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PXR-CYP3A4 41853 il & A BT R T S FFEARE AT SRS R

EBC, MAEK, K AV, AR, E W KAED
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FHE: FFCHAL (ritonavir, RTV) 1EATUR R ZY) 12 B T IR, HILAT SNSRI MR 2 H . AR EE
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Mechanisms of PXR-CYP3A4 axis-mediated ritonavir
hepatotoxicity through endoplasmic reticulum stress
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Abstract: Ritonavir (RTV) is widely used as an antiviral drug in clinical practice, but the mechanism
underlying its hepatotoxicity remains incompletely understood. This study aimed to investigate the molecular
mechanism by which pregnane X receptor (PXR) activation exacerbates RTV-induced hepatotoxicity. This study
was approved by the Life Science Ethics Review Committee of Zhengzhou University (approval No.:
ZZUIRB2022-142). Pxr gene knockout mice were constructed and treated with a PXR agonist and RTV, followed
by evaluation of liver function indicators, hepatic pathological changes, expression of the metabolic enzyme,
endoplasmic reticulum (ER) stress- and apoptosis-related genes, as well as the major active metabolites of RTV.
Cellular experiments were further conducted for validation. The results demonstrated that PXR activation
aggravated RTV-induced liver injury in mice, accompanied by upregulation of the relevant metabolic enzyme,
accumulation of active RTV metabolites in the liver, elevated ER stress markers, and increased levels of molecules
associated with cell death and tissue damage. In HepG2 cells, knockdown/overexpression of PXR respectively
inhibited or enhanced rifampicin (RIF, a human PXR agonist)-induced expression of cytochrome P450 (CYP) 3A4.
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PXR overexpression combined with RIF increased the hepatotoxicity caused by RTV, which was reversed after

CYP3A4 knockdown. Mechanistically, PXR activation accelerates the metabolism of RTV into toxic metabolites

via upregulating CYP3A4, and these metabolites trigger ER stress, thereby promoting hepatotoxicity. This study

reveals the central role of the PXR-CYP3A4 axis in RTV-induced hepatotoxicity by triggering ER stress, providing

a novel strategy for mitigating drug-induced liver injury through targeted modulation of PXR.

Key words: pregnane X receptor; cytochrome P450 3A4; ritonavir; metabolic activation; endoplasmic

reticulum stress; hepatotoxicity

PO % SR BRI T B A B 3 B UL 25
W TN K S 9% R A 3 (human immunodefi-
ciency virus, HIV) B4 FH FIE R )G, (H4 YA Rk
5| R IR T WAL T B3 AT A2 5 M 7 R0 118 Ot ) 7t
FIHE T 45 (ritonavir, RTV) 1E Jy HIV & (5 B 1 1 7
(protease inhibitor, PI), K| 3 0 #1141 ff £ 2 P450
(cytochrome P450, CYP) 3A4 Fl P-H 2 (135 1, & 2% 3
F e DT T8 =5 55 PR I 24 98¢ 8 T 43 132 T 1 R 1 2%
BT BRI, RTV AH G B8 1 SR AR U, 2 e
HIV 2% e & 35 S8 A QA0 T (1) B B T, (B H 7
ML A B B o (R, $878 RTV 8 1 1) G B 1 $2 ML
il 6T SIS Bk R TR T B IR R A

{EASVE = B A2, 15 PRI S 7~ F48 “F (rifampicin,
RIF) 84K 1535 6 25 72 b X % 1K (pregnane X receptor,
PXR) Wi 77 5 RTV BEH I, 8038 4000 A 3 B 3
T PXRAE AL 3244 48 5 i B 53 W] R 7 CYP3 A4
ARG I R AR IR S AR AR TR BT
RPL, RTV EF@ L CYP3A4 S 5 1) N- 25 F 3 Ak J g
W TR 2 Mot S5 B A ARG, T LT B AR P ) —
PSRN T UE SE B A A R = 1T BRI, PXR
B Al fgiE et U CYP3A4 I RTV 5 4k R 73 #E4Q
U4, TS RO R

