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# E: BM #F R Delta/Notch # & & & K B F 48 % 2 4k (delta/notch-like epidermal growth factor-related receptor,
DNER) E B & FPeERA R L AT A, HiE B ERHLTEZTREGH4AL (QRT-PCR) & & %2 i ( Western
blot ) #&n § J& 484 F= 48 f F DNER mRNA #o & & F A K-F, M DNER &k 69 § & a0 2 SGC7901, A LAtk
1A% &G (dynamin-related protein 1, DRP1) #p#]#] Mdivi-1 &3 40, CCK-8 %, Transwell 52 3aFw ik X 20 e K 5
B A L L E Ty | A5 £ e A Ao B =, Western blot #2 DNER & & . A 48X % @ [ R AR B & 9 8 3 ( cysteinyl
aspartate-specific proteinase -3, Caspase-3) . Bcl-2 /8% X %@ ( Bcl-2 associated X, Bax) |. A%#AAX &G [HEFME
&6 1%4% 3- 11 / 1 (microtubule-associated protein 1 light chain 3-1I/ 1, LC3 I / I ) . p62, PTEN # -5 1 ( PTEN
induced putative kinase 1, PINK1) #= Parkin], VAR & ¥tk 2L & fo @k &% & [DRP1, £ 44k 9 2 B F (mitochondrial
fission factor, MFF) | &A% 4L%& & 1(fission mitochondrial 1, FIS1), A2 %% % & 1 (optic atrophy 1, OPAL) .
LA AR FRA& G 1(mitofusin 1, MFNI1) f= MFN2] K-F. &R BRITBALF T DNER mRNA, & & &k K-F5
B 2B TARAREF 2148 (1=-52.485, —46.955) A E% § Lk mie (F=60.551, 60.652) , £ AA%ITFEL (H
P<0.001) , LB DNER 2 ##7#] SGC7901 4afeLeydgstifeliz 2, - FmEM T, WimmATHHXEO LA, 274
A Gt 5 7% L(1=8.026~25.903, 3 P<0.05 ). %LE DNER 271 & LC3 T/ T s (=18.086 ), KAk p62 %& & K -F(1=6.747 ),
423 PINK 1 A= Parkin % & £ &k k09 R 22( =15.630, 18.171 ), 44 & A 4R k&% & OPA1, MFN1 4= MFN2 £ ik ( =12.835,
8.963, 9.732) , fRit L&Ak £ & G DRP1, MFF #= FIS1 &k (£=16.034, 16.939, 15971) , 2FAA LT FEL (¥
P<0.05) . Mdivi-1 432 5T 3&% /0.8 DNER % § 5% a0 i &k k e R a3 sd . 122 A 0%k, 4518 DNER i
b ZALMRF) N FRAR Y AR AR, RS R R, AR ma R T, ARt B R
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Study on the Mechanism of DNER Promoting Malignant Progression of
Gastric Cancer Cells by Inhibiting Mitochondrial Autophagy

FU Yongsheng", LU Jingfen, ZHAO Xin'®, WANG Wei’, ZHU Qicong" ( la. Department of Hematology and
Oncology; 1b. Department of General Surgery, 928 Medical Hospital of PLA Joint Logistic Support Force, Haikou
570100, China; 2. Department of General Surgery, the Third People’s Hospital of Haikou,Haikou 570100, China )

