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2/ Re (8] 46 B 1'E FH 2 ImiPS e 3K iR BT 20 AR Y A 24

TRV FWE FHIE
(T IHEER} RS PR 26 = BE B ia =R S0 B s 08350, | R 48 A BE 5 A% 3 s i ==, 1N 510150
R E T S AR TR LA S E S S8, M 510080)

WE  REDEM T e T R T AT e e B A AL, F5T A ta fe b AR Fe 2h 4 T 1k 4— A%
At EARTRR W RG-S S T mIe LA m i, it R RAE R 4 m it ey
AT miets AR ey AR A, S REI, AIRES S 6T miia LT KT 8 & 4 (albumin,
ALB)[a M 69 s AT 20 fi, TRAEARGE RAT 69 0 i £330 T AT e f &5, 4R34 3R4F F i6% 4 (alpha-
fetoprotein, AFP) #= ALB 8 /14 & X 49 48 2. ; GATA6(GATA binding protein 6)#= HNF4A (hepatocyte
nuclear factor 4 alpha)& A K-F XA L HF M £ F, (2 TEXE ML LI AFPARALBR A & & T1%
Rik, GESEHEZR., 4RT, @B -FE5mRR. 2apRimzttlSFREYn% kTR
gy ok, 4m it Ia) 48 ZAE R A T AT 40 e 2 @) -5 kit A2 o B 4w el Rl

XiiE BRI 15Tk, AN I 20 A R A

Cell Interaction Influences Maturation of Induced Pluripotent
Stem Cell Derived Hepatocyte

Wang Ding'**, Guo Liyuan', Li Weiqiang®
(‘Key Laboratory for Major Obstetric Diseases of Guangdong Province, Experiment Department of Gynaecology and
Obsetrics Intitute, the Third Affiliated Hospital of Guangzhou Medical University, Guangzhou 510150, China;
*Key Laboratory for Stem Cells and Tissue Engineering, Ministry of Education, Sun Yat-Sen University, Guangzhou 510080, China)

Abstract Study of pluripotent stem cell hepatocyte committed differentiation would be helpful to
understand the mechanism of liver regeneration and obtain the biomaterials for regeneration medicine and
drug screening. We established four stage inductions and compared the cell morphology and hallmarks of each
differentiation stage between passage and no-passage. By committed differentiation, we derived ALB (albumin)
positive mature hepatocyte from iPSc (induced pluripotent stem cell). The phenotype of cells with no-passage
was closer to mature hepatic cells. The two groups had AFP (alpha-fetoprotein) and ALB positive cells. There
was no significant difference between the expression of GATA6 and HNF4A, but expression of AFP and ALB
were significant higher in no-passage group than passage group. It concluded that pluripotent stem cell hepatocyte
committed differentiation was one comprehensive process, which involving cytokine single, cell-to-cell and cell-to-
matrix communication, keep the established cell interaction would benefit the hepatocyte mature.

Keywords induced pluripotent stem cell; committed differentiation; cell interaction; hepatocyte;

hepatocyte mature
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EARER A AR LA RS R T AR LK) 3 1345
ZRET AT LA A B F IR B KR 1.2 iFFiPScAF L
A, A 2 Re T 0 I T R PR U I SR ) I 121 Z#WHEEFIPSAH 2L MWEKIRES

i T 4l ffl(embryonic stem cell, ESc)!"Al & 4 F£ K%
A4 3R A5 (1) 155 3 2 i T 40 Jfl(induced pluripotent
stem cell, iPSc)?. iPScie i i i FRIA MG B 2 fe
bR, ¥ A AR MM E IR R 2 ROIRE
PRI, B HATEBINENG, X REScAHE A
R, 2 B R S AN AE Y S L A . iPScill
€ M5 S04k, T DAORAS & RGN . A DhRE
Y, X — 77 2B AV K B SRS 5
— 7N AR AR AL R M4 . S
B AU RS, FE4E MR AT f A A AR Th
A B ST 1 BT ] DS P40 B S e 7 T 2
P59 1) T~ 44 4w DL i A A 5 P S e Y JH 2
JE A5 T AL AR o