JHEAE 9 25 AR ) % 0 38 B, HE D RE 58 BE PR A
H T I 4UA N 5T (endoplasmic reticulum, ER) 128k
PR P[RR 200 B TR B, ) B MR AR R AT
T8 I 5 5 AR AR AL R B R ER £ A ik 448 A 1
T2 ER RBPE S 4 BRI T R OB R sl B, AR 2
YOVE R O P B AR A AR ) AR
F 78 5 A M (unfolded protein response, UPR) # #4
&, PR T B W1 C/EBP [Fl Y 25 4 (CCAAT/enhancer-
binding protein homologous protein, CHOP) %5 % 1A I
R B 2238 5 Bax/Bel-2 38 B 155 S ANAET .

Shehu 27 FI| F PXR/CYP3A4 A ¥ 4k /) B & 3L
PXR BEUE IR RTV I8 14, 1H 2 A58 70 A e b P U 1
ER N3 4] A 5 A 4% o AT 5 38 3 4 S P JE IR
i R N B, 26 NJE 40 B 52 56, 48 78 ER MR
% PXR-CYP3A4 il 5 T 40 i 6 T2 R S X AL . 2%

T PXR B (0 & e 7 1, 0S5 R /1N B PXR F
S SN 7 G BE R 16a- % (pregnenolone-16a-carbo-
nitrile, PCN)**F 1l . AHE 50 WA BB 5 5 L FR 1 724
& BURI ER LSS 2 4 FEEAT AT, 878 T PXR U
T CYP3A4 MO AQ S A0 fi & ER B2, 2 1M SR 3))
PR T, AT IRRTV e L34 7 540 5 .

MR5HEE

ST Eh ¥ SPF 2% BF 4 A (wild-type, WT)
CS5TBL/6 M /IS B0 KB M K 22 5256 3 W o o, VT
Al 3E 5 SYXK () 2021-0011, & #% ilF 4% 5 No.
410975221100008863. PxrJ[F 4245 (Pxr™) C57BL/6
NERE E FL (5 ) AR RN A R A L VAT HE
5 SCXK (7%) 2018-0003, & ¥ iF %% 5 No.
320818200100102914. 5L 56 fit H Pxr 4 & 58 48 1Y
(Pxr") NEREAALEEE G MG G /DRI R
LR ATV 3% . W) 3R 25 IF: TR 25 £ 2 °C, I 2R
40%~60%, & H N Tt 12 h, | MoK, 1
Fr/N A 8~ 12 AR I JEAT S0 . AR SEER SRAFFB M K
o R A B WO O S b HE (HHE S
ZZUIRB2022-142).

