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WE HME WA T EB (TFEB) - H W& 1ERAE T B SUF 85149 *h 4R F K 3L T RERL
. JF¥E K 40 K 6~8 JHRE M C57/BL6 HETE/NREENL /> A Tidl: R4, B4, TFEB
I E BB . TFEB St S a4 . BEahRH, 548 X, B iasr, HaN
MARR G THIAET 200 mg/ (kg €) #EH: TFEB MEhAI{ES SRS 1 h RS, (%57
£ 20 mg/kg, miAIEA 50 molkg, HESET7d; EWEMBIFIES 1 KA SHRAETET 6 h T 10
mo/kg FE S o IERE 7 d FEAEAUSIIG . S I I AG U JFF 2 A8 e A A A B AR A SR DA A5
TERESE, K Western blot j& &4y BT I A0 MUAZ AR 20 ) TFEBL #41k 1 (p62) 4
FHRE AR 3 (LC3) « FHEK 1 (Beclin-1) & F- A REHER L IE 2 1k (NTCP) |
JHER 5 H A (BSEP) /K G 3R 5550 HRAFAH L, A AL 2 /N BRUIMIE TR R R R R B B (ALT)D
READRAILFEREE (AST) « BJHLLEK (TBIL) « H#HLI % (DBIL) DL S IRAER (TBA)
KT, 225 Geit R L (P<<0.05) , AR HI BB R B ARk SRIVAIAHLL, TFEB
BEhilm e AR s AN R R IRFRRER (P<0.05) : 5 TFEB BE@hiflfik
R, mARANR LR FEFRREE (P<0.05) o XTE4L TFEB A% L h(1.040.10),
P 20 B4 %2.(0.620.05)  (P<<0.05) , TFEB fIXFIE s 740K 5 %2(0.840.08), =7l &5
A% (0.940.07), HEEBSIFILIN(0.740.06) (P<0.05) . SxfHRAIMLL, BRI/
FFAE NTCP A1 BSEP [/ FE (P<0.05) , f£ TFEB fI7 &A1& & sh 4l d,
NTCP fil BSEP ik FikE, HWE#shiI41 NTCP 1 BSEP FiAthi s (P<<0.05) . 5%t
TREAAH L, AL /N ATAEZH S TFEB. LC3-I/LC3-IA1 Beclin-1 FJ2 (431K /KT B & %
ik (P<<0.05) , T p62 HIH HFRIEA IR T & (P<0.05) . SHAAMLEL, TFEB 3]
Al R B R EEh N R EA S TFEB. LC3-1I/LC3-IA1 Beclin-1 ]
B AREKTH BT (P<0.05) , 1 p62 [ [ RIA/KFA FrbEfk (P<0.05) . 45 TFEB
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Role of TFEB-autophagy pathway in rifampicin-induced liver injury and its
mechanism
Xu Hongmei, Song Yulin
(Dept. of Gastroenterology, The First Affiliated Hospital of Anhui Medical University,
Hefei  230001)

Abstract Objective To investigate the role of transcription factor EB (TFEB) -autophagy
pathway in rifampicin-induced liver injury and its possible mechanism. Methods Forty
6-8-week-old C57/BL6 mice were randomly divided into five groups: control group, model group,
TFEB low-dose agonist group, TFEB high-dose agonist group, and autophagy agonist group, with
8 mice in each group. Except for the control group, the other four groups were given rifampicin
200 mg/ (kg 4> by gavage daily. TFEB agonist was administered intraperitoneally at a low dose
of 20 mg/kg and a high dose of 50 mg/kg for 7 days at 1 h after rifampicin administration.
Autophagy agonist was administered by gavage at a dose of 10 mg/kg 6 h before rifampicin
administration on day 1. The experiment was completed 7 days after modeling. The degree of liver
injury was evaluated by detecting liver function indexes and liver pathological changes. Western
blot was used to detect the protein expression total TFEB, chelator 1 ( p62 ) |,
microtubule-associated protein light chain 3 (LC3) , benzyl chloride 1 (Beclin-1) , sodium
taurocholate co-transporting polypeptide (NTCP) and bile salt export pump (BSEP) levels in
liver nucleus/liver tissue were quantified. Results ~ Compared with the control group, the serum
levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL),
direct bilirubin (DBIL), and total bile acid (TBA) in the model group increased (P < 0.05), and
obvious pathological changes were observed in the liver. Compared with the model group, the

