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ABSTRACT Objective: This study is to research and develop a simple and rapid method to directly differentiate the induced
pluripotent stem cells (iPS) into functional hepatocytes in vitro. Methods: According to the development of normal hepatocytes in vitro, a
simplified method was designed for differentiation of iPS cells into endodermal cells. The phenotypes of endodermal cells was identified
by qPCR and flow cytometry, and then these cells were further differentiated into hepatocyte-like cells. The characteristics and functions
of hepatocytes were identified by qPCR, ELISA and immunofluorescence. Results: The results showed that the mRNA/protein expression
of OCT4 and NANOG were decreased significantly, and the mRNA/protein expression of endodermal cell-related genes, CXCR4, FOXA2
and HNF4A were increased significantly at day 7 after iPS cell induction. Hepatocyte specific marker genes ALB, TDO2, RBP4, G6PC
and hepatocyte drug enzyme genes CYPs were significantly upregulated at day 15, and high levels of albumin and urea were produced
simultaneously. Positive PAS glycogen staining and active uptake and release of indocyanine green were observed in the induced hepato-
cytes. It was confirmed that the hepatocyte-like cells had the partial functions of primary hepatocytes. Conclusion: This easy and efficient
induction method can be used in differentiation of iPS cells into functional hepatocytes by mimicking the process of liver organogenesis
in vitro. This study provides the possibility for massive production of iPS-derived hepatocytes and their applications in cellular therapy
and drug screening models.
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e B AT 4 B R, (H T 4% B R IR RIXE BT Be Seie HE
JE BN, BT A4 i £% 48 (Hepatocyte transplantation, HT ) J& 74
7 LTI R BERl ) AP BO A S M 3%  (Acute liver fail-
ure, ALF) () —F{of Hir g (2 A0 220 (B MR IR AR A FR,
HICEAERAMCINRE IR, T SR 1R IR I TR R S5 37
P AL, LARA R S I A ) AR SRR 33 FEL I R 2
H AR 75T AR 40 H % b 200 MR VR 3 25 A R G T4
Ma(ESCs)FIZHE T4 e (iPSCs)™M, Hr iPSCs FF ik ik 22 %7
BT F AR TR, 2006 4F, H AR} 5K Yamanaka FBFSE/N
AR, WS Oct-3/4,S0x2, c-Myc Fll KIf4 3X 4 4~k 554
T/ INERIY Bz 1k 200 i i 2 o B TG T 20 B T 1 T2
BRI Z s T T 4. J5 2SR 1k, SO A2 44t
Ja, LA RS FAR A0 A 2175 5 iPS A, T4 nT
VITEARSNE B Ak, 77 AR B T 259 & SR BT i A 46 2
iPS (244 K B FEPEDIAN R BRI, 55 41 iPS 2 MAH
LERRAG T Aok i, A (838 D7 A0 A2 3 4 e b ) (Human
leukocyte antigen, HLA ) ASDG L[4 1AL, $243 T 0] ikt G S R HE R
FAVEAE A T I AR AT, o ) PR A B A T ke
EMRIR R B BT, Tk A7 F W20, (RSMEFRR]
5 20530 11 2 1 (Albumin, ALB) , [R] e H & 484 ATt 20
BT AE NI E NS T A SERE 100, IPS 40 m FRE AR A1
S F TR E SN RN B R B R, AR 4 A
RN E BRI IRELE] A 2RSS 20 BT
RNIOREE , 2ot WIIR)Z R DIV IR S A AR FF A 24
=B BOR ARG A 40 i (Hepatic-like cells ,HLCs )™,
S A R, A VR AR AT sl
24011 PR 2 — I B R A0 A e S G 2 A0 25 s T A A
SRR R Tz AR ITE M 0N R B AR DA 4B
FEIT S WS B K HLC B 00 = A58 IR
25k BRI R A4 LA SO 20 B 43400, it FH 3 A 4 B
FAUFE T 41 B A= K HF (Hepatocyte growth factor, HGF) | 2
JILE 3- J#4 [ ( Phosphoinositide 3-kinase, PIK3 ) A &2 Wnt3a 1E N
B AR 2355 5 DR 0 i 2T 24 4t it A= K IR 7 (Fibroblast growth
factors, FGF )™ ‘&7E il & 4 (bone morphogenetic Proteins, BMP)
A 498 2R (Oncostatin M, OsM)7E N P ARS8 507, L)
[EE T -3 e SIS Eat BaP A & N - 31 = o
SRUASHR T R {8 5 15 28, i/ A I - R RE 2R R i T T K
A TR TR A B0,
ARG P, WF5E 3 TERT A ST A 1, 38 2 4605 75 5 )
WA EFEF ML RES TR, EESIAEF I EER
I HhRe Ry D Re kA0 , 2RA5 At se D se v - 4u e v T 24
Wi e B P 2 2 A VEAG S5 T ST, S AR 25 Mo M B A
& 2 4R ) RO FH B Al

