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Dynamic change of hepatocyte during PXR-induced liver enlargement
TIAN Jia-ning, WANG Rui-min, YANG Xiao, YANG Jie, ZHANG Yi-fei, HUANG Min, Bl Hui-chang”

(Lab of Drug Metabolism and Pharmacokinetics, School of Pharmaceutical Sciences, Sun Yat-sen University,
Guangzhou 510006, China)

Abstract: Pregnane X receptor (PXR), a member of nuclear receptor superfamily, plays an important role in
xenobiotic and endogenous metabolism, endocrine balance, and cell proliferation, etc. Previous study has shown
that pregnenolone 16«-carbonitrile (PCN), a mouse PXR agonist, could induce liver enlargement. And we found
that the change in hepatocytes exhibits regional distribution characteristics: hepatocyte enlargement occurs around
the central vein (CV) area, while hepatocyte proliferation occurs around the portal vein (PV) area. In this study, the
dynamic changes of hepatocytes during PXR-induced liver enlargement were determined. Serum and liver samples
from male C57BL/6 mice were collected for biochemical and pathological analysis after PCN treatment for 1, 2, 3,
5 days, respectively. The animal experiment was approved by the Animal Ethics Committee of Sun Yat-Sen University.
The results showed that with the increase in the PCN treatment days, the feature of this regional change of hepatocyte
around the CV and PV areas became more and more obvious. At the same time, the factors related to hepatocyte
enlargement, such as the expression of PXR downstream genes and the hepatic content of triglyceride (TG), has
gradually increased. The upregulation of proliferation-related proteins and downregulation of cyclin-dependent
kinases inhibitor proteins were observed in the early stage of PCN treatment, suggesting that hepatocyte proliferation
occurs earlier than hepatocyte enlargement during PXR-induced liver enlargement. This study reveals the dynamic
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change of hepatocytes during PXR-induced liver enlargement and provides a new insight in liver enlargement

promoted via PXR activation.
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JH WAL S AR A B, 09T 2 A AR B A
FEAAA AR 25038 B 45 A A SR BCT, I RE %
TR T B B B OK /N DAERR I I D ReltA. B e R
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< S AR )15 3 R 2 R R e S5 D o A JH U R Y
hnt, JF 4 K (liver enlargement) SCFRAE T AE K (liver
hypertrophy). if it K (hepatomegaly) 5% AT 1 4= (liver
hyperplasia), £, 4 /I 41 i ~F 35 K /N (1) 34 0 (hepatocyte
enlargement) DA & HF4H A (1) 38 58 34 - (hyperplasia)®

