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1 E: B SRS S LTI (induced pluripotent stem cells, iPSCs) RIFTFFEZIAE (hepatocyte-like cells,
HLCs) 436K RS B 255 P45 (drug-induced liver injury, DILD HIfEfH. J55% @i T mime i e (0 % 5 iPSCs,
CCK-8 VEHf s WM 2 Wi ARG, (8 A B 20 B A Al i A= K (K 743 515 & iPSCs 404k, @il iE et et qRT-PCR 4%
EZLP R MXT iPSCs B FAEA . M8 DILL /MRUBERY, W EXTIRA ., BAYH ., iPSCs ZHAH iPSCs+ AL 2l (80 mg/kg)
M, RABKE- PO EMEITFHIURIALL, RS SR8 SR Fr AR /KT, R G SR e RN H iR EE A
MIEFEA M PUR R . S8R A SEin g SR, TERRZ TGS T, iPSCs IR EMaEA . BIREH. al-bl
JREE ARG UMM 18, MEIRIM A NG 1. 2 PBERIR & g 1. UM 3R P450 3A4. B3 P450 3AT7 SR F1
KIERETH R (P<0.01), \RELEAFHFRT 4 MFRIERRK (P<0.0D), FEFEMMR KT IR (P<0.01). fRRASE
WL RN, WIS iPSCs FIBLE VYT B0 T DILL B8N RIFAEHIG, BEBE T HAREELHE. KITLARA
LR WIEBIREY . SIHA . EEHA R, BHARIKT (P<0.05), FFEAEEAKT (P<0.05); MEZEHRE
i3k DILI /MR iPSCs UMLK E TR Ak, FHm AR IEE AR, U iE rRIE (P<0.0D). 5 Witk
VBRGNS A 547 T iPSCs 1] HLCs 7Mt, FFReMIE/R A5 iPSCs P[RR #%043% DILI /£ .
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Promoting effect of herpetfluorenone on differentiation of induced pluripotent
stem cells into hepatocyte-like cells and their synergistic anti-drug-induced liver
injury activities
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Abstract: Objective To investigate the role of herpetfluorenone in promoting the differentiation of induced pluripotent stem cells
(iPSCs) into hepatocyte-like cells (HLCs) and their synergistic effects in repairing drug-induced liver injury (DILI). Methods iPSCs
were identified by alkaline phosphatase staining, and the safe concentration of herpetfluorenone was determined by CCK-8 method.
Then, herpetfluorenone and cell growth factor were used to induce differentiation of iPSCs. The induction effects of herpetfluorenone
on iPSCs was investigated by immunofluorescence staining, qRT-PCR and other methods. A mouse DILI model was constructed,
control group, model group, iPSCs group and iPSCs + herpetfluorenone (80 mg/kg) group were set up. The pathological changes of
liver tissue were observed using hematoxylin eosin staining, the levels of liver function related biochemical indicators in serum were
detected, the expressions of human alpha fetoprotein and proliferating cell nuclear antigen were detected using immunofluorescence
staining. Results The results of the in vitro experiments showed that under the induction of herpetfluorenone, the expressions of liver-
related genes such as albumin, alpha fetoprotein, alpha-1-antitrypsin, cytokeratin 18, argininosuccinate synthase 1, carbamoyl

phosphate synthetase 1, cytochrome P450 3A4, and cytochrome P450 3A7 in iPSCs were significantly increased (P < 0.01), while the
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expression of octamer-binding transcription factor 4 was decreased (P < 0.01), the storage capacity of glycogen and lipids has been

enhanced (P < 0.01). The results of the in vivo experiments showed that the combined treatment of herpetfluorenone and iPSCs

improved liver injury in DILI model mice, significantly reduced the levels of alanine aminotransferase, aspartate aminotransferase,

alkaline phosphatase, total bilirubin, direct bilirubin and total bile acid (P < 0.05), and increased the level of albumin (P < 0.05).