AR5 PCN (GC17893) Il [ 24 H GLPBIO
A7 ; RIF (2 97%, 557303) f1 RTV (> 98%, SML0491)
W B % [ Sigma-Aldrich 2 & ; % i (46 & A,
041092796) I A Z=H R IR RV & WL H 2 5
2R W (P1261-100T). 41 4U41 ffl RIPA ¢ fi#
(R0020-100 mL). 5x & [ EFEZ2 i (P1041) F1 SDS-
PAGE %t iz #1) %3877 & (P1320) 1 H AL 5T & 36 5 kL
H B 2 7] ; TRNzol Universal A RNA #& B i 7
(DP424) Ity H 4k 50 K AR 2B P kL H A B A ] ; Lipo-
fectamine 3000 (L3000015). Lipofectamine RNAIMAX
(13778150)~ SYBRGreenMaster Mix (A46109) 185
Marker (26616) 1 5 3% [E Thermo Fisher /A 7 ; Prime-
Script RT reagent kit (RR047A) FI DNA marker-
DL2000 (3427A) 4 H H 7 Takara A 7] ; BCA & K L
W52 w7 & (P0012) . NADPH (ST360) Al 7L B2 i & fig
(LDH) 21 Jitd &5 14 A X 75 &2 (C0018M) I H g3 =
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KAV E A R 2 w5 5 E B0 57 Cocktail (HY-
K0010) f1 Red #% B2 [k 44k} (HY-K1007) 14 F 5% E MCE
A A 8 A A2 A E W (GL101) AT H B E
(G1102) g B BC M FE 4k /R AE W FHE A IR 2 |5 Pxr
(ab192579) Fl Cyp3all Pifk (ab3572) M4 H 3% E Abcam
/A 75 Bel-2 (26593-1-AP). Bax (50599-2-Ig). CYP3A4
(18227-1-AP). H i 8 -3 2 /i S (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) JT & (60004-1-
Ig)~ HRP A5 ic 1 Ll £ 417N B (SA00001-1) FIHL % 1gG
(SA00001-2) W [ 2 = J& A= 5 KRG IR A A5 s
Bk %5 A 45 & & A (binding immunoglobulin protein,
Bip) ¥t & (WL03157) 4 B ¥L FH 73 2% 4 ¥ ; Chop
(2895T) Fl X-Fr 45 & 5 M 1 89 8284k (Xbpls) $L 14
(40435T) 1 [ 3 [® Cell Signaling Technology 2 # ;
PXR LA (sc-48340) W H & v & Wi L W H A H IR 2
; siPXR M siCYP3A4 Y H 1 i 75 B AV R R A
Al ; PXR i 308 i KL [ F T LA R R A R
AF]

SCINEE  KZ-IT = s 41 430 B 43 (35 [ Becton
Dickinson 2 &]); SX-500 %Y 15 % K B %5 (H A& SANYO
2 #]); C100 Touch™ B PCR 4™ #8443 7K ~F- Hi ¥k & Gt fl
Mini Trans-Blot £ [ H1L ¥k %% ik & 4t (3% [H Bio-Rad 24
); FC-E AL 2 R id% £ 40 (3 [ Proteinsimple 2
F]); Milli-Q A10 Y8 46 7K il i& 4% (35 [ Sartorious 2
F]); ThermoStat C 28 Jii 4 J& i1 Al 5427R BUIK I /51 3k
2.0 ML (4 [E Eppendorf 23 7]); NanoDrop 2000c i# 3 &
g3 66 EETE L ABIL Q6 %' 58 & PCR XA 1510 B g i
% (3£ & Thermo Fisher 2 #]); Chemray 240 4= H #) 4=
53 BT A R YINER A AR i B2 A A IR 4 7]); DS-Ri2
AR B B UBE (H A< Nikon 23 1); TSQ-280 HY 8 iif 4%
PR (H RS 5 A 14 R 2 ] ); Optima XPN-100 &
T3 0L (35 [ Beckman Coulter 2 #@]); LC-30A 1Y i
e OO B A (H A B8 A Wl ); QTrap 6500 A4 57 %
1 (5 [E AB SCIEX 2 F]); HT7800 %4 i% fi Fi 1~ i fill B2
(H 7 Hitachi A 7).

PxrEFERR/NERMEE  RH CRISPR/Cas9 £
ARFEAL TN 16 5 e AR 1) P ZER A0 1 2~9 1
o H FR R A, B sgRNA 5| 5 Cas9 %15 4 1 %
EI b 2 R 47 B, /N B35 DR 20 7 BUE DNA B 284 5 7=
AP AR s R 11, 8 T S [ U AR i I R i AR AT 12
AT v B bR o BN BB SR, I R AR L
W2, ik PCR A% E/NRIEF B . 5% 5
I : (primer 1) forward: 5'-CCCTTCAATCCGTTCAG-
TGC-3', reverse: 5-TGACTGATTTGTCCAGAACAC-
GG-3"; (primer 2) forward: 5'-TTCTCTGGCTGCCTAC-

AGGTTC-3', reverse: 5-TGACTGATTTGTCCAGAA-
CACGG-3'.

