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Stem Cell Characteristics and the Therapeutic Potential of
Human Amniotic Epithelial Cells
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310058, China; *Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Human amniotic epithelial cells (hAECs) originally derived the epiblast occurring around day 8
of pregnancy, before gastrulation establishes the three germ layers: ectoderm, mesoderm and endoderm, retain a high
level of pluripotency as evidenced by the expression of embryonic stem cell (ESC) markers. In this review, hAECs’
embryonic stem cell-like and mesenchymal stem cell (MSC)-like properties and markers are summarized. HAECs
have the differentiation potential between ESC and MSC. hAECs have unique immunological and immunomodulatory
properties, which are associated with fetal privilege to maternal immune system. So, hAECs can be directly used for

clinical allografts without immunological matching, as well as with great promise in immune diseases treatment. Pre-
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clinical studies that demonstrated the therapeutic potentials of hAECs are discussed. At last, some related clinical

trials are introduced.
Keywords

search; clinical trial

1 AFE ERARRRIER B
I ¢ T2 R B o0 A TR 2

EHLRR AT, TE20154E7 A 31 H 35 H KA
4 i o 700 o2 4 o) A i PR T A 7 4 = SR 0 Gk
7)) (B BRI # R (2015) 465)HIHT = # h
e, “TAM R —KREA R, JREIET IR
A TFHTEHMM. MR o] 8 I IGE T 40
M. S 2ZReTHMM. BT, Stk 41
AL T E ML R T4, XET4REA
HA RN B IRE RS i fe. kT 41 i
BHE BAREU R i) LB A A A 2H 2R, DL
KEMEREM AL ERL IR ) R &
MF2H A 18] 78 08 T 240 A % Fh 2 284 110 +H 48 i B¢
IRLS Y T

i (F MY AP B <2E R (amnion) 2 21
NAZ S A A0, H Al CA RS R4
Jid: =F A I 57 41 ffd (amniotic epithelial cells, hAECs)
2 5 7] 78 5T 41} (amniotic mesenchymal cells,
hAMSCs). hAECs=E % DL ¥ 2 835 76 F L R W L
R 2, TR EK, 255 5 3 iR 7%, hAMSCsse HEAE
SRR Jon A [ Ak, T 23 S R N A, T L 4 i
HAhAECs[1/4~1/6. hAECs/Z It it 58K I ik
JZ(epiblast) K B 2K, e T MIE=MMZG,
W =N JZ)TE R, STy SR O B VR G 20 Jf 3 225y
fiE 1) 43 F A5 E (A WOCT-4. SOX-2. NANOG.
SSEA-3. SSEA-4%5)(#1). 1 ThAECsH: = it ki
itg, TEA N AN AS 2T B e i ged, it AE G IR - #%4E
AN, BT BT LR N —ANS0X-2
BN, BT R Z G2 T iPS e BEBK, 7% 3% 77k
ST R R . hAMSCs R4 IR 2 R & TR,
1ERE LM ThAECs, B 1E 74638 §e 77 THTAH X 4
g,

WAMIR Z BH T A XThAECS T & 1 24l it
F LA LAt Xt 22 i RUE IR Il PR AT RIE 72, FFA 2 Dt
PREFFTUE B ThAECSI R 22 4k . MH AT R R
HISCIIE T 18 SCHER . BT FTIREEAT) T EEKF, hAECs
A BRI

human amniotic epithelial cells; stem cell; pluripotency; immunomodulatory; preclinical re-

2 BlEFE#R
2.1 hAECsH)F4HRa%HE

NFEME ERORIE T 2 Retk BN Z 0. 72
e K B5~6K Ja, 4k T 3 I B W G T 46 45 IR (R
MENT 78, BT #H1~12R. HIKRITHAE,
JVR V6L (1) PN 448 1 T o A Bk b I 2 (epiblast) BT IR 2
(hypoblast). Wik & B8R, EIRE N H L/ E
CERRERURREREE) . M AR N ERE E 2, |
I A PR(hAECS) 4R, KN EIE)Z . IRIRA
B20KJG, FBE R 25 A IR 28 5 il G T
JVR 35 (I 7 0 A 28, () B T s = TS (1) 268 ik 2 4 4 4
ZU( T hAMSCs); EIRJZE 740 R 2%, Btk 5]
= AMNEG . WEARE) otk FIREE
FSCON S B LRI iR R K B S 97 . B ThAECsH]
R Z R E M RON BG40 B R4 b R = 40 i
REPE), WO OR BTV A T 40 i R 1 AR I TRAT-60-
TRA1-81. SSEA-3FISSEA-4, DL N 5% [A-FOCT-4.
SOX-2FINANOG, X L&-T41 il bric ¥ — B AR 31 2
H o Wi ~E i b At

20054, 35 [H T 2% £ K MikiSFER R85,
HEIAhAECSH T4 et . M Ad B~ 058 7 5 IR
TG B 2E M 73 B 15 97 HE IThAECs, 7540 B it 147
SIRORAE IR NG T A B A 32 25 T AR E . hAECs/E
| #JiASSEA-3. SSEA-4. TRA1-60MITRA1-81, 1H
ANFRILSSEA-1(EI1A), F XA bR &4 2 ik v
it T4 f AR R AIE . BEAh, hABCstH 334 T4 A [A]
TR 52 Mec-kitA Thy-1. & 1 i 0 [l A 3R 18 2 4F,
hAECs JL-F- 33 it A W i = 48 i 1) 3 2 38 1 b 75
Y). hAECs®IAOCT-4. SOX-2RINANOG, iXx =/>3&
DRI R0 2 2 45 JVR JIEs 241 L 1 5 3 R 22 R e 11 0
%M. 25 A AR AL PAIESE ThAECsH A
Z e T M IR IE)I(R ). TERANEE TR 3 4%
1K, hAECSH] LA AN IR (BRI . H)4ERE. b
JVR J2 (R 22 ) 4 LR VR 25 (0 L) 0 B PO (32 2) o

