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Advantages of in vitro 3D liver model in study of liver toxicity
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Abstract: This study was conducted to establish an in vitro 3D liver model and apply it to the drug liver
toxicity evaluation. The 3D multicellular sphere model of HepaRG cells was established by hanging-drop
technique for evaluation of liver function. The 3D liver model was used to test the hepatotoxicity of isoniazid
and amiodarone hydrochloride compared to the 2D cell culture model. Our results showed that HepaRG cells
formed a compact spheriod, and the level of cell albumin, urea and the CYP3A4 activity were significantly
higher than that of 2D model. With the treatment of amiodarone hydrochloride in 2D and 3D model, the ICs
were 50 and 100 pmol-L ™, respectively. When the dose was less than 1 000 pmol-L ™, isoniazid had no hepatocyte
toxicity in 2D model, while the ICs, in 3D model was 700 umol-L™. The LDH activities of both drugs in 3D
model showed time- and dose-dependent correlation. The results suggest that this in vitro 3D hanging-drop
liver model is good for testing liver functions with a high hepatic drug-metabolizing enzyme activity. Compared
with the 2D model, the 3D liver model can accurately evaluate the liver toxicity of drugs. Our results demon-
strated the importance of in vitro cell culture models for detection of in vivo-relevant adverse effects of drugs.

Key words: 3D liver model; hanging-drop cell culture; hepatocyte function; evaluation of drugs-hepatotoxicity

Wk F #: 2017-05-26; &R H A 2017-08-31.

EEWH: ‘7 EERHCE KL G AR A I 2522 PR BHER  (20152X09501004-002); “+ L SR R B WA R4y
TR KB BOR A 7T (20152 X 09501007-004).

* il E # Tel: 86-20-39943092, E-mail: hzhiying@mail.sysu.edu.cn;
Tel: 86-10-67872233-8220, E-mail: danmo@nifdc.org.cn

DOI: 10.16438/j.0513-4870.2017-0475



+ 1860 *

242424 Acta Pharmaceutica Sinica 2017, 52 (12): 1859 —1864

T 25 e B AR AR, FERZEAN
RIS FE P R IEE TR . 299445 (drug-induced
liver injury, DILI) J& &bk, 181 s i E 2, £
WEGHT R I B Bz A Y, R, AT YR ERAT
W =22 R T BRI VPAN I OB P 3R

H BT T 2590 22 A VE VA (0 B 20 40, 4 6 44 S B
BB AR ST o AR TN 1Y H R & b i
), AR IR FERI T AR R
It H 5 NEAFAERNE 2 7, A ST 4518 8 A H
BN 4E R JZ 55 R B A BN R, Rl s, =
T 4k (two-dimension, 2D) 1% I 41 ffd ik = 41 it —
21 2 ik 0 4 — e &0 5 T D) PRI IR R, AN LR =44
M, B LR R P= AR A K], H CYP BERIAMK,
AR ST, K TR R, RRT 2
PEZY R E AT, AEA M TKIAE S S 2410t
Felo A, g T B A R B A A4 PR B 1 0 R
SERIIERE . A N BT IR LS T ThAE . SEBLK &
B, (ET W % A TEVFIN I SUREIA B ks 1
. B AT I EE P AR R 2 H AT I EE T
FHIMFETT A, AT 2D B3R, =4k (three-
dimension, 3D) 1%7% O HIIE SZ g% 3 47 5K B (]
B g%, IF B (R I B B T A i s e, HhEAR
JHF 2 PR P S 5T /A S 5T 24 A A ke PR 8 40 4R M I
I 3D 457 Lk A T 2H 41 AR SE A SR 25 i R AR
FI 2RO T XAk A 3D AR ALK T 55 R T4
i T e B Bt e R0 4 B G i ) AR T A R A A
FHBAL, EARSMTIE 3D BRI/ 25 5 B 45 255
PEPEAN 7 T R B AE AL RRE B K, A
REEAT S 2 I IEFIIR R .

WFFCR B, N A JFE T A 240 . 2R 2 o 20 A0 48 i
HepaRG 4 ff ik /& — AN 20K R 5T 245 4 I 253 14 1) 48
Pk A2 13 3D L2 21 it 3R Bk A 1 7% TR Bt 42 61 400 M
FBCRAERAR I RS, SRR TE, SORTEEAT il B
TR TR Bl g5 M A0 BUR I B S 10, A
T Je M B HOR M 2 T HepaRG ZHIJiR i 3D £ 41

RERARAAY, 0245 B 3347 7 ) 10 T e s
SR G ) FH Az Y 3R AT I 25 B MR 25 (0 I 2 PR VR, IR
N FEZ AR S 3D FFAERLAY AL 2454 22 A VEVEA v KRR
AR

