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Advances in Cell Models of Fatty Liver Disease
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("College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471003, China;
Port Bureau Of Zhengzhou Airport Economic Integrated Experimental Zone, Zhengzhou 451150, China;
3Beijing Key Laboratory of Innovative Development of Functional Staple and the Nutritional Intervention for
Chronic Disease, China National Research Institute of Food and Fermentation Industries, Beijing 100015, China)

Abstract Fatty liver disease is currently one of the most common liver diseases in the world, and it has be-
come the second largest liver disease after viral hepatitis. The incidence of fatty liver disease is increasing, and the age
of onset is getting younger, which is a serious threat to human health. Fatty liver disease contains a series of pathologi-
cal symptoms. As the disease progresses, patients may develop steatohepatitis, cirrhosis, and hepatocellular carcinoma.
Generally speaking, fatty liver disease is a reversible disease, and early diagnosis and timely treatment can often lead
to a return to normal. Cell model is an important way to study the pathological mechanism of fatty liver disease. In this
paper, the pathogenesis of fatty liver disease is discussed, and the commonly used cell culture models in recent years
are summarized and analyzed from the three aspects of cell type (primary hepatocytes of animals and humans, immor-
tal cell lines, hepatocyte-like cells derived from induced pluripotent stem cells, and precision-cut liver slices), culture
mode (monoculture, coculture, three-dimensional culture) and modeling method (high-fat, high-sugar and alcohol)
used in the cell model. This will provide reference for the study of fatty liver disease and drug screening.

Keywords alcoholic fatty liver disease; nonalcoholic fatty liver disease; cell model; cell lines
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BUREAE 2 JFT- 448 i P g 7 3o o AR

H a0, M e A sk ) o 6 H i 1 K, 72
PINAFLD ) R 97 2 571529.62%2, 7™ 5 ol i 24 FE ik
B, M5 R A AT . BF T RE W A 1) F B A
BN RIGEMIASE A, SR REAADAR N A 8GR
S A AR ZE R T A P AR AR e v AN A
ZESR ], EREE. SR, ST TR mEERN Y
i AL 7 [ P M RIRIE T N 53 AR i 105 B )
FRAEEENL T 2 Fhan B A2, R FH v o v M A R A
5 20 A, o0 20 AR R AT AR 0L, S R DT A
PRUABE Y 3 T 977 32 HH RT DA S i D P D g A
To FCEMANMSALERE . gk R 7 UM
IR L5 SR HEAT SRR, AR I 18 25 9 AR 4R
EHER A S,

1 NAFLDH % mHl
1.1 NAFLDHY % fw#L#]

T4 SR M 7T R BH, BIENAFLD K & 5 #
H. ORGSR BB, BRI
A AL R 8 B A P (1) NAFLDIF) 3=
FLRFAE 2 T P9 1 R S FRR, 7RI R A R A
JREA3 RIS 0, R A I s 72 P s e g O
NAFLDA 4G 52 PE g 05 Bk PR iy 28 S JE
WS E I8 5 T 8 51 S BT AEAL . H AT, NAFLDRY &
LR AN 2, MR B 2 1 AT S R

Blood-free Inflammation

fatty acids Insulin resistance

Free fatty acid

Oxidative
stress

ER
stress

Adipose tissue

IXFERRREI: B S, MU Bl T 2% ol i BT HH 30078 5% 254K
PUFIRERE AR 2L, FEUH 4N HER R ERINR A,
T NAFLD, 3252 fHE 52 2B AT o575 B A, 48
P B T o A 7 A T P A E H JE (reactive oxygen
species, ROS), 5| A0 N FOA 980 [ B2, JH-4H ffd 5%
B4, T ARG 1 A W5 14 B % (nonalcoholic ste-
atohepatitis, NASH), B2 — R FT 7. BT Z LK
FERRAM M EESRE . NMERAGWE, HILERR
VER 0 A R R N LY, TR vy, (g o 5% 25 4y
Who TR FT AR RIEARA: (1) (2k4hE 220
T B AR RSOR s (2) AR5 FHE M) P 480 26 0 A R
BHIGL (3) Ak AR 7 A e, ) g 107 L 23 600 i e/ P
YU AR TR B ARG, AL B AR AR 2 2L,
TV RS 5 IR R R