Bryzek 5Pl — B AJF 5T 17 31X L 40 i) 3% 1 AR
CHIFERIE, RILH A 214% 1) 40 i 1 R A SSEA-4.
TRA 1-60FITRA 1-81H0Jif . X EEH IR, 2 H ¥
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1 ERAhAECs B % BETRAEHIAFIE R R RSN LG RO (IRIBESE SCER 811E20)

Table 1 Studies that demonstrate pluripotent stem cell characteristics of hAECs (modified from reference [8])

Pluripotent stem cell markers

R T A ZRe T brid iR
First author Journal Year Transcription factors i a4 Lineage
LSRR Cell surface antigens
Miki"! Stem Cells 2005 OCT4, NANOG, SOX2 SSEA3, SSEA4, TRA 1-60, Ect, Mes, End
TRA 1-81
Ilancheran”! Biol Reprod 2007 OCT4, SOX2, NANOG SSEA4, GCTM2 Ect, Mes, End
Liu™ Shock 2008 OCT4 n.d. Ect
Evron!™ Int J Stem Cells 2011 OCT4, NANOG, SOX2 SSEA3, SSEA4, TRA 1-60 Mes (Myo)
Zhou!'” Cell Reprogram 2013 OCT4, NANOG, SOX2 n.d. Mes (Adi, Ost), Ect
Bryzek! Ginekol Pol 2013 n.d. SSEA3, SSEA4, TRA 1-60, n.d.
TRA 1-81
Rescal'?! Placenta 2015 OCT4 SSEA4, TRA 1-81 Ect, Mes, End
Garcia—Castro!'"  PLoS One 2015 OCT4, NANOG, SOX2 SSEA3, SSEA4, TRA 1-60 Ect
Jiang!"! J Dermatol Sci 2016 OCT4 SSEA4 n.d.
Kim!'® PLoS One 2016 OCT4, NANOG, SOX2 n.d. n.d.
Ding!"” Stem Cell Res Ther 2017 OCT4, NANOG SSEA4, TRA 1-81 n.d.
Maymo!'® PLoS One 2018 OCT4, NANOG, SOX2 SSEA4 End (Hep)
Zou!"! Int J Mol Med 2018 OCT4, NANOG, SOX3 n.d. End (Panc)

Adi: I8 TE BAIAE; Ect: SMIRZ4HY; End: P9I Z41H; Hep: FF41AE; Mes: - IR Z4IAE; Myo: HUEEAIAR; n.d.: RAGI; Ost: E4HH; Panc: BRI
Adi: adipogenic; Ect: Ectoderm lineage; End: endoderm lineage; Hep: hepatic; Mes: mesoderm lineage; Myo: myogenic; n.d.: not determined; Ost:
osteo- cytic; Panc: pancreatic.

FK2 FIR ERBRAERAERE 5 B (R 1ES 3 STk [2011820)
Table 2 Differentiation potential of AECs (modified from reference [20])

E () T i R 4 i 877 JE A
First author Journal Year Lineage Cell type Species
Sakuragawa'*'! Neurosci Lett 1996 Ectoderm Neural progenitor cell Human
Kakishita®?) Exp Neurol, Brain Res 2000, 2003 Dopamine-producing cell Human
Mikil" Stem Cells 2005 Neural cell Human
Ishii* Neurosci Lett 1999 Oligodendrocyte Human
Niknejad™® Eur Cell Mater 2010 Neural cell Human
Woodbury!?®) Mol Reprod Dev 2006 Neural cell Human
Okawa'?” Neuroreport 2001 Neuronal Rat
Marcus®! Differentiation 2008 Neural Rat
Ilancheran”! Biol Reprod 2007 Mesoderm Adipogenic Human
Ilancheran™ Biol Reprod 2007 Chondrogenic Human
Stadler™” Cytotherapy 2008 Osteogenic Human
Mikil" Stem Cells 2005 Cardiomyogenic Human
Mikil!=% Stem Cells, Methods Mol Biol 2005, 2009 Endoderm Hepatic Human
Sakuragawal®!l J Hum Genet 2000 Hepatic Human
Takashima®?! Cell Struct Funct 2004 Hepatic Human
Manuelpillait® Cell Transplant 2010 Hepatic Human
Nakajima®®"! Cell Transplant 2001 Hepatic Rat
Takahashil®! Cell Transplant 2002 Hepatic Rat
Marcus?* Differentiation 2008 Hepatic Rat
Mikil" Stem Cells 2005 Insulin-producing cell Human
Weil*) Cell Transplant 2003 Insulin-producing cell Human
Hou” Acta Biochim Biophys Sin 2008 Insulin-producing cell Human
Szukiewicz*! Inflamm Res 2010 Insulin-producing cell Human
Moritoki®” Hepatol Res 2007 Bile duct Mouse
Moodley™” Am J Respir Crit Care Med 2010 Pneumocyte Human
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3 IERAhAECsHI B FE B T LEAFFHE RO BT ST (IR S5 3Lk 8112 20)

