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15 B B AR, KALIR § %48 % & GPINK1. ParkinZBNIP3. BNIP3L#) & k3% &, AMPK #5882 10
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Lactate Dehydrogenase A Inhibits Mitophagy in Human Glioma Cells via
AMPK Signaling Pathway

LIU Fei, HUANG Xueyang, YANG Mengting, ZHANG Junyao, FANG Wenjing, GONG Aihua*
(Institute of Medical Sciences, School of Medicine, Jiangsu University, Zhenjiang 212013, China)

Abstract  The aim of the study was to investigate the effect of LDHA on mitophagy in human glioma cells. The
sh-LDHA or sh-EGFP plasmids were transfected into the glioma cells U87MG, respectively. qRT-PCR and Western blot
were used to detect the efficiency of plasmid knockdown. The expression levels of mitophagy-related proteins and AMPK
signaling pathway-related proteins were detected by Western blot. Then mitochondrial ROS and mitochondrial membrane
potential levels were detected by fluorescence staining. Compared with sh-EGFP group, the mRNA and protein levels
of LDHA were significantly decreased, and mitochondrial ROS level raised, mitochondrial membrane potential declined
in the sh-LDHA group. Also, the expression of mitophagy-related proteins PINK 1, Parkin, BNIP3, BNIP3L and AMPK
signaling pathway-related proteins p-AMPK were significantly increased, while p-mTOR was decreased under these pro-
cessing conditions in the sh-LDHA group. In summary, LDHA inhibits AMPK signaling pathway, reducing mitochondrial
ROS levels, enhancing mitochondrial membrane potential, and inhibits mitophagy.

Keywords LDHA; mitophagy; AMPK signaling pathway; glioma
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e A ) b R TR B AL, (R MR AR RS
0, AR ME N (lactate dehydrogenase, LDH)
AL WE I I A2 ) d S5 — 0, M A L TR AR P T
P AH B AR I (R T8 . LR M 5088 A(lactate dehy-
drogenase A, LDHA){E i v 5 i e 0, il i F
PRI TR R e A N FLIR R AR E W I A . TR T,
LDHA /& 203 WE I A 1 OC B, 5 e ) sl 1k
Ji& e EEAH R

LR A BEIR A 55 W I A ) 110 B AT 4
—HARIEN A EE N T AR R
BRI RN R B EAE T, 2 REUE 2 ERL
AL 254 S sy HA ROt i B, DLORIE 40 B B4R
WIEH AT FEIREEE S, WG 1 % (reactive oxygen
species, ROS)H . & FHEh =, N EZELMET,
L N BRLAAR B R A R ALE, AT 5 B Bk 4 15 1k
AT, Ve PENE > B IR PR AR 32 1 B2 R ARLAL . SR
1M, LDHA & 153 5Ha SR 4 B W 1 AT 7o B FEE K,
LDHA 1)k 238 0] LA 1) 40 B e, A7 v ee 248 e = A=
IROSIED, YERFAARAIE IR AIRES . Rtk 38411
I LDHATE G 8 15 8044 15 W 4 15 Iob g 400 L A i
BRRA. AUFUES THLDHAR R IE, W5 H X}
LRLAR B R (1) 5200, S BREAR B W R0 S 2kl i
R HLHETR A 7R AR .

1 RS
L1 4R Bk

A TR FH N G 1 J5t2 98 4 B AR USTMG I [ H
Bl 27 Be b 40 M 2R . 120 B A 2 5T RipsPAX2,
ZE R URLpMD2.G VL 75 K 2 2= 27 e 20 i A= P 2 it
R EARAFE. pLKO.1-sh-EGFP. pLKO.1-sh-LDHAJf
or FH AR PR AH F S AL g, HAAR 514 7 4 L SCHR[9] -
1.2 50 R AN ER

fa4- i . MERS 2 2 H Gibco A 7] ; DMEME;
Frdk. PBSHERR Eh 22 M H Hyclone A 7] ; RNAiso
ZLARIE H TaKaRaA ) 5 W SGR & .
PR P MitoSOX™ Red%é Y 4Lk} H Thermo
Fisher Scientific/A 7] ; 2x SYBR Green Mixi& &I H
Bio-Rada &) ; %t A\ B-tubulinBi 44 %) Fl Abcam 2y ] ;
Pt N LDHAPUIANE H Santa Cruz Biotechnology /A
Al fE S B S HIARIE B Cell Signaling Technol-
ogyA Hl; ECLR G H Millipore Immobilon/A ] ;
64l 249L. 96FLEEEE TR H Fifg Excell Biology

