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Abstract

BACKGROUND: Hepatocyte-like cells induced by mesenchymal stem cells are promising seed cells for liver regeneration or liver tissue engineering. The
efficiency of traditional two-dimensional culture for hepatocyte induction is low, and more and more research is focused on three-dimensional culture for
inducing hepatocyte differentiation.
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OBJECTIVE: To summarize three-dimensional culture models for the hepatic induction of mesenchymal stem cells, focus on research progress on the epigenetic
regulation mechanisms of mesenchymal stem cell hepatogenic differentiation, providing a theoretical basis for improving the differentiation efficiency of

mesenchymal stem cells.

METHODS: Relevant articles in the PubMed and other databases such as CNKI were searched, using Chinese and English search terms “mesenchymal stem
cell, 3D culture, hepatogenic differentiation, hepatocyte-like cells, epigenetics.” Additionally, the literature tracing method was employed to find some of the

literature for a comprehensive review and analysis.

RESULTS AND CONCLUSION: (1) Common three-dimensional culture models for the hepatogenic differentiation of mesenchymal stem cells currently include
spheroids, biological scaffolds, bioprinting, and microfluidic chips. Each of these models has its own advantages and disadvantages in the process of inducing
hepatogenic differentiation. (2) During the differentiation of mesenchymal stem cells into hepatocyte-like cells, epigenetic regulation plays a key role,
primarily involving histone modification, DNA methylation, and the regulation of non-coding RNAs. (3) Under three-dimensional culture conditions, epigenetic
modifications, especially histone acetylation, play an important role in promoting the hepatogenic differentiation of mesenchymal stem cells.
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Akt. JAK/STAT3 513 5 i SAAT HE AT 2m B A 21 B, ANTE] &
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F 5 AN mRAE m A & TR RIKRS, EonEE
1K T A= o B8 R AR A TR A T e A2 s BF 50 A2 e R 7 F
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BIREAREET . HAFRINA T B4R B T3 5% HAKS T
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PRI 18] FUJR T fa e AR B k.

4z LR, v HLLE G & CRARAER, TTAg
BB G TRAIKE, R f & A R R
BF A48 % R B R GA, A ARSI LR T @ied i mie
i, Afm, BRATAZRASMEIZEYELEST
Beb @, fF H R A 6920 % G 1540 R4 A5
B8 TR T BRI AP AR T AR R TR, B
Mo, BELHR N A TRITEE G CHBACAE R LR T i
FF &) AT A2 o BT 35 B6945 T AE 1812 . RASARAL X,
1% 8 TS B IT AL A5 B T 08 6948 ZAF A
R R AE OISR A L % &, RN R EAE
F fE iR 4518 0T IR AT A 9 AL
2.3.2 DNA T34k 8 R T i I ok it 42 &,
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T g . — @, FAMREGREY ARG
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B F) R E R & T mpe Rt 1/ 11 3B E oA BATIE'S
EHFAFELRRE ML E (40 Hela tafin. AR @mIL %
R BATafe ) g Rk B OB e i0AE tm e 0y AL EAE
T Ak & 8 1 H74) DNA F K445 85 55 2 DNA 53] & F L
b, Mm R AT et A2 R E AR E AR5, Rath
TR AT A%, 4)de, SEELIGER % B% i id4# ) 5-
R 2 M (DNA T A 445 B4 ) 7 ) ik 2m it 2 B F 240
KRB SRS 1A G T eaf AT oA, BERS T AR
A & E B E b, FFEA 5 ARRIT 40K e
JkFE AR . DNA F A% B R IR AEASAR P 4598 3%,
FERAEFEHKFBIT R 0 RETL DNA 6B fkaf
E R FEMBATAT . I AE KA E T L DNA F A&
AR EHRETEMA X, MEINERERT MY
DNA fo & LB & A # B, B sk, DNA F &b fe
E G CBALZ R G E R e 48 & b, DNA ¥ k4t 58
Foll @ & CRACEE Rt ieds s | B Y REIAE A .
KA YRR A, FIZAEEARF] (R RER A= 5- RAAEH)
0T (BB B, MERMFMEL L) IKRASEA, L
EAE A A KB BT A B S AF R T a6
BEG, #E—F 3R & AR i R B,

