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Induction of various cell types from amniotic epithelial cells
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In vitro differentiation of human pluripotent stem cells (hPSCs) into desired cell types is a promising
tool for regenerative medicine to treat damaged organ or tissue cells. However, because of the difficul-
ty to obtain the hPSCs and the differentiation methods, it has been still under development. Here, we
report a method to utilize human amniotic epithelial cells (hAECs) a type of placental stem cell that
possess pluripotent stem cell-like differentiation potential, immunomodulatory, and anti-inflammatory
properties and are therefore considered to have prospects for cell-based therapy. We differentiated
hAECs into tree cell types including alveolar type II (ATII)cells, hepatocytes and pancreatic (3-cells
through direct cell reprograming strategy. We successfully induced each cell type marker gene. More-
over, global gene expression analysis by using RNA-sequencing revealed that differentiated ATII like
cells expressed many of Respiratory gaseous exchange by respiratory system associated genes. Our
results indicated the potential of hAECs in regenerative medicine.
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DRKEED, WHEZEE I E 520 ICBIRES
FTONTVBY, DIV EERICRF—IZED T
NP, 2 S OfIfEA DML E 2 & 0 EE
HETHTO 0, B5RTOEACLETL Y
N TOYSICTEERWEY, ZOHBETHN
W PSRN, S EERES DhAECs & L T
OB HEMBIEEZE L 22X HOOMED
HEEREI L I ENMFHFTE S, AWK TS,
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BIFH Forward primer Reverse primer

GAPDH ACGGGAAGCTTGTCATCAAT TTGATTTTGGAGGGATCTCG
SFTPC CCGCAGTGCCTACGTCTAAG AGATGTAGTAGAGCGGCACCT
NKX2-1-UTR GCTGGGGAGAGGAAAGAGTC GGGCACTTCCTTTGTGTCAG
SERPINAT(ATAT) TGGGCATCACTAAGGTCTTCAG CAGCTTCAGTCCCTTTCTCGT
INS ACGAGGCTTCTTCTACACACCC TCCACAATGCCACGCTTCTGCA

cal Materials) THiffizsHHIL, hAECsiZiZMOI15-
30 &7 KD IR,

2.3. HRaiEE

b bR R AIIZIE DMEM (Gibeo) 1210% FBS
(ZF L), 200 uM L-Glutamine, 1X JEMET X /
%, 1 X Antibiotic-Antimycotic, 55 uM 2-mercap-
toetanol (V29 1% Gibeo), 5ng/ml EGF (peprotech)
EIMA TR TR 28 U 7, HEK293THI X O 5 —
72—k U722 MR TDMEM  (FIoEfisk) i
10% FBS, 2 mM L-Glutamine, =3 > Z L 7
NYA 2 D EMA TR R TR L2, W OM
fa® 37C, 5% CO2TH=EL /=,
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BB 2 1T B R 7 S 1172 hAECs Z @l 1% 14 H
M3 U 7214 CTSFTPC-GFP 2 MifldiCE AL, &5
122 HE R4 % 10cm dish IZ A% U 7=, SB-431542
(10uM) ZMA M T2 HEE# L 218, NKX2-2 %
BALKZ, ZD%IMDM IZFBS, L-Glutamine, KGF,
FGF10 (\W§'41% 10 ng/ml, peprotech), CHIR99021
(10uM, FHIATAY) ZMAT-5EHT 14 HI#EE
=%, SHEBRICHOZ,
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TG AR 14 TTRE 28 U 72 hAECs [T 2N TN DR
BRTEHEAL, X510 HMEEEL %A%
BILL, SEEBRICHOVWE. WINndEEIT
hAECs DRl TT7 5 7o FEMUTIRIN L 723l 3132
neh, DLTFOREETHMAL K, SB431542 (10
uM), ALKS5 Inhibitor II (10 uM), LDN-193189 (1
uM), T3 BuM) (TN HITITIVRY v F)
3) RT-qPCR

HIRIZ A1 # NucleoSpin RNA (¥ 51581 F) T

RNAZ[EL L, ReverTraAce CEIf#i) THiRE X
It 217 > 724 PerfeCTa SYBR Green FastMix (Quant-
abio) 12X U, TLightCycler 480 (Roche) TqPCR
#=f1o 7. WAEMED > b O —)LiZid GAPDH % i »
7o AWz Primer BLANIZIE 1ITE LDz,
4) Transcriptome fi#47