iR Ny AL R va i AN N AN N E=Vas vl
TE, Horro 2 v Je g ik, B H e X (central vein
area, CV area, tHFR{ perivenous/pericentral/centrilobular
zone); 7N JE B EEA F1 35 D9 1718 ik B AR JH 31 ik
R, BRI KX (portal vein area, PV area, 1 Fx 1
periportal zone)®. JHFJIiE 1) 45 14 B IR 2 34 S R g, {5
EIhEE R A R B AT, FEER CV IX 32 2
75T SR A R A B T A DA B N Jo R 9 TR 55 PN R A
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Za Y58 X 34K (pregnane X receptor, PXR) #2 4% 32 {4
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FOXOs) AH E.AF FH i 2 7 Ve 40 Jfa o) S0 0kl 2 (9, A2
HETF 40 e 0 AR PR ZE T HA AR AT R B, BRUR
AT TE PXR IS0 751 B0 PXR Jo 15 5 2 A2 3k /)y B 1
K, IFRILPXR & /E A T yes #H G 8 H (yes-asso-
ciated protein, YAP) 15 5 18 % M 111 {12 12F JH- 48 Jfa 38 K 5%
WETE, A S YAP AP RS, R 2, AF D
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Thermo Fisher Scientific 24 #); Trizol 41 i £ fi# X
(H 7 Takara 2> 7); 25 B 3E K 44 DNA 575 6 A 7 7R 7Y
qPCR &7 & (W SC R 2B W) TR BR 22 7]); RIPA
ZfWL (LR AR RHCA BR 2 F]); loading buffer
(BUN IR AR AR H AT IR A w]); 38 B BT AR B (95
M 3H LAY RH A BR A F]); Immobilon Western {2
K6 HRP ) (3% E Merck Millipore 74 #1); H i =g
(triglyceride, TG) A7) & (g 5t A=W TREAIE 52 ),
anti-g-catenin (CTNNBL) (3£ [E BD 2 #); anti-KI167 (3£
[E Abcam /4 #]); anti-cytochrome P450 2B10 (CYP2B10).
anti-cytochrome P450 3A11 (CYP3A11) #1 anti-cyclin-
dependent kinase inhibitor 1B (CDKN1B) (i iX ¥ f# &
v AE MR IR 4 /) anti-P-glycoprotein (P-gp).anti-
FOXO1 FI anti-cyclin-dependent kinase inhibitor 1A
(CDKN1A) (3£ [E Santa Cruz 2~ 7]); anti-organic anion
transporting polypeptide 2 (OATP2) (3 [ Affinity Bio-
sciences 2 #); anti- #-actin. anti-cyclin D1 (CCND1).
anti-proliferating cell nuclear antigen (PCNA).anti-rabbit
IgG-HRP # anti-mouse 1gG HRP (3£ [ Cell Signaling
Technology 72 #]); anti-retinoblastoma-like protein 2
(RBL2) (b4 TAM TR AR AH]).
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L~ v 7)) 5ALTR G e 1 B oML ol % Vi 2 R i
PCR X (14 [ Eppendorf /A 7l ); CX43 1E B R fss (H 4
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Bertin Technologies A 7]); 4% K154 {} 1 Nanodrop &
R AR 66 it (35 E Thermo Fisher Scientific 2y
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")), Bk RS L R 40 (32 E Bio-Rad Laboratories
22 #]):; ImageQuant LAS 4000 & 14 1X (24 [® General
Electric A #]).

SCUGENH  C57BL/6 Ml /N, SPF 2%, I 3K F1T
HERLGFAEVRBERAT, 6 B, shiEr=vral
E5: SCXK (75) 2018-0008, S 4 #Av Adi Fi ¥4 AT HIE 5
SYXK (%) 2016-0112. THF% T il K% (L5 sh i
ORI X)), 1 75 2 A2 VB FE 2% 1 55% ~60%, iR 5 4% 1
22~24 °C, E ABLE LB % 12 h, H R4 +F
TERE/IN 10~20 7%, /N R E 3 UK R SPF 21708 B
Ko Zhsae 4 i bl K A0 B2 RS ik dE, il S
J& %3-C2020-0302XS.

N ESHT K HEFELPCN 200 mg, A
20 mL K3, 78 430 e TR A a7 30 min {f H 78 4
VAR, 4% B 10 mg-mLt PCN VA &, 45 7 FH AT 1 7%
JiE R Ab B

NRBENL > B 8 41, 46 K, 73 Wl fiv 4% v 1 d-xt
M4 .1 d-PCN 21 .2 d-*F 21 .2 d-PCN 2H . 3 d- X e 2
3 d-PCN 4.5 d-xf B4 F15 d-PCN 4. PCN 414 KI5
Ji 93 5 PCN V& ¥, 7714 100 mg-kg™-dt, %o HE 2 4 K
L YA S R K VA T, BRI S BT SRR RN R, %
HE0.01 mL- gt b vHE A S 0 2 AR IR0 o 2 4L 3 i
DI VN REL, TG — IR 2524 h )5, iR AR
BRI F 1.5 mL 25005 o, SR 5 B FTARBE /N R, 2 55
JHE R, FR 2 R R

MEAE A IEFRAN /B 42 1.5 mL 5
OV S, =R Fr E 30 min, DL 3000 xg (13 FE7E 4 °C%
R B0 15 min, WHL 3% 200 pL % 1.5 mL &0 5
o R R R A BE S S O AR ARSI, RS
/N BRI 45 T4 B & (alanine transaminase, ALT). &
K W i i (aspartate transaminase, AST) B 1 i
&1 (alkaline phosphatase, ALP) 7K -,