4z L P&, DNA W 34545 Bedp 4| 4L DNA & F A&
1, Mg R E KA, 1% & 1545 4= DNA F A b+ 3k
Bl R T e s kit A2, fskidAz b B ab T
B R ARUER, AR 2 4% M B R A AORE . R,
B AT % F DNA F H At 72 18] LR F 0 o s BT A0 6948 A
MHE Y, KRR E B BRANIARR T AT &
B2 8 64 Bk R &, shob, RREP Xk T AT
A BT IR, T 66k FF AR ARG J7 RAEFT 691842,
23.3 JEHALRNA AT A% & 1546 F2 DNA ¥ 21k, 3F
% ) RNA 45T VA 3 42 18] 2R T 48 2 &9 AT o1k, 3E %
#h RNA ;2 —Ft o 464 4 & & 4 A5 69 RNA 4F, @i fe st
MRNA 4 % 3R 35 & @ i &13F A 5 A B &AL, miRNA
BERFIEE) 3 A AR ARt fe PR XA, £ FE
7KF, mIiRNA &2 F @ i o 4k 1242 F 35 4] 49 0 4015 49 %
AL E, ST B0 R T AL h I 4 oA 4e
fe., 4o, ZHOU 5 ¥ X I Rifkmm e B F o9 LT
R 8] 2R T a5 AF miRNA 692045l £ 7d R iF
B T B P AT 4 . miR-122 4k A AT R 4% F M miRNA,
FERAFFIE T 69 X% 5, % & FrAH miRNA ¢ 70%57,
miR-122 i# it ¥ &) Af R4 M A B 45 R B 7, A
FRILE AT PREEZEA. AR A, miR-122 5
ARDSAT 0 s A R A= K 3 AT e 's R4tk A F
By Fak, TR IE R =) B4 F AR AR SN A F AT gm i o1k B,
F) B A2 18] & T a0 e 6 AT &) i3 o b i A2 F miR-122 #94
TARBIE MG, —F ZIADIARRAVER . UK Let-7f
miRNA =T _t 8 HNF4a 1% 3t 8] &% T 48 50 B AT 440 B,
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miR-122-5p = F i1 2L F SOX11 F= VIM &4 & ik, 123t
BBt B Bkt R R T 5 0y safeAR e, fE iR
it & iA miR-106a. miR-574-3p F= miR-451 ] % ik & Z K -F
HAaEE. fA%EG 18 F2 HNFA™, 42 miR-122 6919 Ak
Tt fiefe v @Ak DNA LA K- & Lo T A5 -5 I At AT 4a e,
IR ASALTT o Z M AT 0B AR 4 ™, K4k 4E % 40 RNA
A —EKE KT 200 Mz FBR B R 484 A% @ R 69 RNA,
Hmpesgia. AR TF Ay EpmA ", BT
ik sk K 4% 4E 2 A RNA 89 R T AR dt T ek, Kk
45 4 %25 RNA A5 Wnt/B-catenin 125465, TA %A%,
FE o~ fbbg A2 O yu 5 0 & gL & aa i R BT 4
1 it 42 o K4k 4F 45 45 RNA UCAL £ 5 &4, it &34 UCAL
G RERARM L. EFTF R LN KR
RNA NEAT1 374 T I 18] 707 -F am A& -4k

2z F Pk, miRNA Fa 4k 4E 4 A5 RNA 3437 AAS5- 18]
KR T IR IT 440, —AF R JUAF 45 71 miRNA =T A T
F8 AR T e ih oA e AT @i, A, miRNA
AT ARG ST A LIRE, BAK KL T
HIA A TFHRACH o if 55 . KEEIE 4 A5 RNA 2 R AT
TR AR T BAER, 4569 KAEAE % AL RNA < 1A
PRI tm B b R R 69 R GA, BB R IT LA,
RN R KRR 4o 20 RNA 2 AT 510 F 68 BLARAR R L)
A B T IR R BAL G R IT A, AL A TR gk 9% 69 06
TR T IR F i r) e k.