Transcriptome f##T1Z STARY 7 b = 7 Z2
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W—)LTU— KA > ~ZEHAIU /=, Differentially
expressed geneldDeseq 7 b = 7 & H W THH
U 7z. ERS 534, Volcano plot DYERIIZR Z FH U /=,
b — ;< v 713 Heatmapper Z IV THERL L 72,
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Hififel b B MR~ D 3L EA RN e % 5D B T E DV
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LB ENREEHD D Z L2 HAE L TTGES
ZAK (ALK5) DFHESETdH 5 SB-4315421Tf A,
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MO E /s O 7= DI, TR bR IR B
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%2 Gene Set Enrichment Analysis: 9{t55% vs J2MO—J NES' #EEFH #WiEpfd
Negative regulation of viral genome replication -1.93 49 9.30E-03
*ﬁf Interferon-alpha production -1.92 23 2.60E-02
14 Regulation of interferon-alpha production -1.92 23 2.60E-02
9':3 Positive regulation of interleukin-4 production -1.91 19 2.70E-02
;—j Regulation of natural killer cell proliferation -1.9 7 5.40E-03
}i Negative regulation of viral process -1.9 82 2.50E-03
& Positive regulation of amine transport -1.89 24 3.20E-02
Maintenance of gastrointestinal epithelium -1.88 13 3.30E-02
Cotranslational protein targeting to membrane 2.138 102 1.10E-03
SRP-dependent cotranslational protein targeting to membrane 2.128 96 1.10E-03
Protein targeting to ER 2.094 111 1.10E-03
Establishment of protein localization to endoplasmic reticulum 2.055 114 1.10E-03
Oligodendrocyte development 1.991 38 2.10E-03
Oligodendrocyte differentiation 1.962 84 1.10E-03
Central nervous system myelination 1.959 18 5.10E-03
Axon ensheathment in central nervous system 1.959 18 5.10E-03
# Cyclic nucleotide biosynthetic process 1.939 16 7.50E-03
”3 Cyclic purine nucleotigle metabolic pr.ocess . . 1.939 16 7.50E-03
% égtehnvx\;;a;ce cyclase-activating G protein-coupled receptor signaling 1.938 92 1.10E-03
c ﬁgfhnvz/ga;e cyclase-modulating G protein-coupled receptor signaling 1.934 142 1.10E-03
b
I Cyclic nucleotide metabolic process 1.925 34 6.00E-03
. Activation of adenylate cyclase activity 1.92 24 8.30E-03
CGMP metabolic process 1.917 14 9.30E-03
Protein targeting to membrane 1.911 197 1.00E-03
Negative regulation of multicellular organism growth 1.908 11 5.30E-03
Respiratory gaseous exchange by respiratory system 1.903 58 5.10E-03
Ammonium ion metabolic process 1.898 18 1.60E-02
Vascular process in circulatory system 1.888 201 1.00E-03
Response to axon injury 1.881 69 5.10E-03
Regulation of tube size 1.876 97 1.90E-03
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3.2. FFERANDMEFEEDORSRE

A~ D 7k & M8 D HEFF IZIE HNF  (Hepato-
cyte nuclear factors) &EIFIEN %A FHOHANE
FANEEELINTNVDS, FKROFEAYY TIE
HNF1B, 3B, 3G (FOXA3) OFHMMNE THD, %
D% HNF4A, 6ADFEHNTLHE L, BRI TIZHN-
F1A, 4AD TG D VEE SHREDHEFF 2o T s &
EALNTWSEY ¥, APFFETIE, FoEBR CUE
72 HNF3G, 6A X O FFHEBEDMEFFICL E T H H &5
Z 53 TW2SHNFIA, 4A % hAECSIZTE AT 5 Z &
THA L7 YTy 5227 %&lHiz. il bR
Mifa & FERIC, e MEo S aiEEE L
T, al-7>F U T (AIAT) TOE—%—fk

