IR M G T A0 A, T TR LA B = FRifE
ZFoR . I REIRMF A ES M~ , W
B LR ¢ KB, KegiKifE:a =0.05,

.1
min
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2.1 4AYEEFTEMNATESSEER DR &
AEZREHERE  TE GSE160305 b7 20 #iiE
B AL REEFT 20 4 PR s (H R B8 DR S8 35 i 41
WRRR, 34 i) 9E 3 A= 8 DR (NPDR)) 8835 ()00 I 5 A1 5
i35 4= 74 DR(PDR) & AL AR, FI A R A (lim-
ma ) {522 5T KR (H AR 3 DR 5 A AL I
fE NPDR H 3 A A0 M AT PDR A8 3 (4 40 19X A 43 531
HIEEHMZE R, S E 5 RIEEN, KER
FRRFHBACE G 16 MEFHEF(EI1), 78
16 22 5 FL R a], A B 98 28 B T 55 4 b (4 AH DG 1)
Ndufad12 FE PR 1725 R BE, Ik — P HR5T Nd-
ufa412 FEHTE DR A7/ E R .
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B1 =REERXZERNERESIFZ DEGL: &
FAMBE LS NPDR & Z LW Ky £ F & ik L A,
DEG2: EE ¥ ALM L5 PDR & %40 M B oy £ F A ik A&
B ;DEG3 ; % AL M Bt 5 4% ks f2 & 2L DR & F AL W
JLag £ R AAE

2.2 5 Ndufadl2 RiIEEXEUERMNINGETRER
KEGG B EE /M #id R Studio Zr s ¥ 73
Br, A Ndufad12 S8 K ARG, A 15 204 56 R
B BUS 2 kR VIR LB (B P <0.05) , il
X 3 BB PR R AT ) RE T R R A i A 0T, HE
Ndufa412 7£ DR " nl G & #4E A 7 o @it GO
AYMERTAT, AR A W2 R AR 5 T, Ndufad 12 W] fE £ 23
T JEREL AT 490 it o BT A B 1R E 6 AN 22 41 AL
WESEESE M, w7, EEW %
fill BSEE R AR AR B Pl EE AR %S
o 1E4TTFINEEJT 1, Ndufadl2 1] fE 5 5 P55 8 25
F TS P B B T L He [ 9 0 S S
5%, KEGG i & H M4 B /R , Ndufad12 7] 8
T 55 A Ak B R AL A G, BT DA S 2 A A
Ndufad 127 LB ER AL HPEFT (&1 2) 6

2.3 /PMRAMERF Ndufad2 E 5 RIEKFLLE

T PR 2H /0N BRURN IE 5 28705 BRUREL EL , A T R AR, LA T
L, ER AT F R L (B P <0.001) , XKW
B PRI /N BRI TR TS R I o B3 4 B4k 2 A ) &%

0.037 F10.354 £0.002, 5 1F 5 4LAH LL , B8 PRI 41/)N
UL i Ndufad12 85 1 3R R KRG, 2R A6 5
2R (P <0.05) (& 3).

E [ ]
IL6 JAK STAT3 SIGNALING q
OXIDATIVE PHOSPHORYLATION [ )
APOPTOSIS () T
TNFA SIGNALING VIA NFKB o ® 20
HYPOXIA o : gg
P53 PATHWAY ® ® :0
ESTROGEN RESPONSE LATE [ @ 100
DNAREPAIR | @ BIEEP
COAGULATION | @
IL2 STAT5 SIGNALING | @ 8: 8;
EPITHELIAL MESENCHYMAL TRANSITION | @ 0. 03
CHOLESTEROL HOMEOSTASIS ° e
TGF BETA SIGNALING | o
GLYCOLYSIS |p

0.3 0.4 0.50.60.70.3 0.4 0.5 0.6 0.7
GeneRatio

B2 KEGG E% 4475 Ndufadl2 T #8486
EH

N . P

iz i R — —
A S RN ¢, AN ALY

AIMLZE PECRR AT

N AN e ) e Y ) —

W Ba
UNAE) o 5L T
ez AR WA
%gg\x ! ST
02 |- e
[

B3 SEAERALFRN/NRIMEHS Ndu-
fadl2 EERIZBER A EF4;B 4B RBA,

2.4 661W Zhp s Ndufad2 mRNA F1E[QRiEK
T DIXTHRZH 661W 4t fifd v Ndufadl2 () 5R35 & 4 2
HE, X REZH AN = B 4L Ndufadl2 mRNA 3535 & 4153
7 1.001 £0.069 F10.360 £0.070, 5% FLHAH L,
AL Ndufadl2 mRNA FRIEFEAL, 2 5 A 41t
HE(P<0.001), X4 A= b4l 661W 4 ifd
Ndufad]2 7 11 3 ik 7K 43 5 4 1.000 = 0. 079 FI
0.780 +0. 070, &5 44l Ndufadl2 & ([ #£EKFET
e, ZFA5ITEE (P <0.05) , Ut EBE 5%
T ,661W Aiiffi Ndufad]2 3238 400E #5557 A58
FEAG(E4) .

