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[ Abstract ] Objective To investigate the effects and related mechanisms of mitochondrial-derived peptide MOTS-
¢ on glycochenodeoxycholic acid (GCDCA)-induced injury in human hepatocytes (THLE-3 cells). Methods THLE-3
cells were cultured in vitro and treated with different concentrations of GCDCA and MOTS-c. The optimal concentrations
of GCDCA and MOTS-c were determined by cell counting kit (CCK)-8 method. Subsequently, THLE-3 cells were treated
or pre-treated with GCDCA (200 umol/L), MOTS-c (15, 30, 60 pmol/L), the multidrug resistance protein 2 (MRP2)
inhibitor Probenecid (500 pmol/L), and the nuclear factor erythroid 2-related factor 2 (Nrf2) inhibitor ML385 (10 pmol/L).
Cell proliferation was assessed by CCK-8 method. Lactate dehydrogenase (LDH) levels in the culture medium were
measured by biochemical method. Cell apoptosis rates were determined by flow cytometry. MRP2 messenger RNA
(mRNA) levels were detected by real-time quantitative polymerase chain reaction (RT-qPCR). MRP2 and Nrf2 protein
expression levels were analyzed by Western blotting. Results As the concentration of GCDCA increased, the proliferation
activity of THLE-3 cells gradually decreased, while LDH activity in the culture medium and apoptosis levels increased,
and the expression levels of MRP2 in the cells decreased (all P<0.05). Treatment with 30 and 60 pmol/L MOTS-c
significantly enhanced the proliferation activity of THLE-3 cells exposed to GCDCA, upregulated the expression of MRP2
and Nrf2, and reduced LDH activity and apoptosis levels (all P<0.05). Co-treatment with Probenecid partially reversed the
protective effects of MOTS-c on GCDCA-induced THLE-3 cells injury, while co-treatment with ML385 partially inhibited
the induction of MRP2 expression by MOTS-c in THLE-3 cells exposed to GCDCA. Conclusions MOTS-c may alleviate
GCDCA-induced injury in human hepatocytes (THLE-3 cells), and its mechanism may be related to the upregulation of
MRP?2 expression mediated by Nrf2.

[ Key words ] Cholestasis; Ischemia-reperfusion Liver

transplantation; Hepatocyte

injury; injury;

Glycochenodeoxycholic acid; MOTS-c; Nuclear factor erythroid 2-related factor 2; Multidrug resistance protein 2

B ML -75-%E 1 i 4 (ischemia-reperfusion injury,
IRT) AH OGP T A R T I8 B T RS A8 R 5 B 3 L 3

o HfL B F Y = W M2 M H ( adenosine triphosphate,
ATP) WRBPESME 2R, FRELRAEE, 25

%, BERMEERIyEE . MG S NLET S
j%, FRAHLEI T R85 IR 2 ers A G . Iy iy
BT RRLRE , I AR AR S e
iz, WEIEUESE, IRL AT S 250U 4 A 26 A 4 D) R b
3, JERne GRS, ShREmREALN AR, [
BF, IRIA O] 3 A F A R s R RE T

PSP, IR S A9 B 5% 12 B A5 7T RE S 3
JFR A A G IR IR R B BB N . 2 253 1 2

( multidrug resistance protein 2, MRP2 ) J&—Fh{ii T

AN Z R E G EEIRT N E . PR R,
hﬂMTﬁM&@%@WﬁWﬁ%%ﬂ@m¢ﬁ%

SO b JH MRP2 23k o] LIS AR i 40 HE, i
ﬁﬁfﬁz%iﬂ%ﬂﬁiﬁé VAL, PR IR 3R s B
T HESEH IRI /519 MRP2 IRERIA TR

MOTS-c J&— P2 b7 (A I R 41 G i i DR ARG A
K, & 16 NEHERR, = 52F e TR
RERREAT AT T, XF IRLAT B A el /e O, A
55N, MOTS-c i FL#: 5 H+ E2 M C K+ 2


mailto:2128985306@qq.com
mailto:2128985306@qq.com

$34

B MOTS-cill ot 5512 PR MR P2 H 2 IR 10 JF A0 A it S 427 -

( nuclear factor erythroid 2-related factor 2, Nrf2) #f
HAE RS Nref2 {55 1, DU el 4ok iR D) 5E
i A 2107 EL G Nef2 w2 I R RE TR B A
B, EBE MRP2 By R3A, DA IR Y IE R AR
U BRI, MOTS-c 52 75 Al i i 8 15 MRP2 334
e R DR RRHE I el A 3 AT e S A . H
B S HTR ( glycochenodeoxycholic acid, GCDCA ) J&
— Mg KRR, FEFA LR S HERREH A
i E 1Y s A E R N N B AL e Y B g
FLIE R R L . ABFFER ] GCDCA 4k
PR 4HM THLE-3 G 37 ARSI R BRI A4 £ 4t
BERL, R ) MOTS-c 4 fH {58 B2 T 40 i 46 3 B
MRP2 AN, I 672 B A HIBLA], LA
IR S IR R R T IR 2% |
1 #M#H5T &