high dose and low dose of TFEB agonist and autophagy agonist groups had reductions in the



above indicators (P < 0.05). Compared with the low-dose TFEB agonist group, the high-dose
TFEB agonist group had reductions in the above indicators (P < 0.05). The proportion of TFEB in
the nucleus was (1.040.10) in the control group, (0.620.05) in the model group, (0.840.08) in the
low-dose agonist group, and (0.940.07) in the high-dose agonist group (P < 0.05). Autophagy
agonist group (0.740.06) (P < 0.05). Compared with the control group, the levels of NTCP and
BSEP in the liver of the model group decreased (P < 0.05), and the expression of NTCP and BSEP
in the TFEB low-dose and high-dose agonist groups were restored, and the expression of NTCP
and BSEP in the autophagy agonist group also increased (P < 0.05). Compared with the control
group, the protein expression levels of TFEB, LC3-II/LC3-Iand Beclin-1 in the liver tissue of the
model group significantly decreased (P < 0.05), while the protein expression level of p62
significantly increased (P < 0.05). Compared with the model group, the protein expression levels
of TFEB, LC3-II/LC3-Iand Beclin-1 in the liver tissue of the TFEB agonist high-dose group,
low-dose group and autophagy agonist group increased (P < 0.05), while the protein expression
level of p62 decreased (P < 0.05). Conclusion TFEB can improve rifampicin-induced liver
injury by activating autophagy pathway, and the main mechanism may be related to the
up-regulation of NTCP and BSEP expression.
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Ft TFEB- H W& AL AEFAR T T SUH-473 b B 7R T A AL

1 MR 575

1.1 SEWFY 40 RAEHER SPF kit C57/BL6 /MR, (RIS 7~8 Ji, M mi&E 18~22¢) ,

W AFN TIRSCIR B RHA R A 7 s shP)vFmliEs: SCXK (i) 2024-0004.

1.2 R 5RF  FUEF (rifampicin, RFP). TFEB WahFI(fb &4 CL) . MW

(Rapamycin) [ 3% [ Med Chem Express v wl; Z&44 1 (chelator 1, p62) . fEMHKEH

%% 3 (microtubule-associated protein light chain 3, LC3) -I. LC3-II. TFEB. “~F%& % 1 (benzyl

chloride 1, Beclin-1) . #ES1-ZF s HER NI %12 Z Ik (sodium taurocholate co-transporting

polypeptide, NTCP) . fHE:#iHi%E (bile salt export pump, BSEP) Fufdi [ sy 484

M ITREERAT .

1.3 4 2EHEINELS PO EH+ Roche A ¥ Modular DPP 77 f; &f% R4 0H H 5%
Alpha 2 &5 BEbs{XW F 32 E Thermo Scientific A% LR CHAG ST R0 H il

MERHA R AR B0 E 3% E Thermo Fisher Scientific 2 & .

1.4 HiE

141 2Ry 40 X C57/BL6 /D RIE M MEMR TR 1 85BN 9. XTHEAL. B4, TFEB

B EA . TFEB BaEhil R A UL L A EEEhRIA, 48 K. XA 5N

PT84 T 20 mg/ (kg @) H11 50 mg/ (kg €D R 4

BT do T Al = AL AR SRR 0.9% NaCl . BB FILE S 1 Ky 5FI4E

SFHIHT 6 h #EFS 1 7% 10 mg/kg FIZ54, HAb DY ZH 25 5 R 1 FIRE 1S

B 7 d 5, SA/NRIIRALIE. ST 0.3% K EL 28 (10 mglkg) AT AR,

PR IR BRI . MVEREA RS O J5, UG A7 AE —80 *CUKFEH IR . BlJE, SHE/N
FIALBE/ANBR, TEURIE . 5050 AR 4% TR T-0m B U0 s 38 ) I 2E 2R 0 A 7

T —80 °CIKFEIRAF -

142 MEREREEZEBE (alanine aminotransferase, ALT) . RARBREREHXBE
(aspartate aminotransferase, AST) . BJAHZLE (total bilirubin, TBIL) . H#EAER
(direct bilirubin, DBIL) PAKEHEHER (total bile acid, TBA) /Kl {4 HNA

AT AU ML ALT. AST. TBIL. DBIL. TBA /K.

