)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12024,51(1):202~214

www.pibb.ac.cn

Rasn s 22 ASIC1/RIP1 & 12341
TFEB 4\ &1 E I% 20 fa g 1

2 4BV ORR YT %) ,}%1) ?flg F ':J:%;‘_-}"—:I) E)ﬁié%#')*** o Hfesh
(V) PSRN I 22 b A R 22, 5 FH 4210015 2 RifE R MR d ERE N AR, Kb 410004)

WE BH BTSRRI B AR E R XIS E AL . AR R RAW264.7 EEAAE, LIpH 6.5 K5l 5
25 mg/L AMANHIENE R (ox-LDL) 0 E 24 hi AR A T 1R A0S . 4390 L ASICT 5B i 77) PeTx-1
F1RIP1 1 ) 7] Nec-1 + 1 Jfd 4R 1L 75 5 19 RAW264.7 F 40 A 24 h, 320 O Je A il 40 Mo i IE B &5 F s B R EN I
(Western blot) & ASIC1. i ASIC1. p-RIP1 Serl66. p-TFEB Ser142. LC3 Flp62 & RIS ; HWOLILE £ Bl gt
JET#% (Bodipy /RE5) 5 AWEbRAEY) LCII A LAMPL e £ 375 5 F AR WL 200 M YRR T A B vt i B8 8 Ak s IR B9 it
F &Rz ABCAL AR HERER . R S5 pH 744U HLEE, pH 6.5 JEAMR b 2H I PN 0 A o & VRN IR SIS | () ASIC1
HERBWFEWN, p-RIP1Ser166. p-TFEB Serl42 K-F-F+i, LC3I R I8/ Fl p62 & 14N, 7% 5 LC3I1FI LAMPI (1
FEREALE S BN , RPN A B S R, 8 AR B v I T S L, ABC AL A 1 I 5 4 G A JTEL T e
WD, SR, ISR AT RAW264.7 B EZHML T3R50 4 ASIC 43¢ 5 BH I 551 PeTx-1 1 RIP1 414l 57 Nec-1 Jir i
Ho &5t MSMRILZEE ASICI/RIPL IRFAME #E TFEB MR LA H] B WEANAINRWE , ASICI AT RE B 1A s Bk ok Rl 1k 45 g
BRI AT A

REEIR  PREURES TOEIE 1, MEANRIL, SKRERESL, Rk, SZUMHEAENENL, HatHT EB

hE4SES R363.13, R329.26

K FERT AL (atherosclerosis, AS) ZLIJR
JETAE B K AR 35 AR B BRI A 18 P AR P
PR o 1E ASHERHERRE R, DR 728 Ak i A8 PN A
2L HO R T R R AR B SRR A
(pH<7.0) "', BORBZ R BFTRRY], X AR
WS ASWALE . KRG UIAOC, (HHARE
FHBLE i AT A 0, MRBURE ¥ iE 1 (acid-
sensing ion channel 1, ASIC1) &R
HRZ A T, MR T O M SRS, A
ST H 2 0% ASICL, KA BRIk 5 5
AN, A PRI RR AR SC RO 4
A PRI AR . BRI, MR fkiE
RE R ASICT ] B WA A ATP 454 G5 is A
Al (ABCA1) 4 AYAE BT, DA I fie 32 2 i
PR o 8 AR IR A B ' X R B ASICLAE
JLAMRR A5 S 1 B A SR T IR A M i P R
A

ZAKA B AR HE M 1 (receptor-interacting

DOI: 10.16476/j.pibb.2023.0244

protein 1, RIP1) J&—F B A 22 22/ 75 2 R AT
PR E P, J8 T RIPs ik ", R R W,
ASICI # H SE BRI 5, HOM oA R i i 2 A=
A SFAE RIPL, fRffi 5 & &4 H B iR fh, B
ARG B RIP1 N iE— 20 B2 48 R UE(R 540+, Ml
Sl — R AMR TS T A T R T B
sk A F EB (transcription factor EB, TFEB) J&i#
P F SR OCHEAZ G SR R, R0 [ AR i M
AR F%4% 3 (microtubule-associated proteinlight
chain 3, LC3) FIAMHAMICAEE 1 (lysosome-
associated membrane protein 1, LAMP1) ¥4l 2