Abstract: Objective To investigate the role of delta/notch-like epidermal growth factor-related receptor (DNER) in gastric
cancer and its regulatory mechanism. Methods The mRNA and protein levels of DNER in gastric cancer tissues and cells were
detected with quantitative real time polymerase chain reaction (QRT-PCR) and Western blot. Gastric cancer cell line SGC7901
with silenced DNER expression was constructed, and cells were treated with mitochondrial dynamin-related protein 1 (DRP1)
inhibitor Mdivi-1. CCK-8 assay, Transwell assay, and flow cytometry were used to detect cell viability, invasion ability and
apoptosis, respectively. Western blot was used to detect DNER protein levels, apoptosis-associated proteins [Cysteinyl aspartate-
specific proteinase-3 (Caspase-3), Bel-2 Associated X (Bax)], autophagy associated proteins [microtubule-associated protein 1
light chain 3-1/ T , LC3 1 / I ), p62, PTEN induced putative kinase 1 (PINK1) and Parkin], and mitochondrial fission and
fusion protein [DRP1, mitochondrial fission factor (MFF), mitochondrial fission protein 1(FIS1), Optic Atrophy 1(OPA1),
mitofusin 1 (MFN1) and MFN2] levels. Results The expression levels of DNER mRNA and protein in gastric cancer tissues
were higher than those in adjacent normal tissues(r=—52.485, —-46.955), while expression levels of DNER mRNA and protein
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in gastric cancer cells were higher than those in normal gastric epithelial cells(#=60.551, 60.652), and the differences were significant

(P<0.001). Silencing DNER inhibited the proliferation and invasion of SGC7901 cells, induced apoptosis, and increased the expression
of apoptosis-related proteins, with significant differences (= 8.026 ~ 25.903, all P<0.05). Silenced DNER increased LC3 1l / I ratio
(=18.086), decreased p62 protein level (#=6.747), promoted the aggregation of PINK1 and Parkin proteins in mitochondria (£=15.630,
18.171), inhibited the expression of mitochondrial fusion proteins OPA1, MFN1 and MFN2 (=12.835, 8.963, 9.732), and promoted the
expression of mitochondrial fission proteins DRP1, MFF and FIS1 (=16.034, 16.939, 15.971), with significant differences (all P<0.05).

Mdivi-1 treatment could counteract the effects of silencing DNER on mitochondrial autophagy, proliferation, invasion and apoptosis of

gastric cancer cells. Conclusion DNER can reduce mitochondrial autophagy by inhibiting mitochondrial dynamic imbalance, promote

cell proliferation and invasion, and inhibit cell apoptosis, thus promoting the progression of gastric cancer.

Keywords: gastric cancer; autophagy; DNER; mitochondrial fusion; mitochondrial fission
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AT S T REPE YOS VAL NS | S i Sy A N E
W A LAY D SR A AR A s, G2 RS
L, BHLEGOR AR R T K 3 e T 2 A A =
7% 1% ¥ (adenosine-triphosphate, ATP) & i %,
WA DI RS2 A0 B LR A 1 5 T i | O
JE/INAR L9 LA AN B AR U SRR E I R
Bk R, A B ZORA F A B R A
IRETP A VR 45 FH . Delta/Notch #3 J A4 K K F
K Z K ( Delta/Notch-like epidermal growth factor-
related receptor, DNER ) #i\ K E—FhfEmdE A, K
STFEUE S ] DL E A2 2 g 40 i r 4 5
TR MIRZE, i7FSAE & E "7, DNER %5
b B TE T bR 1Y, (R )& DNER & 444E
FHBIBLH] M ATEAE . BRI, AWF5E 708 T DNER 1E
i IR S AR HE B R R S S Aok
FIWEAH B AT REC &R, BTEIRS M . AR
IRYT B I R, T B i AL RS
1 MREEE
L1 ARt LW RIS EH NS B
2011 GES-1 FI A B 40 i &2 SNU216, BGC823 Al
SGC7901, Ay 4l 5 45 225 Bk 1 5 PP 41 M0
S 2021 4F 1 H ~ 2023 4F 10 A 76k 425 8
PRBEFR PSS JL— /N B 352 T-ARIG ST Y 42 5] 15 9
SBE I SURARARIE W bR, Yo E k2
Wk R, AR ETARFESZ )T | T AR 25 (R
SEREDUA ) FAEMNGYT . R AR B IZE 1 23t
e (928YY fRH 2024 445 [16] 5 ) , JFH5EHE K
HE @A TS FE .

