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Three dimensional organoids-based evaluation for hepatotoxicity of the
susceptible compound in Polygonum multiflorum Thunb.

LI Ting-ting" >, LI Rui-hong®, LIU Zhen-xing"*, ZHANG Le’>, WANG Jie>, CHANG L¢’,
CHEN Zhi-qiang®, SHI Yan-xia®, LI Peng-yan’, LI Chun-yu*, LIU Jian-hong’, BAI Zhao-fang’,
WANG Jia-bo’, WANG Yun-fang®, LIU Juan®", XIAO Xiao-he®"

(1. Chengde Medical College, Chengde 067000, China,; 2. Beijing Institute of Transfusion Medicine, Beijing 100850, China;

3. China Military Institute of Chinese Medicine, 302 Military Hospital, Beijing 100039, China; 4. Institute of Medicinal Plant

Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China, 5. Outpatient
Department of Rocket Army General Hospital, Beijing 100820, China)

Abstract: In this study, the three dimensional (3D) organoid culture system was established by liquid
overlay method, and applied as an effective model to evaluate the hepatic injury of susceptible compounds in
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Polygonum multiflorum Thunb. Compared with the ordinary two dimensional (2D) culture of liver cells, the
albumin expression of L02 cells and HepG2 cells were increased by 2.5 and 6.7 times in the 3D organoid culture
system, respectively. After the cultivation of 21 days, urea generation levels of 3D culture were increased by
8.3 and 15.5 times. More importantly, HepG2 cells were more suitable to development of organoids than
LO02 cells. The gene expressions of phase I and II drug metabolism enzymes of HepG2 cells cultured as 3D
organoids were significantly increased than that in 2D culture, such as the fold changes of CYP2C9 was up to
381.9, CYP3A4 to 87.0, CYP2D6 to 312.6. In addition, drug transporter relative genes were also up-regulated.
The results demonstrated that the liver synthesis and metabolic function of the 3D model were better than that of
the 2D cultured hepatocytes. The results of hepatotoxicity evaluation showed this developed model can be used
to assess the hepatotoxicity of acetaminophen and other positive control drugs, which were considered with
defined hepatotoxicity. On the 3D culture model, the ICs, value of repeated drug dose administration was
significantly lower than that of single dose administration. However, the ICs, of 2,3,5,4'-tetrahydroxy-cis-
stilbene-2-0-f-glucoside (cis-SG), which is the susceptible compound in Polygonum multiflorum Thunb., could
not be detected in 2D cultured model. With the treatment of a single dose administration in organ 3D culture
model, the ICs, of cis-SG was 1.9 times than that of cyclosporine A, and the IC 5 of 2,3,5,4'-tetrahydroxy-trans-
stilbene-2-0-f-glucoside (trans-SG) was 4.1 times than cis-SG. The hepatotoxicity results of cis-SG and
trans-SG on the 3D cultures were similar to in vivo toxicity results obtained in previous work. On organ 3D
culture model, the ICs, of cis-SG with repeat of administration decreased compared with that with single dose
administration, suggesting that long-term medication may increase the risk of liver injury. In summary, the 3D
organoid culture system can be used for a long period to preserve the capacity of liver synthesis and metabolism.
The organoids were a model suitable for evaluation of mechanism of the drugs with low toxicity.

Key words: traditional Chinese medicine; Polygonum multiflorum Thunb.; 2,3,5,4-tetrahydroxyl dipheny-

lethylene-2-O-glucoside; evaluate hepatotoxicity; organoids model
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acid, VPA). #fi% 2 (cyclosporine, CSP) (Sigma A
); trans-SG. cis-SG (ERH FEMEAE VARG R A F);
DMEM };7%3 (Gibco A ]); ME4EIMIE (Bioligical
Industries /A &]); DAPI (Santa A #]); H&H (albumin,
ALB) #iifk (Abcam A #]); JREMAE (BioAssay
Systems A &)); FIE K (AL BRI EAEVEEE
FRZAT]); RNA #2907 & (QIAGEN 4 H]); ¢cDNA
3R E . RT-PCR &5l & (TOYOBO A #A);
Alamar Blue (Invitrogen 2 &]); 96 fL#i (Costar A &]);
CO, ¥57%%8 (Thermo Scientific /A &]); Ensight f{FLK
KA (PerkinElmer /A #]).