1.4.3 FFHSUREEME K€ 1 B0 IERR A EAT K . RIS, D) 50 J2 HE 3¢

t, BRI R T W EA LR EAR IR R A

1.4.4 B A%PZEEER N 45 TFEB. p62. LC3. Beclin-1. NTCP & BSEP HHAKE



i’ MECGEEMAAA, WSO EH BCAEIHMTEARMEE, J5H SDS-PAGE (5%)
EA LM SR EARIHMTIR G, R EARSIESER 95 «Cln#h 8 min FAEH
JEPRAF T —20 CCUKFA T2 F o B UK 75 0K U HS (¥ 8 11 SR 5 P82 JB V8 95 °Cn#A 5 miin
FRHEAT ERE, FRIKSE UG BT, AT b, R T ST TFEB fuik
(1:1000) . ¥ p62 Hitfk (1:5000) « it LC3-1 Fifk (1:1000) . Ft LCI-IIPifk (1:1
000) . #ii Beclin-1 Hiif4& (1 :5000) . Hit NTCP Hifd (1 :3000) . Ht BSEP HiifAk (1 :2000)
ER—HimE LSRG, FHE—Pi. 552 K FYelsEm SR =5t (1150000 % E
2 h J57E B BRI R 3T, BL B-actin (1:2000) fENAZ, HFREHASMNS B-actin
(FI2K % R AUE LA (OD i) %o H bR A AR RIE K.

1.5 Gt b3 HE R SPSS 24.0 Git S AW AT it S A Wi AL AL 3 . IERS 43 A1
(BRI, X3S o, ZARIMHESEH IR E 7 22000, Pidi L ECR I LSD-t #hd. P
<0.05 FRERA G E Lo

2 458

2.1 BHEDRBERPRE  SciidfE b, AL T, BRI, TFEB #sh7) e 7 &4l L
Je TFEB Bl M7 B LR 5 WA 2 700260 1) /0N B35 2 300 HhS AN )R P8 ) I s o e B A7 BB 4%
MG, BEHNRIIRRAEICTED

2.2 ZH/NRIJE ALT. AST. TBIL. DBIL & TBAKFHHE Wk 1FR, SXHEH
bhfg, BERALNR TG ALT. AST. TBIL. DBIL. TBA MIFREKFHAE (P<0.05) ; 5
BB AR LG, TRFEB W) 77 v 77 & 21 A1) 4 DA K B Wi sl 77 25 /) BRUfLi ALTVASTLTBIL.
DBIL LA TBA MRIEKFREK (P<0.05) ; 5 TFEB BshFMRFIEAALL, mFlEH N

FUMYE ALT. AST. TBIL. DBIL LK TBA R IEK T E AL (P<0.05) .



% 1 £4H/BIMKE ALT. AST. TBIL. DBIL BLK& TBA KR ( x3s, n=8)

Tab.1 Comparison of serum ALT, AST, TBIL, DBIL and TBA levels of mice in each
group C xds, n=8)

TBIL DBIL TBA
Groups ALT (U/L)  AST (U/L)
(umol/L) (umol/L) (umol/L)
Control 31.6542.07 116.89+10.66 2.2940.51 1.1540.43 2.934).41
Model 75.0643.93°  159.0349.00° 55.4946.07°  38.3845.46°  13.5942.47"
Low-TFEB 64.6842.77"  147.1947.85%  40.6944.04*  28.76#4.34* 10.84+2.18"
High-TFEB 50.9343.98%* 138.1647.58%* 22.9443.09%¢ 17.30%2.34** 8.59+1.96"¢
Autophagy
70.8943.68%  149.6446.66"  49.8946.71%  32.55#4.06 11.50+2.32°
agonist
F value 14.83 3.56 25.43 18.36 8.65
P valve <0.001 0.018 <0.001 <0.001 <0.001

“P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs low-dose group of TFEB

agonists.

2.3 FUPRIFREZEEE WK 1R, xR BRFFIEH RS IR R IEHRES, 4
NPV AT, AEER W] R (0 RAEBRIASEIL G, T SHEMTAT L, A0S IEH . B
/N T IE HE Heth 5o BT A0 BRI AR AN Ak, AT SORE SRR I AN = kB RSE . TFEB
AR BB AL FF 0 0547 Frside (B9 ¥ 50 T 240 M 2 B B R 48 2 E . TREB vy 7
PEh R A5 05 B 2 e, AT AR S M AR IR, SRR IR B R /b . B W sl
FULLH A0 B 25, AP M AR IR, JORE A IR I AL

A1 FAHBE/MRARE HE 32 <100



Fig. 1 HE staining of liver tissues in each group  >100
a: control group; b: model group; c: low-TFEB group; d: high-TFEB group; e:
autophagy agonist group; Red arrows indicate areas of inflammatory cell infiltration or

hepatocyte necrosis.