MRIEREE
78l HepaRG AJENT4HfM R EH ATCC Thermo-
Fisher Scientific (J N & JEBKAEM G IR A W), =

S HE R R (isoniazid, INH, 100578-200401, 99.2%)
SRS TR X R (amiodarone hydrochloride, 100065-
201207, 99.7%) . 7K [K X & i (phenytoin, PT, 100210-
201303, 99.0%) FHf 5wkt i i (ketoconazole, KN,
100294201203, 99.4%) 510 I H [ £ i 24 b K e AT
b, BR4-iE (FBS, 10099-141) A1 0.25% Trypsin-
EDTA JJ 5 Gibco A F]; —FIETH (DMSO, Sigma-
Aldrich 2 7]); 3D 4ifii& 77Kk CellTiter-Glo®
2.0, CYP2C9 #il CYP3A4 il 713414 H Promega 2
Al AR AR S H BioAssay Systems
AF

1X2& £ GravityPlus™ 1 GravityTRAP™ i
(Insphero A /), 4= HBAEAS T (H A7 Hitachi 7180
A1), VICTOR X5 £ ThReE## 1 (PerkinElmer A #]).

HpEEEFE K HepaRG 4l B T4 MI: 7 A,
PL RPMI 1640 58485955 (& 10% FBS), 1t 37°C.
5% CO, FIAHXTEFE 90% ()35 75 46 N 15 7%, 3G 77 2L b
R B e, 2~ 3 R 20 PR B A K 7 5 OIS 80%~90% Ji
RS 3% . ASLIGHTH HepaRG A% 13 /8. 28 14
A

RSN BE 3D B A EE ST

HepaRG 41l i/5 573t  HepaRG 4L 7E 7 10%
FBS ) 1640 58 415 7% 3 v 1E W B AE K %2 78 26 IS
80%~90% Ji, I 2% DMSO &% & ik S19% 14
R R P9 B 4 P BT U 4

3D B FEMKME  HepaRG 414 2%
DMSO #5345 5% 14 RELA B4 i sl e it =, H
7 0.25% EDTA Wikl 10, JfH & 10% FBS it
1640 39751 4 % B A2 T 1.25%107 4 Al B
W AT GravityPlus™ BRI, #FfL 40 pL, &L
FAI S HCN 5x10° 4. B FE 4 K, T 40
TR JE IMNBS IR 70 pl B R £ RAE N 1 mm (1)
GravityTRAP™ B, B R Heifl, 3455 10 K.

BFTHEEIEMN K 4 oy S 2E 4T 50 J2 1 T 85 3= A0
3D Bl I IR PG FRARE TS 2 1. 2, 3K,
B AR R G A 1. 20 3. 5. 7. 10 Ko HliksE
2T Rt T DR S B e S R W g 1D S
SRAS I 1 B A 3R TR R A3 WA 7K

NI FIAE S5t 2D/3D 8 CYP 3A4 BN
¥ CYP 3A4 155355 PT F140177 KN ¥ T DMSO il
BRI . 1E 2D BRI E 5 3 K, 3D B IR AR
3.5.7 #1110 K4 5% F PT (100 umol-L ™) 1 KN (25
umol-L ™Y, J&&¥7 (0.1% DMSO) X4, 158



WA A ETIE 3D BERFE 25 AT B VT4 Th B ER 5

10% FBS {35723 E 24 h 5, H PBS 4L 3
i, ARG CYP3A4 A IR ARG I A% L
2R G, 5 CYP3A4 E % = (Luce 45 24521/
Luce X ff2H) x100%. &5 534 B LU 40 B £k A7 3 —
A3

2D FFREBNLTMNAYISYE £ 96 fLEFRh
£ L3 F 5000 4 HepaRG 41l fitl, W& 24 ho 23 ¥otf
SR EELAI S O o e 2 RO P 2 245 2 FC v S R R 2L 45
5K EE 4y 54 100, 200. 400. 600. 800 A1 1000
umol-L™Y, Eh R LR 45 25 < FE 43 7 104 20, 40,
100. 150. 200 F1 250 pmol-L %, #5%4)5, fE 37°C.
5% CO, (WE &M TR) % THE 24 h 5, Bl
IR ATP RliGR, B R5), iR
10 min. BRI T 96 FLEOGA MR, FH B bR Ok
MWBSLI ATP KOGHREE, It ARG R (%) =
(Luce %5 24541 /L uce X [ £H) x100%.