NAFLD 38 AR 7 R V5 E LG WA (1) 5
95 023 A f T = AR 2 AR PR U 2 T DT TR L VR
BT, fEIX—Id AR, R R APUS B ) —
JoR By AR N T 243 b B M S, ik 22 IR R DT PR
Bl Aacs 2 I, AT SO RE D7 22 14 1) R A (2)
NEWIBR IR G e AU R EAEN BRI 208, 2
BRI MR A B . IFFLR I, NRiE b
X SRBE RS RE ST PR, B LA 40 SRR AT 72 I Y
BRI BT DT R, X — TR Ak 1 it A2 5 B LA
JUE A AT PRI FE 25, AT 1S 0 200 S e

IOANNOUIHF 7T A& B, IR T AEAG 75 [ 40

P Dietary lipids

El1 NAFLDH)EEHLEIIRESE LRk [6]12 %)
Fig.1 The pathogenesis of NAFLD (modified from reference [6])
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Fig.2 The pathogenesis of AFLD (modified from reference [17])

HERA AT DU 98 0E IR 1 4 B A 3R- 1B MR IR 2T
[Al-¥--a(tumor necrosis factor-o, TNF-a) B¢ fift, 5 25 i
AR RAE RN, . RAEILRET IR B RE T, A
1M 51 S g b R AP 1 22 B9 G 07 IR A 240 i PN 1) M
i, T DR 2R BRI B 1, T S50 Jo I S
LRLARDIRERRENG, J5 5 o0 E T U A &, e
7 BUAM R AAE AT T R, T BINASHE [ 1§
T o455 & H (sterol regulatory element binding
protein, SREBP) i # JH- I A1 Al 26 23 10 ] . T Js
2 A H o = B (triglyceride, TG)HI & B, K SREBP-
1 ZRIE RT REXHEIT IR R A . 1 A
A2 184 B W) 30 5% 1 (peroxisome proliferators activated
receptors, PPARs) 171 T 1 4% G &~ 4 A1 Tig A, 7T
DL A5 107 B2 AR KA & 0 AN I Tk 2 7% 1) g J 24 25,
S 5 I8 oy 4 B B 0 i A7, 92D TR ) £ R g
T8 P RE O 2 B AR B K -, S v FR G K, AT 3G
TIAG 5 5 R 10 B v, BEINTGAR &, 2 ENASH™,
1.2 AFLDHY & fRHLH|
AFLD) 3= EE805 3 A0 . AR 1.
MEESE . 25 CBEACUHT B 172 A A& R A
FE DR P 1 22 e, AN ) B N AR RG () B A 98 55
257, VR AR AN B N 2 I R S e v 1
IS, 5 2 L3 RS0, R DU D = 1 M i o 44k,
D03 1 PRSP I 1 21 A A0 A A AR I(1E2)

RS A 32 R AE I N AT 1), Jl et £
it Sl 2 e A ot AR FE R K ) 1%, T HH
LR ARG A IR T O R, N =IRTR
PEIAR = E A B AR PR 15 5 AFLD A] 3
LR AN AR (1) RS 72 U b 48k 77 2EROS,
ROSH DA 3 A i S Ak, o502 T s s ol 325 1 5 3
JH AR S R, 5] e A S 5 R A (2) T
FELE TR 7= A R, R EEPEROR, 1T
e EAFLDI A %, LT B LB PPAR-aff) T RE,
S 439% B IR TR T VAR s A s L S BUH
IE A BRI R AR R, SRR LRSS, L in
Retm AL, $i = RERIGI, FF T4 00 I
T e g AR, SR SRR AR 4R i, RN
JRWTIFCT . 3 a6, B A 7 K I, CBERT DLIE 4
i) Jik 5 2 4 AT b Y LI R B K, DT ASE P 5.
b B R L ot

HiF 58 K I, AFLD 5 Toll#f 5% #44(Toll-like recep-
tor 4, TLROFIKRFEY) . O &R 2 18 n iz i
(R ZE P, 5 20 B AR ) i 22 0 M\ T e 7% 31
JUE, OE AGAS RQAH i, @I AR 2 B/ TLR4IE %, H i
R F-«BFEIA, (£ ETNF-a7r W1, LINGERVR I,
T R TLRAFE A ] DA R [ & R FR R 4% 7% I (aspar-
tate aminotransferase, AST)J/KF- & 3 [F{K, TG & &=
S 2 A, IR R D A Rk DR Rk a2, B T PR
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SEHEAH I3 PR (1 R IA B T, X SR B PR TLR4ZE [A W]
LA P I A1 BT 45 0 A A o