1 #PRFT

1.1 #ti

mTeSR™1 (STEMCELL) £ figT 41 /i1 55 5% 3 ,ROCK in-
hibitor Y27632.1CG ¥k (¥I4F MCE), B27 ¥shnsl . I
FBS, 41 it fi# 2537 Accutase (34T Gibco ), Matrigel™ 3 it
Jig (e F Corning ) , RIMP1640 % 37 3 (1) T WAKO), Activin

A .ChiR 99021 (4ll5F BioTechne), Sodium Butyrate , Dexam-
ethasone(Dex, ¥4Il F* Sigma), HCM/EGM $5555:(F LONZA ) ,
Oncostatin M(OSM, Il F R&D),RNA ¢ BULF & L 306 5 5k
5745 .Quantifast SYBR Green PCR iRF & (¥ F Vazyme); i
Ak C-KIT-BV421 . EpCAM-APC ,CXCR4-PE( ) F BD);
JRZ A7) A (T Bioassay systems ), ELISA 475 [ 43,
MEETHERK), PN ALB gk Pid 1gG bk (1
W4T Abcam) Bl Y4 t4 PAS i & (W T2 = K) s AR iPS
YL (W T iCell 2% ,DYRO0100) ; 7k A= Ak S AT 2 s HL7702
Ok F SR FE AT ) o

12 7%

12,1 NiRiPS #Rfa¥Es: A iPS 4B R L 4= 10° 41/
Jem? 240 R PR TR A FE BB Y AR 6 em fYEFR I, B
T 37°C 5% CO, AUMIEFRAG P, BRI, 6-7 RALA—IK. Ky
TR Sy : mTeSRTMI 441 fifd 5¢ 42 55 F7 B , ROCK inhibitor
Y27632(10 uM).,

122 HREEMFARENERSLFES KPS 4UHLL 1x 10°
AR/ FLIR IR B R TR S B 7S LA b, A ] ] B
FEFREERT 5 AT 5 0 K . RIMP 1640 3557 5E , Hoh % B27
W57 (0.5X)  Activin A(10 uM) ,CHIR99021 (2 uM ) F1 Rock
Inhibitor(10 pM); %5 1~3 K :RIMP 1640 }% 33, Horh 4 B27
AF(0.5X) Activin A(10 wM) CHIR99021(2 uM )il Sodium
Butyrate(0.5 pM). 4 4~6 & :RIMP 1640 § F: 5%, Horh 4y B27
FINF(0.5X)  Activin A(10 M)l CHIR99021(2 pM), 4K
Bl 55 7 K ORAELANMTH LS ] HOM/EGM B FR B E 1 T
=, BRIy o . HCM/EGM 15323k FBS Dex (100 nM),
OSM(10 ng/mL), 5 F 24 FL4 4 NFLH, 73 51 F 56 8.9.10,
12141618 F1 20 R#FATHu, BRI 22 X, M B3 IFk
SENFANA

123 @il 755 7 RO, 2 PBS UM
G, BN T, A 2 2% 10° A ff, 43 I C-KIT,
EpCAM, CXCR4 (HTLIAPRIC AN , 4°C VKA BEOEIFE R 30 min,
PBS i yEm , SRS , =4 (SONY SA3800)4l .
124 & RNA $2EY,cDNA SR AR T EE PCR &Ml 14
A 45 B5) B) A A A e, G045 iPS NI 2 | P IR )2 Al i D)
2 HLC #ifEdl. & RNA FHRMERR SR 0 IR s
DIASCR RNA Y B2 FIARRE, B 1 g RNA % 5 cDNA, SK
JE RO EE B PCR BRI &7 3, 45 R s CT Bk A743
BT A5 50145 B iy 2B AEX ik it . 9O i PCR TG 1Y)
JEFNLER 1,