YRADFRIE AR I 4L UL 3 TR A 4 E
Wi 5 24 h BL 1, 168 2 O ZE SRR A PR A =]
TRV R & . V)R 37 B PR R -5
REGt BB, T CXA3 1E B B T g,

CTNNBLFIKI67 RREEMEE XAV A K
YCREAT LU P RS S K B AL B Bk
KREE G Fr, AT U1 7 J5 78 CX43 1E & Wi
BRI,

SERTIE Y E B PCRAGI 2 T A 2 57 )y vk 42
EC P A A . RNVARA), R 443 308 2 5% J PCR A 65 13 B
43 A BEAT RNA I % 5% [ RT-QPCR [ .. AT Fi 514
JFHI LA 1,

TG & BN

R & i B, ) GPO-PAP

Table 1  Primer sequence of pro-inflammatory cytokines genes.
Tnfa: Tumor necrosis factor alpha; Ifny: Interferon gamma; 116:
Interleukin 6; Gapdh: Glyceraldehyde 3 phosphate dehydrogenase

Gene Species Primer sequence

Tnfo  Mouse Forward 5-CAGGCGGTGCCTATGTCTC-3'
Reverse 5-CGATCACCCCGAAGTTCAGTAG-3'

Ifny Mouse Forward 5'-ATGAACGCTACACACTGCATC-3'
Reverse 5-CCATCCTTTTGCCAGTTCCTC-3'

116 Mouse Forward 5-TAGTCCTTCCTACCCCAATTTCC-3'
Reverse 5'-TTGGTCCTTAGCCACTCCTTC-3'

Gapdh Mouse Forward 5-AGGTCGGTGTGAACGGATTTG-3'
Reverse 5-GGGGTCGTTGATGGCAACA-3'

ERIATBE S TG & &

Western blot #&  2% f& 17 i BT ik 77 1509, $2 X
JHBIE &4 2 S A BCA R 1 58 &l 77 & A 4 2 1 ik
FE 22 [A— 7K F, 100 °C i # 15 min {3 & (48 P, &0t
SDS-PAGE Hiyik il HL %% . 5% it fis 248 45 4F P41 V0 & — 7t
K P, BeJmidid ImageQuant LAS4000 £ 48l G 25 .

iRt AT R BRI R IME £ bRk
72 (mean + SD) #£7x. & %6l FH Image J 8K 1 X e %
A S B R IA 4 R k4T = Ak, 2R )5 4 F GraphPad
Prism 8.3.0 B {1 X} 5E & 5 1 A4 HEAT o it 2 7 A I
{E B %, & H] Unpaired Student's t-test £ i (two-tailed)
Eb 50 1 4 10) 11 22 57, 24 P < 0.05 I A R 9 41 $ic i 2 1)
2 5% BA gt L.

R
PCN R i# /R AT K

FEARR R E S T iePE C57TBL/6 /N PCN B KK,
WE LA PR, 457 PCN G /NI BR 38 K, I B &
SRLIRAIG N, FEAE R/ NZEG . S5 RRALALL, 4
FPCN 1 K5, NRAIIFE L H 5.11% - F+ %2 5.94%, 4
T PCN 5K J&, AT & L34 in % 6.93% (/& 1B).
2 PXREFBUNRAFIE R ARG R