I mCherry Z #H T 5 LR —% — 2 f W 7=,
HNFEETFHOHEEROEE LD 20ITAK
W7E T, SWTFO2fE, 3L 4L TOMAE
DODETHEETEZEAL, BBETFTRBZLKL 2.
hAECs % 10 H fil 55 2% U + 2 7 fll i £ % 15 7= 12,
A1AT-mCherry % 8 A% & A G H O HNFE R
FRAEBALL, BETOEAE2H TmCherry ®
HANBRINAED, 10HM EA Uk (K6).
EBRICAIATOFE #5701, MdzEIL,
RT-qPCRIZ L U mRNA £ %58 L 7z & Z A HNFI1A,
ADHAEDE CERTFOEAZLLZDBD THRD
FENTUHEL TH D, 42 TKRUIA 3G, 4ADH
AEDOETOHREERIEHE LANA SNz, AT,
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%3 Gene Set Enrichment Analysis: 9t358 vs I ~O—) NES' #EFH  WiEpfd
Cornification -2.43 73 5.90E-03
Keratinization -2.42 86 6.10E-03
Keratinocyte differentiation -2.22 157 8.40E-03
Eyelid development in camera-type eye -2.17 11 3.70E-03
Skin development -2.15 265 1.20E-02
Peptidyl-arginine modification -2.11 18 1.10E-02

?ﬁé Epidermis development -2.09 304 1.40E-02
gy Embryonic eye morphogenesis -2.05 32 1.10E-02
ﬂj Hemidesmosome assembly -2.04 12 8.40E-03
B Epidermal cell differentiation -2.03 208 1.00E-02
L; Regulation of cardiac muscle cell action potential -2.03 23 1.80E-02
= Positive regulation of axonogenesis -1.98 78 6.10E-03
Embryonic camera-type eye formation -1.97 10 1.60E-02
Positive regulation of axon extension -1.96 38 2.00E-02
DNA methylation involved in gamete generation -1.96 14 2.90E-02
Gonadotropin secretion -1.93 12 3.20E-02
Luteinizing hormone secretion -1.92 7 1.10E-02
Humoral immune response 2.18 162 2.40E-03
Neutrophil chemotaxis 2.17 71 2.40E-03
Complement activation 2.15 45 2.40E-03
e Granulocyte chemotaxis 2.15 91 2.40E-03
m Regulation of complement activation 2.13 35 2.40E-03
sy Neutrophil migration 2.11 87 2.40E-03
ﬂj Granulocyte migration 2.10 107 2.40E-03
B Regulation of humoral immune response 2.09 50 2.40E-03
Bx Humoral immune response mediated by circulating immunoglobulin 2.07 35 2.40E-03
- Complement activation, classical pathway 2.02 25 2.50E-03
Antimicrobial humoral response 1.98 79 2.40E-03
Myeloid leukocyte migration 1.92 156 2.40E-03
Positive regulation of macrophage derived foam cell differentiation 1.92 17 6.90E-03

THETV )Y FAISZI7

oA GTHLE TRARLBAENO EFITIR 5N
Motz (46). F7z AIAT DISMT R B E
REBT I T I VBRT R OAFPEIET OB O
ERBEREIN, M EOERKID, hAECsIZ HN-
F1A, 3G, 4AKR V6AZH AT %5 Z & TH#MlE~ —
H—BIRTOFRREHFETEL I LIRS N,

3.3. EERHARAANDMLBEEEDRF

FEATHRZEIC R D, M BRI~ D oAb B OV i A
ELTOMEZHET2-DICBRATH L EEZLDS
NTCNWDERBRTFOHRMNS, b NER EEHE TR
LU TOWBRWSEEOEE KT (MAFA - NKX2-1 -
NKX6-1 - PAX6 - PDX1) IC#HL 7= P, gHic