Table 3 Studies that demonstrate mesenchymal stem cell characteristics of hAECs (modified from reference [8])

g e

Cell surface antigens

i 2

Lineage

B W A

First author Journal Year

Portmann-Lanz*! Am J Obstet Gynecol 2006
Wolbank“?) Tissue Eng 2007
Stadler*! Cytotherapy 2008
Diaz-Prado'!! J Cell Biochem 2010
Pratamal*’! PLoS One 2011

Koike!"?! Cell Reprogram 2014
Tabatabaei*! Avicenna J Med Biotechnol 2014
Yul*! Eur Rev Med Pharmacol Sci 2015
Roy™* Cell Transplant 2015
Topoluk!*”! Am J Sports Med 2017

CD73, CD90, CD105
CD73, CD90, CD105

Ost, Cho, Adi, Myo
Ost, Adi

CD73, CD90, CD105 Ost, Adi
CD73, CD90, CD105 Ost, Cho, Adi
CD90, CD105 Ost, Cho
CD73 n.d.
CD73,CD105 n.d.

CD73, CD90, CD105 Skin

CD73, CD90, CD105 Myo

CD73, CD90, CD105 Ost, Cho

Cho: BHTE K n.d.: A
Cho: chondrogenic; n.d.: not determined.

JEE bR B BA AN R R T PE hAECS, 1X IF AN
P&, BN 2 RE 1 VR 2 7 2 S T72 13 1] - 46 20
NN . BEAAhAECSY 3, — e o o 1.
SR, hAECs )1 308 5 2 SR PR O 38 2 1) 5
FECLR R )L ) AR B 7 (M IR 2 3 B ) i
FEFERNAE RS, (RAT RIS Hi 1) A3d 26, DRI #% 1
R FRH A M A B ) B U AT 7B
1 JC I35 1% 9%, SSEA-43R 1A 147K P 1K £179.6%;
Miki S A6 % UM B0 — %% B 4 B H R SSEA-4 3R 14 7K
FN97%.

hAECsit % 3, t 18] 78 )it - 48 (MSC)H: & 1Y
(#3). JHH, HEMSCH AR HER: =T L )Z
BRI RE (R BRI IR T 1), CD90.
CD105FCD73 /¥ 40 ff K Th br ic 2238, PLA4H M R 1
Fr & Bt =ZCD45. CD34. CD14. CD79AIHLA-DR.
B2, hAECSTE /& T A X Lebrk. [tk 7]
AT, hAECsE A MSCH I AR AR AL T 40 i 45 2 3
R, VAR HLAT G e T G A0 G R 1 IR AR LU
2.2 hAECsHIREZF4FHE

A IAE F 22— & 10 B AN G R 1 R) AR 97 iR L
T 52 B G R U AHE /7, BLFEhAECSTE N IR %
Foft i 285 4 i R R B HE G e R . AkleZEOMRIE, 4
2 RN N R U NN NS S
AL KRG R M. PEHEN, hAECs K % 5%
JE M N ERZ HLA-A . -B. -CHRIB2MER 2 1 LA K
HLA-DR ) 4H i 3R TH Bt Ji Rk Y. A VF 2 FE
B, hAECs R HAHLA-A. -BRI-CHUJRIKFRIA, 1H
KPS T A B 2 40 A R Ak 2 2

IR 9T R I, hAECsAS 22 12 i 5 ¢ st 4 vk 2
2 Ff.(T 9k T2 20 ) 3L R 384> 7 B7-1. B7-2LL & D40,
CDA40L, [7] - 40 i 2 T 2 14 51 K G 728 4H i i 52 ) e
YAFAS-L. PD-L1FIPD-L2, LA % %F 53 1 % iAHLA-
G. HLA-EW FAEZ WHLADT R, M1 7T LA BH & BF
AT Btk ELGH AN SR 25473 40 i 1 R ) R s )
It H AEy-T 3 2 (interferon-y, IFN-y)#l] 3% T, hAECs
FIAPD-L1. PD-L2FIHLA-GH . _E T4,

B FEAIE B, hAECs 73 W 2 it AT 2 P 92 1 15 [
-, 40 U 2 i S #2410 1] 5] 5~ (migration inhibitory
factor, MIF). TGF-B. IL-10. Fi5ERZRE2. T4
AR5, AT R PRI E L. DCAH L. NK
1 R [ 0 B P 3 M R B L e AT IR R, 1R
B2 i ML R 2 A M2 Y, i 1 [ A e
I AN 525 400 f0TANB I O 20 i F) S B Ak, % &
ZENT. B4 5| &R T, [RE §g E AT
T4l il (regulatory T cells, Treg)/K =, J 5 W14 5o
P PRI 5 R A2 A FHEST, B 19495 ThAECs 5 T
IFN-y, {2 HLA-GERIE It 51 K 1) G B2 R B3

3 hAECsHYIGKRIFFZ

hAECS[ 4 1k 18 B H6 7T 1 g 4 i 5 1807 32
(R FaIM. FEIGPRAT O T 2 HE W5,
TG LR JLANTUR: R BUE . 2R
SRATHESR . AR VR IR (0 4T 41k
PR R 3 I 4 S A A N LA 7E A TR
7 THI B8 P 4% BB B ik TR B 2 O R NI IR
I B
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Exposure to IFN-y

DC | TNF-a
| Maturation | CXCL10
| CXCL9
| CCL5 HLA-G
TR
HLA-G

NK
| lytic activ1ty

ILTR IDO /
PBMC
|Proliferation

ILTRE . M1—M2
A L
7
ILTR inhibitory effects
apoptosis
FasL-Fas?