AR T /N RIS A ALT AST A ALP

K- BA AR 98 A A Rl - 7K SF, BAATIBT PXR B 350
KAEEH . H&E Getigh R R IF A H B2 RE 4N
PRI IR B S ARFAE (B 2A), BB EAS A7 £ 457 1 1 s 22
Ak, 5 H ALT AST FIALP (8 548 4k a] DL it
W SCHEBG R . N 2B TR, fE45 T /N PCN A,
IfL3% AST A1 ALP 7K~ 5 % RE2H 6 B B 7 i, 45 7 PCN
5 K JG /N MIE ALT 7K1 B2 41.2 U-LE, {HATSEE /)N
B ALT IE% 2% H/KF W (49.53 + 11.05) U-LE9; [5]
i, A2 28 41 B IR F Tnfa Iny R 16 ()28 3K 5 5% IR 2 AH EE
[ERE A B ARk (B 2C). LS5 &8, PCN R
HE /N B3 DR G F8 rp o A IS A, PXR 3N
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Figure 1 The dynamic change of pregnenolone 16a-carbonitrile (PCN)-induced liver enlargement in mice. A: Morphological pictures of
livers of the vehicle mice and the PCN-treated mice; B: Liver/body weight ratios. Data are presented as mean + SD (n = 5). "P < 0.05, P <

0.01, ™P < 0.001, ™ P < 0.000 1 vs the vehicle group
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Figure 2 PCN treatment induces physiological liver enlargement. A: H&E staining of liver section; B: Serum alanine transaminase (ALT),
aspartate transaminase (AST), and alkaline phosphatase (ALP) levels in different groups; C: RT-qPCR analysis of pro-inflammatory cyto-
kines Tnfa, Ifny, 116 in different groups. Data are presented as mean + SD (n =5 or 6). "P < 0.05, P < 0.01, ""P < 0.001 vs the vehicle group
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Figure 3 Hepatocyte size around the central vein (CV) area was gradually increased after PCN treatment. A: Immunohistochemical of
f-catenin (CTNNBL1) around the CV and portal vein (PV) area; B: Quantification of hepatocyte size. The yellow dashed line represents the
average of hepatocyte size of the vehicle group; C: Proportion of hepatocyte size increased compared to the vehicle group. Data are presented
as mean = SD (n = 6). "P < 0.01, ™ P < 0.000 1 vs the CV area of the vehicle group; *P < 0.05, *#P < 0.01, *#*P < 0.000 1 vs the PV area of
the PCN group
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Figure 4 Hepatocyte proliferation around the PV area was promoted after PCN treatment. A: Immunohistochemical of K167 around the
CV and PV area; B: Quantification of the KI67 positive cells (n = 6). Data are presented as mean + SD. "P < 0.05, ”P < 0.01, ™"P < 0.001 vs
the CV area of the PCN group
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BAEFAE PV X, KI67 FH 1% 40 A B 1 4 3.32% (& 4B),
CV X JH- 4t At B/ 5 14 B, K67 BH R 248 fif LL A7 Ky
0.95%; 45 T PCN 5 K J&, X Fi [X 38043 A 1) 30 5 5 Jn B
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DL K % 32 44k P-gp AT OATP2 ) 3R 1A Y5 B %5 45 24 1 1] 1)
SER AW FiE . Hh, CYP3A11 1 CYP2B107E5 K
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A ST PCN 1R I FF 46 34 I, I 7E 5 Rk 3 % K
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TG A R .
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HH G HE ANt 0 ) B 1 1 Bl A . sl 6 BT,
257 PCN 1R, 40 f % 58 AH < 5 1 PCNA F1 CCND1
SEZ) B, A3 B T 2.2 £ A 1.48 £i%; ifif CDKN1B.
CDKNI1A F1RBL2 %54 A Ji B0 il A () R I8 B 3 T
W (B 6A), i BH4E T PCN J 40 ffg th B0 2 & 3 e . A
BB /&, CDKN1A7E4: T PCN 1K Ji5 (I8 KT e,
N T 49%, 1fi RBL2 1 CDKN1B I & /£ %5 5 K & ik
AR, 235 TR T 47% F159% (&1 6B). DL L 45 53
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TR B 5 RN, T 4ERE I IE D) R AR AR 0e, A&
VR ZH T A T R B, 45 T/ B PXR B30 77 PCN
(100 mg-kgt-d™t) 5 K AJ G HR 2 G OK, JF AR A T
S R 18 K 5 40 P B PR, S ST KA R A Ak
%, MR A 75 A1 B 1 405 (0 R 2B, 3R T LAy o R
SRR AT, S W B SO AR A 1R 4R
bl iE AST T ALP 346 & 3% A8 4k, 1135 ALT /K76
Y5FPCN5RJG ETF T 411,645, M ALT K P20 E T+
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Figure 5 Dynamic change of PXR downstream genes and triglyceride (TG) after PCN treatment. A: Western blot analysis of PXR down-