FAE20044F, HLA XN 2 66T 40 kAT I 704k

(IR FEARED . I 2R 740 BT 5 1) 9 82 1 (albumin,
ALB)FH M 4 M AN a%. Bl 3 5 AR 1 ik Aot i
41 H or A i 2 S S B A H s E A, 5
I3 22 BT 4 AR 2 R A H A AR 1) 25 A H 2 AR
Duncan®ff 50 05 1 VUL T 2 6 T A7)
IR BT AR B T . % Riads | &4 4R
o 53 A RS T A0 i DR ) ORI AT AL, I 42
B — PSS R B, B RO 4 A
¥ 4A(hepatocyte nuclear factor 4 alpha, HNF4A) I
ALBPHPEA SRS 42 s 2] T 70%LL b o FATHEIE
Duncanf] 734k 77 £ #EATiPSc 41 i 5 3 01k, &
LT 20 M A% DR -4 A BH M 22 1] LLIS £ 70%, {H 2 ALB
FH 4 21 B 3845 2 AN H20%, 1 H 820 d, 7858 = A
FVUPY B 3 e, A RIE R =, IR S 1
e ) 2 s 3 7 0L A T 20 R S, e & m 1
R, FRATTHE 2 AN =B Bt oAb &5 R I 1740 g
FEAR, TR AL ACRH VR 41 i 2 A] ) 3 42 2 15 0 28 = H
SR B oAb 25 B A sg i, e ST %, (et
% R4 M ) SR L ) 5 1R 5 2 A

1 MRI5REE
1.1 ZRpatEsE

W iPScHz B 75 FE ik (matrigel )T #5 10 40 g 5%
FRIL |, F& 02 5T A0S UG TR 2 85 I8 FL R 7Rl
AL T0%IC A Ja, Jo AR IR B 1k, SR 5 HLA
IS B e A

R I iPScH 2 R 73 AL R 40 i, FH B 2 3 6 0 A 1
B2 L, B b A R o M B A (R Al B R L |,
Duncan ) VY AVES AT 40 M E 7] 152 0 A 38—
B BONNIRE T SR EL, 4 Naifs R A0S 2, alf5 S 18
2 d, 7R3 N 16405 12% B27. 100 ng/mL Activin
A. 10 ng/mL BMP4(bone morphogenetic protein 4)7/l
20 ng/mL FGF2(fibroblast growth factor 2). bifs Fidt
FE2 d, }5 975 Saiks T Fr AL, A A IBMP4AT
FGF2. % —r BOYM 4058 75 S B, 355 d, B
FRFEN 1640 IN2%(B27+ 100 ng/mL Activin A
20 ng/mL BMP4#110 ng/mL FGF2. Zf =Bt AR
LRI 5B B, 355 d, BE AR Y1640 2%
B27H120 ng/mL HGF. 2 VUM BN il 240 i 5
BB, B 7R R AL A B 57 2 (Invitrogen
AN 20 ng/mL #7198 2 M(oncostatin-M,
OSM). HFr BEMEEWERANNL, e st il & 5
JiKF, RT-PCRAG M mRNAZK-F-.
122 HieERESRmeEE  HIITES MR
FVES =B B T 45 o, 9 E 1 I Vi 1 A 4 o
o M 2 5L R A A R Al e, o3 S HEAT
MBI BT . s S as R ek
F, G 5 e I 2 5 K S, RT-PCRAS M mRNA
I, HLBL 2R B 15 5 BT A AR AR AL B 41 i 17] )
FE Tt o
1.3 RERAMRT-PCRIQY 5L I6FR
R 3 A0 BIiPScHE Fh 247U R, S s Ptk
AR i B B 4 5% M BT i 4(stage-specific embryonic
antigen 4, SSEA4)HI M8 R 7 H1 )5 -1-81 (tumor
recognition antigen-1-81, TRA-1-81). 4% % Y650l 73+
WEHRAE. RS, &b Beas Rt
WOER AN, — B2 [ E T3 b, BT S POt et
(U <10°40 i, A cytospin 28 oL F-1 500 r/min%E
I 725004 min, 40 I BT O B ATREIE . Bet).
TE 26— BOMI 8 — B Bt R, 23 7Kl SOX 17 (sex
determining region Y-box 17)MHNF4A [ 1%, 81t
SOX17FTHNF4A ] B 3 % 58 AR A IRCR, 26
T B RO P B A 2K T 60%, AFPAIALBH
FIE N, BEAT N BOE S A . S =AEE TURY
B (g R, Ee B R0 7 1% i 45 41 il AFPATALB
BH V40 L B 23 26 16 22 5o RT-PCRAZ 36 43 4k i 78 A
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K S HEAPmRNAZE AL . 755 — [ B 58 LT, WSR2
Jid $2 BUmRNA, #5 Il AFP(alpha-fetoprotein)s ALB.
GATA%: 4 55 F16(GATA binding protein 6, GATA6)H
HNF4AZRA L, DL AR 20 et ], Seit2fh s
LS4 EmRNAK V1 % 57 . AFP5|4)-F: 5-GCA
GAG GAG ATG TGC TGG ATT G-3', AFP5|%¥)-R:
5"CGT GGT CAG TTT GCA GCA TTC TG-3"; ALB
5#)-F: 5“GAT GAG ATG CCT GCT GAC TTG C-3/,
ALB5|¥)-R: 5-CAC GAC AGA GTA ATC AGG ATG
CC-3"; GATA651¥) -F: 5-GCC ACT ACC TGT GCA
ACG CCT-3', GATA651¥J-R: 5'-CAA TCC AAG CCG
CCG TGA TGA A-3"; HNF4A5|%)-F: 5'-GGT GTC
CAT ACG CAT CCT TGA C-3', HNF4A45|¥)-R: 5'-
AGC CGC TTG ATC TTC CCT GGA T-3',
1.4 BB