2 AT RAERRT R 4HRERE
JHARRR R 23 RS o TSI o 248 PR B T T4
FFTREAE 20 e, 23 30 o PEE 00 LS B 70% 3 %~5%,
Ryl 7 O B 3 SRR 5 S S5 AN i T SR A
B AN Ak 15 20 RN IR A B, 2 o A R B
25%. LA AR RS G AT LAy Dy N TR AR 40 i
PEATAR. KEMMR. BT
(induced pluripotent stem cells, iPSCs)¥& P T4 B A
4H g (hepatocyte-like cells, HLCs)Fl AT U1 Jr (3R 1); £
FRIE AT 2 BB % . R = 4ERE IR (3R 2) .
2.1 BN PIREIET AR 4HRE &
21,1 ARKRAF@mie  NEAUHA N BRI
FOREE T AR N AR E B A D RE, & AR o A
L) e R Bl 5 11 5 4 PN 1A A B el FLAR B, A2 e o
AT I PR () — Fofo b v A4 A0 4 A 3 R A A . N R AT
2 i A B2 2 3R A, — IRAE I BR F R
Bl R S HE R B A 2 3R A, Bl S R
BEAT AT T B R AR A . RAFE19764F, SEGLENA

REITHZ2 H 9 25 Jie J5 B v 1R 3 25 N TR AR 4
J, B8 — B RN T R I 2H 23 B R ) LA,
FHIMARALL, A 45 8 7 2, B Z.FR T FE,
A BN M 5 40 B TR ;58 0 R A e i il
VETE, B LSV A RN AR, o R R LA AT
Y SRS BN B . WANNINGER 2522 il R
(oleic acid, OA)FIEE A ER (palmic acid, PA)i% S A Ji
AT AR AR B S, 40 P9 B P o S 35 38 o, IR 5
OAMPALFAE R B AN, HE B AR R 2 ETGF-p Lk
W, T TGF-Br] Refie it 41 41k

F A [ 4R R A A 22 S R0 40 M 9 0
HH I ol DR 2R B B2 R, AT H IS 00 A SR A R E
HEWEME. Beoh, NJFEARKT 405 7% 4% 4
P, WRETE R I 55 9%, ANBETLIRALIR, AF
TSI RE o NP AR I 7 SR R 2 3 8 1] R 9 B
87 NJEARHF AN 2 R -
2.1.2 SRR @I LT NJEACH 20 A7 AE
K A ORI A0 T A S ) R, BTN R SR BN
JFFRE A 23 B JE AR A0 A, P SR AR I BE TR AT I AL
1 R 2 R WA G s, I8 —SEni AL AN fa 2k

TR B SO 0 25 B R o B R TR I

®1 FEHRANABESTRE

Table 1 Advantages and disadvantages of different cell lines

LSIULES IS e

Model types Cell lines Advantages

A

Disadvantages

Primary cell cultures  Hepatocytes isolated from

of human NAFLD patients

Primary cell cultures ~ Hepatocytes isolated from
NAFLD animals
Immortalized cell HepG2, L02, HuH7,

lines HepaRG

of animals

phenotype

Hepatocyte-like Not applicable

cells type and high similarity with hepatocytes

Precision-cut liver Not applicable

slices liver tissue

Mimic in vivo settings

Mimic in vivo settings

Continuous growth, easy to culture, stable

Wide source, large number, stable pheno-

Isolation problems, ethical issues, varying repro-
ducibility in experiments, limited culture time
Varying reproducibility in experiments, limited
culture time

Expression of several enzymes alter according
to the immortalization method

Risk of tumorigenesis, and the acquisition pro-
cess is complicated

Contains a variety of liver cells that mimic ~ Short survival time in vitro

#2 TRMAMIEFRHRRBFRE

Table 2 Advantages and disadvantages of different methods of cell culture

B VIR N e A
Culture methods Advantages Disadvantages
Monoculture Short cycle and high efficiency are beneficial to high-throughput Single cell type and lack of dimension

drug screening experiment

Coculture Mimic in vivo liver architecture, important tools in cellular cross
talk studies
3D culture Mimic in vivo liver architecture, liver specific differentiation and

Difficult to cultivate

Difficult to cultivate, expensive

function, tools for transcriptional regulation studies
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L B[] P9 6 B R 22 0310, 22 FLA E T 000 A% 0K B 7 4 B
% Hb A I,

SCHAFFERT#5PVE 57, | — A AFLD ) v 157,
FEREFRFE P25 mmol/LI¥) Z. W1 3724 h)m, #ifY
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