Herpetfluorenone promoted the directed migration and differentiation of iPSCs in DILI mice, increased the level of human

alpha-fetoprotein, and upregulated the expression of proliferating cell nuclear antigen (P <0.01). Conclusion Herpetfluorenone could

effectively induce the differentiation of iPSCs into HLCs and synergistically improve DILI in vivo with iPSCs.
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2 PE54% (drug-induced liver injury, DILI)
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[B] 78 2L i 41 Y. (mesenchymal stromal cells,
MSCs). R T-4lffl (embryonic stem cells, ESCs)
MFEF LT (induced pluripotent stem cells,
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200 (hepatocyte-like cells, HLCs), XFilid S
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Act A). FRAYEA A KK ¥4 (fibroblast growth
factor-4, FGF-4) SR FHMEEAKERH4
(bone morphogenetic protein-4, BMP-4) S5 41 fifg [K -+
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i iPSCs 7348 HLCs I RIRTE N+ BN
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B gy AT A A AR K 7 -l (transforming

growth factor-B1, TGF-B1) ik N 4E1L,
FFATIE I T Toll #5244 4 (Toll-like receptor 4,
TLR4) /BEFE /7 4LIF ¥ 88 (myeloid differentiation
factor 88, MyD88) /#%[Xl-F-«kB (nuclear factor-kB,
NF-kB). NOD Ff 32 A A5 AH R E H 3
(NOD-like receptor thermal protein domain associated
protein 3, NLRP3) & c-Jun &3 K i B (c-Jun N-
terminal kinase, JNK) /p38 2234 J5if {0 MG
(mitogen-activated protein kinase, MAPK) %555 1#
B FEARH LR SOE R 77K, Rt A AL Th REE T 22
08, geAh, CEFRER, 0 RAAR
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HT %9555 (hepatitis B virus, HBV) DNA [ & ],
i QB RFTPUFEA SRR 5% e PUEFERIS,
i HBV kR, 2= FUHE A 1084 277 1 i o A4 7]
DA 5 FLAE T A AR ey e, PR DY SRS <3
F S AT /N R Y S PR 45 #2  (alanine
aminotransferase, ALT) FIK[ & ARALFEZN
(aspartate aminotransferase, AST) /KF, ZZffE L
BRI, AR S 2. e Fu s RiR
A 2 W () ORHE RSOFE B A Dy 4 B 5E 1) o34k
7 AR EDIRE .

DR TCW N 2y i 7 75 AT 543 iPSCs [7] HLCs
I AAE B AR P BT DILL B[R 2530, A 785 97
1 iPSCs 2 il 1) FH I8 1 277 B vk gk AT 15 3 o4k
TEAFRMBASI T HLCs 5 mtEts EVIRIRIE,
[E) I 1 15 5 0 R R 4 T ) DR B R R T B
HAEE, IR S BA R ER . sk, &
WEFLEESL T APAP 53] DILI /DT, 45575
ARE-FA (hematoxylin-eosin, HE) Jefi, [igE
AEABARRT I L 98 5% e Gl € 55 5 VEAR T8 I 1 25 i
WAl iPSCs MME R RAER, RIAEANT
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BFEARA -
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1.1 B4

SPF 2 it CSTBL/6) /iR 24 K, 6~8 i,
R 20~22 g, WHILFEBFRAEYRHEARA
F], SEEIAE Y ATIE S SCXK (JI]) 2018-119,
YR EARRIES 110322251103682648. sh¥1HE I+
F SPF R SizhWips, I 18~22 C, AHXTIRE
40%~70%, ENPERETE 1 . iy RETE
RO K 2R B A 2 G S kv (LS
2023MDLS057).
1.2 4Hfm