LW AERBARR K WT/NRBENL 4 4
[1 % %f B (NC) PCN.RTV .PCN+RTV %4 (n = 6). NC
Y AN PCN 2H 43 ) DA oK (A S %7 ], 10 mL-kg™) Al
PCN (100 mg-kg") 4L 40 # 4 K, RTV 4L F1 PCN+RTV
4T 5 4 RER4F RTV (50 mg-kg”, bid). # Pxr’/\
BUBEHL 23 M 3 2H: NC.PCN.PCN+RTV 4 (n = 6), %4524
T EFE WT /M. PCN A RTV [ 71 & 1% 54K 4 Sk
IEPPO L AT A TSI 45 R . IR T RTV 24 h s,
FREE BRI B A I, 2 5 A BRI USCER I o 358 40 i
JUE B T30 A AL A 2R A A TS 8 H&E e, 353 i
Ik B e R T B B b, AR AL W
RIE 5 B T80 °CUKFE 17 % H -

NRMEPEERIE AST) MARE RS
(ALT) KR E A4/ BRI 5 4 B 2K, Wi 8k 1
T EPEH, R E 2, 25T 4°C.3 000 r-min’
250 20 min, YA LR IE . 2 R BH TS 0 AR I K
IR FIR2, 7£4x H B4 WA 1% B I A0 N S 4L
_EHLISE I 3E AST ATALT /KF-o

FFARAARSENE HFEXRNREHBER S
o BN, RERIEIE, SN, 2108 PBS I BE
JE AR, WL S R T A 2 O . G A3
BT AL, & A EEY R E 1T H&E (0,
T B SR B AR . R T 4H 21 % L
li] 58 W[ 52 ), AN DR B gt AT =R K, 2 J5 4
BEAMMES G, TOUE T @ 60 6 i 60~80 nm
Y] R, geth, TIE S RS PSR IEREEIE
AT 3T

MMAEEIEFE  HepG2 4l g (SCSP-510) W H o [E &}
b AN, 755 10% fa AR IS L 1% -5 %
[ = 5 DMEM 85 78 2 v, T 37 °C. 5% CO, ¥ 7= 46
AT E TR .

REAE R AYALIE R LDH S ENE K4
Pl 12 FLAR B 96 FLAR, 2 B8 A% Y ia 7 1 B 45 4% 44 PXR
I 23k R siCYP3A4 51 siPXR, 2 J& A 10 pmol-L”
RIF &b 2 48 h, W4 12 FLAR 40 M 52 B RNA R 28 (5
96 FLAR 73 7 6 41: A Ab B X R L FL R LS LDH.
LDH ¥ 5t FE il FIRE i 1 5%, 43045 T 10 pmol- L' RIF
FIAFIRE (5.10.20.40.80 umol-L™") RTV 4k 4L 4b H
24 h, Z IR UL8 5317 LDH & 2l .

RNA B SERTORH E 2 (QRT) PCR - HU/NER
JFIEZH 28 (50~ 100 mg) B4 i, #R 4 TRNzol i 7 &%
Ui B 5347 RNA $2 5, H NanoDrop 2000c ] 72 RNA
[ B AN Al B 2 J5 EAT 1 S OB, SR FH SYBR
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Green JRZ A M DA 52 K mRNA ik /K (DA
Gapdh/GAPDH ff] mRNA % ik A N ). Pxr.
Cyp3all~Bip-Chop AMP # i #% 5% [F 1~ 3 (41/3)~ F& A
JR R A (Pdi)Xbpls JFET- A% 5 (Dr5). ¥ 4%
90 Motk B A 1 (Mcepl) PXR R CYP344 (51 ¥
W& 1).