stream metabolizing enzymes of the vehicle and the PCN groups; B: Quantification of proteins mentioned above (n = 3). The yellow dashed

line represents the average expression level in the vehicle groups; C: The hepatic TG content of the vehicle and the PCN group at different

time point. Data are presented as mean + SD. "P < 0.05, ™P < 0.01, ™P < 0.001, P < 0.000 1 vs the vehicle group. P-gp: P-glycoprotein;
OATP2: Organic anion transporting polypeptide 2; CYP3A11: Cytochrome P450 3A11; CYP2B10: Cytochrome P450 2B10
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Figure 6 Dynamic changes of proliferation-related protein and cyclin-dependent kinases inhibitor protein after PCN treatment. A: Western

blot analysis of proliferation-related protein and cyclin-dependent kinases inhibitor protein of the vehicle and the PCN groups; B: Quantifica-

tion of proteins mentioned above (n = 3). The yellow dashed line represents the average expression level in the vehicle groups. Data are

presented as mean + SD. "P < 0.05, ”P < 0.01, ™P < 0.001 vs the vehicle group

BRI ALT 7KF IR 5 2 %4 (49.53 + 11.05) U-L2 09,
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J S 0T T T ) DR AT RN S A, B
TR, JH- 20 B 8GO 0 o3 A A B 5 I 5 R R A %
PIR R, @A 0] A2 T 80h O X 2B A /N
S0P 44 6 184 DR PRI 5R, 3K T R 5 AR U R 23 A LIS B
S K. MG RA Tl LUE H, KI8T BT 40 i 50 A7 75 5 46
PV [X [T (B 3A), 1fi PV X FT41 AR iR/ 28 T

& H (K 2C), v W 4 i 48 oK i) 96 Bl L ARl 48
HEWM, CV X4t A 38 K AT e X PXR A 350 34 K 57 ik
FEK, 1H 5 S 75 22 50 WL A S8 30— 5 IE B, 45 ks
DU DNA & & AR 055

W FC B, JH- 40 B3 KA mT A = T 7K B S5 T
Jo7 S5 O 1) AR B A PR s P B E T 3 ), S R
S P20 5 AR LA B 1 5 P I s e 54
AN, I S A W T 1 B ) ST 52 K o (peroxisome
proliferator activated receptor o, PPAR«) ¥ 5 & ) i
T 389 R p e S A Bl A R P 5T R ) G B I R
HAEBEE CYPAA IFRE R IA e 28 g Y Ak &5 e
%1k (constitutive androstane receptor, CAR) 1 %l 7] %
T LE 2 5 5 1) A B S K R AR R AR AE CV X, I B
T PN J5T IR 2 S B, X SRR A% S AR OS5 B0 A
JiL 386 K0T e 5 P 5 X S A AR OG . [RIE, PXR A BAR i
JIE 5 G B LA S AR U I PR 3R 0K, T K 22 £ CYP450 ¥ 3%
AT CV X B RO, [R] b JFF 20 B8 oK o] B8 T PXR 5 5
CYP450 % 14 14 i AT P 53 ) 1) 164 5 B 8. AS B
457 PCN J&, PXR R CYP3A11.CYP2B10 [t
FIE B A 2 24 R B 3G I AN BT 3 i, 9 AE 5 R A
P Y, ifi % 18 14 P-gp A1 OATP2 NI #F 3 Kk 2| I H .
[F) R b, TG (1A B AR BE 5 45 24 R 2088 I 38 i, DA E