iPSCs W H il AEMREARAF, N
DYRO0100 N5 38 Z 5e 14000
1.3 ZAm5iH

WA T REDE>98%, fits CB-1034)
T B SRR AR A IR AR s APAP (Hit'5
A9421), L O GJetaifkiil & (ks G1262). PAS
Bettif & (LS G1360). ALP Jeftif & GitS
G1480) WHILHZ R ERHE AR AR HFERM
(#it5 D4902) W H 3£ Sigma-Aldrich A 7]; ALT
W& (IS C009-2-1). AST k74 (5 Co10-
2-1). T MEWEFRES (alkaline phosphatase, ALP) iR
A& G5 A059-2-2). HEF (albumin, ALB)
RAlE (5 A028-2-1). KHVTER (total bile acid,
TBA) i®#F& (LS E003-1-1). HJHLE (total
bilirubin, T-BIL) iRifll& (ft5 C019-1-1). E#H
4L % (direct bilirubin, DBIL-Z) X7 & (L5
BC5175). JRFEWA & (b5 C013-1-1) H & bHik
A& G5 A154-1-1D W H B st @ A TR
ATt Act A(Jit5 CYT-569) 4 [ ProSpec /A 7 ; BMP-
4 (#t5 HY-P7007). FGF-4 (4lt'5 HY-P7014). 411
JZ M (oncostatin M, OSM, it'5 HY-P70465).
A KT B27 (Hts HY-P7121) W H £ H
MedChemExpress A w5 J\ A& 45 & % 5% K
(octamer-binding transcription factor 4, OCT4) ik
(#t'5 bs-0830R). ALB Fifk (#lk'5 bs-2256R). H
lE#& A (o-fetoprotein, AFP) Fiik (L5 bsm-
51467MD. i 18 (cytokeratin 18, CK18) Hifk
(5 bs-1339R) 14 H AL T 1 AR H AR A R A
7; NHAGE A (human o-fetoprotein, hAFP) $ifA
(flk 5 14550-1-AP > . JUE 3% 58 28 Mo 4% $0 5

(proliferating cell nuclear antigen, PCNA) #ifk (3t
5 10205-2-AP) —$i (L5 SA00001-2) I H HX
—IEEMEARBRAF .
14 {43

TGL-16M ZUICIR R B 0oL IR A 5056 =
ICEITFRAETRAT): CKX53 B E A i (H
A Olympus A #]); FQD-96C BYSLZi % ) 5€ f PCR
ST OB AR A TR AR K5600 AL E
T (BB R AR A 7)) CYTSM
M2 Thfe A K BRI (£ E BioTek 2 F]);
12003154 B4k 2 RO ki 2 48 (3 [H Bio-Rad A 7))

2 FHE
21 ALP $BYTFE iPSCs RARERILEERRN
OCT4 EAFKIA

2.1.1 ALP Bth MG E TR iPSCs £5 77 25 3 18,
Fret i fb & FEIA B 80%I, K HALMIEF A 6 FLIK
o, dREENESR 2 d. BEJE S EIEIREE, fTH PBS Uk
GRATMI 3 U0, TN 2 56 W Vs Y000 A R A T 3
FEFE 30min. FEERE, FLEZETE, 1
FH PBS VeI 3 I, BRI PG T B I & T
REIR ERESE 15 min, #4T ALP Zea. H4 OB
BCIP 5 NBT W4, MIAFLARF, B Ol 47 25 4
M2, T T E 30 min, PBS ¥Eik 2 1K,
B85 7E AR T IR
2.1.2 RIETOLY . B “2.1.17 TR &R e Mk
PRI iPSCs JUE T #3 v b, A 0.2% TritonX-100
5% MiEEZEHE (bovine serum albumin, BSA)
BT 37 CH 30 min; A OCT4 Hifk, 4 CH
B PBS IEWREIMAMN 4T, ZRFE 1h;
FH DAPI %&£t 5 min, PBS j5¥k 3 i, Bl 5 7E9¢6 5
(EGARIE-SIE E LG
2.2 CCK-8 E#MPEIEZ RS iPSCs 5& 1R 20

H - H A (dimethyl sulfoxide, DMSO) %
I A 2 TR T A BB o 5 R L v 5 P23 31 80%
(1 iPSCs A 5X 103 AN/FLEEFI T 96 FLb 1, #Easid
o BEEXTIRA. DMSO AL ZIEH (0.1, 1.0,
5.0, 10.0~ 20.0. 50.0 pmol/L) 4. X &4 In A g bt
B 7E3E, DMSO 4L % 0.1% DMSO k773,
WA 27 AE 5 IR SR BE 15 2535 97 55, 43 3
%5 24, 48. 72h. JIAN CCK-8 ##iJ5, 1E37 C
P¥EFRFE R 2 h, RAHEEFR OGN E 460 nm 4R
WG (A4) {8, TSR,

AHIAFIE R = (4 s — A )/ (Aomso—A )
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2.3 CERZEEIES iPSCs 7L 058