Table 1  Primers for qRT-PCR. m: Mouse; h: Human. Gapdh:
The mouse homolog of human GAPDH; Pxr: The mouse homolog
of human PXR; Cyp3all: The mouse homolog of human CYP3A4;
Bip: Binding immunoglobulin protein; Chop: CCAAT/enhancer-
binding protein homologous protein;, Atf3: AMP-dependent
transcription factor 3; Pdi: Protein disulfide isomerase; Xbpls: X-
box binding protein 1 splicing variant; Dr5: Death receptor 5;
Mcpl: Monocyte chemoattractant protein 1; GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase; PXR: Pregnane X receptor; CYP:
Cytochrome P450

Primer set
m-Gapdh

Primer Sequence

Forward 5-AGGTCGGTGTGAACGGATTTG-3'

Reverse 5'-TGTAGACCATGTAGTTGAGGTCA-3'

m-Pxr Forward 5'-CCCATCAACGTAGAGGAGGA-3'
Reverse 5'-TCTGAAAAACCCCTTGCATC-3'

m-Cyp3all Forward 5-ACAAACAAGCAGGGATGGAC-3'
Reverse 5-GGTAGAGGAGCACCAAGCTG-3'

m-Bip Forward 5-AGTGGTGGCCACTAATGGAG-3'

Reverse  5'-CAATCCTTGCTTGATGCTGA-3'
m-Chop Forward 5-CTGCCTTTCACCTTGGGAC-3'

Reverse 5-CGTTTCCTGGGGATGAGATA-3'
m-Atf3 Forward 5'-CTTCCCCAGTGGAGCCAATC-3'

Reverse 5'-GACCTGGCCTGGATGTTGAA-3'
m-Pdi Forward 5'-CTAGTCGAGTTCTTCGCCCC-3'
Reverse 5'-AAAAACCCACCACTGAGGCA-3'
Forward 5-CTGAGTCCGCAGCAGGTG-3'
Reverse 5'-TTCCAGCTTGGCTGATGAGG-3'
m-Dr5 Forward 5'-ATAAAAAGAGGCTGTGAACGGG-3'

m-Xbpls

Reverse 5'-GGTCCAAGAGAGACGA-3'
m-Mcpl Forward 5-AGGTGTCCCAAAGAAGCTGT-3'
Reverse 5'-AAGACCTTAGGGCAGATGCAG-3'
h-GAPDH  Forward 5'-GCACCGTCAAGGCTGAGAAC-3'
Reverse 5'-TGGTGAAGACGCCAGTGGA-3'
h-PXR Forward 5-CAACCTACATGTTCAAAGGCATC-3'
Reverse 5'-ACACTCCCAGGTTCCAGTCTC-3'
h-CYP3A4 Forward 5-GCAGGAAAGCTCCATGCACATAG-3'

Reverse  5'-GAGAAGCCAGGTTTCCATGG-3'

Western blot 1 fH X EE W ERFRILE M RIPA
ZLAAT 57 o0 B B4 2L /0N SR IR 2 4 A e ) R R
KHBCAERME L RE, BT 95 CE&BH S~
10 min f# 2 A JEAS 1, 2 SDS-PAGE %12 HL Uk 70 55
WM. ZJa AT (5% g 4= 3% — Bt i)
E . P E 1 h, £ ECL 205, %M Image J #1F
AT IR s b

N ER BT BE LRI AR (MLM) B93RER B HUAT i 41
21, H Tris-HCI Z& i rh ¥ J5 NN PBS 7873 21 2%, T

4°C.12 500 xg &.C» 20 min; 1] 35 AH A CaCl, i
W, IR, UK, T4 °C.27 000 xg 250> 20 min; JTIE
Tris-HCI 2% Py Bk ¥ J5 O B8 O W SE Ui e, H
0.25 mol-L™" J8 il ¥ ¥ 7 ¥ 51 . K BCA VLl 52
MLM & H & &