YHAEIEFE  HepG2 AT LO2 4HfRIEFET& 10% A
A-0fiE . 100 umL ' HFEE. 100 pgml ' HHE RN
DMEM };Fr 3, BERH, T 37 C. 5% CO, Hif
BIERFRA P 7R, LA EIES] 90% i A 1R,

XEE 3D REME 4 HepG2 M LO2 405
HILL 1004 200, 400, 800 A1 1 600 /N/FLEEFP T
BEEg 96 £L U B, § & 10 min 24, 37 C.
5% CO, MIFIRFE LR FRF T IE 7%, (FAHMIE L 3D 45
¥ 5597 28 K, AR & BAR K/ FEid sk 3D 28
O

RNA{2EUE RT-PCR 7347 Ny [ LLEL4H iU £ 2D
K 3D ARFEFRFEAM T, MRERERIEMZE R, o
HIEE 2D B 3D 15 9% 7. 14, 21 A1 28 K40 i 2 Y
RNA. ¥ 40 E#) 1.5 mL 204, PBS ¥ 11X,
NI, A HAEDK Bn oy 24, T —80 C#H .
HR 45 RNeasy® Mini Kit Ui B 4 RNA. 0 5% 5% Al
cDNA W Ri244: 65 °C 5 min, K L E 2 min;
I #E5R_ )5 37 *C 15 min; 50 °C 5 min; 98 C
7min; 4 'C oo, RT-PCR FTH I WFHI WER 1, [N

Table 1 Primer sequences used for RT-PCR

J#: 95 °C 3 min; (95 ‘C 10 s; 60 ‘C 35 s) 40 cycles;
65°C 5s; 95°C ., UL GAPDH AHNZ, KA Livak
(2728 AT AR LRI, I 2D 4HppdE
DRl R ik 25 Sl xof R AT 25040 40 A

HEBRREMEN @id RT-PCR KA
Gy 1R 730 A A v A A e Fr) 1 R 1 A B DRK T
REEKFRRILZES. ALB RE I MBEE 1. %
eGP IR T WERAEK 7 RI4IER T 4%
%2 B HEEE F 30 min, 10% BSA i1 1 h, —$i4 C
MELR, REPERBELFE 1 h; DAPI 3+t
10 min, PBS ¥ 3 K. RABOGI SR BB 174
MR

FRERM 25 7. 14, 21 F128 KK 3D
Ri#: 11 L02 A1 HepG2 AT & 2D £ 374 i,
FFEREIFRIIFA PBS ¥E 2 K, IMAF 10 mmol-L™!
FAE M E M 2L MG 55 77 45, 24 h 5l BiE, RH
BioAssay Systems {7l & & I JR 3= AL A & . Bk
o 0 AE A0 IR UL R AT, IR FR AR R A i 2
b5 A4 BN TR) EAT 35— AL AL B 43 H

HB ML BN K IR HepG2 44
T, 2D B FERI4E A LA 1x10* AN /FLEERD T 96 FLH, 24 h
JE HEAT A PRI . 3D B IR 40 g BA 400 AN/FLEE
FiFACIR B ) 96 FLARKEFR 7 K5, HEAT40 s MR
e “HTELZH 24 h J5, MM Alamar blue o715
A IETE . XF 3D B 9% HepG2 4k AT E 4524 3
W, MR HA 4, 56 7 KA Alamar Blue it
FUREI o A I 43 By 25 5 2 R A FH 06

it E 7555 K Office Excel 2010 A #E4T %L
ok, BELlx +s £ox, £ SPSS 19.0 B AfFiAT
R R T Z 08, P<0.05 BoRr B R EEZE R

Gene Forward primer Reverse primer
GAPDH CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT
ALB TTTATGCCCCGGAACTCCTTT ACAGGCAGGCAGCTTTATCAG
CYPIA2 ATGGCATTGTCCCAGTCTGTT TGGCTCTGGTGGACTTTTCAG
CYP2C9 GCCACATGCCCTACACAGATG TAATGTCACAGGTCACTGCATGG
CYP2D6 GTGTCCAACAGGAGATCGACG CACCTCATGAATCACGGCAGT
CYP2EI CTGACCACCCTCCGGAACTA ATGTAGGCTATGACGTTGCA
CYP344 AAGTCGCCTCGAAGATACACA AAGGAGAGAACACTGCTCGTG
NAT2 TTCCTGGTTGCTGGCCAAAG AGGTTCTCAAAGGGAACAGCC
UGTIAl CCATCATGCCCAATATGGTT CCACAATTCCATGTTCTCCA
UGTIA3 GCCAACAGGAAGCCACTATC CAGCAATTGCCATAGCTTTC
UGT2B7 AACGTAATTGCATCAGCCCT GGTCATTCTGGGGTATCCAC
MRPI CCGTGTTGGTCTCTGTGTTCCT AGTCGGCGGCGTAATTCTTAGC
MRP2 AGCGTCCTCTGACACTCG GGCATCTTGGCTTTGACT
MRP3 GGAGGGCATCAGGCAGGGTGA GACACAAAGGCCTTCTCGGCGT
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Figure 1 Morphology of L02 and HepG2 cells in two dimen-
sional (2D) culture (A) and in three dimensional (3D) culture (B);
Diameter of 3D L02 and HepG2 spheroids. L02 and HepG2
cells were seeded at different densities (100, 200, 400, 800 and
1600 per well) (C). Spheroid formation was monitored at 1, 3,