1.2.5 ELISA #4ARE 5 ALB 437k E  IC4E iPS 4
Jl (HLC 40t LA K SR AC T 4H i Y 24 h B3, 3000 r/min 5.0
10 min, IR E I WEAT ELISA A5, 4% B\ ALB ELISA 3]
UL B THRAE

12.6 BWH 4% 2 5 HEEXT 20 M 617 [E 2 30 min,
PBS EVE)5, ] 1%Triton X-100 #4741 LB 15 min, FEJT
PBS 9k 3 ¥k, A5 YK 5 min, - 3%1) BSA = k.35t 30 min,
PBS ¥ 3 YK, IR 5 min, MIAAIR B —Hi ALB (1:100 Fi
FE),4CokAR RO E , PBS 0% 3 U, BN AARRE —41(1:500
FiBe )R E 1 h, in A DAPL 5 e 3038 £ s M8



PREYES#HE biomed.cnjournals.com Progress in Modern Biomedicine Vol23 NO.2 JAN.2023 - 227 .

% 1 ®%EEE PCR FTAKSIHFS

Table 1 Primers for real-time PCR

Gene Primer sequences
NANOG F: ATGCCTCACACGGAGACTGT
R: CAGGGCTGTCCTGAATAAGC
OCT4 F: CTTCGCAAGCCCTCATTTC
R: GAGAAGGCGAAATCCGAAG
FOXA2 F: AGACGGTGTTGCAGAGACG
R: CGGGTGAAGAAGACTGCTG
HNF4A F: AGCAACGGACAGATGTGTGA
R: TCAGACCCTGAGCCACCT
CER1 F: GCCATGAAGTACATTGGGAGA
R: CACAGCCTTCGTGGGTTATAG
CXCR4 F: GGATATAATGAAGTCACTATGGGAAAA
R: AGTAGTGGGCTAAGGGCACA
AFP F: TGTACTGCAGATAAGTTTAGCTGAC
R: TCCTTGTAAGTGGCTTCTTGAAC
ALB F: AATGTTGCCAAGCTGCTGA
R: CTTCCCTTCATCCCGAAGTT
TDO2 F: AAGAGGAATTCATAAGGATTCAGG
R: AGCACCTCTTTTTGCTTCTGA
G6PC F: CCCTGTAACCTGTGAGACTGG
R: AAAGAGTAGATGTGACCATCACGTA
TTR F: GCCGTGCATGTGTTCAGA
R:CAGCTCTCCAGACTCACTGGT
RBP4 F: TTTCTTTCTGATCTGCCATCG
R: CCAGAAGCGCAGAAGATTG
CYP2C9 F: TGGATGAAGGTGGCAATTTT
R: AGGAATAAAAACAGCTCCATGC
CYP2C19 F: ACTATTGAAAACTTGGTAATCACTGC
R: TCTCAGGGTTGTGCTTGTTG
CYP3A4 F: GATGGCTCTCATCCCAGACTT
R: AGTCCATGTGAATGGGTTCC
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

1.2.7 PAS & F0 ICG BMIEE WA HIE R, HFH
PAS Y il & (B = K )AAIMBEIR . F PBS PRk, 378
FiRTH 4% BHER 2 15 min, PBS PEk)5, 4iffiH 0.5%
JEIRR A AL 7 min, PBS ¥R, A Schiff {57 i 55 A I8 Ak 597
B 15 min, 7EWHRREAR TS =% 2 min J5, ] PBS Y%
S, MBS WL, B R 4 (ICG)#3 (MCE ) (10 mg )i ffTE
10 mL JFAIAEEE SR, A5 | mg/mL AYJRIE . 4004 ICG 5y
FRIEPLL 3TCHFE 4 h JFHEHA 1ICG fyEsFR3L, PBS Pk 3
W, BB S LR AN ICG (BB 175 100 40 18 5 AR 40
OB EE ARG FRIE, iR 4h, BIMEE TSR RL ICG

B0, AN
128 HELBEQNAE EFRRSE 150 2.5 G
AR L T W T A R 0 8 AT 8 R
Jii , TR FASI 430 nm A BE (E , Lt 23 BT 45 Fh 4 At i)
PRE
1.3 HiEsbE