AT IC-UIAREN I B 135 5 R A A AT
A7

X ZRALEE : CO 4N MRS 7748 (Thermo Fisher Sci-
entificA ). HFAIM TAE & Or LIRS A R A
A A ROE BB AL FEE DR A TR A 7).
% 5 B PCRY 91X (Bio-Rad A & ) Fl7k e 18] B .4l
5i(Carl Zeiss/A 7))o
1.3 ZApEiEsE
P N i 2 S5 98 41 B USTMG S 7% T & 10% K ik

B4 ML ) = DMEMB: 72 5, B 137 °C. 5.0%
CO, MM FIYE R A TP I R B B A K, T
JE LSS
1.4 SERTRAEEZEPCR(GQRT-PCR)

P 8 Trizo ik 77 15 BH 5 £ B Jie Joit 998 4
U87MGsh-EGFPZH I sh-LDHAYL (/) RNA, I J %
SEREAR cDNA, 973 P 2 5L K GAPDHAN H ¥ 2& [H]
LDHA. LDHA bEJE5IWF 5184 5'-CCA ACA TGG
CAG CCT TTT CC-3"; Rl #7410k : 5'-TCA
CGT TAC GCT GGA CCA AA-3'. GAPDH L5
YF%1 4 5'-CTC CTC CAC CTT TGA CGC T-3';
B YR : 5-GGG TCT CTC TCT TCC TCT
TGT G-3'e K2 MLt LDHA R AR 1k 5 (RQ
RQ:2—AACtO /////
1.5 EBRRENEERNEXREBRRIE

LRI I TG B 4T 1R A A, 100 °C
H#410 min, 4 °C 12 000 r/minf% (210 min. FH+—
Jot 2 T TR BN 5 TR s I e g s L 9K 4 B R i, TR
L BN 2 PVDFE, 5%4- 13 A & A =\ F1 h.
LDHAHUA R L] 91:1 000, B-tubulinfi 44 F L
#1791:10 000, —4i4 °CHEFH12 he FHifR. FHik
TPRBEEL B N1:10 000, HIEFEE 1 h, KGRI
FRER, BUR AT, R SIS B 3K
1.6 WHAERHEMROS

F IR AR AL 5} 10 A ks sh-EGFPAH 5 sh-LDHA
HER AN 3D SRR 24 500K N, K5 9% 16~18 h)s, H]
DMSO#E AL B MitoSOX™ Redfi# 777K (5 mmol/L),
FH PBSZE B8 YA R (1:1 000) MitoSOX™ Redfi#
TEWBC B 5 pumol/LEIMitoSOX™ Red TAEW, 352
M IR L, T AR PBS 2R R A 40 1Yk . BE
J& #MitoSOX™ Red T Efi 1% #4300 pL/FLINA LA,
37 °CHEYEHE A 10 min, WHI B2, H A PBS 2%
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MIRPEEA I3 UK, FIIANS00 nLTFA I PBSZE MK,
SLEDE T AR ISR, HIHRAR AT
1.7 ZeRifRBRER LA

# sh-EGFP# 5 sh-LDHAZH K40 o i 4k 5 =
Ja I ST BN 2 2460, BFFLL) Sx 1041 . EBAL
BIC-1JE TR, RIZWRG RS . 35524400k
WG R AL, 1 HPBSZZ MR B Z i 1 X, BEfLINA
YHMIRE FRIE250 pL, B S IIA250 pLfc & i IC-15¢
B TAEM, 7o/ R A1 o i E T A s 744, 37 °ClE
I 5 20 min. 5% F LA HECH] 1< JC-1 44 022 L,
WE Tk WEERER 2B, H1x JC- 156
LRI BRI A IR 20K, B JG N 500 wL4H 35 IR,
SLRDE T A TR, HIHRARAT
1.8 IHEEMRAEE

K H Image XA AEAR R I S350 8 1 40 ik 6
B A 1R 72 G5 B S Al B, v S5 SRR 2 AR X T 0t
R AL PR AR X 2 6 R
1.9 £MEE2ZESHh

A e B R 4H 1 1K) (The cancer ge-
nome atlas, TCGA)H 434451 i fi o Je i 3 1) 2[R 36
3k R RAH B L A A [ 25 ) A e I 9 2 o e
LDHAW BRI R IE /Ko T 80 H 6] i 2 Jofd 988 26 Pl 4
K% (Chinese Glioma Genome Atlas, CGGA)H 315
151 J5 35 1 mRNA S I PRAH G | # B 5 4% LDHA

e

TCGA database

LDHA expression
|
(]