HLA-G

PD1-PDL1?

Macrophage

B cells

HLA- G
\ Jurkat cells
apoptosis
FasL-Fas?
|IFN-y
JIL-2

CD4' T CDS‘T IL-10

JIL-
Inhibitory effects _ 0 Treg
-PGE2 1 Population

ILTR ILT
J IFN-y
JIL-17
-IL-10
- HGF Anergic and immunosuppressive
- 1IDO Impaired allostimulatory ability
.. T

DC: W IORAMM; FasL: Fasficf&; HGF: [ K K7 HLA-G: N A 4iHTRG; IDO: M| JK-2,3- XU 4R Jurkat cells: AU THH Lt 46
Fre6.1; MIF: iLFZ4I0HI H 7 NK: R 410, PD1: REFFPEANIBAET 44 1; PDL1: REFF AN AL T AR 1; PGE2: R FI % e-2; PBMC: 4b
JA A AZ M, TGF-B: AL A K R F-B; TNF-o: IRIERSEIR F--0; Treg: THHFI4TML; ILTR: IghE32 14,

DC: dendritic cell; FasL: Fas ligand; HGF: hepatic growth factor; HLA-G: human leukocyte antigen G; IDO: indoleamine 2,3-dioxygenase; Jurkat cells:
human acute lymphoblastic T cell leukemia, clone e6.1; MIF: migration inhibitory factor; NK: natural killer; PD1: programmed cell death receptor 1;
PDLI1: programmed cell death receptor ligand 1; PGE2: prostaglandin e-2; PBMC: peripheral blood mononucleated cell; TGF-B: transforming growth
factor-beta; TNF-o: tumor necrosis factor-a; Treg: regulatory T cells; ILTR: immunoglobulin-like transcript receptor.

Ell hAECs5%&FR GRS MMEN % ENE R EIRIESE CRI53]12%)
Fig.1 Proposed mechanisms of the in vitro interaction of hAECs with different cells of the immune system
(modified from reference [53])

3.1 AEEARICFRE
PRI Ay = 8 2 236 B 9% TR A, ﬁ'é@gliﬁi‘?@@@ﬁi
IKfi# B (lysosomal hydrolases)™!, BHiff A 7 4 28 2% 1k
FEHE 2[5 I 7 (amniotic epithelium)¥f ¥7 7 B AR I FH
JiE (lysosomal storage diseases, LSD). LSDs&—#1ifit
PR PEACT T o FH T 25 DR 2R 38 B0 Il A 7K it g sk
B4, EMDOR 01 AN RE IR & P b T 6 V5 lg A4 b AR, 5
A A28 B DI Re G . Tylki-Szymanska 5™
e, 6% BEEZ T ARIEEHEANFE LR, 361/
JEIR I 2, LIS B-~1 FLBE O VS 1 BT 25,
I NAPS E S - DN i &l T i g8
Jé 2 UL 5, I (Niemann-Pick disease, NPD), 3
FRE I iR T CR 93 (sphingomyelin lipidosis), J& 46 R 145
REARUIPESIR » ScaggianteS5 S FIBembi S0 M =F 5
FipIH A SRAFhAECs, 78 82 XU B Sy . B
Uy LSS 8 A AR IS 1t 2 BT, SRR e

R R THIR, B8 RS b iG oas, fR =1 B S
SRR, WA R EYIBUE TR .
3.2 #HBREE
hAECsRIE T B )=, BA W& RZEfr4m
K ()25 P AL 2R 22 Fh At i 5 [ 04k )T R, G LA
S S FhAN L, BBy 7 2 ThAECsEE R 1A
P22 240 W 1) bR AR U PR A A YT R R )
REl™, hAECsit 7] LA & B F0 B it Ach. DAL CA.
NEZ: #2838 7, FIAD1. D2. DATE #1452 7K I
BBk, G, BOBNGE. BDNF. NT3ZE#4 K 1-,
PL % EGF. KGF. HGF. bFGF. TGF. IGF%: % fh
AR T W2 E AL 10 R 4 R XThAECSIR YT
X A 28 28 G0 4540 R 258 AT M B Bk AT 4 L
FIRIEFE . 5 HoAth 1 40 MO (L 365 R 6 40 110 55 ) A LE,
hAECsTRIT PR #h &4 1 A 45 B B AL 5%, BAk L
SCHR[63]A14e4



ARMHEAE: NI L B 40 I B 20 B R A s P 7 FH 98 2171
4 hAECSTEPIRMZ AR 5 E AT AL S RIESE STk (6311220
Table 4 Benefits of hAECs and other stem cells in treatment of CNS injury (modified from reference [63])
s JV i T BT PS4 f HRZ T2 N L Bz 2 ff
Benefits ESCs BMSCs iPSCs NSCs hAECs
Readily available x N N J J
Do not require invasive extraction N X N X N
Pluripotent properties N x N x J
Differentiate into functional neural v X N N N

tissue

X

Non-immunogenic

X
X
RS

Immunomodulatory properties N N N
Non-tumorigenic X X x
a: {LE AR

a: autologous transplantation only.