0T RO Gt g R, B AL BEAL T 23
AN AT o BH A BT B R, S E AR A 22k R
TN A IR, B HEAT R T K 5 B L A TA) 2 S
P<0.05 NAFAEREMEZE R . XTFRT-PCRE R, tha 36
FLi 4L IA) 22 57, P<0.05 NAFAE R E 27 .

2 H#R
2.1 iPSc/ L AT 4mAE

iPScfE LT Z I Rk R, 2rBEREAEK,
i B S T, 2R1A £ R AU AR ESSEA4FI TRA-
1-81(E1). 238 1yVY 555 53 ml LAFS FPSc 4t i
e BRSANEHE AR, WNSHRER
TFELE M. R R R, B NI Z 2 1715
SOEE B BY)S dJa, 80% Lk 41 il R IASOX17,
DB RIEHANFAA . I8 T 40 5 1115 55 dJE
B =By BY), 4 £F 2: K 15S0X17, 70% LA 41 f

100 pm

FIEHNF4A, X — W B 45 o i) 41 g A 3R 15 AFPAI
ALB(2). i A A5 3 0405 diE G =
B BY), A 4i T 46 3R 1A AFP, {HJ2 AR IEALB(K
3)e o B BT AR S5 dJE GR DU BY), 15
BB 4> ALB 498 ¢ s Yo €0 FH P 1) FF 2 e, 1ELE 431k
Y i 4 4 5 R I AFP(B14). RT-PCRZ: R iR, AFP
TEGE FE R 5 T 3RIE, 7R3 = BeaRIs N Tiivg,
SV BERIE K. ALBYEHEN AR Fh B Tk
NI B B s R IE, (HRREEH
KT JFEACHT 4 L. GATAGHE 5 — R 5 I BOB S
AT R T R R S T RO, B =B BT IR T B
HNF4ARG 5 530K, 1558 I BOk B T, 25 =A%
VURY Bk RS T B (S).
2.2 WOIRYEREERER AT BT A AR S L E A RER
TF4HRa

JFF 4 5 1] 70 AL B BB — B BOSE R a, 40
SEUEREAEK. —HNHE #E kS 5 =B
B R BT T BUE Sk, e — I B
s, Mk s iy 5 =K, D EmiITan 250
JHF 200 B A 400 0 TR 2 (il B R, T PN T L B R .
A —H R E AR IR A MR, =2 — 14
PR o T e O IR A 1 4 i L DA gk 2> 48 i 1)
FEAER, IINEE = Bl 72 347 8 2 0, X
— RS I A AR T AN R, B ks R
B EF XA, Atk se K, 4 b
BH, PRFF AR, (HSCSR 20 M £l T 1R 40 o
9, H LT 200 o 5 A 4 R (BI3) . s R e R
TN, GRS A AR AR ZH A AFPRE 1 40 i 43 53l
59.43%+14.87%F171.27%+9.12%, W& ANA71E B 3%
PEZE 57(P>0.05). £ 82 v WL /b B ALBRH 1
gl i, A2 AR 2 R K BLALBFH 4 41 g (K13). RT-PCR

100 pm

100 pm

A: iPScHIEZ EMEAR KRAE FRSSEA4; B: iPSc#kik £ AEVERI SCHEFRTRA-1-81; C: AU AL et
A: iPSc expresses pluripotent associated markers SSEA4; B: iPSc expresses pluripotent associated markers TRA-1-81; C: cell nucleus staining.
Bl %ERNELEFEIPScEEEMIEIR

Fig.1 Immunofluorescence staining of pluripotency markers of iPSc
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ey