) mRNAKILIK P53 20, AR T 3518y LDHAIG K 3%
H (n=158), = T-¥MH N LDHAT %% 4H (n=158), Ka-
plan-Meier 4= 17 M1 2873 #7 H: LA B 4L 58 38 B AR A7 1.
1.10 SitEAE

FH 350 Bt b 1 22 (et ik 78 S50 B0 40, P RE A3
B BCR F efsr 56, K FH GraphPad Prism 74 tH4x £F i3k
ITZERHT, P<0.05 VA FREMZER,

2 H#R
2.1 LDHAZEBRRIEHRIENTG 5
TCGA K FE 73 Hr 45 R B.7R, LDHATE 245 5
mr~ TR B 22 1 8] 5T B AR 3R 0 UK P frer, T AR
At ST 7R (4 G 52 S5 988 v LD HA %= PRl 342 35 7K ST A 6 %%
R(EITA) . 9% N EAF TG 43 B 45 R 7R, LDHA
2RI N BB A A BR(P<0.05,
1B). H4E o0 A 45 AR, mi R I LDHA TR
o Mo fie O R AR A TS AR AR I, A — s Wi
8.
2.2 LDHARYTFIHE
qRT-PCRAG M 45 5 SR, FEUSTMGHH i+, sh-
LDHA%H LDHA)mRNA K 15 7K~ B AKX T-sh-EGFP
M, 25 BA g% 5 L (P<0.05, E2A). [[#,
Western blot5 2K & 43 #r 25 7R, sh-LDHAZHLDHA
f) 25 1 2235 W Bish-EGFPAL B 55 T B&(P<0.05, A

®) CGGA database
100+ — LDHA Low=158

- -+ LDHA High=157
2 P<0.000 1

2 50-

=

Q

2

]

v

0 T T T T 1
0 1000 2000 3000 4000 5000
Time / day

A: TCGAZUE e 43 T LD HATE N [ S5 o s S Jed v ) 5 BR 7K 57 B: CGGAKIE 1 43 T 4 Y, LDHAZEE 55 i JBe 8 7o N AR A7 AR G .
A: the gene expression levels of LDHA in 4 subtypes of glioblastoma by TCGA database; B: analysis of the CGGA database indicates that LDHA

expression is correlated with patient' overall survival.

1 LDHATERARR BB s B FRiE K 5l 53 A

Fig.1 The expression pattern and clinical significance of LDHA in gliomas
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2BANE2C). bR & R B, AHE 5T BT FH 30 BORL
pLKO.1-sh-LDHAFE % A 4 #lUSTMGH LDHA
mRNA K 2 3R
2.3 sh-LDHASF R {AROSIK 18 hn K 2 KL A
LR v

K FIMitoSOX™ Red 7% Y Ge B A M £8 4 44
ROS/KF-, MitoSOX™ Red#fE % 4 48 A1k W %Ak,
EALT G ARG REs T A KRB 9. 4
REIR, fEUSTMGHYH it T HLDHAJG, 405 7%
6 5 4 SR (E3AF EI3B), B £8 K7 ik W ROSIH
P T PSR N = VA o IR R e
USTMGHI i T4 LDHAJ&, 7E A — % Je5a T,
R 328 280 A i R 7 1R B 40 €8 0% ' 5 B U 58, 1RER
2 R A S FL SRR 1D 4 €8 76 Y o R 14 N (I3 C T
3D), KW NHLDHA G| T 28 b i B8 47 1) B&
ik,
2.4 sh-LDHARH LR Bk

Western blot45 B ox, USTMGH L+ T
LDHAJG , 4okl B W AH OC 18 % 25 | PINK 1-Parkin
J% BNIP3-BNIP3L & A=W i 484k . PTENE T (1 2
P 1(PTEN induced putative kinase 1, PINK1). [
%% 1 (Parkin). BEEZ L1172 2 (phospho-ubiquitin,
p-ubiquitin). FEH F 1(sequestosome 1, p62). LA

29578 75 5 25 M (optineurin). Bcl-2/E1B-19kDaf]
HAEH [ 3(BCL2/adenovirus E1B 19 kDa protein-
interacting protein 3, BNIP3). Bcl-2/E1B-19 kDa#H
H.1F 8 A 38 (BCL2/adenovirus E1B 19kDa inter-
acting protein 3-like, BNIP3L). #%% 3B(light chain
3B, LC3B) & A #&IE/KF 23 TH (Kl 4), it rl )L,
U874 FHULDHA 5, 2 iliid dokiik | gAH < H
i A SR A
2.5 sh-LDHAZEAMPKIE S8
FET-ILDHARITE LT, 7£ USTMGEH i A A6
AMPK/E il B AH K 8 H RIS L. Western blot
S5 R WoR , sh-LDHAZL WA IR 705 Ak £ 5 0
(phospho-5" AMP-activated protein kinase, p-AMPK)
TR AR 225 71 14 R A0 E #H 26 2 1 2(phospho-tuber-
ous sclerosis complex-2, p-TSC2)H) & H KA /K5
sh-EGFPZ W2 Tt i , BERR AL B mTOR Y 5 4R 5C 2
1 (phospho-regulatory-associated protein of mTOR,
p-Raptor) M B AL I A s Y FIE RELEA
(phospho-mammalian target of rapamycin, p-mTOR)
A RIAKF K. mikaT W, T3P LDHAJG,
AMPK R KT, AMPKA S , mTOR
IKFBEAI, mTORMBE A, Aok i B WM o (K
5)s