1.1 ZHBE. EEIRFIFLEE

NI AEACHT AR THLE-3 1 [ Hh A7 B 435 4
J Rl 2w B A BT 0 . GCDCA (4l =98.0% ) .
MRP2 # ] 5] Probenecid ( £l 99.8% ) Fil Nrf2 1)1l
7 ML385 (4l 99.96% ) ( 3[E MedChemExprss 2
7l ) , DMEM $53%%k ( 3€[E Hyclone 22 /] ) , 4
HHGXF & (cell counting kit, CCK) -8, AR
%% ( fluorescein isothiocyanate, FITC ) Annexin
V/BAELRIE ( propidiumiodide, PT) (JbmiZ3E5R}
HARAF ) , FLERIL S (lactate dehydrogenase,
LDH) iX# & (M @Ay TRIR )
RNA UK & . B4 DNA ( complementary DNA,
cDNA ) Zf—HEG iR G AL O R A W
J¥. (real-time fluorescence quantitative PCR, RT-qPCR )
e (RICEMREFAEYFHCARAR) , &bt
A MRP2 HLsgBEHUR . St A\ Nrf2 £ se TR R4
L N GAPDH £ s B Hiik ( B&[H Abcam 24 W] ) .
CO, #5754 . Wil (3£ Thermo A F]) , a4l
84X ( € & Beckman /3 7] ) , RT-qPCR X ( %+
Roche AF] ) , HIKIX ( 3 Bio-Rad AH] ) o A
7% L3 A 10 SRR AS i B B R AR Bl A
Roadlt, e BEMNEE (5. KYLL-2025-
001) .
1.2 CCK-8 #ill & A AaIEE =R

THLE-3 41l J 75 & 10% Jif 4 1L 7 ) DMEM T
37 °C, 5%CO, MM R 5 . BCEXEUE KR

THLE-3 41 il , 4 % 20 Jifd % B 1x10%/mL Jf 4% #f T
96 FLANME R TR P o FRANML AL & FE L 3 90% 224
W, SRR (25, 50, 100, 200, 400 pmol/L )
GCDCA =% A~ [A] ¥ £ (7.5, 15, 30. 60. 120,
240 pmol/L ) MOTS-c 43 %l 4t ¥ THLE-3 41, %51
W R 3 EFL, L0 pmol/L GCDCA 1 MOTS-c
TN R IRA. W55 6h J, HfLAIA 10 uL CCK-8
VW, 2 h S ERERR A A 450 nm ARG (4)
B, THEMEIEIER ., ASTER= (Agpy —Aopn ) /
(Agpmaq —Aospiq ) ¥100%. T e GCDCA 559
1 MOTS-c THiHk
1.3 SKIG5r4H

FRPE 5 126 H 1Y) GCDCA 5 ¥R &, I THLE-3 4
a3 Hg . XEREZEAN (50, 100, 200 pmol/L ) GCDCA
d, KA LA A A A TR BE R IRD
LDH 7t & MRP2 75 (4 ik,

R 4% 07 358 H A9 MOTS-c 1T 1 %, # THLE-3
YffLSreH . XFHEZH . GCDCA 4HH1 15, 30, 60 umol/L
MOTS-c 2. XJHEATAAREE, Fldi$4R A 200 pmol/L
GCDCA ¥ 5 THLE-3 40 it % 145 , MOTS-c 4l 7¢
GCDCA 551 3L Ali L [R] B AR B2 46 B 1) MOTS-c
HEATALIR, 6 h 5 USCEE A, il 2% 2 240 1 4 5
A0 T A . KSR h LDH W . 40 b MRP2
{7f# RNA (messenger RNA, mRNA ) . MRP2 J Nrf2
EAEE Sy GO