12 E&HHFME Mdivi-l (M0199, %
Merck /A F) ) ; DMEM R3320, JigZF 1 i% (FBS)
M Trizol i, ] ( 32 [# Life Technologies /A #] ) ;

Lipofectamine 3000™ ( 3% [ Invitrogen 2 #] ) ;
PrimeScript [ 7% %185 & ( TaKaRa A ] ) ; SYBR
Green ¢ Jf & & PCR & 7| & ( 7 & QIAGEN &
A] ) ; RIPA 2 22 mp i . BCA & Ml & i 71 &
( B RAEYHARAR/ATR ) ; Western blot
K 2 1 B (Abcam 28 &) ) 5 40 i i1 H0 5)
£ -8 (CCK-8) 1 FITC-Annexin Vi # & ( H 4
Dojindo, Kumamoto /A 7] ) ; sh-DNER Fil i 3% i
#H A& (pcDNA-dner ) H GenePharma ( [V ) /3]
il 55 PCRAY ( 1% [¥ Eppendorf /A 7] ) ; Thermo
Varioskan™ LUX £ I i€ B #x 1X ( 3% [ Thermo
Fisher Scientific 22 %) ) ; &K AR i 248 ( Bio-
Imaging Systems 2y 7] ) o
13 ik
1.3.1 ZAfEsssRfmoadl:. NEWE LR AR
N B A R I RAFAE S A 10 g/dl FBS, 100 U/ml
HEE /XM DMEM B35 Wb, 37°C, Sml/
dl CO, $EFAE R A%, FrdmMuml & Bk 8] 70% 4
A}, IR Lipofectamine 3000 16 B 45 JE AT ¢,
48 h J5 % 1 100 wmol/L (¥) Mdivi-1 4B 24 h, 4
Mooy 2H . BEE 25 IR (Control 4, AT
AEFR ) . BHPEXTHRZH (NC shRNA 4H, %4 DNER
f') NC shRNA J3 %1 ) . Ul #k DNER % ik 41 (sh-
DNER 41, %% DNER /N4 shRNA 3751 ) F1 sh-
DNER+Mdivi-1 41 ( 3£ %% %% DNER /) T # shRNA
F%1 +100 . mol/L #Y Mdivi-1) .
1.3.2 gRT-PCR #; Il DNER mRNA /K . fff H
Trizol $EHUZHSUMANM Y L RNA, i FH 1365 5% 35
2% RNA #5555 ¢cDNA, fiiJf] SYBR Green #17
qPCR, LA GAPDH 1A N Z A, 517 51
. DNER I i 5] ¥ 5-GCCGCCTTTGTGCTTCT
GTTC-3’, T 51 % 5-CCGGTGGTCTGTCTGGT
CGTC-3’; GAPDH Lif#514¥): 5°-GAAGGTGAAGGT
CGGAGTC-3’, Fiii514¥): 5-GAAGATGGTGATGG
GATTTC-3’, U4 95 CHIAENE 60s, 95 CiB
K 45s, T5CHEMH 30 s, I 40 PMEER, K 2744
R E TSR ENO ESS T S
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1.3.3  Western blot 4 il DNER & [1. 8 T-H1 X &E
1 ( Caspase-3, Bax ) . HWEAHCHEH (LC3 11/ 1,
p62, PINKI, Parkin) , DAMZEFi{AZIA: (DRPI,
MFF, FIS1) #1 fl & #& [ (OPAl, MFNI,
MFN2 ) 7K F. il i RIPA 2% v i 42 B R 235 M,
BCA I & ke & 1k . 8 if SDS-PAGE 41 B
EERES, JFE:% %3 PVDF B, H 5g/dl [l ig 4=
HERE 1h, IAFFNEF—$HT(1:1000), 4°C
B, H TBST Ve =k, WA b, =iEF
# lh. LN GAPDH A NZ, RH ECL il 7 & 7 Bk
g R g it ar Ak, I H Image J #A4EAT
A KB T

1.3.4  CCK-8 K I 20 A 6 7. K 45 4L 75 D0 41 P
PL S x 10° A4~ / LI % B 2Rl 3] 96 FLAR Y, 430l 7E
Kigt 48h 5, B 10 w1 19 CCK-8 WM ALEL,
37°CARZLRESE 2h, [ FH BRI & 450 nm b9
HIE (A1H) .