2.3.1 550 R g A PR R R A R T AR
K Kb IR B 80%M iPSCs LA 5X 103 A~/4L
PR 6 FLARR, U BT IR . B 2 R A Ak 4
AR FF (concentrated growth factors, CGF) 2,
WeAEZ AT 10 d FIE 1.0 pmol/L AS 21l 2%
B27 [f] RPMI 1640 ¥: 72565 F, 55 11~21 KA 5%
a2 1% (fetal bovine serum, FBS) #1{ B27; CGF
AT 5 d 4 100 ng/mL Act A. 2% B27 i RPMI
1640 }5 95355, 5 5~10 KN 10 ng/mL FGF-
4. 20 ng/mL BMP-4 fil1 2% B27, % 11~21 KN
10 ng/mL A Zjlid+ 20 ng/mL OSM. 100 nmol/L 3
FERIAFN 5% FBS. 200l F56 1. 3. 5. 7. 9. 11,
13, 15, 17 19, 21 RS HE T, FHORIEAE
—-80 CUKFEH . fE5 21 K, ZMBEFI &I
M5 JRZ & A R B FE =

2.3.2  gRT-PCR fwilllifs 543405 iPSCs 1 HLCs ¥
FHAREMMRIE TR “2.3.17 TR EIEAT
ZHFAEHE, F%P8 Direct-zol RNA FEAF & i B 5
J7iERHLiPSCs & RNA JE4 i cDNA, #4T qRT-
PCR 43#r, BIMIFHINE 1.

#1 514975
Table 1 Primer sequences
HERH SIS (5°-37)

P-actin F: AATCTGGCACCACACCTTCTACAA
R: GGATAGCACAGCCTGGATAGCAA

ALB F: ACATGTGTTGCTGATGAGTCAGC
R: GGTTGTCATCTTTGTGTTGCAAG

AFP F: CCAGTTTGTTCAAGAAGCCACTT
R: GCTGCAGCAGTCTGAATGTCC

AAT F: TTCACTGTCAACTTCGGGGAC

R: CTCTTCCTCGGTGTCCTTGACT
CK18 F: AGAAGGAGACCATGCAAAGCC
R: GTCCACAGTATTTGCGAAGATCT
CPS1 F: AGGACAGATTCTCACAATGGCC
R: TCTTCCTGTAGCCATTGCCCT
ASS1 F: TGTATGAGGACCGCTACCTCCT
R: AGGGAGCAATGACCTTTATCTGG
CYP344 F: CGATCATTGCTGTCTCCAACC
R: GTGGATTGTTGAGAGAGTCGATG
CYP347 F: TAGTGATGGATCTCATCCCAAACT
R: GTTGACAGTCATAAATACCCCAGAC
OCT4 F: AAACGACCATCTGCCGCTT
R: CGATACTGGTTCGCTTTCTCTTT
AAT-al-FUEE AR CPSI-RHE: PEAHIR G A 1 ASSIRE AR
BRHIR G 1; CYP344-#HL 43K P450 3A4.
AAT-alpha-1 antitrypsin; CPSI-aminoformyl phosphate synthase 1;
ASS1-arginine succinate synthase 1; CYP344-cytochrome P450 3A4.

233 GRIEROCRINE S0/ iPSCs 1 ALB A
AFP [JRik %M “2.3.17 Wi K 5kt AT o 4R kb
H, F 4%% R H IR 2 12 FLAR 30 min, PBS Jik
3 ; I 0.2% Triton-X100, 5% 30 min,
PBS E¥% 3 ¥ A 3%BSA, =il 2h; WA
FESEtE—Pi. i R EE, 4 CIBMRE IR, PBS
VR 3 AP, WE 2h, PBS Wik A&
PBS FifE 1) DAPI G ta i, =44t Smin, PBS ¥t
v TOICEMEE N MEEH4A I . DAPT 4L ta 1) 41 e
BAEEOR I N B N, SRR N2 oR N
Zrh,

2.3.4 AL O Beft 55 PAS et %R “23.17 K
T HHAT A AR B, 3 BRI, H 4% 2 R
VR, ERRR FWEE 10 min [EE 0. #ERH £
ULEH BT e h, TR NI,

24 BISELE

241 SHGEBSSGZ DNRUERERTE 1S,
BEML Jy Xt B4 . ARAYZH | iPSCs AN iPSCs+ B
i, B4 6 N . BRI ip B3R KA, Hap
/B ip APAP (300 mg/kg) 57 DILI AL, i
12h J5, XTHEZFIER 4 E iv PBS ¥k, iPSCs 41
/NERE iv iPSCs 4HfE R 200 pl (2 100 A4 i/
R, iPSCs—+ A% Zi i 4H FE iv iPSCs 20 fa[F] i ip 3
Wil . 22 W A R U W T 45 RBT, ik 2
i 771 S 1 O 80 mg/kg