5,7, 14, 21 and 28 day by light microscopy. n=5, X =s
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4 f I % HepG2 4Hiffd, H ALB ) mRNA /K-F3 5T
2D B FRM4HM, 4r ik 2.5 f 6.7 fi%; H 3D i3
') HepG2 20 3D K1 L02 4t & % %550 B
i, IS FIZ) 4.5 £ RO Al ALB ik K
F, R EIR, L02 JLT AL, HepG2 4iiffl ALB %
KEEET L02 4, WIE 2.
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Figure 2 RT-PCR analysis of albumin (ALB) expression in 2D
and 3D of L02 and HepG2 (A); Immunofluorescence detection of
ALB in 3D culture of L02 and HepG2 (B).
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Figure 3 Urea production of the 2D and 3D L02 and HepG2
cultures. n=5, x=*s
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Figure 4 RT-PCR analysis of drug metabolic enzymes and transporters in 2D and 3D culture.

culture cells
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Figure 5 Comparison of cytotoxicity of 2D and 3D HepG2
cells in single and repeated dose administration. APAP, Aceta-
minophen; ASP, Aspirin; VPA, Valproic acid; CSP, Cyclosporine;
trans-SG, 2,3,5,4'-Tetrahydroxy trans-stilbene-2-O-f-glucoside;
cis-SG, 2,3,5,4'-Tetrahydroxy cis-stilbene-2-O-f-glucoside
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FERTFEVEBITEZG CSP 1 1.9 1%, 1 trans-SG [f] 1Cs,
LU cis-SG a1 4.1 i, ST HABEAR BN K 1 (1 35 14 5 55
AR —FW, cis-SG fEHKAS T 3D BB E 2 kg
277 1Csy i — BB, SR KA 2 Rel K
1] 1 5 A5 0 U, L3R 2.

Table 2 1ICsg (mmol-Lfl) value of drugs in 2D and 3D culture
model

Drug 2D single 3D single 3D repeat
APAP >100 21.08 3.65
ASP >10 >10 >10
VPA >10 >10 1.05
CSp >1 0.46 0.02
trans-SG >4 3.69 0.39
cis-SG >4 0.89 0.14

g

fE45 2D R FRMAN I 2 P A, EERAE T
AR, ERILE 505 g 2 [ e R gk, fdign
MM AL IR G 2%, Zi AR B R B R kR IE, T3
HIEEAERE AR ZERY, B 2D 40855
P, f£— R bR T 2 E kA ke st
M BRI T HAE ) 2 AV IR, DU TR
SRR . 3D BRI ER (KR E) AT
BERAR P9 AR KA X, BE I AR 2R 1), Al
FF U A Th REDY, 70 ST A 24 4 25 k6 T B R 4G 2 S
ZRAYTEE, O 2D YRR TR HE 55 244 25 P
B2 T 7 25 0 S R B T AR O 1 SE LA B . T
H, R%E 3D W A AR . A,
5y T AR AR R B 5 PR A e i U e i ik
FO7TH, L02 KUE T IR A28 &, HepG2 KIE T
PRIRT AN A 2R, T RS S EUAE 3D BB TR L02 4l
ATH AT 2 R 40 MO ER 1 T 25, HepG2 41 I 523 BRAACIR 25,
FXF T L02 4H AR 3D A 2ANECRAS MR N . (HiE@
It L02 A HepG2 A4 a1 8 A I % SR 2 AR
[H [ L3, HepG2 AT LO2 4ii g, A ikik A HepG2 4H
FRLA'E D 25 40 5 A O PR AR

52D Bi R L, KA F 3D B AR AW
2R itk A R A B E TR, Sock®
HRIE ) 3D AR R — B EAh, 3D 4l s 77 )
BHAT KR 7%, G TEREA AT . @i 1Cs 14
MIbbEL, R BN 3D KA 1L E T A4 fa X
ZiY RO BUR, WISRARE 3D AT A
2450 B RE A5, 5 R 2 T T I 1 A 40 1 A B
KRASFERML. 3D BEFRMEEE AT A T ALK HAIK