3D FFEERBETNAMESLASE BFHF
FERLE LRl 5 58 4 KoK AL 4L % 1) Gravity TRAP™
BREFR TR, 45T 5 RN SR R R WM, I 15 %ot IR
BTG 3R, TR 24 he B25RIES “2D FFFE
BTN 238t RS 2R IE — . BiIkRAY
24 h G EIER, AR A E LDH IR
HELY 3 G HIE “2D FFIFRR SR 25 27
AT IR () 7 I E L ATP ROGHRE, B2
of 240 Y 5 B A1 1) £ R

BARAIE SR HIR UL X £ sFIR. K Graph-
Pad Prism 6 %4, X W 20 5008 32E 47 LT SR LA 56,
X 320 J DA bt R A SR 2 T 22 43 i, P<0.05 140

- 1861 -
REFRA G L.
#R

1 3D EFERHES TN

11 EBAERMER AL FE S HepaRG 4 il
AU, ProeZelr, MRS AT WL, 40 20 i e oy
PEU R (& 1A). fE5 2% DMSO HIE 8 9% 5
RG240 B3 5 43 A B 1 PR R 0K R 5 PO 7
(Kl 1B). 4t 14 K 2% DMSO %5 5 B IR« i
7 W10 P9 B A M BRI RE 4R (&) 1C). fE B
B iidh ) T GravityPlus™ # R 4 K5, 40
REERKERMAR, KBHLEBREIREHN 1 mm 1
GravityTRAP™ % (& 1D). #4k&:R55%, Mgk
K, #9R2 5% 5 REKWHKIL (B 1E), 2F%
EAK, B (B 1F).

12 3D BHEAPUKBEFHAERSHNAEASY
FRIK I TESH M s IR B AN TR B IR A, WSCER 4 R Y 7R
s, R aEA (K 2A) MRE (K2B) &
BEATIEMY . 45 SRR, 3D B4 3% 3 KJE, AR AN WL
BB K, 1E 3D K 7% 5 KGR & ik B8 m
KV, HESEFEME ST 2D B3k F, HizKPF—H
YERERIEE TR 10 RI. Z5RKW 3D BB ] LKA
TREF R AR AR R W, 4R T ThRE
1.3 3D HHEAUKHAEFHERFESHWITAEE
M AR SR RN EERE. A
Kl 3D A5 AL B 2% 40 M AR RE Ay, SEaGE
CYP3A4 75351 PT A7) KN fr il 41 /£ 2D K5
77 3D A5 R v I 245 il R IA 1 BRS

|
.k\ = =

Figure 1 Phase-contrast micrographs of HepaRG cells. Cells were seeded at high density for 2 days without dimethyl sulfoxide
(DMSO) (A), and maintained in culture for 5 days (B) or 14 days (C) in a medium deprived of 296 DMSO. H: Hepatocyte-like cdlls;
EP: Epithelia like cells.  Light microscopy pictures of three dimensional (3D) HepaRG spheroids after incubation for 1 day (D), 5 days

(E), 9 days (F)
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Figure 2 Albumin expression (A) and urea secretion (B) per
day per 10° cells in two dimensional (2D) and 3D culture models.
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Figure 3 Cytochrome P 3A4 (CYP3A4) activity in 2D and 3D
HepaRG cultures. Basal, induced and inhibited activities of
CYP3A4 for up to 10 days of 3D liver culture and 3 days of
2D liver culture. Cells were treated in serum-containing media
with vehicle (0.1% DMSO), CYP3A4 inducer (100 pmol-L™*
phenytoin) or CYP3A4 inhibitor (25 umol-L™* ketoconazole) for
24 h. The results were presented normalized to the activity of
the vehicle treated cells, set to 100%. n=4, X+s
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Figure 4 2D liver culture for detection of drugs-induced acute
toxicity. Cells were treated for 24 h. The viabilities were
measured in the cell lysates at the end of drug treatment period.
Viability is given as percentage of untreated control. A: Amio-
darone hydrochloride; B: Isoniazid. n=4, X=+s
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Figure 5 3D liver culture for detection of amiodarone hydro-
chloride-induced chronic toxicity. Cells were treated for 3 days,
medium was changed every 24 h. A: Lactate dehydrogenase
(LDH) release: the media of the treated 3D liver cells was
collected daily and LDH release was measured. B: The
viabilities were measured in the cell lysates at the end of
drug treatment period. All datas were expressed as percentage
of untreated control. n=4, X=+s
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Figure 6 3D liver culture for detection of isoniazid-induced
chronic toxicity. Cells were treated for 3 days, medium was
changed every 24 h. A: LDH release, the media of the treated
3D liver cells was collected daily and LDH release was measured.
B: The viabilities were measured in the cell lysates at the end of
drug treatment period. All datas were expressed as percentage
of untreated control. n=4, x+s
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