{&SNEE 7 0.2 mg MLM % N S22 (&
WRPE A 50 pmol- L) BERTV (9K E A 10 umol-L™), #b
7t PBS &R F N 95 uL, T 37 °CHili% & 5 min; J0A
20 mmol-L" NADPH 5 pL J& 3l & b, B T 37 °C#E IR
(S2JR A RTV 4 5] [ B 10 140 min); A VK 2 g 2% 15
B E, e S T4 °C.15 000 xg 550> 10 min; K5 _E i #%
R 2 [ bR A, A8 s AORRE - o R B
FAR (UPLC-MS) AT AR =473 #7

UPLC-MSMEXRBI =4 28 68-52
B SR (A 2% 1F 2 1 Kumondai 251 EL & 2 (19 S0k -
RTV i PEACH 2 M1 M12. M 13 FTM17 () i 7> B
%A% BN FE N 0.3 mL-min”, #EFEE 10 pL, i
N Atlantis T3 (3 um x 100 mm x 2.1 mm), A i
40 °C; JBNAH A NK (7 0.1% FHER), M sh#H B N 4 M

T 0.1% HER); BB Ve FE P 0 5% B 0 min; 5% B
2 min; 90% B 9 min; 90% B 12 min; 5% B 12.1 min;
5% B 15 min. il 264 2 R ML (MRM); 1E 2§
B AW 5 B R 2.

Table 2 Ion information of RTV metabolites. RTV: Ritonavir

Metabolite Precursor ion Product ion
Ml 582 426/525
MI12 694 296/171
M13 650 531/443
M17 710 692/296

Gt K] IBM SPSS17.0 8 A4F#E 4T 4 it
2250 Mr, 48 1 GraphPad Prism 7.0 #E4T BIG HI4E, Bl
PAx + s 7. 5 2E I () 25 %% bL 8 3% X JE 10 X
student's ¢ 8 36 73 4, 2 4% 2 18] (1) 22 57 R FH SRR 3R
Ji ZA3HT, P<0.05 W NERH G ¥R L.

i

R
1 PCNARRTVEH WT/MRAHHG

N TR I Pxr 0 7E RTV FT 80U R85 i 1
L WT /N2 PON TAL 2, J5 45 T RTV &b 2 .
g5 JLIR, PCN & H RTV 4L/8 R LS AST F1 ALT K~F
BB ETE (B 1AB), 40 e ik A 4 (18 1C), 72 9
Pxr & ATEHE RTV BT 80/ U 45473
2 FiB& PxriftE PCN & A RTV PR BV R AT 5
KW FAE T Per B R R BR D R (B 2A R E
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Figure 1 Combined PCN and RTV treatment induced liver injury in WT mice. A: Serum AST levels; B: Serum ALT levels; C:

Representative H&E-stained liver sections (scale bar: 200 um). n = 6, ¥ = 5. P < 0.001. NC: Negative control; PCN: Pregnenolone-

16a-carbonitrile; AST: Aspartate transaminase; ALT: Alanine transaminase; WT: Wild-type

Py LB A Pxr B005 7E RTV SO 8 dE P O/E A . iR 4
PCR #3845 R %558 /N B AL, 8] 2B s . fEWT
/N, POCN+RTV 4L B R 500 KT NC A, 1M
7E Pxr’ /N B, PCNHRTV 415 NC 4L M L, T 5 R %
TR ELN (K 2C.D). IMLiE Ak &5 R Box, WT
/N B PCN+RTV 20 AST Fl ALT 7K “F i 3% = T NC 4,
I AE Pxr’™/IN B 6 B 2484k 64k, Pxr”-PCN+RTV 4H
) AST F1 ALT 7K °F & 3% ik T- WT-PCN+RTV 4 (&
2E.F). H&E B 25 5 BIR, WT-PCN+RTV 4/ i
IR 240 ok i AR 4, T Poer R BR O, 1200 AR AL R
i (B 2G).
3 PxragBRF2 00 PCN X1/ AT B Cyp3all HiE S
Rk