AL T4 PXR TN B89 DK A 400 0 3 25 A2 A 9 -+ 1367 -

S5 5 CV X 40 i s K ) sh AR A A

JFF 0 DN 5 S 30 2 ke 2 398 0 1 75 2 40 B PR A B
WAL B4 (cyclin-dependent kinases, CDKs) f12: 521,
CDKs A& Lifth, fE S5 — AN IEW T AL A AR
JCE AW B RIEAE L, IX A IE 18 5 I 35 R 400 A ) 34 2%
1 (cyclins), 3 H' CCND1 5 CDKA4/6 25 & 3% [ 1ff 42 4
M f GLHERERA, Ak, CDKS 34 1F F it 5% 31 CDK
#1141 A ¥ (CDK inhibitors, CKIs) f fii i % /E H, CKls
[ 5 B T RE (g 41 i 3G 42324, FOXOs K IR TE 2
i 266 5 O TN 90E 55 22 S 5 T35 E R AR
o, FOXOs i 41 A i 37 33k 5 11 5 o) =3 22 4k 3007 5%
CKIls [ 3R IE 1%, FOXO [0Sl L 3£ Fh CKls )
e bR AT BH Vi 20 i JE ARSI, PXR
5 FOXOs #HEAEH, M #ilii] CKIs iR iIL, 2%
PRI 40 B s FEE2 . AT FEH, FOXOL e H R i 4 i
JH 140 1) 5 1 RBL2.CDKN1A.CDKNI1B [ % ik fE 45
T PCN J& 5z Z g 0 i), 5 Ak PXR 2 2F BT 241 fifg 43 7 &5
5.

HAEEREM R, £4FPCN 1 K5, CV X AT 40
WA R EVERR, PV X4 ST aa 34 5E . i B
CCNDL 7E /i B 2R 1A & T 5 #, TR B, 40 A & 3 S #A
[ 58 2 bR B PCNA B B FIFE R A s, X
FEORTE PXR B0/ B 3 0 7 o ] 8 A7 78 40 i A2
ey Ja v, B PV X 20 385 56 T CV X 41 g 1
KB, 1X 5 57 3R 240 P 8 A5 A8 1 4 SR A — 3

AT 752 B BB PXR RE S (L 3 /) B A 211 I 1
K, AR LSBT A IR R B BT RR 24 vk b
T VE B2 TR TR £ RE % G L I3 PXR (2 3 R
3 RO i ¥ Al PXR R AR v 34 AR 4 4 5327, e
s PXR AR &6 20 FF VI B JG iF AR 52 528, 1X
BER 5T 25 RN, PXR B A Rk 9t 5 F A Az 5
MEZEA . @GO, S K 5 40 H e 1 &
ERIEAEYIRFR . 16— T AP AF (118 14 30w iF 72
A, DA T AT A O R T A R B A T e R AR 11
BAETRARE, (HA B AR, KIS PXR AU A2
SR 0 R AR, I8 B % 38 o 0 ) e 240 P ) L iz — ]
JR AU 28 A% 52 AR CAR A5 10 JF 88 1R R A R BB,
AHEFE H PXR T EUH 3G K RERS F I CYP450 [ 4% iz 4
AT 38 558 FHE I A0 YR A0 A U ) e, TR B T 4 O B A 0 T
HH PXR TE 1 77 285 ] 3 2R A A  JHF O R s 7 P 8
PENG 3 55 R 15 B IR /R Y. 5k, PXR AT
TP A 95 1 B L7 ) AR S5 R o

22 FRTIR, AW FEAIE B PXR BT80N 5 A B 14
KL A CV XA M 386 K LA K PV X JH- 4 14 5, IF
] B 7 7E PXR AT B0/ B3 K 0 72 O A B g K 5

JE 400 0 58 B 14 20 285 AR A AR T 4 3 /48 B A 5% PR
R BN A ALRRE, 9 PXR A3 58 K i FE Al AT 76 42
BT B Bt AEUL A

{EZ TIRR: A7 50 5T L 00 B0 0 Ve vt S St 45 R
Pr5guit RS0 SC; EHBL RN TK 3T SRR i
S, Wi 4 5T ER > SER I BT S 1 T B ROR B R 1 5T
BE TR B OB Y SR BET LL AT R 3L

FIEESE: ASTAAEE LA AR 28 705
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