w B R HARPBLFIE 4 (81500349) , WimE & A KRl AL 4
(20221330509) Fi i B A #H T L AL H (21A0273,
23A0333) B,

wx JFHE—AEH

s AHIER A

JEEFE Tel: 15616717278, E-mail: ghf513@sina.com

JEREFS Tel: 13100266952, E-mail: tangyaling7508@163.com

Wk H 4 2023-06-23, 3% H 1. 2023-09-25



2024; 51 (D

X1, % . BSMERLZASICURIPLEZEITFEB S

) S ik 4 R A <203

KHEZ Y, TFEB A 8l F WSAH G BE D % s A% e Aor
Z e F R SR LIRS . WFX R, X4 TFEB
(1) 142 {3 13 22 2 18 & £ Wi 2 1k (p-TFEB Ser142)
b, i S AR LS A, SO A F AR G
FER g FRak b, B [ 1 R TR
7N, MIANERAL AT fEiE it ASICT {2k RIP1 1 TFEB
fis P 2 W 4

NRWE A RENE AW, SRR IR % R Wit
s BYNEHA . ZIEHHATR IR RIR (&
BAMLIFIE) AR HFEEE (4 ABCAl iz &
psh) Ay R AR e, I, BRmE R H
R R N7 ey b =R hw o N Ol w2 i A i fep i
B ZHLG] . BFFR R, ST BRI > S AR
FENR & (ox-LDL) 175 3 1% Wik 20 i g o 35 A
030 i s D) 2 R G, fR HEAS kAR K
Jig s 3 R W R A B 2 AR S AR
RYEEEEAEN . AN R CIE S A MR A S
i I 41 s ASIC1 A0 ] ABCA1 45 (1 IH [ B i
00T (B AR T X I A IR I 1 R e R HCAE
FHBLH H Hi e ATE2E

AHFFERAE AN MR LTS T 1 RAW264.7 B I
ANREIAE AL, 43 5105% H ASIC1 Fl RIP T 4% 40 ki 55 -1
T, PR AR Ak 75 o S ASICT/RIPL #5448
fE i TFEB BB LA B M A B s, M invsi 240
¥ P LT s AR S i I 5 AR FBLART, Sl DA
ASIC1 J #0551 AS PESEIR B TR LS B0 14

1 H5EE

1.1 ZHREk R EH SRR

BRI RAW 264.7 ELWEANAE (/NEREA% g4 g
P AR B FR R AR O AR ST T I 2%
1.2 FEiLFA

Wk aE R (PeTx-1) W A 9 E MCE A A ;
ox-LDL W4 [ J~JH ZE 5 28 &1 5 BIR¢ S0k 4 1l ¥
(FBS) g H LAt %] BI/AH]; Trypsin-EDTA. 1640
KR F 2 E Gibeo A F) 5 DAPL, M FIVHEL O 4
I H AL R ERHARA R ECL AOGIRIE
AR AR TRA B R RIPT AP &5
(Nec-1) M) H 3E[EH Selleck 23 7] ; BCA 5 & #i
F & . RIPA ZL#W . SDS-PAGE Bl 451877 &
SDS-PAGE Loading Buffer, % H marker Il [ 3% =
RNT]; WEEE ARG £ ] Abbkine A F] ;5 fill
B EMA3 (LC3) . p62 Biik . RIP1HLIA .,
p-RIP1 (Serl66) #i{K W4 [l % [E Abcam 2\ ] ;

ASICI Hi & Wy B L) 6, %1] Alonome 23 ) ; Na/K'-
ATPase fL /&Il [ Abmart > 7 ; p-TFEB (Ser142)
Uikl A Affinity 243 7] . Bodipy558/568 C12 14
| Thermo Fisher Scientific /A &) ; LAMP1 Il H H [H
Abclone v F); HRPARICIIIEPT /R Pl A €
Cell Signaling Technology 7~ Al ; %t i Alexa
Fluor®488 IlI £ #T = W H % Jackson
TmmunoResearch,
1.3 EAMIERERE