(A) (B) ©
qi 157 WM sh-EGFP 5 157 WM gh-EGFP
e wm sh-LDHA = mm sh-LDHA
= USTMG > <
= @ . — "5 1.0
E S sh-EGFP - g ¥
2«
% E sh-LDHA + S T
03 LDHA |se— o 5 057
5 * =
° B-tubulin [WEEG—— — = -
0- ~
Us7MG MG

A: qQRT-PCREZMUSTMGHI i HH LDHATmMRNA R IL /K F; B: Western bloth U8 TMGAN A FHLDHA 25 [ 5 I8 7K F; C: 28 1 2671 K AR 404

*P<0.05.

A: the mRNA expression of LDHA in U87MG cells was detected by qRT-PCR; B: the protein levels of LDHA in U87MG cells were detected by
Western blot; C: the relative protein levels of LDHA were detected by densitometry. *P<0.05.
B2 IiFsh-LDHARRIAI TR
Fig.2 Verification the interference efficiency of sh-LDHA plasmid
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(A) MitoSOX™ Red Bright field Merge ®)
& » 37 mm sh-EGFP *
8 % =~ sh-LDHA 1
I Q =
Q i 100 pm| § £ 21
= = S T
~ 52
) = %
e 2519
R 5=
2 E
s USTMG
© JC-1 aggregates ~ JC-1 monomers Merge )
[\
& g 157 m sh-EGFP
9 S~ sh-LDHA
=B o=
& 100 pm! 100 pm| § £1.01
= = = S T
& = £
o 2 50.51
5 €
3 5 .
"5) s ~ 0-
100 Hm . . 100 pm) USTMG

A: FEUSTMGHH L IRLDHAJS, 5064 ARl 2RI AR ROS /K B: 3G 3R AR 43 #T; C: FEUSTMGHAH L i+ HELDHAJF, %' s tukariil 28 i
PRI R D: PSR X 20T *P<0.05.
A: fluorescence staining was performed to detect mitochondrial ROS level after transfecting the sh-LDHA or sh-EGFP plasmids into U87MG cells; B:
analysis of relative fluorescence intensity; C: fluorescence staining was performed to detect mitochondrial membrane potential after transfecting the sh-
LDHA or sh-EGFP plasmids into US87MG cells; D: analysis of relative fluorescence intensity. *P<0.05.

B3 THLDHAE ML FROSIK 3 B PR L K 4 BE B AL

Fig.3 LDHA interference increases mitochondrial ROS levels and reduc es mitochondrial membrane potential

(A) USTMG B)
sh-EGFP + -
sh-IDHA - +
PINK1

Parkin |eeesss ge—

§2.5- B sh-EGFP
bd baadd 2 mm sh-LDHA  « .
= 2.0
-1 ES
! B3 2 15
- —_ g
p-ubiquitin (Ser65) — h g 1.0
. g,
o
2 0.5
<
- —— 5
& S FTFL
po62 W - Qé ¥ ®z§ ] 5 & Q,é Q}@z
Optineurin | We—  — 0\?& S
S
N

BNIP3
BNIP3L | st el

B-tubulin |W— —
A: Western blother Il 2837 44 [ W5 AH 5 B (4 Rk KT AR 1k B: 85 457 K EEARST 0 M. #P<0.05, 5sh-EGFPZHAHEE .
A: Western blot was performed to detect the expression levels of mitophagy-related proteins after transfecting the sh-LDHA or sh-EGFP plasmids into
U87MG cells; B: the relative protein levels of mitophagy-related proteins were detected by densitometry. *P<0.05 vs sh-EGFP group.
El4 FIHLDHAEFH LA B
Fig.4 LDHA interference promotes mitophagy