1.3.5 Transwell Jll & 40 M AR 28 68 T W45 L1500
M AP T 200 wl TG I 5 FR WY Transwell -
=, FE NEIAG 10 g/dl 19 FBS W3Rl I E
24h J5, XFERAAEIETT 4g/dl 2B R E,
0.1g/dl 45 8 ye(, FEMLIEEHR 5 NIUEFHA IR, 76 i
s T AT

1.4 %it5 o4 i GraphPad Prism 7.0 #£17%%
PEAT Ak, f# ) SPSS 22.0 #4741 2440 H, L1
HE ZIRBCESE ., BARIIE « bR (x+s)
FOR, ZAECECR R ZE D7 200, AR P
LR ) LSD K3 15 98 21 21 KORH 908 1E 8 41 21
ZR R N ¢ K56, P<0.05 AR HA ST

PURESNY
R Mo

2 HR
2.1 DNER £ B AR Atmfo b ey Rk  S5HAE
EH A4 (1.00+0.02, 1.01+0.01) L, DNER
mRNA (3.92+0.36) Fl & 11 (3.04£0.28) K}
EEmALUh B LH, 2R HA5IFEL (=
-52.485, -46.955, ¥ P<0.001) . 5 N IE# 8 I
Fz 40 My GES-1 (1.01+£0.01, 1.00+0.01) #H Ik,
DNER mRNA F1 £ 1 7K *F 76 § % 41 il SNU216
(2.73+£0.24, 246 +0.21) , BGC823 (3.02 +0.26,
2.84+0.22) A1 SGC7901 (3.51 +0.33, 3.07 +0.28 )
R EIE, ZREASIFE L (F=60.551,
60.652, ¥ P<0.001) . WFFEHE Rk N B3
1 SGC7901 4HMI#HAT 5 2e ot
2.2 L% DNER #74) B & a0 jo g s etz 22 . 520
AT Wk, K1, Mg SR, 5 Control 21
AHEE, UiER DNER 4141 i DNER AHXf 223k /K- .
FIRAR, ZEREASEE N (=11717, P<005) ,
FHTVTER DNER (1) 5 40 RAG N D). A0 se s
R 57, UUEK DNER 5 25 BRI 40 B 36 1 FR 22 hE
71 (¢=25.903, 8.026) , fRHFAHMIIIT (=14.556) ,
Tt & 8 T2 25 [ caspase-3 Al Bax £ ik (£=15.564,
16012) , ZFHAGIHEE S (4 P<0.05) .

Bax

caspase-3

GAPDH

o
Qﬁo\l& ?L& Q% S)Y«) \'&

B 1 HHAMPATER Caspase-3, Bax RikKF

*1 LBk DNER Xf B EAAEIEsE. B2, BATH#m (xxs)
| Control 41 NC shRNA 41 Sh-DNER 41 F{H Pl
DNER mRNA 1.01£0.01 1.00£0.02 0.39£0.11 90.071 <0.001
ARG T (AfH) 98.64+2.21 97.52+2.17 53.42+2.03 436518 <0.001
MRAER (%) 043315 40.97 £2.86 2469 +1.97 39.704 <0.001
AT (%) 512+1.23 523+ 1.18 26.74 +2.65 140.532 <0.001
Caspase-3 [ 102001 1.000.02 3.52+0.34 162.801 <0.001
Bax & 1.000.01 101001 2.89+0.25 170.014 <0.001

23 LE DNERR# B Eampe &btk ard Wk
2, A2, g iR, 5 Control 414, ULER
DNER & #FTHE4Med Le3 T/ 1 FL3F1 PINKI,
Parkin # 1K, F#(K p62 1K, ZHHA45
it 2% = X (=18.086, 15.630, 18.171, 6.747, 1
P<0.05) , UC#EK DNER A & fE i PINK1 F1 Parkin
EAELRRIRRRE,