FH 5 % W A% 1] 43 3 B & 10% i 4 I VS
DMEM = 4 35 73 B i i pH 4.4 MES 22 /hii, 4]
BRI pHAE N 6.5, RJETHIE IS T h i) pH
Ak, B 12 hil—k, PLYERRRE 3R 5 pH(E )
AERTRRE o
14 “AfEiEFESAE

RAW264.7 F. I 41}y ] & 10% FBS i DMEM
RiFR LT 5% CO K-/ (37°C) wils3s, TR
Fil G BE 3R 80%~90% Hf AT A AXHE T . ZEHRIT I Ab
1% £k X 2 fitg B 5 &5 R R ASIC1/RIP1/TFEB 15 5 &
B TR WS e iy S8 v, 4 3 S pH 7.4
pH 7.4+25 mg/L ox-LDL, pH 6.5, pH 6.5+25 mg/L
ox-LDL 4 . 7EFR IS MR AL J2 7538 2 0% ASICL/
RIP1 A S0 B w4 M AR we i S2 g b, 4i A 53
pH 7.4+25mg/L ox-LDL #ZH . pH6.5+25 mg/L
ox-LDL 241 . pH6.5+25 mg/L ox-LDL+PcTx-1
(10 ug/L) 4. 25 mg/L ox-LDL+Nec-1 (20 pmol/L)
2. 24 hJEWCEANIIET T 00 AR P R R A 2
SR
1.5 JMOF e

120 i 55 3 AR K A 3 80%~90% I, K 4 i 4
FhFATEH B 6 FLA (2x10°4/4L) . Ik E|AbBRAT
)5, A2 ml PBS &2t v 31k, M 4% £
R E R R 30 min, BALIIA 1 mld3E A
LT O Y, 37°CH(8 25 min; FH 60% S N
PE1 min, AIA 1 mlZR KRR YeA% 30 s, BEJE 2RI
PBS Z& MR 3 UK $hIRIEAE 01k 3 s, FRE/KR
W15 s; HIMBIRE RO/ FF, WIlB U gedn e,
Image] proplus A AT B 7 Br SE 56 245
1.6 FAMBEEANSBEMELRENT (Western
blot) I

WAL, 77 1T, B PBSTE2K, A1 ml
2% Triton X-100 R VKE 15 minJi7, 4°C, 10 000 g
B0 S min, WEE FIEW . RS 100 wl IS (&
BEB) T 2500, B4 B 37°CKIG



*204- EMUFESEYIRHR

Prog. Biochem. Biophys. 2024; 51 (D

10 min, DA SR KR 1A /K AR R 7K B AR Y
5570 A . H 4°C 500 Wl ZE P C (10 mmol/L Tris
HCI, 150 mmol/L NaCl, 5 mmol/L EDTA) #fi#%
VSHIAYUEE, VK2 minJ5, 37°C/KA 10 min, 2k
JE B 37°C, 2 000 g 5.0 5 min, LA 4°C 500 pl
S C PR AR TS A B K B8R 1. FH BCA B
M E A B ; A Sx ERRZE Wi, 23 5 min
R AR, ARYER R A TZ 10% SDS RN i
P iz B8 i FEL UK 43 B 5, M2 5% (90 min) % PVDF
o 5% WERR WA B 4 h s, 43 BIn A —$i
B-actin (1 : 2 000), Na/K'-ATPase (1 : 5 000) .
ASIC1 (1:1000), RIP1 (1:1000), p-RIP1Ser166
(1:1000) . p-TFEB Ser142 (1: 1000) . LC3
(1:1000) F1p62 (1:1000), 4°CHEFH 12h,
TBST YEA 5 — Pt =R H 2 he YERE)E 14 ECL
2 B T 5, BERBUR R SAAIE, Image J
A5 BT B R 2R I A
1.7 B BEEEE

s RAW264.7 E 05 4 i 42 7l T 47 1€ )7 1 24 £L
B (5x10*A~/4L), DIAHR 254 535 77 T 151 24 h
Ja, W SRIE, PBSIEWE3 IR, 4% £ 5 HIE [E
JE A 20 min, PBSIFPE3 K, 0.1% Triton X-100
ZIRALFRZ0 A 30 min, PBSIHUE3 UK. SRJE 4N
A—HLLC3IL (1:200), LAMP1 (1:200), 4°CH
B Wi PURIMASOC=h, R 2
h. PBS{H¥EE A Bodipy, 2 iEGHEE T 20 min,
AT DAPL, #5615 min, HBURICH T
PEMHE RGN E o, BO6 R AE WRLUEE 5 i UL g
Bodipy (JEi%) S LC3I (AMEA) FILAMPL (&
figiA ) g, Image J proplus S4BTt
1.8 RBEEH H ke