242 FEARE HAHRIT 12h 5, FRGEREE/)N
o ARFRAKAERUM, =EFE 1~2 h, 3 000 r/min
20 10min, 43 & 1ME, —80 CLR7F. BUNRATA
2, T 4% Z BW R EE , 3T HFH2H 200 BOULEE AN
TG Gett, FIRITHMNE T80 CHRFELE.
2.4.3 HE 4eft JFHZE 4% 2 T HFREE 2 24 h DA
b, BEEECBREBUK SN A, PR3 pm JE
P, H 40 Cii/KMET 5 -G 60 CrEF, #
PR RN — FE 2R, — BRI, — HH2RITH 10 min,
Tk ZBEL. To/K SFETH 5 min, B6E ZEEF 5 min.
KA 5 min Wi, EHTIRZR G, R AR,
BREE R, WAL, WL, RIS 1R
W5 min, SRS, T RME TS,
244 MIEAEATEARR I AR B i B
E/NRLIET ALT. AST. ALP. ALB. TBA. T-
BIL. DBIL-Z /K.

24.5 It 24 hAFP 1 PCNA
Fis  BUHAL AT, 5 E — P =i,
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SRR G A e~ S o ]
25 GitFESH
AR LAX + s KR, {#H GraphPad 10.0.2 #xf4-3t
TR . R SR 7 Z it AT Get- b
3 &R
3.1 iPSCs ¥ & KF R Z BT B iE HHIsm
BT iPSCs HEARESS 310, M H 40 e
1 RMEINGE, ML ERS, MG K A
s 2B 3 RANMUAETR LSS PR R, TBAR
TR, I (B 1-A). ALP St n] LUEAS

A

50 pum

H3 KR

o

24 h

AN HAFE /%

50 um

DAPI

0
X DMS00.1 1.0 5.0 10.020.0 50.0

X DMSO0.1 1.0 5.0 10.020.0 50.0

iPSCs 4IRS, il 1-B fizs, iPSCs HJ ALP
Yot BEE, FIHPSCs BA TANMAFME, RIALT
RAWIRES . TR ELER (B 1-0) &R,
iPSCs 4 ffl Gt Rk BT iPSCs FFA % bric 4
OCT4. L CCK-8 LA IIAS [F) 1R i 38 4 273 T %o
iPSCs A KIIHIEIEH, WK 1-D Prx, SXHEA
EL#E, 0.1~10.0 pmol/L 4% 2 Bl AL EE 24 h X} iPSCs
A K TCH R, 0.1, 1.0 umol/L 3 15 27 i Ak
P 48, 72 h %) iPSCs U A KR LI 50, Wik
B EA 1.0 pmol/L HEAT J5 £251256 .

50 pm) 50 pm|

72h

150

—_
(=3
S

5

(=}

k%

GHLAAE /%

0
X DMSO0.1 1.0 5.0 10.020.0 50.0

WA 25/ (umol - L™
A-PSCs f2ARE | RAIEE 3 RILA (X200); B-iPSCs [ ALP Yz i (X200); C-Hui 5 MYkl OCT4 {1k (X200): D-AR[EIHE 1)
BRZIMART iPSCs HMIAFEZ R SXIRALLEL: "P<0.05 ""P<0.01.
A-morphology of iPSCs on 1st and 3rd day of passage (% 200); B-results of ALP staining of iPSCs (x 200); C-OCT4 expression detected by

immunofluorescence staining (x 200); D-effect of different concentrations of herpetfluorenone on survival rate of iPSCs cells; “P < 0.05 P <0.01 vs

control group.