DA in cerebrospinal fluid

3.0
25 [ ON
BICH
20
= O CURE
£
2 15
=
f’g’ 1.0 | T
@]
0.5 |
|
|
0 - 1 1 1 L )
2 3 7 14 28

Time (d)

N: 1EF % BB H If); TCH: 1 5256 4L (B 41 ¥4 77); CURE: hAECsiAYTICHAL

N: normal (no ICH); ICH: ICH without treatment; CURE: ICH treatment with hAECs.
[E2 hAECsXI ARSI 5] % % B AR EHIHI{E A
Fig.2 hAEC:s inhibit ICH induced DA release in rats

E KR 28457 47 35 03 V2 9T B I R R BIT 7, AT
ORI SRR 2R, 78 it SC R R 2 18 1 45 i
Ifil(intracerebral hemorrhage, ICH) K & F /i == 73 5
N TR AR, S Fii ) IS B0V A 2 B R B T vy
HA s Z A HAE L, RHIX MR T IRA s IR -
FE AT 0 2T, N 220 K& 2 1%, AT
Gl A AP 206 T A R R BRI, S5 N-HJE-D-
REAGRZWEE G, WORRESS RN, 2k 5 A4
B, BIR ARG DA R, 16 RO A A T AR T,
— PR X ko IR P IR G A i L TR
i R 7= N 011 7 96T 7 R [ o R A
RGN B, B 15E RIASR, (HEAT#AAAE
[FFE P L . R i) 2 B K&, B2
TR IR AT 3 R R EU T B

Hh IS A 2 8 % 22 B Ji e 4 G I T 4 4
U P DA, AT o 457 77 7 1R SR EDCHE it 41 1) X A
ZRKENWZ BEDA)RARELE, NER2HTT
CUFE H, KRR H 1] 1 FHhAEC s ik 2= 33 5, 7T LA
BH S 4 ) o R 2 B K B T e H 28 K,
FE 40 A 76 97 HLACH) I 22 BLI% 2 Wbz 1% T JC ki H 1
() 1E 5 6 (N, 11 YA 97 4L(CURE) 23T 1E & X f
HN), =T H M E AR T 4L(ICH)™ .,

Hh IR T B G ot O SRS 22 )R 5 K AE
EAL o o Hp XA R i 2 H B8 i of 5 R A, o — ol i of
R R MM MG I AR M . ] 23 R i
H LA RV 5 2 (] BN A7 AE R LA 1) R PRIR 22,
Bl e A, AR . mAERELE. OIS,
ANEAT R R 51k, #R 22t i B St 2 T AR T
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A e T, AT 51 A ) fie B 15 AR R A4
P, TIX S B AT IC %A A 41697 . A
IEAE AR T A 87697

FAT S5 = FHhAECs#% 8 21 o Bk 1fi K U 4,
AE % B S o438 K RAT N AZE B, i H A BE 4 /) v A
FETH AR . 5 =F R 20 i P %% NGDNF, J8 97 JUR B N
FsE MR, JE R, AT N IR T 5 40 i B 4%
T S 300 i =, 3 o6 i S5 ) IR, YR T RE
i 0 BE % 18 B [FIFE R . Okawa S H [R5 HH
NZEJE b R 20 B a7 R v BT s ot R ) =
b AT AR B S CA VR 2, 1735 T oK, IRk
AR TOAE AN AR A . e UK A Sk
it FHEF, hAECSYR 7 7T 42 il Fii 3515 5 2 4 e (g Hh 4 kst
ZHM . PR N /B AR . BRI AT i) AIM1
WAk W 4 P R . T E i A VR i R T R AR
hAECs )it FH AT sk /D i 42 R 1 TA e i 2 & 50
Jiti FHhAECs FJ B B 48 JiE, T8 G o XS 119 4% & 1 i 453
1, J5 Wit FHhAECs U 15 % 92 B2 154 A 01 T B Ak
WA . WUETERE L, hAECs i B 8= Hil JE AR R
KRB i) v X5 B 2 R, kA, hAECs ik
Y52, AIE B &L, (R Is) h  kt f isi $50045 24 (R R
BEL 1) 1R BRI P — 44

B RES 7 A g M AR PR AE T, B SR AL
MEZMIzg), R FEThaekk. EERY
% Sankar %5 S 56 % 4 SRIB I BE DT IS R T
hAECs, 1] LAE BIF2 1E 40 & 2P, Reis K
AAE, FFRERH IEIEIR T M. FRATT A 7T (41 BAFN 55 0
K5 — Pt g = e 5 A R A 1 b (A R 5K
5, MY BEUESE FIRILGR, T HARRAR I 5 2 ke
JFEAEREIKE S, ATS LHE = ANRERAGE,
FE TP R 27 58— B Ja8 B e ph 22 AR oK B R it 4%
485 T, 7200743 516 H FIhAECshf —£7C5-C7
R AERELO00K 5 165 % 2 NiHATIRYT, — AN H Jafh
REf B A4 K /M, DY B A3z 3 D g O Tk
5, ReMSTEI Sy, ARST, FEFRERHE B R AT, VYT
A0RJER L T o MIX—Jfol vl LLE e N=EJE B
S 2 P 0oF B A PR BB A5 1 Y T A R R R

hAECSTE HAX it 28 1R 47 1 95 7 Il PR T PR BIF 5
J7 HFRATAE LART SO SCERERR PR, TR At
A 4> #% 77 (Parkinson’s disease, PD){E & 43 [#]id . PD
N A4 FREURRR, & — M W) 2 AN A R G0R
AT PEAR R, 3 B AR X 3R AR LE R 2 o A SR A,