MRYE AL PESCEG 255, (1) K¢ THLE-3 405
g 44 . GCDCA 4l . MOTS-c 41 . Probenecid 41 Fl
MOTS-c+Probenecid 2 . JFF 47 24 >k H 200 pmol/L
GCDCA 5 5 THLE-3 4l fs 5t 475 , MOTS-c T i ¥
B 4 60 umol/L, fE GCDCA 5 S i 20 min, A
500 umol/L Probenecid #4THAEFY, 6 h fEUTHELHN,
Rr I A5 2 A MO MG A % . A TR L BESR WP LDH
TEPERANM T MRP2 FEHRIAKF.  (2) ¥ THLE-3
Y05 M 440 . GCDCA 24 . MOTS-c 41 . ML385
ZH F1 MOTS-c+ML385 4 . JiT A 41 K i 200 umol/L
GCDCA /5% THLE-3 4fiffifiifl;, MOTS-c kN
60 pmol/L, 7£ GCDCA 531 20 min, JILA 10 pmol/L
ML385 HEAFHIALERIT, 6 h fEUScHE 2, #4520 40
Jif i MRP2 il Nrf2 25 122357k F
1.4 #&NZHAELE ST LDH KF

WA M SR, B0 Vs, # IR LDH I
R U0 B A HE AT R, RS A 2 4 % R D



+ 428 - arE A

F16

LDH itk
1.5 a2 AE AR A6 T 40 B T 7k

W THLE-3 4, JRHEAiEI LRI 3% 10° 4~
ALEERD T 6 FLAMIRE Fobt, BARE 31 E 1.
FrAmMIG B, H IR RS 2HAb R0, 6 h S, &
O3 L, WCEEAIM, A 100 uL 455 2% il &
M, T 5IANA 5 uL FITC Annexin V il PI EEE08F
H 20 min, AILA 400 uL 2552 IR 2 )5, 7t
S LS R A5 2 AR L T %
1.6 RT-qPCR #illZHfH MRP2 mRNA FRikKF

Wtk THLE-3 20, SR BT HR AR
RNA, HEAR G AHES 8 cDNA, L) cDNA
kAR, i3 SYBR Green fast qPCR Mix #1414, 5]
PIrRAETAY TR (1) B ARARGE, FIh:
MRP2 [#514) 5°-AGCAGGTATTCGTTGGTTTTCT-
3, FiF514 5~ AACCAGGAGCCATGTGCCTA-3’;
GAPDH [i#5|%) 5°-CCCTTAAGAGGGATGCTGCC-
3, Fi#514% 5°>-TACGGCCAAATCCGTTCACA-3’,
PL GAPDH J N2, RH 24 3L M8 H LR R ik
K-
1.7 EBRENTEGN MRS MRP2 1 Nrf2 &5
FRiRIKF

W4k THLE-3 M, @RS E A . e E N
WEEJE LA 25 pg A AR TR . KSR
fEE, ZREM 2h, ZJEET—Ht (MRP2 A 1 : 2000,
Nrf2 HifA 1 : 1 000, GAPDH #ii4& 1 :2500) 4 C %
B VG P EEE 1 he GEEETE iy
KAGRF BMEE, R Image J 3K 8 1 44415
JKIE(E, LA GAPDH JINZ:, HEE KRR
1.8 Zit¥EFHE

KA SPSS 23.0 BAFHAT ST #5007, FFEIES
O3 A BT TR DL BEAR 2 R, 2 AR TEECR
FHBA R 205 250 )5 LSD K3, P<0.05 M5
Ayt L

2 % R

2.1 GCDCA ¥t THLE-3 413515 & MRP2 RixH)
B

fifiy GCDCA 1k it imr, THLE-3 %
RBWIEE (¥ P<0.05, EI1A) o ARME GCDCA
W5, THLE-3 240035 7% b LDH 37 ¥4 50 48 it 7
T-RYBHTHE (¥12h P<0.05, E 1B, C) ; 4