100 pm 100 pm

100 pm

100 um 100 pm

100 pm 100 pm 100 pm

A: = Baifs T B~E: SE— B F(E), H— MBS, 41i3RiES0X17(B), NRIBHNF4A(C), 4144 #(D); F~L: 5 M BLif 51, 5
M Begh R, AN RIASOX17(F)HIHNF4A(G), AEIEAFP()MALB(K), 1% 4 (H. L).
A: cell morphology after stagel a induction; B-E: stagel b induction (E), after stagel induction, cells were SOX17 positive (B) and HNF4A negative (C),
cell nucleus staining (D); F-L: cell morphology of stage2 induction (I), after stage2 induction, cells were SOX17 (F) and HNF4A (G) positive but AFP (J)
and ALB (K) negative, cell nucleus staining(H,L).
E2 ZHEEIESIPSIRETRAAE
Fig.2 Classic differentiation of iPSc into immature hepatocytes

100 pm 100 pm 100 pm

100 pm

A~D: MR S A BT AR E~H: BAEE S AR 0. A E: FOUMEARIEEZR: B. F: 300 (0 HUALAFPRIFAEAN
% C G YOLU O HERALBII PR B Dy H: iz e (.

A-D: induce immature hepatocytes differentiation by classic method; E-H: induce immature hepatocytes differentiation by passage method. A,E:
compare the morphology difference by bright field observation; B,F: the rate of AFP+ by immunofluorescence staining; C,G: the rate of ALB+ by
immunofluorescence staining; D,H: cell nucleus staining.

[E3 RRIEXTIPScEA BRERAT 4 A 53 (L B 720

Fig.3 Passage method influences the differentiation of iPSc into immature hepatocytes

GER BN, BIGESWHIIAFP. GATAGRIHNF4A 34 SO0 MU AR BN 240 PR T2 4 5 - S Jl 0 HH 4

f) 2% 3k = B B T AR AC4L(P<0.05), ALBR K &%
AR EMZE R P>0.05)(&5).
2.3 WEIMARRERER ORT ARE R ER S 1L

AN AT 20 i T S SR = B4 A, L

RIS . AR B, AT, A
BT AR A AL IR R )55 d, A fRFF R A
K, 4B SR B . AR B R T
5 e A ) 4 S IR L L, 0 4HHIBE TS, 4
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100 pm 100 pm 100 pm

100 pm 100 pm 100 pm 100 pm
—

A~H: iPScHE A AT A AR (A~DY R AC(B~H) JE AT 55 DU BT BT AR A S o AL E: FURERAN S 25 By Fr RETOLH
TLLEAFPII BRI, C. G: Ao Rt LLATALBIIRH R4 2, D H: 41 e th.

A-H: comparison of no-passage method (A-D) and passage method (E-H) derived immature hepatocytes committed hepatocyte mature differentiation

by stage4 specific medium. A,E: cell morphology difference was identified by bright field observation; B,F: the rate of AFP+ by immunofluorescence
staining; C,G: the rate of ALB+ by immunofluorescence staining; D,H: cell nucleus staining.
El4 ERRIEXTIPScT LRI BT 4R AL AR RIS

Fig.4 Passage method influences iPSc derived hepatocytes mature

( A) AFP (B) ALB
50 0007 1.200 01
0.800 0
40 0004
3 3 0.400 0+
§30000~ §00050 ' _x
Q 20 0004 Qo ) T 4
£ 100001 Z
= =
& &

& .
< ®
© (D)
=1
3 8
2 2
2 2
= g
& 2
>
& &
& &
<€ <€

A~D: iPSc/ME IR % B Bt AFP(A)« ALB(B)+ GATAG(C)FIHNF4A(D)FImMRNAZR L L, 16 A 2T 41 B 40 A0 F s 24T 40 B o Ae B B, Eb B
FARE SAEARIE S 5 R mRNA R ZE 57 K5k, #P<0.05.
A-D: detection of AFP (A), ALB (B), GATA6 (C) and HNF4A (D) expression during each iPSc differentiation stage, during immature and mature

hepatocyte differentiation stage, comparison study of passage influence in mRNA level, *P<0.05.

[El5 RT-PCRAZMIE T L 1EXIEARmMRNATKFE L
Fig.5 Detection of mRNA levels related to differentiation markers by RT-PCR
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FEAS B ik, B 24 6 A Jee, 5 400 PRI, AN 2 3044
MRS, 245 S DB B3 72 05, mT L3 40 JH 2 A
1) 4 i B P (4 o WSCAR 585 DY i B A 5 s )
UM, AL ARG 40 B B 2 K T2 i, 2 R
R M S T A RS . L R, W
20 A I X AFPRIALB 41 i, 22 Sy F A% 4K
TESRAT I BE PR 0 M 2 A AFP 37.79%+9.87%Fl1
43.19%=£12.34%(P>0.05); ALB 23.14%=11.87% Al
10.19%+2.34%(P>0.05), #AAFEAE 25 M 22 7 (E4).
RT-PCR%: 7, GATAGMIHNF4ARAE & E 1 72 5
(P>0.05), & o3 AL HAFPRIALBH 15 & i T4,
AR M 22 57 (P<0.05)(5).