LC3B
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A)

sh-EGFP  + -
sh-LDHA - +

p-AMPK (Thr172) E

USTMG ®)

g
B

mm sh-EGFP
mm sh-LDHA

=
(%]
1

b

Relative protein levels (fold)
5z

(0) (\oﬂ) r\)%\\ b‘b?-o\
%é & &
\ ¢ ¢ ¢

A: Western blothrfll 7TEUSTMGHN HE - SELDHAJ& , AMPK {5 5 L A 56 B R IE /K P B: 81 261 K FERHXT 43 #7 . #P<0.05.
A: Western blot was performed to detect the expression levels of AMPK signaling pathway-related proteins after transfecting the sh-LDHA or sh-

EGFP plasmids into US87MG cells; B: the relative protein levels of AMPK signaling pathway-related proteins was detected by densitometry. *P<0.05.
El5 FTHLDHABEAMPKIES @R
Fig.5 LDHA interference activates AMPK signaling pathway

3 g

B B ARS8 A i 8 AR g
T2 8 9 9% H IRTRRAIE, R 20 44 7 2 0 A S LR
LDHATE gt it SRR w4 et
2 52 Pl IR b ) R IA Y B . HILDHA
AT DA Yak /> 8 44 i A= A B 7 fe i ) e AR, (HH AT
FATTRF T LDHA ] B 7= A= 0 28087 S o428 il AL i) %
Z D AT S S TCGARCGGA T R i I 8
K BB AT HE 0T, S5 R BN, LDHATE 0%
{1 1) o 284 fi 2 i 9 A v s Rk, HL S R R
HIAEAE I R AR, $EoRLDHAT] G RN bR & ik
FR2 I 96 R A R i N T ) T Fe b o

EROSHIMG . EFREZ . IMIE LS AR A &R
FPAERITE LR, SRR [ I BB 08 2 4 4 07 1R ot 52 (1)
SEREME AR I 7e AR M, DUARAIE SRR FE 11 e & it
7, 4EFRAN0 M PR B R e, PINK 2R 4 T 26 bar 4
HMEL, {2 f# Parkinf¥1iZ 25 X 5 Ser6 SHEER 1L, f# FL D
Ji R A R R AR . ParkiniZ FAL T2 Rl
FIARAMEEE . 12 /A & BB 244 5 E p62 F1Op-
tineuriniR 7, 35 AR EVILCIL S, M EsH
WA T s Bk R AR J5, a8 AL T 2ok A
HME I (U BNIP3. BNIP3LEL 4% 5LC3M HAEH, /i~
FLERMAIE RIS, AW AL R BoR, 7ETHLLDHA
J&, PINK1. Parkin. p-ubiquitin. p62. Optineurin.
BNIP3. BNIP3L X LC3BI) & H R ik /K2 B & 7t

&, X $EoR, THLDHA K ik S F(PINK 1-Parkin &
BNIP3-BNIP3LI& A2 126 ki A B W i

4 B A S O RE K 38 AMPK K
mTOR. AMPKE & 5 OR~F IR R AR U 55 51, fig
T A2 3 7KCP I AR RE Sk A T 4 38 41 i 9 e 2T
U, TEE IR Z 1 & T, AMP/ATP LGB T &,
Thr1 7247 5 T AMPK B R AL 7K - 14 m, AMPKA B,
7£Ser1 38747 5 1 FE AL TSC2 I B4 iE TSC2RY, [ i) 411
ffil| Raptor{E Ser792 s [P FR ALY, AT Ser2448/1i%
MU mTORMBE FR AL KT B, 3 imTORE M, FEAIK
Y1 PN (I ATP R 3K DAGE R4 M 1) g P 7. A AC
F P, RLDHA A] @i 1 4% 41 i i ROS /K - 41l i A iH
BRI AR, S — Tt S R B, 0 AMPKAS
5 I B R A% BT A ROS & 2B 1 I WY, SCHIEKE
SEPIETA M RN, B H% = MHImTORCI 12 h/F,
LR HL A7 FEAIG, X R BH, mTORC1 [ 3& P 5 2 ki
PRI AL R OE ARG, Rk, FRATTHEN, AMPKAE 5@
P& 2 55508 v JiE J5 6 440 i P R A4 R () T 4 AR
o ASCIG R UL B PR 40 i L LDHA &, 72
3 1] DAd I BOm AMPKAE 5 38 2, I B0 26 R 1
0. 458 %, THLDHAJG p-AMPK K p-TSC2%E
H ) 2 35 7K °F- B 32 F+ &1, p-Raptor X p-mTOR K H )
RIBIKFFEAK, AMPKAE B0, mTORBE I, 284
ROSH: Ji 38 i, 28 ki A 5 LA AR, $27~ T4 LDHA
REWS I0E AMPKAS 5@ 2%, S EROSH KGN, Lok
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