A F 5 18 R T AT 5948 £ AR R
L 2.

*® 2 | RVEEZSEFERTHMAAT S LAIEXHAR

i

H1EE &S EE St AbFRTT i) ikt L

=EN
F0 g
CHEN'™! 2009 ZHEE A L [ 7 Y i o 51
DONG'™ 2013 AEA L IR LB i A7
ANE 2014 YUEAZEEL  HR ZEHALKT B T
RAUT®" 2016 MEEIE  FRE ZEAMOKT i A0
PANTA™ 019 HEAZHA  TEH ZHE AT i R
SEELIGER"™” 2013 DNA ZHI%E4L S A WK R s
TARIQUE® 2022 DNA ELHIE:AL, KR, LA KT
HE A LI 5 RAMETE WK R
CIPRIANO®" 2017 DNA 3 HIJEfL., M AL AT
HEA LR 5-FARME 2B K R
DAVOODIAN®® 2014 microRNA miR-122 i ik
DAVOODIAN®® 2014 microRNA Let-7f miIRNA {78k
ZHOU®PY 2017 microRNA miR-122, JUE 7N
miR-148a.
miR-424.
miR-542-5p.
miR-1246
KHOSRAVI®® 2018 microRNA miR-106a. ik
miR-574-3p.
miR-451
WEI®Y 2023 microRNA miR-122 i ik
yu'©! 2020 KHE4wED RNA - CUDR it ik
TS e 2022 KHEARYmAY RNA - NEAT1 FH
L 2019 KAEdE4WAS RNA - HULC it ik

2.4 3D FESEIFTRTBRMAF D ETIEPEIRIMEES
MY 3D iF 5 A8 A BRI 1A R T am e e BT 4 it 7y 6 44
AR E, AEAFH T A AT A ORI Bk R 8 AT
DRCAFAER E KT TS AR RA., HaT, K

TR B ETFIEAIRIT 3D FF IR T 19 LT b b
mIa AL R ENS, R AN EAFLALRAEGT
BEAC A AT A2 & g R AE A % B 40,

F 3D BALH T HEFF @byt d, kWi
HFEMAET TR, AVHEE ThLA B T4
FEFELEFLEL, NIRRT @1, RASHID
% ¥ %) A 3D AREIR X R AT AR B AL AR T m e AT
BRI AT, 2 REIAE 3D R F 5L ey I e &I
B F R AGGAFAE; bl RAE 3D ST ARE] T ARF
T 20 L4 S M AT & A —— B R BR RN AR A% B (TAT) 89 & A
LR, @#—HIERA T 3D FF AN m LR 7 & Y
e, f£2D 5 3D FEF Y AL E G £ TEALERIY
HA, ARERE T, MR T 2D#HF, 3DFFiEiTA
E G LB EA BObR I T ARG 7 rE K R 69 K KF,
FRAELE Motk Fmet KR Fe&4 T, 3DA
HERER ST H @btz ™, XA\ HRIRE
He B oh R LR AL FASAG, SmBmFRAR G REA, b
2D 3 ARAA, 3D AR BARVAR A M MIRIE, AEMUE £
FAR A &Y fa o AE 5 AL 5572, AL R ILIEAE F A5 4E )
FARE, MOHKITRF O EIE A R
EY AT ea L hE, ) BY HEAT LEBRARAS AR & @ ST 4L F A M A
I, 5 2D A8k, 3D mARIRiE T 69 AR m e T H3K56 &
BEALK-F R F I 5, B CBAESEE p300 TEAL KT 47
. 3D fufinskif g eTid it p300 X —F & A ARG
H3K56 ZBLLISAR, 1Rt T @& a LB FNE, tm
HHARIT T B AT fm e &) B gm e oAk 8 i 5 2k 9,
B2, VA LR R RN R AL LT &8 R T 4m
Jo RAT L, X —idA2 540K & RIS AR K.