ERKE L EREREM A G T . Niknejad 5" 5T
WE B, BT 43 B ThAECs ANV 12 v I 44 28 T (1)
LY, 1 BARE G AE A A il 2 R BE M 42 TG
Kakishita%$ 2% 7t 1iE ¥, hAECsHE % 3% 14 i 2 1R 12
Wi, JF % B BEFH 4 J0. ¥ LacZbrid (1)
hAECs# 18 31| 2 ELIEAE R (PDAE R K B ) SOIR 4
H, IFRANE D10 H o BT Fh i G (0 iR ke AT
MAZE W], hAECSB M 235 1 PDEIIAT y. 3kAT]
5% B BTV B 0 R 70 AL HTh AECs T 56 21K B A
10 = R 4 AR R 1 9 R A SURIAT el bl
A EMER.
3.3 BiRREMERR

B AR A BB R — RNAR B B )% R G
T AR IR AR . B R RG T R
PR BB IR H A A AL S e R S N B
U, HETE R . B AT RRE T T,
hAECs B AT G 2 I 15 4Rp M, BE A B A S B MR 90 1Y)
BITIRHEAR T
330 AR VRUBE PR — R B AR S R R
Wi, % RGBS . B K AR R R R
LhRe A S, i A i 3 35 B T VA MR S 4 4 IR £
TEH KR . WeiS5POZE AR S AIE 5T v, R Pt
i Ab B FhAECS BN 70 WA JBE & 2 I 4. 1A A
WFeH, RS NhAECs ] LU 8 IR 142 B 3% (STZ) 15
T HORE RO ) R B K R IE R . FRATT9EER % Hou
LTI hAECSIZ A5 15 3 73 A M i & 3R A2 B i (B4
J0), o35 B2 B R 2 o i i B K], 0 445 ik
5 & (insulin). GCK(glucokinase). Glut-2(glucose
transporter-2). Is/-I(Islet 1)\ Nkx-2.2(NK2 tran-
scription factor-related locus 2) 1 Pax-6(paired box
gene 6). 77104 i BE 78 44 &b 5 I At 41 it 4 K]
TAIZGH R, DA R AR TR By I AIC-Ik
He IX BE 2 (2 x10°~3 % 10°)HE N STZ 5 & 1B bR i /)N
B e 00 0 S P, v LR RE R B SR SR AT 5, S
R0 KM R TT ROR R AAR, /I R A 5 4 2 4
e

Qureshi% W 78 & B, hAECsHE W% 1 =17 g & 41
Y A% AR AR T M B S BT 32, 17 R AL A 2 B
G Bt V2 VRUBE PRI i A B 4 A
G e Bk BG T H Y, HIX 7l 2 S8
P EIAE R AR, 3 D AR R e R e 1 XU
hAECs# B 5 5 40 J #% 18 16 07 V28 FH A B & i
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T PETAML K BT, IR 32 0% R G0 RS A 1) g
Ey AR, R AN T 15 3 S R G I BU RE

WE TN GLAE R RIS /I RS 4 J2 DB B2 Bk it
73 P9 SFhAECs, R ILhAECSIE I 57 73 W 1 F ok
T JORE AN R BT M0 T 1, R BERRE R 40 1
FTPZF 2H T 7
332 B A MmA LR (multiple sclerosis,
MS) & PAH X foh 22 22 435 19 ot %8 M1l 5 4 3 A g 2 L
R B R 9 T IREhAECSIRITMS, A/
HIE T S8 AR BV i 45 i 4 (experimental allergic
encephalomyelitis, EAE)Z )45 &Y, iX 72 [E Br -8 A
HIBIYIMSTR B AL . e T B (MOG) e /N B,
BRI AN RER . — R RE20R)E, S E
LRI IR FIMSTREAEIR . BRI, X9 B A 2l
Y EAThAECSIN i % A1 i Bk 3 2, 588 P A AN [
ae 4 7 AN S AT A AH DU AR S .
it eh 2 3 ARV IT RCRFE A, 38 ThAECSH A8 X
MSZEWIAT 5 R0 S o B AH 21 5 T 3 AT ) S 1)
GERA . LinsET 0 MSTH 22 /) B 45 ThAECs
FFFIKIESIRYY, KIEIT AL/ B AR 4 N BT
Ihi £ 20 i R R O 2 i R R xR 2 T R,
hAECs#% S TGF-BHIPGE-2410 ] 4 92 4 Jd f) 42 A\
hAECs AW A LAZZfEMS IR A2 3E 2, SR IT 5
HRAWAIRTT R, McDonald 1 72 1 BT 7814
78 T KA S 45, (EhABCSALHL /D B, T
2 L 75 AR 2 40 B R T IL- 17107 AR 9, I HiX
5540 ATV 7 40 f A 2 HECDA" T i i) £ i 5 2% 1
ARG & o BRAh, MEEEIHHE kA% B FICNS N Th2
2 L A7 1 T