PINK1
Parkin
p62

GAPDH

» s
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%2 1Bk DNER ¥ BBk B X
EARIENFM (x+5)

&3  TIE DNER X BEAMEL&R AR TIRA
EERIEHEM (x+5s)

5 H Control 1 NCshRNA 41 Sh-DNER 4 F{H Pff
LC3 I/ THAR 1.02£001  1.00£0.01 3.24£026 220053 <0.001
p62 7% 1012003 1.02£001 046+0.17 30913 <0.001
PINKI [ 1.00£0.01 1.02£0.02 329+031 161450 <0.001
Parkin &[T 1.00£0.02 1012001 3.15£025 219.100 <0.001

24 % DNERAL# § R @ Ie XAk 3h /) 5 %
B W3, K 3. KRR B8, 5 Control 41
FHEE, TOER DNER I 25 F 1% 20 i v 4ok (4 il & 2
1 OPA1, MFNI1, MFN2 7K ¥ ( =12.835, 8.963,
9.732) , FHEEARIRRASEE 1 DRP1, MFF, FISI
K- (=16.034, 16.939, 15.971) , ZRAAHGI
22 (4 P<0.05) .

OPA1
MFF
FIS1
MFN1
MFN2
DRP1
GAPDH

Control2  NC shRNAZE  Sh-DNERZE

B3 BAMMEKERTMMEERRIEKTE

HH  Control 41 NCshRNAZ Sh-DNER#4l Ffi PfH

OPAT M 1.01£0.02 1.00£001 039010  108.086 <0.001
MFENTZEFH 101002 1.02£003  044£0.13 54511  <0.001
MFN2 102001 1.00£0.02  046+0.12  69.966 <0.001
DRP1&EH 1.01+003 102001 3.52+033 172771 <0.001
MFFZ&EH 1.00£001 102003  325+028  189.593 <0.001
FISLTEA 1.02+001 101002 336+031  170.780 <0.001

2.5 Mdivi-1 & 321% 2 7 DNER 35569 § J& 28
fegk ek Brg R4, F4, BNZGRER, 5
NC shRNA #ZH #H I, sh-DNER £H LC3 11 / [ [t %
J DRP1 2 [ # AW WS, P62 & 1 W W FEAIL,

LR EAGHFE X (120467, 0499, 0339, 1
P<0.05) , 1Y sh-DNER ZHAH L, Mdivi-1 43 5
FZH T LC3 1T/ 1 Fe 1 DRP1 & K F, T+
= p62 HEFKT, R HEASIEE L (1=8.858,

10.242, 3.532, 5 P<0.05) , Mdivi-1 A] #% 4
DNER Ut#R 5 T IZRiiAR A 15

p62
DRP1
GAPDH
& x
& 5 oS
& > SRR
\AC & ﬂ\&

B4 HAMBEENEFBEERERQRIEKE

x4 Mdivi-1 4323} DNER iTEFE S BRMAM&HE BN (x+s5)
i H NC shRNA 4] Sh-DNER 41 Sh-DNER+Mdivi-1 21 F{H P
L3/ T HFR 1.00+0.01 3.24+0.26 1.55+0.31 74.874 <0.001
DRP1 %H 1.02+0.01 3.52+0.33 143+0.28 86.336 <0.001
p62 H 1.02+0.01 046 +0.17 0.95+0.24 9.676 <0.05
2.6 Mdivi-1 & 223% 4 7 DNER T3 T B 5% 20 fe3g 4.658, 3.725, 0.516, 0.416, 1 P<0.05); 1 sh-

., REmpA T RS, B, 5NC
shRNA ZH4H L, sh-DNER ZH 4 it 7 (49 40 Bt 155 77 .
1RZEF I B REAL, 408 T3 & Caspase-3 Fil Bax

DNER ZHAHH, Mdivi-1 40P 5 2% 36 %% DNER 3t 2R
b B AN M A . 2R M TR, AR A
HGitE (=20.415,9.682,11.895,9.058,8.231,