PIZH %R H] Mann-WhitneyU 46 56 si(): B XS ¢ Ko 45 0847
HeiE, <y 0.05, Ik ZERA G L Bk A==
M7 Ay, 00 GraphPadPrism 20 #E4 T34

25R

2.1 BSAER PS AMIFESANREHAER HETE

T IRAS B RGHE S A A SR e R AR N1
Sels NIRIFE ST A5 50 o i & P2 (Endoderm ) . 28
i 7 RIFESIEFR G HETEE, WS RN AR CX-
CR4+EpCAM+ il ik 97.3% , CXCR4+C-KIT+ 4 il ik 93.5%,
nE 1A, FENIRZE B AEREE Y, iPS A LIV E T 98 T T4
FLH . NANOG T 100 f5L4 -, OCT4 T 10 5L F, fH.
FHET NIREBAHE R  CERT _Fi# 70 {%,CXCR4 |4 25
fi%, FOXA2 [ 2000 £ L &% HNF4A i 1000 £ I,
nE 1B, x5 R RS T A AT LIARUME B A
T BE A B P IR)Z , 5 SRR TE 1 P IR 2 AR s AR A2, s T
S BE A R & 0 R R R
22 FEEERNRESRS AT

IR JE G 53 A3 57 40 i TS 2 T A L A oA 3R 85
AL B AN ] 24, IR E A A g7 a4k, 5
iPS 2K U5 1) Endoderm A bt , 231k 1) )40 B HLC 27 Sk
K ALB .G6PC RBP4 . TAT Ml TDO2 ik B2 [, [EAT,
T 25 CYP2C9 .CYP2C19 CYP3A4 it B2 i/,
BR — 8 WK o EA5 B 02 HLC [F] i)t & 3% 3
AFP, AFP 7R — R AR A, R HLC (W AT DI A
WA IR E AT K, W 2B; 5341, 5 iPS 4RAEAH HE,
AT B AN 4 i ALB RIRE ST LR, 2T 9 f5 LU
b B TR A M A3 R RE T, AnfEl 2C.
2.3 FrEMRaRIThEELEE

T UEB A AT B S 20 B A T REARRAE , B SR 2R FH G i
DY AT T A5 ALB 7K, 455 BoR i NIRE S
fhimi R T4 2 90 ALB [RPE, inf&l 3A. J5 X471 PAS
PR T XS AR BRI AEAE R T, JT8 T ICG RY48HURN
BEOIESE T HATF T, 255 i 3B, 3C; 534k, k&t T iF4H
MIE PR F 7= 8, 5 iPS AN AH LL , MG S T 40 i R 35 7 f: 44
T 40 f5 A A HEE RACT 4L KF, dn &l 3D, sk segh IR
7N, NIRIF ST 240 M 5346 04 P9 IR 2 AT LA R 25 e 80k oA oy
JHFAmAL
3 9HE

ZHeiHES T UM (induced pluripotent stem cells,iPSCs) 5
WG T4t (embryonic stem cells, ESCs )25, & —KEHA A3
TR JCBR S VR RE A AN, I ELBE 2 S L LR & ks
TR 2 M5 1 H. iPSCs SRR TAUAA & , #lE T ESCs fy 5%
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Fig.1 Differentiation of definitive endoderm from hiPSC
B A Az CXCR4 . EpCAM, C-KIT £ iPS F1 ) £ & A B3R 1% (Flow cytometry analysis of cells expressing EpCAM, CXCR4, and C-KIT among
EC-hiPSC-derived definitive endoderm.);
[E B A% ERE PCR & T EF N AEEEXEETE iPS BIEFIMARERIRIE, P<0.05 (Expression of pluripotency factors (OCT4 and
NANOG), definitive endoderm-related genes (CER1, CXCR4, FOXA2 and HNF4A), as determined by qPCR, P<0.05).
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Fig. 2 Induction of definitive endoderm into hepatocyte

& A 25 R BE 2 2 BT 4R B 0155 St A2 4R BB B (Schematic illustration of the hepatic differentiation process and morphology of EC-hiPSCs, definitive
endoderm, immature HLCs, and HLCs during differentiation. Scale bars, 100 wm);
B 4% 5LE R PCR 4&FT4HRE X RS E F7E iPS 415 . WAEE AT R X, P<0.05(d Expression of
an immature HLC-related gene (AFP), and an HLC-related gene (ALB, G6PC, RBP4, TDO2, TTR, CYP2C9, CYP2C19, CYP3A4,) in EC-hiPSCs,
definitive endoderm and HLCs, as determined by gPCR, P<0.05).
& C A B E A/ S 40 (ALB production in EC-iPSC, EC-iPSC-HLCs and primary human hepatocytes (HL7702); data normalized to 1 million cells).