Khan35 "R A 3 IR 41 i 1) S #8146 ST266, &
Z IR AR T AR T Z5MSELAL /N R 5
Wit FHST266, & I A SR AL HR G FIAL A 22 oy, IR
WL DE D RE AT, T LE S5 A A e 8 58 v FR R 1Y
PR TR R, Y3/ JE AT B -
333 Hih KRR P ¢ 5 % (rheumatoid arthritis,
RA)Z — Rl I B 5 S 2000, R AL 18 1 5 35 4
iE. FLFE19904F, SackierS: #2758 1 =F R 40 M KR 7l 2
b R A TR ST A FERALE Y 5T (1) & )
H % JF % BL(US 5612028 A). Parolini% ] ik J&
P IR LR/ MRARLRY, I3 5l FH i AL 70
hAECsHIhAMSCs, V& 87 77414, B 70 R B =F 4t
P VR G RA R A1 R i o Je i il 5 Ak ) 470 e I B A

21 Y P 8 B I I, PR AT R 3 ol A A A0 £ e R
JH) RAERLZ o RAZN BRI AT R I, = R4 i i
RETh1/Th174> 3 6 B A G 2 R0 98 0 B 25 1 2F % 12,
BEARRAZOIG &, AR, B 1B R 4if5. A iih
R, BAHIhAMCs 235 208 T RAK RIS R )™
FHFRRL, PR S0 B AL

] % JI55 7% (experimental autoimmune uveitis, EAU)
Fee i PR b H WL R —Fe e B AR S R PR, T 51
T B IR RCRE A S 1AE, e EE I EE B2 —.
R FH RIE 5 ] BRI 1 5 9 I & 7 hAECsHI PR Hif
HIRE TS . B o, FBOCAN I MERIR 45 & S B B Rk
B, M SCIG S IEA USRS BRI, 76 f A5 S o
ORI ER 6 % 38 It 4 10 I8 T~ Jlas 93 ST hAECs, 1 M5 24
J7EH AT CLEGE EAUR) 8 BEGE AR, I DR B A0 00 JEE 1
ARG FE, R AL B ORIEZ LM R T
Js E S I TR 26 . Ak, hAECsREHD ] EWE 4 Hfa A1 T
2 0 PR 0 JE 0 . EATLER T TR, hAECsiEd N RT
B 1740 M(T helper cells 17, Th17)f1_E i Treg K i
TN T T 14, 3K — A AR EA UK SR A
IR B 45 BRI 1 41 i A F-17(interleukin-17, IL-17)
ATHEIL-109 7KV FTiESE . Ak, hAECsi i 1
BRI E-1. IL-17HIFN-y/KF, $2 8 K
(aqueous humor) FIL-107K *F-, S FEEAUK B i J5 3568
i NPS R RET e

AR BHAIT 78 21 A T FEhAECs 1697 B A HFUIR
Ji§ %8 (Hashimoto’s thyroiditis, HT)F1 & 4 M 2L BRI
(systemic lupus erythematosus, SLE)H Ilfii PR 51 i 57 .
HTR — M B & R B S BRI DD RN 1 %
PEME PRI . SLESR IR b WA —Fh 8B & 2 R 45,
Z B E B BB, X Rk, ST B,
OIE . THHRGERGHA . KhAECsEL
B ik St B S B MEHTRISLE /S BB RS o, JIE B 1 7
HTHISLE/) B A ik S h AECs 7T By 1k R bk £
AHRIRIE, B ORISR0, B R 4 i X
TIREG, [R It A4/ BUSLER K & -
3.4 (RSN

LR YA 2 4R T RO T B0 B S A R A
IRFE, YL AT He 4 7 5 R, A0SR B 2
A PR B AR, WIRAT 2 E, E25%
MR B AL N Y a1 %2 S5 40
/D, Rt VT BUR B SR M D R RGR, T2
k.
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hAECsEUH B 77 FIE W S AN AR A BRI it
YA SR, BENE BH SRR AT AL I ™ SRR,
I3/ g R PR 20 B, S ok DX I 28 RE S, 9k
20 R R TS, A TN SRS hAECs B H 4% 1
R R B 2B T T S RO SR AN R, R
BT JE /I BN S H A RN A IR, TR YA
I7 B O B A R BT R I AT R AR 2 AL R
N4 R 7 B 371 43 A1 27, hABCs %k AR RE R 2 i
109Fh 4R 1, 25 Z R AR 72, G aEdi T,
IS AR 8 0 ) SR AR 928 I 25860
3.5 B

R R A K RE, 5 R A S BR D e
TIAE G, i i T BURE R A R R & . i
SR BRI R RS 5 A S BB A OC B DR B I B
T, 1T 55 2 P 23 A A SR PR R DRI g S PR B Ak, AT 8
I8 24 Ff 2 B R AN 2 AL A4 428 il 1) T BIR B4 LIRS
I, hAECs X 55 A [ g (1) 25 35 04T RS A 2 15 2 A
ZRAFICNEE,

W78 K I, hAECSERFL R 77 138 W e 40 1) b 78
2 B 18 5, 755 ek R 40 R T, AL FE S S HeLaZi
fl. FLAREMDA-MB-23 1418 A\ HF#EHepG24H i «
/NER R EBI6F 104 . A\ JBE iR s PANC- 148 il
IR B S5 98 Co4T il S5 08741,