o i 2 PE Mr

4 661W 4R Ndufadl2 & 5 FRix
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2.5 661W ZHAEE Stk CCK-8 kil 45 K
7~ ,s1-NC 21 .si-NC + HG 2] #11 si-Ndufa412 + HG 21 41
BTG S35 5024 99. 68% +0.56% 83.82% +8.18%
H166.25% +£4.26% ,si-NC + HG 415 si-NC 21 F0l si-
Ndufad12 + HG 41 661W 4375 J74H He 22 394 S5 it
FEN(PIR P <0.01), DL g5 RF, =%
238 661W 4T J) T R, 1 Ndufad12 [ 3R 5

50 pm

50 pm

RS e — 25 ) v b o) 240 L 4 4

2.6 Ndufadl2 ;TEL/EXT 661W ZH A ROS F=4 B8
M 40 ROS K4 5 & 7%, si-NC + HG 4 ROS %¢
ARG K B 75 T si-NC 41 ; si-Ndufad 12 + HG 41
1 si-NC + HG 4iH Eb , ROS & EREfE s — 54, Uil
HH 25 B 2 F F Ndufadl2 23k TS — B8 E
661W 4l =4 i) ROS /KF (K S5)

50 pm

5 L2k Ndufadl2 %+ 661W ZHAE K ROS 7KFERIEZMET  A.si-NC 28;B.si-NC + HG 22;C.si-Ndufad 12 + HG 22,

2.7 Ndufadl2 ;2R % 661W 2 A i 3 BR 7Kk T B4
=M si-NC 2 .si-NC + HG #H 1 si-Ndufa412 + HG 28
661W 4 ff L35 LR 7% & 43 5y (10. 470 +0. 140)
mmol + L™" (7.480 +£0.270) mmol + L ™" F1(6. 080 +
0.240) mmol + L™ si-NC + HG £ 661W ZHjit I3+
FLER 5 i 5 si-NC 4 AH L2 (P <0.001) ; si-Ndu-
fa412 + HG ZHf0 si-NC + HG ZH AH [b, 661W 4 i | 3%
HFLIR & s i — PRI (P <0.001) , 3% 136 H] Ndufadl2
PR TR — A E 661W 4 i LI D aE

3 itig

DR (835 7E il PR L W JCA 67 J7 ik, I I,
I T DR A A AR S FEAILAR AT LA i PR B i By ¥
DR $2 UK HG . AoRiAE A0 S RE IS i 2 B ,
SEANIE K S A . B R AR R AR =
AR IR CATP) , 42 ] 200 1 A 35 1 981 5 240 Jf 07 1=
PR , ROS 7R R R 1o 5 A, S AR
] S BRI T REREAE Y . £ DR JER R 4
RV e P43 BBV T, 1925 10 v W 2 950 55 4
LA, 2 B LR AR S5 1 | D RE R AR DN 2 52
AR GO A sz 451, AR (R C B il
FERLTRICAE o A R A IR R O D) B L i
TR mtDNA 43, Bl L HE A4 I, mtDNA B8589 /b,
Bl TR o T AL R RE R S
A% H SRR IR L R, 2RI £ DR
AR T — ARG SR, SR ATE i I
M2 e — A AR e

AWFFERAT GEO %fii i, $e ik T DR &5 WL
RNy Bl o e 22 5 0 T, B 16 45 51 Ndufad 12,
FHAEIZEL A Al BELE DR A & e vh & #45 F o Ndu-

fad12 ERAARARIFIREEE A9 11—, Ge1y
LRI RIS AW T BTG T, A A 4ok (A 3
AR AL ROS [y A" I AE Z R I i A4
W EE AR, EGE, HIF-1o #8425 ) Ndufad12
TR ROS Az B fE 2F B [R5 4 M 5% 7% A0 e [) 58
B WA WF5E R, Ndufad 12 AR 15 7L M 0
(S L R A St IR I TR A R A S
AT, I L Ndufad 12 £ 2 i 48 1 il 20 ik
PRI A AN . A B ST HRGE B, 4L A Ndu-
fad12 B 1 38 Ao 02 2E 0 JUE T 40 B A7 3% 9 50 JIE P
A SR, Ndufad12 78 DR A4 FH i AN BR A