HIHAIE 78 & B, CYP3A4 75 RTV AR b B A5 & 2
fEF, 1 PXR /& CYP3A4 i 53R 1A 1 R B3 % K 7.
N TR 5T Pxr JOE AE Cyp3all (N CYP3A4 [F] T.fif) %
TR AR, ARHIE S Se Al PCN A B HT fE
WT Al Pxr” /s BFF IE 41 4 Pxr )2 R ¥ Cyp3all )£ 1A
Ko G 3A~C Frow, 76 Pxr /N, Pxr ] mRNA
o Wl AN 2] ; PCN 4b 2 & & [ WT /) il Cyp3all
mRNA . Pxr fl Cyp3all ] & [ ik, 1 7 Pxr /) iR
TN, H Pxr”-PCN 41 =4 ()R IE KT WT-PCN
M. %L BRI RS Por J5, PCN 4b B R % &
Cyp3all £ik. A#F 5L —HHK 7 PCN & H RTV
J& Cyp3all 31k K& B & /K1 . 45 3R B 7, PCN+
RTV 42 WT /R J& Cyp3all (& A RIEN E# -

W, B AE Pxr” /) B R 4k (B 3D); 7E WT il Pxr™ /s
B, PCN+RTV 41 64-52 3k 52 i (1) A5 Bl R 1) 5 3 FRAIG
(K 3B), 1IX 5 RTV 1E N CYP3A4 A AT 336 401 1) 771 1 4 14
— 8. AT ORIERE, BRSSO RS RTV £ 2
T P AR A T A AN B, AR I TR E S AR Y
FEW 53 BT AR ART o
4 Pxriff&EI55 PCNIFESHIRTV £ 455K

N TR FE Pxr BGE 7E RTV WG A0 1, 2
HLWT 1 Pxr” /] iR NC AT PCN 41 MLM, 1A 4Mi & RTV
J& 1 i UPLC-MS B AT 3G VEAR U =W o0 1. 32 B3 1%
AR =4 1 % 52 LI 4A~F.

JUE RTV 45245 5 Cyp3al 1 1% PE4 30 1), 5 HE
AR 7= 9 43 M7 85 s, PCN T A 2R 4 WT /s BT I A
M1.MI12 FI M17 ) BB & B % 75 (B 4G~1); 1
Pxr’ /)N BR7E PCN b3 5, AU =94 i & 5 NC 48
%, HEZFLT WI-PCN 4. X R PCNi%E T 1
Cyp3all &R IA M RTV 7E B0 & A 1T O 8o
T PEARU P25 T Pxr R 2% 3 SRS AL RE ) BRI, X
5 g 28— 5.
5 PxriiBRICE PCN A A RTV BB/ R BT BE ER
BAnmE AT

ER L5 240 B 8 T AR O, A2 1T 40 B A T 1 Ok B
WA — o AE S SR FE S B 5E PCN A
RTV Ji5 /)N B BE ER FITE 25 %84k, FEAG I ER REEAR
LM Bip.Chop. Atf3.Pdi. Xbpls, LA K AHHIFET M 41
AT AR S FE 2 DrS \Mep 1R I8 T2 25 1 Bax F1H11
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Figure 5 Pxr knockout modulates PCN/RTV-induced endoplasmic reticulum (ER) stress and apoptosis signaling in mouse liver. Liver
tissues were acquired from WT and Pxr”” mice in NC and PCN+RTV-treated groups. A: The structure of the ER under electron microscopy;
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Xbpls, Dr5, and Mcpl were determined by qRT-PCR; I: Representative Western blot images of Bip, Xbpls, Bax, and Bcl-2; J: Bip protein
levels; K: Xbpls protein levels; L: Bax/Bcl-2 ratio. n =6, x + 5. P < 0.05, "P <0.01, ""P < 0.001
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Figure 7 Mechanism of PXR-mediated exacerbation of RTV-
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CYP3A4 expression, enhancing the metabolic conversion of RTV
to its reactive intermediates. These bioactive metabolites then
trigger ER stress, inducing hepatocyte apoptosis through the BIP-
CHOP-Bax pathway and ultimately leading to liver injury
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