T 20T N AR P20 i 55 s, L 2D 4 i s Y
TEAF G 241 R A A 00 o

AU HARIE FCR I, cis-SG J2& fil & & 447 i 2L 5
YR, TEXF cis-SG M trans-SG 7E 3D 2 8% B AC U 55
PEHEAT RS, 3 IR 2545 R IR, cis-SG T 3% &
T trans-SG, HHTHIRMAIIMEE R —8. Eif—LW
TAE, FIFHZEERS cis-SG Al fiE 51 A2 T4 4% I mL
BT BRI, WP T TR A AT cis-SG AR
I AR T A4 6 51 G2 451 5 B ML, AT R H AR 5
JEC 08 4 TR A DG S TR, Ay v 24 10 2 1 T 5 e vk
PRAL B .

References

[1]  China Pharmacopoeia Committee.
(PEZ ) [M].
164.

Chinese Pharmacopoeia

Beijing: China Medical Science Press, 2010:

2]  Yang HL, Ge ZZ, Sun ZX. Advances in pharmacological
studies of Polygonum multiflorum Thumb [J]. J Chin Med
Mater ("F245#1) , 2013, 36: 1713—-1717.

[3] Sun Z, Zhang L. Liver damage related to Polygonum multi-
florum and its preparations: domestic literature review and
analysis [J]. Adv Drug React J (Z4¥AN KL M 24 &), 2010,
12:26-30.

[4] LiCY, Niu M, Bai ZF, et al. Screening for main components
associated with the idiosyncratic hepatotoxicity of a tonic
herb Polygonum multiflorum [J]. Front Med, 2017. DOL:
10.1007/s11684-017-0508-9.

[5] Huang YY, Sun R. Research development on the application
of systems biology in the discovery and assessment of hepato-
toxicity TCM [J]. Chin J Pharmacovig ( 7 [ 2542 #0),
2013, 10: 219-222.

[6] HuX, Yang T, Li C, etal. Human fetal hepatocyte line, L-02,
exhibits good liver function in vitro and in an acute liver
failure model [J]. Transplant Proc, 2013, 10: 695 —700.

[7]  Gerets HH, Hanon E, Cormet M, et al. ~ Selection of cytotoxicity
markers for the screening of new chemical entities in a phar-
maceutical context: a preliminary study using a multiplexing
approach [J]. Toxicol In Vitro, 2009, 23: 319 —332.

[8] Luckert C, Schulz C, Lehmann N, et al. Comparative
analysis of 3D culture methods on human HepG2 cells [J].
Arch Toxicol, 2017, 91: 393—-406.

[9] Lauschke VM, Hendriks DF, Bell CC, et al. Novel 3D

culture systems for studies of human liver function and

assessments of the hepatotoxicity of drugs and drug candidates

[J]. Chem Res Toxicol, 2016, 29: 1936 —1955.



© 1054 - #2423} Acta Pharmaceutica Sinica 2017, 52 (7): 1048 —1054

[10] Clevers H. Modeling development and disease with degradable genipin crosslinked gelatin microspheres as cell
organoids [J]. Cell, 2016, 165: 1586 —1597. carriers [J]. Biomed Mater, 2012, 7: 065003.

[11] Tseng H, Balaoing LR, Grigoryan B, et al. A three-dimensional [14] Qin YY, Liu Y, Liu CB, et al. Research progress of organ
co-culture model of the aortic valve using magnetic levitation culture [J].  Guangdong Med J ()7 ZR[K%%), 2016, 37: 2827~
[J]. Acta Biomater, 2014, 10: 173 —182. 2828.

[12] Ramaiahgari SC, Den Braver MW, Herpers B, et al. A 3D [15] Gunness P, Mueller D, Shevchenko V, et al. 3D organotypic
in vitro model of differentiated HepG2 cell spheroids with cultures of human HepaRG cells: a tool for in vitro toxicity
improved liver-like properties for repeated dose high-throughput studies [J]. Toxicol Sci, 2013, 133: 67—78.
toxicity studies [J]. Arch Toxicol, 2014, 88: 1083 —1095. [16] Van Zijl F, Mikulits W. Hepatospheres: three dimensional

[13] Lau TT, Lee LQ, Leong W, et al. Formation of model cell cultures resemble physiological conditions of the liver [J].

hepatocellular aggregates in a hydrogel scaffold using

World J Hepatol, 2010, 2: 1-7.