FE 50 &, miRNA A& 5335 18] 70 % T fa i s 948,
2K M 2 A mIRNA 3% 3547 K & 16 & A8 2. 4m AR IR 3L
BN HAEMIER. BB AE 2SI, REAFREN
4 miRNA 5 3D 3044, TTARZHERE, WK
S 20E. B, L U3%3H7 Y DNA 4k 45 #y 4
4~ miRNA-122(Y-miR-122) 423t 7 18] 7L - 4m fiL & SR 1%
Fop i, & —APIRA AT GG miR-122 %P &, A TFMA
P AR BT K o AT i AR AR %, T KRR
St R R HE R R, Tk R 0918 R AL Sade
Rt 5 SN 30 4, B B 3D SRR T 4 i) 4m
e - s e, - RRAD AR . BIR LR AL Y Fr
JiiE h Fedn T AIRAE T B AEG) 3D K4, E@miS ST P IR
A B AF 6906 77 HOE . WELF SRR L I, 5 miR-122 481k,
F£ v9 & 4k DNA %4 K F & £ 4 & miR-122(TDN-miR-122)
B F LERMIT @mieAr S AT A B e Rk, &
Ik R AT o T A fe R AL, W E R DNA 44 K 45 A2 )
TARA 3D IR, 35 T miR-122 ¢ R %, X
Z, JE3D AL T EA AT AMIEAL FA4E, miRNA
#9 3D B ARIRILZ N 0948 EAE A R — A E L 0hid A2, e
AR, EERAEMIRGITAAER R, BILEAN
FRF XA AR R, 7T vA BT M IR fiF 4m e 42 3D IRBE F 49
A MFAT R, AL LA Fadk R0 IT SR 6 R,

3D BARLMT, MILAIERIIREFIRAERNE LA
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R, XETS— T mie ooy iz, @iTiEA
2|47 3D 3 18] AR T 4 ) B 4m oAb i AR P 69 AR
AR Z AU, ST A EE— AR O T e B A e AL,
F A AT b &) AR bt AL e R R A FF L R T IA A
i tm AR # AL 3D 3 RO ARBE A HT 6 AHATALA

AIULIEAE 5 5 3D #5518 LR T e AT o1 a9 48 %
R, JLER 3.

3 | RILEEFS 30 BT E TR T AT 5 L BIE X R

WoARE KR DRk AUk LR
4

RASHID®” 2022 3D %% TR 3D IR A T AL E T LR AT {2k
B 1) 70 O 400 4 1
RASHID®™ 2021 3D %42 T 75 3D MBir, HEE LB B

AR 1 1) 78 5T AR BT 3

yu'* 2024 ZHHER P300 %7 3D kARl p300 /511 H3K56
CTB. P300  ZMtAk {32t i I 10) 7 o 41 il Bl JHF
i) A-485 434L
L™ 2023 Y/ DNAZ§ miR-122 PR3E T 6] 78 5 T4 R R 4 AL AR
P S%1 ) B, TR RS AR R T
JFF 20 MR 41 i ¥ T i
WEI® 2023 PYJ{Ak DNA miR-122 TDN-miR-122 i 2% b1 s T4 g b

KL EPDANTF A RS R AR L R

3 i7if Discussion

3.1 BHEMBAEZIUSHARNAMIAFENRE izt
RAR I LR T oA 6 MR B B b, BRARE T
AT JAE e R IEAE 18 AR T m e s AL
RAEEAER . A4t 2D B R GETE % Bt PR
TEHEAREA; 3DFEFAHR AR FaRREgET —4ANE
A AT @R mfe s egImsE, RS 7T R LK T @R AT
ACEE Fa B 00 L., R, 3DF AL T
LT Ak 8 B AR AR . R LR AE 5 defT B 4218 LR T
40 JeL BRI oA 5 ) BAR & it — TR AR R . 3D R AT

AR d, E B A YR A T A X B Y
AR, BAT, 78 3D 3EARIRIE M T AL AT R

R —APEK,. 3D FF AT R S IUAT AL A AR,
XA T H AN R e

3.2 {FEGARAIFHARIVRER B 3 &A LFAf
TR Tty 30 3T AR ATLRE, (2R L 3D ALZHT
V310 SR T a6 A A el R gtk gk . B I IR
ANIEITT 2D 5 3D B A X A HE T LR T @It é 5
it AE P a9 %, AR T 7 L6y 18 LR T e 3D E 3
o v, F8TF HszE, b 037 M5 R R
T it &) o B A EAE FAFI AR RRS, F Mk T
RN F A2 18] F )R T 4w B s T AR it A2 b 69 B AR
L2030 7 3D 5 I AR T e s AT @) A 69 R LR
MR, X — 2R A IRNTE R I8 T 4 R 6
5 E AR Z 8 6948 AR A AL T Fe9ALA .