NBD-AH [ B2 a0 Sl 20 i )y ABCAT 4y
S RH [ R . RAW264.7 I 40 Mg 42 00 T
25 mg/L ox-LDL /AN [A] pH B #2912 FLEG M (41
Mo B 1x10%4L), W 24 h &7 5 W40 i e v
RANML . SRIG AR pHAE %% 5 pmol/L NBD-fiH [#
B T2 DMEM K592 58, 08 4 ho PBS VLU
MI3 Y%, RIGLAE apoA-1 (20 mg/L) Y [ iRAN[H]
pH Ty 21 DMEM K5 SR L2 H 4 ho W8 B 35 3
124UARNNA 0.1% Triton X-100 ZH#40M, ##+E 30 min
JE AR SR SRR, S 30 ey 7 R A L 2R e
AN 2 BB TR 2035 96 LM (200 pl/FL), #:i
NBD-HE B2 (PRI N 469 nm, &
SPE K 537 nm) o JHE B 3R =45 35 I 0GR 1/

SPOCIREE (R B0 B+ A0 M 2R R DO L%
FE) x100%.
1.9 EHBE (TEM) NE

RAW264.7 55 20 Jg DL AH B 155 b 7 24 h
WeSEZm M Y PBSTEVRANMI 2 U, 2.5% I 1%
4°CH[E % 30 min, 1% AR 4°CJ5 [ 3 h, 4HfIZ:
TN A6 3 MO /K i AR SRR i A3, R T A
(70 nm) , i PR USR0Sl A R 5 AU L €8, Jeol
JEM SX 100 325 5 HL 7 & ftse I UL 41 it A g ik
AW I EHARR R (B IR EA) 45
THEE T AR
1.10 Zita#h

BRI LSEE{H+SEM %/~ , GraphPad Prism 9
A TG 2Rt IR HEBCR P R R T 2595
Mr (one-way ANOVA) , P<0.05 22 73 5 4t i %

2 4 £S5

2.1 FESMERILIR FERAW264.7 E I A B RS R E 7R

R T BT AR AL A S A A B A R A AL
fil, LLpH 6.53557%E (Bl AS ikt Ak iy iR AL A
55) W H RAW264.7 WA 24 h, JHLL O Jefafs:
M2 IR BT R, 4553, S5 pH 7.4 4140
B, pHO6SHNMMRRE (LLEXED B3N
(Kl 1a, b), HIEGIHT2=E L., R, 5pH 7.4+
ox-LDL H#H I, pH 6.5+ox-LDL ZH 5 W 48 fitd 14 1)

BT & AR 0 . X R W M A R 1 2
RAW264.7 520 ) g & R
2.2 BasSMERILIZHERAW264.740AASIC1 R EE I N
RIP1/TFEBHER 4L,

BTN, L)L Western blot ¥ T g #p i £k X
RAW264.7 E VM ASIC A ISR, LA K RIP1 Al
TFEB #2 fLAK-F-0ys2m (Kl 2a, c) . Z5HRFEY,
5 AN pH 7.4 A AH LL 8, M AR Ak 20 240 A Jox JEs
ASIC1/E ASICI FEH R LA B EF R (K 2b), X
FW AR AL A E RAW264.7 ELIE4H ) ASIC1 [7]
RS, A, SARN pH 7.4 AR LSS, HOAR
1k 24 RAW264.7 4 fifd 1¥) p-RIP1Ser166/5:4 RIP1 (4]
2d) HC{H A1 p-TFEBSer142 & 1 (K 2e) #B4351
EH4M, X R MANR A fE 2 RIP1 A TFEB 2
PIBE R AL . DL BT 4 /R, ASICT J4 i i
RIP1 Al TFEB 2 {t T fig 76 Ma SR AL AR 1 w4 i A
i # PR S AR