HEFR A B2 A RS (R HAT B R O TS i 5 S v RE . H AWETEIER] iPS 4 it 1] LATE RS ] 5 5 1) 0375 S 04k

T, FAE B2 U i 20 TE AR B IR T S B 1 7 ik T
Ji& , AT A E AN SR AR IR I, KRR i
LR T ML or fb i T A 4t e (iPS-derived hepatocyte-like
cells,iHLCs) & )" {Z iz I T HCV {k A AMERGL AR 1 T, 3]
TR RIS . 1 EZEEAE HCV BoiaL i Foit 2E 5 240
HCV 254 K Re i R &M, A F AR AE J 18, B TP 4 i
O3S U 22 2 LA VR i A P A A RE AR | TR SR A e B A
) 2R I AT S50 ey IRURS: 4600, (RSN SR IF A I He R L 22T
ZHEATAAEF | i1 iPS SR A 25 1xk 5 DA] DG e Fr JET- 448 e £ 40 A
TR YT AR BAE B A= i 1) JFF I 5 S P 2 4 4 1) S e i
HNAYTE, [ 2006 A5 30 380 )/ BSR4 i o
SETER 1 BR APS SR, 1 AR S LAIRIRE R 7 ik R E r A iPS
YR S IPS 2R A G YT A SEARCRIR , X T R 1) 40
IRYT ,1PS LA FRALFHAEY,

PIRJZ AN, FEEE— 25 A o A 3 B D RE A T 4
H AR B R IR LA, KA 80%LA i b, At
FEUESE T VRSINAT LA VR N T 408 5 75 AR A7 S T A,
LR A AT S A8 1 A5 5 Al

HAT, Z R0 S5 ik CgdiaE ™. LIERE S 78
NIRRT RE AR S Sad 2 P FGF I BMP & 4% d2HE ],
1M1} 35 22 HGF \OSM F13 B2 B 1 [H - (EGF) 75 TR 21 L 11
AR A AFEVE I, AR S 07 A A B R4 R, —
SEAWIFCR G TIN5 055X, A8 iPS AR 7E RS BRI
HARAE 1) 7 AR s IR ARBIE T — A ATE 2 B Be 2 A2 B
Z AN TS F 7 TR S N S R NIRZ S SRR 5 05
EHRRE R IR IR 2, AT 2 M]3 FGF .BMP EGF #l HGF 45
AT LA FLARE M7 S AT 2

JFAR B S — K F Y15  7 1 e S 24 AR phy
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Fig. 3 Characterization of hiPSC derived hepatocyte
B A A EEw N ALB £ HLC By3Ri% (Immunocytochemical detection of the hepatic markers ALB in EC-hiPSC-derived HLCs. Scale bars, 50
um); B B 24 PAS 46 M#E R 1% 7F(Glycogen storage was detected by PAS staining);
B C AB|ME FEIFNRE AL, i B 7] AT 40 B B A 15 BURR A 5| W & 42 I 86 (ICG uptake and release were analyzed in EC-hiPSC-derived HLCs.
Scale bars, 100 wm); B D ARZEFENE, 5 iPS HfaiELL , HLC AN~ EIR S 40 E44, I T/EAR T4 HL7702 (Urea production in
EC-iPSC, EC-iPSC-HLCs and HL7702; data normalized to 1 million cells).

Tl = SERE AP IR 5L, ok RS ALL s 28 0 R0, T4
K, AR T 3D Al SR AL IR RGOk 45 I 5 HLC
AT RE R SR RE . (i H] 3D AU B IR, b 25 i 3D #ELE
ST AR R P R AR R SR R G AR, W]
Fga HLC JFIhEE™. L BTk, ARBTTE S R0 A RS M
Sy RO TR, 2 T B BTSSR, n] o 5 SR B
SIS IPREARNG, b DT IS S B I ST IR R,
SERSERIIPAER 83 B V5 IR AR, LIRS B KRR AL A2
TR RN RS AR L
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