2.4 ZH/PNBIFEHLR TFEB. p62. LC3 & Beclin-1 F&ix384k, it Western blot 7041 1 %
Mot TFEB R AN MAZ AL SRR B L. 45 R BoR, XHRAM TFEB AL
%1°8(1.040.1), BIALLIH) TFEB A% bL I 235 T~ % %3(0.640.05) (P<<0.05) . TFEB {iif& i
HFNAN TFEB A% LLBIE Tk, 1£3(0.840.08); 1fi TFEB 7l Sk sh i 4 ) ik — o4
= 4(0.940.07), 1M H BN TFEB AR LLBI4(0.740.06) (P<<0.05) . ULKE 2A.
i 2B K3k 2 fron, BRI R TFIEZH 2% TFEB. LC3-1I/LC3-1F1 Beclin-1 )85 3
KR B (P<<0.05) , 1M1 p62 R AR IA/K-FI R T (P<0.05) « SERAIMLE,
TFEB Hahilmn . R4 B Wish A4/ BRI 2 TFEB. LC3-1I/LC3-IA!

Beclin-1 )& A &&/KFA P THm (P<<0.05) , i p62 & H FRIEKFA bk (P<<0.05)

Bl 2 BAE/DNRTIRG M & FRE TFEB. p62. LC3 X Beclin-1 & &
Fig. 2 The expression of TFEB, p62, LC3, and Beclin-1 in the liver and nuclei of mice in
each group
A: The expression of TFEB in the liver and total TFEB in mice in each group; B: The
expression of TFEB, p62, LC3, and Beclin-1 in the liver of mice in each group; a: control group; b:

model group; c: low-TFEB group; d: high-TFEB group; e: autophagy agonist group.

%2 KM E/NRFFAE TFEB. p62. LC3-I/LC3-1/% Beclin-1 BiABSHF ( x3s, n=8)

Tab.2 Analysis of TFEB, p62, LC3-II/LC3-Iand Beclin-1 expression in liver of mice in



each group ( x#s, n=8)

Groups p62 Beclin-1 LC3-1I/LC3-I TFEB
Control

1.00 £0.04 1.00 £0.04 1.00 £0.04 1.00 £0.05
groups

Model groups ~ 2.50 +0.08" 0.80 +0.03" 0.45 +0.03" 0.65 +0.04"
Low-TFEB 1.80 +0.06" 0.90 +0.04" 0.63 +0.05" 0.85 +0.03*

High-TFEB 1.20 +0.05%¢ 1.10 +0.05% 0.78 +0.04"* 1.20 +0.04%

Autophagy
1.10 £0.07* 1.02 +0.02* 1.31 +0.04* 1.21 +0.03*
agonist
F value 20.34 6.48 14.65 11.25
P valve <0.001 0.002 <0.001 < 0.001

“P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs low-dose

group of TFEB agonists.

2.5 ZA/NFAFIEEL NTCP. BSEP RiEZAL  Wildl 3 Mk 3 45 R EIR, SXTIAUMLEL,
BRI R FIEZHZY NTCP Al BSEP 1) 8 F 3RIA /KT B B FEAIR (P<<0.05) » SRR L,
TFEB {i&i & Al FIEishm 41+, NTCP fl BSEP HIRIAH FTKE, Fiil & FiE TFEB
HAME B (P<0.05) . S, BWHSIFI4R NTCP F1 BSEP Kkt A Hr
fwn, JUHJE BSEP HIRRIAFEL R 4 /K- (P<<0.05).

K3 HAE/PNRAFE NTCP, BSEP RiAE
Fig.3  The expressions of NTCP and BSEP in liver of mice in each group

a: control group; b: model group; c: low-TFEB group; d: high-TFEB group; e:

autophagy agonist group.



% 3 Z4E/PMEIFIE NTCP. BSEP BEEMF ( xds, n=8)

Tab. 3 Analysis of the expressions of NTCP and BSEP in liver of mice in each group

( X35, n=8)
Groups NTCP BSEP
Control groups 1.00 +0.06 1.00 +0.08
Model groups 0.21 +0.03" 0.19 +0.04"
Low-TFEB 0.28 +0.07% 0.29 +0.06"
High-TFEB 0.49 +0.03"* 0.89 £0.07%*
Autophagy
_ 0.38 £0.02* 1.03 =0.05"
agonist
F value 12.83 1151
P valve 0.013 0.003

“P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs

low-dose group of TFEB agonists.