2024; 51 (1) X8, 2. BSMERLZASICURIPLEZ I TFEB S S0 B 1k 4H AR S 1 <205

@ i -, - ” Jﬁ'». (®)

ORO positive cells area/%

pH 7.4+0x-LDL pH 6.5+0x-LDL

Fig. 1 Extracellular acidification accelerates lipid accumulation in macrophages
RAW 264.7 cells were cultured in pH 7.4 or 6.5 media with or without 25 mg/L ox-LDL for 24 h. (a) Lipid deposition was detected by oil red
O (ORO) staining. (b) ORO staining positive areas were quantified. Results are expressed as the means+=SEM. Statistical analysis was performed by

one-way analysis of variance. ***P<0.001.
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Fig. 2 Extracellular acidification promotes membrane translocation of ASIC1 and phosphorylation of RIP1 and TFEB in
RAW 264.7 macrophages

RAW 264.7 macrophages were incubated in medium of indicated pH in the presence or absence of 25 mg/L ox-LDL for 24 h, and then the
expressions of ASIC1, RIP1, p-RIP1 (Serl66), and p-TFEB Ser 142 proteins were measured by Western blot. (a) Representative Western blots of
ASIC1 (Total) and ASIC1 (Mem). (b) The ratio of ASIC1 (Mem) to ASIC1 (Total) was calculated by relative densitometric values of ASIC1 (Mem)
normalized to Na'/K'-ATPase that of ASIC1 (Total) normalized to B-actin. Mem: membrane. (c) Representative Western blots of total RIP1, p-RIP1
Ser166, and p-TFEB Ser142. (d, e) Quantification of p-RIP1 and p-TFEB protein levels by the NIH Image J software. Values were expressed as
means+SEM (n=3). Statistical analysis was performed by one-way analysis of variance. *P<0.05, **P<0.01, ****P<0.000 1.
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Fig. 3 Extracellular acidification impedes autophagy in RAW264.7 macrophages
RAW 264.7 cells were cultured in pH 7.4 or 6.5 media with or without 25 mg/L ox-LDL for 24 h. The expressions of LC3 and p62 proteins in the
cells were determined by Western blot. (a) Representative Western blots of LC3I, LC3II, and p62. (b, ¢) Quantification of LC3I, LC3II, and p62

protein levels by the NIH Image J software. Values were expressed as means=SEM (n=4). Differences were statistically analyzed using one-way

analysis of variance. *P<0.05, **P<0.01.
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Fig.4 Extracellular acidification enhances phosphorylation of TFEB via activating ASIC1/RIP1 pathway
RAW 264.7 macrophages were cultured in indicated pH medium containing 25 mg/L ox-LDL with or without ASIC1 specific blocker PcTx-1 or RIP1
inhibitor Nec-1 for 24 h. The expressions of ASICI, total RIP1, p-RIP1 Serl66, total TFEB, p-TFEB Serl142 were detected by Western blot.
(a) Representative Western blots of ASIC1, total RIP1, p-RIP1 Ser166, p-TFEB Ser142. (b—d) Quantification of the above proteins by the NIH Image

J software. Results are expressed as the means+SEM (n=3) of three independent experiments. Statistical analysis was analyzed by one-way analysis

of variance. *P<0.05, **P<0.01, ***P<0.001.
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Fig. 5 Inhibiting the activation of ASIC1/RIP1 pathway reverses autophagy deficit induced by extracellular acidification in
RAW264.7 macrophages
RAW 264.7 macrophages were cultured in indicated pH medium containing 25 mg/L ox-LDL with or without ASIC1 blocker PcTx-1 or RIP1

inhibitor Nec-1 for 24 h. The protein levels of LC3 and p62 in the cells were evaluated by Western blot. (a) Representative Western blots of LC3I,
LC3II, and p62. (b, ¢) Quantification of LC3I, LC3II, and p62 protein levels by the NIH Image J software. Values were expressed as means+SEM