3 g

A DA T IR B TR R 52 22 S5 5 T8 I TR 4% 1)
H A5 R, s AR E S RN R 1 R AR
R, W] LA HE 22 RET4H0 M 00 JHF48 B 23 AL, R T s &L
(1) 501 T 28t 2 30 e AU A A U TS e 1) 3 2 S
. BT EE T 2 se g b N IR = 4
M, AR5 PR . SOX1742E N IR 2 Ak B BE 1
b, SOX17H R /N RUR A M W IR 2 K & RS, 1
HSOX17/E Jy#E e 7, 1) 42 (1) 55 (R AT LA A 2t 30
A, I R T o A LA Y I 2 R TR R AR
FE RN, E IS — 5 =B B, 4 i
FFE: R IASOX17, 1M H BH MR KL H70%. GATA6
FTHNFAA R JFFIE TR i 1 2 1) e e Rl 700, RT-
PCR&S R EIR, GATAGTE 55— 1 265 B Bk 2 Rk
UG, 55 = ANEE DU B RSl N RE . HNF4ARE HSRIF
W o 0%, mRNAZR A TE 25 I Bk 2 m g 4R
TR B, G G T, I T PE A i R KT
70%. X EL 55 R P IREEIR, A FTAR Sh S50 AR B Hh
AR TR R Rt A%, B8 — FH AR B B A2 B
iy, 1938 7 KREM A4 . AFPAIALBZ
FSCFA 4 B AE DG F8 b, E IR & B kR, B E T
Y1 B B BRN A= W 2 Th e B, AFPIZ T[4 1K, ALBFF
GRFEIRN FRATH 7 Ak SR, A2 55 = A DU B,
AFPFESERIA, BAREE VUM Bt I B ALBIY R 1A T
I ATALBRH PR, (H 2% LR ARAF 4 fR, Rk ik
AT BRI K. 1 HRANVEI, 7£2 K01k
H, HEAEKRI AR S 2 IRE, T2 RO IR 4H.
BURELER, SRR FRATIAR, & 75 AT LE
THAARACHR P Sclml 28 i 00 734 33 5 gk — 2P AR

Wt 757

BTAT A W4 T7 SRt AT 0, B B
MR 522 A 5] RS I B ) R, 3 9 B S 0 A 2R T
ik A M AL AR, ARG EE S5 AN R R, W RAER
EZ AL IR T8 e SR Ja FRATTHR S 87 7 R 74 2%
2R, AR I B U, AR AR T 4R A 7] 23 kAR
CLIE, 43 (A AFPERIE TH iy, SR G Bl JH- 40 I
F#, AFPFEARTITALBF =1, B EE = Hr BL3R1S Mk
AFPI A4t i, B DU B3R 15 M R IB ALBIT (K%
IEAFPIIA MY, (H 2 AEAE AR S IG o IF 3% A 3R A5 TN
() S5 448 IR, I S 4 B 4 THE A i 1 5 3 04k
BOREE ., B TR 8555 2 e 40 i [ -2
i 7] 5 o0 A R v B B bR B 1 (SOX 7
HNF4A. AFPAIALB)ZRIA, #77E LAl b i % 5k
6 25 4 i 1) e S AL 3R K, 43 i A ER SR A . B R
SR bR A, RS B8 BE 4 T Hb VP PR R 20 A T T
JH- 240 1 53 A RS R 55

E fVIE 48 PR 422 O R4 R, v ik 4 i R 2 AR
Koo R S5 n) UK A R T2 mriP Sl 4 i 7 5 4k
IR . CF W7 R B, = 4E(three-dimension, 3D)
R ERTT DL A ABL A B OR B AR, 52
RE T4 M o0 A 3R A5 A B R 4R B . IRF B, O
KT ZRe T4 /e = 4ER5 72 58 o4 Lt
A 2 U ZR A B FE, H 2 AR L 23 A4 4
. RIERATBEFLEE R, HEN 2 66 T48 13Dy
1k, H4 2 IRAT BRI I IR0 B ) A RO R . 25 BT
W, AHFCEENL T iPScor 4 U AE AR B AR, X
I3 IE I, S A AR R JH 40 e 2o A b
PR JEEE R 75 5 I B A 1) R, d e A A 2 B
TP R PE AN 8 U 240 3 42 o0 H 200 L s o PR 5 T,
PLPR A 20 P AT R T 3R AT R A P 2
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