A FT 1 5 38 o 56 kI Py BcHE 2 B, A R
ZH /)N AL I B Ndufad 12 25 7 3% 08 B W AIG T 1E &
20, FRUH = IBE AT Ndufadl2 SR8 —E M2, It
A RSN SE IR ZE R BN, BB T ,661W JBOE
4 H ) Ndufadl2 mRNA FI&E HKEREBAEH — &
FREERY R, X g5 SR, A N g I A R4 b
PEIASE A H] T Ndufadl2 (323K, 24 661W 4 fifg 2
TEAE BRI, SR siRNA JTER Ndufad12 fY 36
RS ,661W 11 4i i1 g 52 2 ], iX B Ndufad12
FIRBAC S HE— S WG A M IS T B, ROS £l
450 R, Ndufad12 23K FEARS 340 ROS /KF-, 76
AR, KEGG & 44311 & 8L, Ndufad12 5 5 fL B
FRALIEARA K, L, AR IE LS T Ndufadl2 31
BRJE X 661W 4 g |35 rh LR 7K ~F- Y 52 ), 25 51 I
7, Ndufad12 2K KT R T B M B 5= g
LIRS /D, FLRR TE 20 i P HE AR 25 ik — 20 00 3 4
JL R AR Ak R ok e 5 SR U B B A A 2 0 ol
661 W Ziififi b Ndufadl2 F3k, NI S20 661W (141 fif
EWARST AW BN
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Effects of Ndufa4 mitochondrial complex associated like 2 on 661W cells ex-
posed to high glucose
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[Abstract] Objective To investigate the effects of Ndufa4 mitochondrial complex associated like 2 ( Ndufa412) on
the function of the retinal photoreceptor cell line 661W in a high glucose (HG) environment and its related mechanisms.
Methods In vivo experiment: twelve C57BL/6J mice were randomly divided into the diabetes mellitus (DM) group and
normal group, with six in each group. The diabetic mice were intraperitoneally injected with streptozotocin ( STZ) , and the
normal mice were intraperitoneally injected with equivalent citric acid buffer. The protein expression of Ndufa4l2 in retinal
tissues was detected by immunohistochemistry. In vitro experiment: 661 W cells were randomly grouped as follows: control
group ( cells were cultured in normal medium for 24 h) , HG group ( cells were cultured in 50 mmol - L' high glucose medi-
um for 24 h) , si-NC group ( cells were transfected with si-NC first and then cultured in normal medium for 24 h) , si-NC +
HG group (cells were transfected with si-NC first and then cultured in 50 mmol - L' high glucose medium for 24 h) , and
si-Ndufa412 + HG group ( cells were transfected with si-Ndufa4]2 knockdown sequence first and then cultured in 50 mmol -
L' high glucose medium for 24 h). The expression of Ndufa4l2 in the control group and HG group was detected by the
quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot. CCK-8 was used to detect the effect of si-
Ndufa412 on the activity of 661 W cells, the reactive oxygen species (ROS) assay kit was used to detect the effect of si-Ndu-
fa412 on the level of ROS in 661 W cells, and the lactic acid (LA) assay kit was used to detect the effect of si-Ndufa4l2 on
the level of LA in 661W cells. Results In vivo experiment results showed that Ndufa4]l2 protein expression was reduced
in the retinas of diabetic mice compared with normal mice. In vitro experiment results showed that the mRNA levels of Nd-
ufa412 in the control group and HG group were 1. 001 +0. 069 and 0. 356 +0. 071, respectively, while the protein levels of
Ndufa4I2 were 1. 000 +0.078 and 0. 795 +0. 070, respectively, and compared with the control group, the mRNA and protein
levels of Ndufa412 in 661 W cells of mice in the HG group were decreased (both P <0.05). CCK-8 assay results showed that
cell viability in the si-Ndufa42 + HG group was lower than that in the si-NC + HG group (P <0.001). ROS assay results
showed that the fluorescence intensity in the si-Ndufa412 + HG group was higher than that in the si-NC + HG group. LA as-
say results showed that LA content in the supernatant of 661W cells in the si-NC, si-NC + HG, and si-Ndufa412 + HG groups
were (10.470 +0.140) mmol - L™", (7.480 +0.270) mmol - L', and (6. 080 +0.240) mmol - L', respectively, and com-
pared with the si-NC + HG group, LA content in the si-Ndufa4l2 + HG group was decreased (P <0.001). Conclusion
Exposed to HG, the protein level of mitochondrial Ndufa412 is decreased. Down-regulation of Ndufa412 inhibits the viability
of 661W cells by affecting their metabolic function through oxidative phosphorylation pathway.
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