EHRA RIS, ZRBEAG#E L (=4.356, ¥ P<0.05) .
xS Mdivi-1 4b32%f DNER iEFSH BEMAMmIEE. SEMMEMBATHNEN (x+s5)

A NC shRNA 4 Sh-DNER 4 Sh-DNER+Mdivi-1 41 Ffg Pfg
IS (A1) 97.522.17 53.42£2.03 89.76 +2.33 349.852 <0.001
HHIRZER (%) 40.97+2.86 2469+1.97 43.12+2.06 56.059 <0.001
AETR (%) 523+ 118 26.74£2.65 863+ 142 115357 <0.001
caspase-3 & [ 1.00 +0.02 352034 1.61£0.29 71741 <0.001
Bax &1 1.010.01 2.89+0.25 149£0.26 65.954 <0.001

3 it PRUF 5T S0 ) 25 ) ) 22 G e Rt bF e i

UEARWRIE A B, R A A A R R — R 2 A
W ZNRMEEEIELIN, W20 TS garsen]
A e S 3 DAY 3 1K b A o A B e g 114 A P
Ji UL I AR AR S IR A A R R o3 L Xl

ifi, DNER 5 A\JSPhi i) & K R oe, WndiRiE sl
g DNER @ik 5 88 WG A6, 7RI,

PAH 5255 % X DNER 1 ¢ 3538 1 #% Girdin/PI3K/
AKT 155, {EoeFL IR an r sy . e U, B
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A WANG %5 " 38, #i{ik DNER FiAREAE HHi
S BRI AN A3 A . SRS fIIR 78, LIANG 55 U 47
iE, @ik DNER ik 7 HepG2 4HMIEH | FEV5TE AL .
AR ZE I RS W3 Z 2, SR i A
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AR ZE, FHFAMERET, X5 R
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E2 Y IR LT =YL N A | O S B R ES 1A
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& ROS (/= A= Flid BE 9 5E, (e EAn LA/ 3%, [AIAs
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I EAUAN RSB CRE P, e O I
PR . A ZRAR AT R R S5 A8 FRAR 250
SERRIR BN 125 I R VAR G P2 AR ST KR,
ULEK DNER (B #(27F B s ARk A g, gk
BRRA EH AR A SRS, SRR
VRS 7 R A5 AR T 42 ) S 4 A5 A e
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WG TE ST A T s il o R FE EBAE ] BT b Al
B AR SR AT T L) S SR AR SNSRI N AR 1 TR
A, USRS FASH RN ATP o . gk iR Z4A55 Bl
TR AR 245 v 43 88 1 Z AR I 2Rk A B, A
I ZRR R [ W e M A0 P 5 B BT
2 RN B IR B il 3 e h s TR L N B U s
aN T 150 BT BUN . e 415 22 AL Nl 1 Ve Y
B, AT LORA R HAMIFSEIRiE, DRPI i@
SR IRIR SR AT 5 LR AR, SRS
FIFUGR ARG, ] 3E A (e R Aoy S L
g P2 AHESE & B, DRPI A0 5 Mdivi-1 4k
T A S R A LR REAR [ W, 33 %% DNER
TR B 98 0 M B R Z2 M I, DA SO 4
MPET-REFER, X5 ERARER—2, &
DNER ] gl i< 9 il 15 g 40 M 2o ik A g, e k4
o s AR 2%, IRAIIIET:, 25 BRI .
ARG T X 89 & o FALH A BRAR , ok
S I A S WA YT SR — VTR B A . (H
JrIg 1) S e SR ML A2 4, AR SR AL TS M
ST HEITIRST T DNER 78 59 & A K SR P VR
W S R N S — A B0 UF DNER % 4%
YEFRRIRTREDLS], IR AL I mT $Em9Fs S

ZE LAk, DNER AJ g i i ZebifA [ mgfe

PEAIE A AR R, MEAEIET, A H R

PEJ. DNER ] BEA i 1 DR e B o & A 5 R e v
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