3.3 ZFRBISIRME OXF & % 69231808 LR T i,
B E A8 KA 5, 40 0 08 A6 T tm i 5 Hft fm L 7
RIF AT @ A5, @ B BT AF 5 18] R T 4m e s B 2
I AH S A, L FAURE P AR EAE S, O F
3D 318 R T m Ao e 16 IR L ), Je o] 52 I R EEALAE
H A5 mfbiA,
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3.4 FERNEBEN R T @i kREF o e
Wil EL & E G AR MERRAERE Y, T LM
EBELETRELEAETENENL., XFITEHRT

g

8] 7 T ik S R AT e ek m ey 3D 3SRk, B4

T E AR T m e R I AL e F R F AR R, KFE
ERAE 3D 3 e T8 T K AE R R A F A4 R ARSI A
JR T @I AT A, A BT AR & 45 R AT 410
A2 P R IEAE R dofT R AR R A, AT RO EAE
2 BRI e AR 3D S HE, AR T
FoF e B A B F 6 KRS FARIE.

3.5 RBERBEXIFRFEVEIN 19 L7 T m e B A 5% K4
YA 48 ) Aaik S LRI ta e AR ca e B he, FERTREZALR
IRfBAEEFTHEALY ., BITEKRINEF I TR
B 3 I 77 v P AR 18] FU R T dm 6 BE T A 4 B BT
WL S H AR T 4345 6920 R, B 3D 2 AR X ik
JIZ R TR R T BRI A R R, BB T
e RT =, xF T — A ROR g 1A AR AT s SR E
¥, MR—A7 3D 5 XAFE B H A Fik—F 7. o),
B AT 8 2 A4 7 3 205 F B AR T @ B 1 iR 2 B MR
miR ey, R LSRR R T sk R 6 I 4 A AR
I7 ik CARGE B T S WAL AL 69 BT R IR A A BAT 4976 97 2R,
AL ITAZ F 4ol E S WAL H A H & EHH XA A B
8] 5 AR R A, ARFER T AL T A 3D 518 AR
T @ oA, VAGRIFARSN ST 738 . B & ax A @ e
) he It A F I H AT IR A B ARG TR @R, &
MLIZAE AU de TR 4% 18) R T @@ e s AT e i 265 %
BEOMRERE. THRAZLR T @lsiesFiRE
AL, T A s REOE TR 9B F AR I I3 & 4 AR 5.
AREZLGANAEFFAL LIRS, EARNIERAZ
Yo, HIRRERE. W iHk ARG ST T RERT 091842,

Bift: RSB AT G E S SRR RS

TEETER: RN A GRS R LIBE, SRR TTLEEH
Bt AR E 185, RIERFERAL LakILE. HiTE4,

FIZEWEE: LT b4 20, ERMMRALTREILY RGE
R R

FERUGREVERR: X2 — 5B FFAORIR I, ARIE (St ZHT W) “F
L - AE R BN - AE o KEF 407 £k, ESZIIAGHEALT, AiF
MAVAIER LM B AT R XA 2. AT R, R AFIETR PR
. TH. N, FiE. 4T, k. RUUEIEIE UK, A k3,
JAAESRAF 6 #r NS R AL AT AR R R

MRAREELL: S BRAT ek 5 R 3F 35 F T L MAGE LN,

HARHSE: ZXFREETEREFPAAEEIR L (RARERmRE
AATIREILIEY (PRISMA 5 ). X FHRAT 2L+ L R 25 Lakibnl &
GHATIREE, XFLNRATINF F ZNFINF, BATFBOAA LFH4
HAEABEE.
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