3 iR

RGP —Fh iR, AT LSRR R M. AR s R, BRI N
B HH DU i B e AT BB RS, IfiE ALT. AST. TBIL. DBIL & TBA /KF7tmE, HHE
IR AR, 5 SCERCHRIEAN R, -SRI BTSS0S R R R R T o

H A 50 IA 9 FAE P BT S5O0 - 04N AR B 2 A 0 410 o) A v 1% s A e
BSEP #l NTCP J& EZ WAV RRFL IS 1A, SCHRHRIEFAE T 7T LL R I BSEP [3&ik. A
W RN, XA, HAIYIRTAE NTCP. BSEP FIAH/DHE/RATHE NTCP, BSEP £ik
VS R T BT SO B K

JHFFFE W 23 5 V22 IR AT 5%, B0 IRG PR IRTRE I AR s 1 s . S B R
RIEGe . HFF S LUSIRES. AR TR, SRR 74 B AT S SO0 05 b E K
PR Atg7 Fl Atgb PRk B 5 B T B EREAS R] 5] E ARV RRAE LIS AR SR, O
fEf BSEP M1 NTCP Xi& T if. HWRAHIKEH LC3. Beclin-1 A1 p62 =& V-l H Wi 14 1
F$EbR. LC3 &5 {MEAE &, b LC3-I/LC3-TELAE a] s e [ W /K Beclin-1 /& 1 )3
B REEIR T p62 fE N A MR, HFEE AWGE 20U, AFFFCRY, R FEUF
5 /N B A 3 WA 55 5 4 LC3-II/LC3-IF1 Beclin-1 Nif, p62 i, #omEAMIEME %, &



W 77 AT i I T RE . S B 0, JF LR NTCP A BSEP &3k, JUH: BSEP £l 1EH
KA, RN B R P R I R e 1 G2 AR AR T T BUR T . TREB 2 /NIRRT AH 5¢
FEFR TR, A BV 5 7B T R I SR P R 7, T 38 o s 9 W S 6 LR 4 Rp 4
MRaRs, fEL R R EEE AW, 2 TFEB s, & LLBEA YA AL i A 0
FIIE R RIE, AT [ WS s AR, 24 TFEB RIASINREZRIMHINT, EWEtE T
Bee, 5 SO0 M P AR RS2 5% PO 200 L 5 R B 1R, T R0 14 A SCRR R S TFEB. 7]
DAV IS B 5 S 10/ BUF LT A SRR, FUAR - P SUH- AL o TFEB #Ri&
FAZIFAL KT B o B TREB S 77 7T S50 D BE A BEL454%, L3 NTCP. BSEP. LC3.
Beclin-1 ik, P& p62 /K, $¥E TFEB mlykEAIAE T 84745, TFEB-H W@ (e
Hrbg e e . BAURITTREE T © WA RRAW, BAmRMNER, AT MG
JSHFE BESP Il NTCP Riki/b. @ WATATMENG BACHT, SCIRBMRIE, F4eF T 5 50h R
JFF I = 9t - ok R JEL T2 ) 7 v o TREB JHE AR e ek s o v Jom =5 s i £ £ (HFD) 5 5/ BRI
R AR e, HHLHIPTRE S TFEB A1 R N S8R A N R, 5 TFEB NS 8RR
S ARARH S RIS T U0 PGCL-a FHAT PPAR-o 3% M T A <M. SCBRIHRIE, FilHE T
& FH 57 R BT SO 13 BT PPAR o 258 W L FEAIK, PPAR-aL 3171 WY 14643 il A 5 ) 4
S I MR BT B, iR PPARamRNA ik, @ H LA NF-«xB (%A,

SCHRMOMR IS, FIARF BT SO B4 A7 7E LRSI NF-xB (19 1. TFEB nlilid etz 56
Wk T A 7= A 1) R R P02 SRR TS R A FR R A I 5 S TR ) (i HOL, SOD2.

NQOL) kK ek b B, I al L@ AT NF-«B {5 5@ B A1 NLRP3 4 /M I IE
FR B0 JRE S M, AR A FALA 6 Rt — B 7T
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