%42 DIRGRTONR AT 2012, ThTh
DEERTEEAL, 2R VEETRERICEE
NH BNz, BLETFEAR2EAMTHEAL L
ZA, A AN VEEFORBICHEERERIZAS
Nihotz, RIC2HEHDOBLETFOMAEHETA
A VBETORBEFE TN ETND
DIZERSRFOHFTENETN2HEOHAEDE
THEETEBEALLEN, 1R VEBETFORER
FB RIS N o, BEMREZ S S5IT4
HARICIEEL THA A VEETORBICKE /R
EAIE s> 7z, DEOEFERTTIEA > AU ViE
RTORBRZFETERNEEZ, SRTETER
RRCE AT 2 Z & a2ilAr, FRICIEMEEL,
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mRNAEZ MR L7 & 25, SHEDOIRER T %8
ALZME T2 ~45D1 > XY VB FOFHE L
AR SN, BEMAZGRRICEEL 20, 1
DAY VEETFORBII N EER TSI L3R
Mo 7,
RIZERESHFOBANMAT, BB AU >
B FOREZ LR I®2 2 ENniel/ Ny
MORREIT> 7z, SEfTFRIC LD, OWnt/B- 7
T2 TFY T OEMAC@TGE > 7 T
OMHSBMP > 7 F 1) > 7 O HIHI@HF R AR )L &
BRI AN OB ERE EREES
ENHILENTNS, ZN5DOH T, (DhAECs T
Wnt/p- 7= 270 2 TIENERICIEELE S
NTWDEDRIAL, ho@~@IZ DN THREEL
7zo TGFp 71 > 7 DM D Tid SB-431542
J CVALKS Inhibitor I1i2 & 0, BMP 25U >/ ®
M3 LDN-193189, HURIRANILEIF RV I— R
Fo=—> (T3) ZHEEWITIRINT S ETITo 7.
TNTND/INGT 2 BEBWRITINEL > F I A VA
2L D ERESHFEEAL, FHEOEMAET2ERIZ
4G L= &2 A, TGRS 731 > 7 24 L
EEMETa hOo—)L EHARTI0~ 15501 > X
) >EERTORRO EANHREINGZ, —HT,
BMP> 75U > 7 QNI R ELFH RIS, H
WAL E > DIRIMZD LA A > A 2 EILT DR
BaMH Uiz, DA EX D ARWIZE CER E M5
fi 35 @ #x 5 K + (MAFA - NKX2-2 - NKX6-1 -
PAX6 - PDX1) ZL >FUA I AICKDHEAL,
ALKS5 Inhibitor I Z il A TH#%$ % 2 & T, §EFR
AR VBT ORBEFEZITO TENFRETH
5 EERU, E£ie, BINREIZ LITIPSHIEIC
BT HWETIEHIEANDFE) R E FRIEDZ
EDURS N TWBFREFRILE > ORI, k&S
HWFoEAICIA, TGFE 71U > 7 oMkl &
54 A VHEETFORE LR OMREETEICHA
AI, A AN BIEFOFEHIT R LRI R
RO Z ENUREI Nz,

4. £ £

AWFZE TIENKX2-1 25t BB I 2 & T2l
fi] & WS iR ed TR ThAECs 12 3 W T IR fifi fig
R R B TR AR TR A R BT A M 0
2RI L 7=, Gene ontology fiHt @ & e TI1E 4 8l D

FHiETHE L ZMfaidoc & 725 72 hAECs D E %
KL TNWDZEARBEI N/, AT, Ml kR
Ml L TORRBICEE THD EEA SN TNDHE
BFRHEORBIINWTND EFLTHBD, ZofRIC
725 7=HH & L C, hAECs ICH A2 &5 T DR
MHH S NN oD ThD EELZLND, 5
D FIRTEE N F O A X - Thififlg kg o
HE/{EE2E0WIHDTH D, hAECs DR H 2
#1925 HD TRV, ZHUIDLAEHTH 2,
hAECs 1213 85 R ME O K S g Rl fe iz &, B
RV B 2 A TWb 72D, hAECs DF;
BERFLZEE, Ml bEEfaotEgeEaIg
5 ENTERL I LIRS AT & WA EEN: 2
Rile Bl WA S, SBAEEE L AN Ao —
Ty OF > NTOTA 2 ESMWT S, 1Rl -
BRI oML AT REN E D M EE R L, EOREN
RUfitifel bR & U C OBREZ LRRE L TH 2 FN
HEEHIT, P THMEIBEICH H/RhAECs & L
TOWREBRFL TWSNEFAND Z L THED A
EAI A E I O FAICHEHTH 2 Z EAUR
INBHZENWFEINS,

fifi i b Bz A I NKX2 — 1 E WD E— DX A
=L Fal—F EERDFEITEENDOEHNIERE
WFNGFIEL 727280, H—DBETOEATHELE
FUTLHIEMTERLEEZAEND, —FH CHESHM
faR I IEIY Ay — L Fa L —F LIER BT E
H—TEENOEWEERFOHFEIREEIN TS
57, EEOEERTFNEWITHAEIER LR S
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