P2/ (umol L)

Wi/ (pumol L)

E 1 iPSCs IEERFIRHEINMAMEM (X+s,n=6)

Fig. 1 Identification of iPSCs and cytotoxicity of herpetfluorenone ( X £ s, n = 6)

3.2 EmZEMRHE HLCs PRSI RIA
9T RO 2 72 15 e {22k iPSCs 7] HLCs
11534k, KH qRT-PCR il iPSCs A pi 24 HLCs %
Rl JREMEIAA I . 25 AHAR G R . 40
ML R FIRIE . g5 R 2 R, SxHR4 A,
WM D BT CGF 4 IE KL Kl (ALB AFP.
AAT. CKI18) VA JRFEAGAEER (4SS1. CPSI) Hi
IARBIAECIE R (CYP344. CYP347) Wik

B3 L (P<0.01), THIfufrRtiERE OCT4 1)
FIEHE T (P<0.01); 5K ZINA L, CGF
Yl ALB. AFP. CKI18. CYP3A7 {3ik/KTFTETH
1 (P<0.05) . K e e gt — b4l HLCs
FEmtEbr M mIRL, SR WK 3 Fon, SXHHRA
ELi, WeBs 240 AN CGF 40 ALB Il AFP [k
B (P<<0.05), R 25l B A2 iPSCs )
HLCs 7MEIEA .
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LB, AFP AAT CKI8 ASSI
600 s 1 000 x 15 20 000 . 6 o
mg 500 I ) ok it i i) ok
= 400 ” 7 700 = < = Bis000 e X :
# 300 i 400 . ® 10 s ® = ﬂ R4
= 200 = =100 = = 10000 =
=75 E s z = 5 =
< 4 = 4 < 5 = 3 = 27
3 <« 3 z <:Z: 3
g 2 z 2 z Z 2 Z
E 1 A = £ 1 £
0 B 0 0 0 - ‘
HHRE bE CGF W JEME CGF IR b CGF X Pt CGF W8 bE CGF
Vil.lt] Vil Vil Vil Vil.li
CPSI CYP344 CYP347 OCT4
1.57
- sy
I# 150 itz wx FE i L&
1% T i I - ) 4000 . H § Lobes
: : 3000 0
ﬂé 50 m N i o 2000 £ =
= 5 = = 3 =
= 4 = 4 < 0.5
< < 3
3 1+ é P
£ 2 Z g 2
£ 1 =l g 1 S
0 0- 0 0 -
X kK CGF TR A% CGF TR A% CGF XTI M CGF
ViG] Vil Vil 2l

XA TP<0.01; HEKZiEAHE: "P<0.05.
*P < 0.01 vs control group; *P < 0.05 vs herpetfluorenone group.
2 KIRZEX iPSCs X ERERIAMFM (X+s,n=3)

Fig. 2 Effect of herpetfluorenone on expressions of genes related to iPSCs (X + s, n=3)

>
>
=
w

DAPI Merge

SR Pk Zile CGF

I
*%
59 ook
Y 4
4@ 4
0
Wbk Hil R 37
£ 27
m
—
- - - <

IR ekl CGF

AFP DAPI Merge
B
. - - -
5_ k3
4
Wb = .

5 3
®
& 2+
=
-9

CGF E

Hx A *P<0.05 P<0.01.
*P<0.05 *"P<0.01 vs control group.
3 E#RZIEEXT iPSCs 7 ALB (A) #1 AFP (B) FiXRIEM (X200; X+s,n=3)
Fig.3 Effect of herpetfluorenone on expressions of ALB (A) and AFP (B) in iPSCs (X 200; X £s,n=3)
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3.3 CERZIERXT iPSCs BT 4HREAE X I RER RN

T HE— DA R 2 R 5 5 1) iPSCs A2 T
A HLCs [3hE, KA O Yt Al PAS YLt ifiy
735 iPSCs HIJI B AN R g A7 RE /. L O Bt
5 (E 4-A) WoR, 0 RRZH R WL B 1R 40 (i i
75 5 25 25 J5 T 37 BT W8 %% 381 41 A S L 43 1 4T € 3l
 (P<0.01), £ iPSCs fERBEZINES )G EA
AR MEE J1. PAS Qi (] 4-B) WoR,
xR L, WA 2R CGF 41 mT WL B 11

A POt WAL
: W
A :
'1
;’;(‘.:_
pagict izl
B g ” .;‘,:; -
‘ﬂ'v.; -~ ""-
BN R
e

C
1.0 - ] R
08 O AR LR
o~ mm CGF
=
g 0.6
= 04
o
I 0.2
0

1 3 5 7 9 11 13 15 17 19 21

t/d

1 &1/ (mmol- L")

LR gD (P<0.01), RAFSHZ
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