H MRP2 £ [ % ik K V2 #i AL (328 P<0.05,
Bl 1D) , e 200 pmol/L MEAEEEEH GCDCA
1755 THLE-3 4545 ) T vk
2.2 MOTS-c ¥} GCDCA i%S#) THLE-3 28355
=2
IRV B MOTS-¢ X 21 JfL 14 5 22 TC 52 ), e VAR B
(120, 240 pmol/L ) T-Fic=HlHIANMIIETE (B 2A) .
X RRZH A, GCDCA 44N MBI 5 R, 4niss
FEWCH LDH W& ANy - %7 & ; 5 GCDCA 41
Fo#r, 30, 60 pmol/L MOTS-c T 5 4H 4 Jifd 38 5 %
FhiEn, AR RE IR W LDH 35 1 R4 B 0H T SRR AR
(¥3°h P<0.05, I 2B~D) .
2.3  MOTS-¢ 5t GCDCA i S i THLE-3 £ fif tf
MRP2 RiZH 20
%t RELH e, GCDCA ZH 41 ig H MRP2 mRNA
FIE 112658 KRR, Nef2 2 [ R kKRR 5
GCDCA 41 %8, 30, 60 pmol/L MOTS-c ZH 41 Jifd
MRP2 mRNA F1#E R iA KT E, Nef2 8 H &k
KETHE ($8 P<0.05, E3)
2.4 MOTS-c @i+ MRP2 FKix%t GCDCA ESH
THLE-3 a5 I 220
5 GCDCA 4 %, MOTS-c 1413+ MRP2 &
H ZRIRKF FO A 34 58 2 Ty, RS 5% LDH
T N 2 B T R B AL, Probenecid 28 2 fifd # MRP2
HE R IR KT RN 4 38 5 R A, 40 % SR
LDH G P S A0 A T2 % T i ;. 5 MOTS-c 41 [ #%
MOTS-c+Probenecid 2041 fd ' MRP2 £ [13%357K Tl
YR G AR AR, A0S IR LDH I 1 A 4t
T2RIE (B8 P<0.05, K 4) .
2.5 M4 Nrf2 4 i%% MOTS-c ¥ GCDCA FSH)
THLE-3 Zifih MRP2 RiZRYR#H1ER
5 GCDCA #4 It %, MOTS-s 44 Nrf2 Fl MRP2
HEAFIBAKFETHE, ML385 440l Nrf2 F1 MRP2
FEHREKFEEM; 5 MOTS-c 41 %, MOTS-
c+ML385 ZH 40 it Nrf2 I MRP2 25 |1 72 ik K R
(¥2h P<0.05, E5) .

3 i %

R — P WL R, i IR
M A2 B O R AR i R U R
)10 i/ AR 8/ i SR /AN & Y N S A AN
fififl, L2 IR AT RE TR R AT o L e



%53 1] FUTAF . MOTS-cifiid P8 15 5% 12 A MR P2 A X H 22 R Mt AU IELRR 755 14 JFF A B A5 43 140 52 - 429 -

1507 200+ .
—~ 150
s 100 = b
N o .
M > 1001
=
Sm jas)
2 0 :
g 504
0- 0
XHHRZ] 25 50 100 200 400 X 2 50 100 200
GCDCA(umol/L) @ GCDCA(pmol/L)
X B2 50 umol/L GCDCA
=Tz @2 =Taz 2
= 10.50% 5.81% = 10.60% 8.20%
S E
jan} jas}
=2 )
CE = 40 -
1Q2-3 Q2-4 Q2-3 ¢ Q2-4
2 190.98% 2.71% 2 187.89% 3.30% C
T10 100 100 10° 10 T10* 10° 10°  10° 10° < 30
FITC-H FITC-H IS c
100 pmol/L GCDCA 200 pmol/L GCDCA *‘fj -
=T Q2 =T 22 =
= 10.67% 20.04Y = 10.69% 31.249 g a
- - =
. . 10+
S S
= =
=2 =2
S 5 0-
- - : X 50 100 200
Q2-3 Q2-4 Q-3 Q2-4
1 77.70% 1.59% 1 66.41% 1.65% GCDCA(p,mol/L)
10*° 10°* 10° 10° 10** 10*° 10 10° 10° 10**
FITC-H FITC-H
1.5
B
%
X
”
& 1.0 b
s GCDCA(wmol/L) =
L ————————
& AHXT 43 ®
X R
il _ 1072007;5 FRE %ﬁ
MRP2 N 174 & 0.5- ¢
=
0-
SPHR4L 50 100 200
GCDCA(pmol/L) ©

H: A BCRAEGSE SR B BN AIMEESR T LDH KF; C BURMAIMEIAT-3; D B 4+ MRP2 & FIAHX kK
¥, SRR AL, *P<0.05, ®P<0.01, °P<0.001.

Bl 1 GCDCA %5 THLE-3 {57 #% MRP2 EHRIE
Figure 1 GCDCA induced THLE-3 cells injury and inhibited MRP2 protein expression
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Figure 2 MOTS-c ameliorated GCDCA-induced THLE-3 cells injury and apoptosis
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Figure 3 MOTS-c promoted the expression of MRP2 in THLE-3 cells induced by GCDCA
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Figure 4 Probenecid partially reversed the effects of MOTS-c on GCDCA-induced injury and apoptosis in THLE-3 cells
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Figure 5 ML385 partially reversed the effects of MOTS-c on the expression levels of Nrf2 and MRP2 proteins in GCDCA-
induced THLE-3 cells
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