(n=3). Differences were statistically analyzed using one-way analysis of variance. *P<0.05, **P<0.01, ***P<0.001.
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Fig. 6 Extracellular acidification inhibits lipophagy via activating ASIC1/RIP1 pathway in RAW 264.7 macrophages
RAW 264.7 macrophages were cultured in indicated pH medium containing 25 mg/L ox-LDL with or without ASIC1 specific blocker PcTx-1 or RIP1
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inhibitor Nec-1 for 24 h. (a) The ultrastructure changes in the cells were observed by TEM. LD: lipid droplet; LP: lipophagy. (b, ¢) Representative
images of cellular fluorescent co-location of Bodipy (indicated droplet) with LC3II (indicated autophagosome), and LAMP1 (indicated lysosome)
were evaluated by confocal microscopy, respectively.
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Fig.7 Extracellular acidification inhibits ABCA1-mediated cholesterol efflux via activating ASIC1/RIP1 pathway
(a) RAW 264.7 cells were cultured in different pH medium containing NBD-cholesterol (20 mg/L) for 24 h to loading cholesterol. The cells were then
incubated with the indicated pH medium containing 20 mg/L ApoA-1 with or without ASIC1 blocker PcTx-1 or RIP1 inhibitor Nec-1 for 24 h. Then
cholesterol efflux was analyzed by NBD-cholesterol kits. (b) Lipid deposition was detected by oil red O (ORO) staining. (¢) ORO staining positive

areas were quantified. Results are expressed as the means+SEM of three independent experiments. Statistical analysis was analyzed by one-way
analysis of variance. **P<0.01, ***P<0.001.
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Extracellular Acidification Impairs Macrophage Lipophagy Through
ASIC1/RIP1 Pathway
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Abstract Objective Our recent study has demonstrated that extracellular acidification promotes lipid
accumulation in macrophages via the activation of acid sensing ion channel 1 (ASIC1), but the underlying

mechanism remains unclear. This study aims to explore the effect of extracellular acidification on macrophage
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lipophagy and the underlying mechanism. Methods RAW264.7 macrophages were incubated with 25 mg/L
ox-LDL in a pH 6.5 culture medium for 24 h to build macrophage-derived foam cell models induced by
extracellular acidification. Then, RAW264.7 macrophages were cultured in the acidic medium of pH 6.5 with or
without PcTx-1 (ASICI1 specific blocker, 10 pg/L) or Nec-1 (RIP1 specific inhibitor, 20 umol/L) for 24 h,
intracellular lipid accumulation was observed by oil red O staining. The expressions of total ASIC1, plasma
membrane ASIC1, RIP1, p-RIP1 Ser166, TFEB, p-TFEB Ser142, LC3 and p62 were measured by Western blot.
The co-localization of lipids (indicated by Bodipy) with LC3II (autophagosomes) and LAMP1 (lysosomes) was
analyzed by a confocal laser scanning microscopy, respectively. Morphological changes of lipophagy in the cells
were observed by using transmission electron microscopy. ABCAl-mediated cholesterol efflux was determined
by cholesterol fluorescence kits. Results Compared with pH 7.4+ox-LDL group, the intracellular lipid
accumulation in the pH 6.5+0x-LDL group was significantly increased. Meanwhile, the expressions of plasma
membrane ASIC1, p-RIP1 Serl166, p-TFEB Ser142, and p62 proteins were elevated significantly, while LC3II
protein level and LC3II/LC3I ratio were decreased. Accordingly, compared with pH 7.4+ox-LDL group, the
macrophage lipophagy of the pH 6.5+ox-LDL group was inhibited as indicated by the decreased localization of
lipid droplets with LC3 and LAMP1, a decrease in the number of lipophagosomes as well as an increase in lipid
droplets. Furthermore, ATP binding cassette transporter A1 (ABCAT1) -dependent cholesterol efflux from the
macrophages of pH 6.5+ox-LDL group reduced dramatically. However, these above effects of extracellular
acidification on RAW264.7 macrophages were abolished by PcTx-1 and Nec-1, respectively. Conclusion These
findings suggest extracellular acidification promotes the phosphorylation of TFEB at Ser142 via activating ASIC1/
RIP1 pathway, thereby impeding lipophagy in RAW 264.7 macrophages, and that ASIC1 may be a new potential

target for preventing aberrant lipid accumulation diseases including atherosclerosis.
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