HhAECsH 18 %] 5 7 MDA-MB-2313 i 3 1)
NN, Be 3 A/ AR AR, 50 BEZELAE Y
5-flurouracil(5-FU) R 5 AH 4, HhAECs Bt it 83 2%
T A ATATEIE P, KhAECSHAE 21 A CT264
J &5 i e (1) /N BRAAR Y, K IhAECsRE 5 804 & A i
ISR BB PETAI B 438G, 75 BT e 4 i 1) 52
X ARSI M FEPE SN . FEFEhAECS 5 1K B RS~ 2E
Xof R RE S M Th R, I B AR Bt g 4 i 2
THI R 5 0 B8 SR RETCAAR, I8 47 faf 4 S 35 IR
B T I, hAECs oy Ml 4T 1 70 e 20 i 1)
A, (EA) T R R ARG, B RSN R AR
T 2PN, EhAECSH A 2 U 5595 SK-O V-33 4 5 1Y
Ja, WFIe4E R R, hAECH U4 K- FIrh TGF-B1 1] [%
b2 40 B PR B9 B, 156 40 B Go/ G T 400 e ) B
fitr, IRy W sk B TGF-BLpTAA,

H 2 I BRhAECs 4% 4 55 77 2L 5 i 88 41 i S (7]
F5 9%, MU R o3 W 0 A2 a3k b e 41 i) K ik caspase-3 411
caspase-8, 5l &AM T2 A FH 3230 KA M,
PF A R E A K, (HAE F IR 2 BEhAECs 2 J5, #t

SR FVX—Th. IX BT FCUE W, hAECS LA i3k
R R 2 R .

4 hAECsHIIGRAZ

1E201H 208047 AR, A = BN 73 55 (ThAECsHE %
A 1) 25 R R0V B R I RO SR R, SRAIEIX £ 4 21
S SR I PR 22 A o X B Il PRI U3l 5 0%
I R AR 22 2 1, WA AR TR, GG A2
TV R JE %%, hAECsH 1 3 40 9% fie ) 1F i B 5 9%
FRIE/NER, TE24F ISR IA N, R WBYIAA N % BRAT
fa] 5704 fpfJRq, AE SChAECSFE A AN 2 HUR . X SL
Jt 45 i ofe e He At g ST AT T BAAE S hAECs
(1] L PRDNA H AR 25 A1 AR AR T 40 i F0 N
SRk 2 8], LS 2T 4E 40 i BE 25 5 % 4k NiPS
YO, X EYE R W, hAECs A R 3 T, E
5 NG T4 AR bk, e B AL ke 1k, 1X
B, hAECs2& N ] T I PR 40 B 7 325 1 5 2 4 1 1
YfISkIE 2 —. JL4EK, hAECSTE LG 5 971K R %
YyiRar e, 0 NG R SR R R B 4 T e 4
PRERCTI(S5).

20064F, 5 # 1 (NCT00344708)# it T hAECs
FERE VA TT 3 FR 1 A IS 7 B4 (persistent corneal
epithelial defect, PED)E# I TiJ5 . T & WL
FIPEDIEAIHIR, FTA I Bl 51 IR FR I R 25, ~F- 35 b
P76.34 AP0 20174 (1) — 4 # A (NCT0264962 1) i
R T2 R B Y% BR ] (amniotic membrane extract
eye drop, AMEED)4 Bl H 44 #1 JIi 2+ 40 i #2 4 (102
SRR . AMEEDHE F(ERE | A b s, R
2~3 H B (G I A i A RS B, T BA T
U EHY4ERE R SBRAEL,

20174F 1) — Tl PRAFF 24 35 (NCT02389777)iiE
B, 2F I 20 0 A0 A A ST 266 1] U 20 45 Ak 25 8 S5 5 ke
() B R A5 493 () S itk RS o h b, ST266 W] I /b 41 B,
14 I XPA(complementation group A)DNAfE & £ 1,
/D S HIFIDNAPY,

WK I T B g A K 2 1 7T ] BRI £ 10
hAECsYA 7 il & B A K I PR 0 70 (10 2 iy 1, 3
1781 IR AR I PRI 36 (ACTRN12614000174684),
HTF2018F MG TSR, 6B EHTHMKE
AN LN ER K2 ThAECs, B T /ES 14N )L
{14 40 b 75 245 340 1] 5 A 06 1) A AR A 10, 24 1Y)
BE VTR 22 P Ik S A T R A R A AT AT
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&5 hAECsHIERIRLE*
Table 5 Clinicaltrials of hAECs*

Hids Ly ERAE HEEYN b

Identifier Title Indication Enrolment Location

NCT00344708 Transplantation of tissue cultured human amniotic Corneal epithelial 20 USA
epithelial cells onto damaged ocular surfaces dystrophy

NCT02649621 The improvement of limbal stem cell deficiency LSCD 10 Iran
(LSCD) in unilateral stem cell damage by amniotic
membrane extract eye drop (AMEED)

NCTO02389777 Amnion-derived cellular cytokine solution in UV- Skin burns 15 USA
induced inflammation (ACCS)

ACTRN12614000174684 Amnion cells for the treatment of Bronchopulmonary 6 Australia
bronchopulmonary dysplasia in premature babies dysplasia

ACTRN12618000920291 Human amnion epithelial cells for prevention of Bronchopulmonary 24 Australia
bronchopulmonary dysplasia in Preterm dysplasia

Infants: A safety study

*HedE ok [ 3£ EINTH Clinical Trial RT3 FI I 87 76 2% 5 PREFF 70 3E M ACTRN) I3 .

*Data from NIH clinicaltrial and Australian New Zealand Clinical Trials Registry websites.

HAAR G R, FF R IAhAECS 253 % 22 4, Tif
52 AT, HF HAZ AR (0PI ThEe A AN (R B2 1 50
A BT 91 SCTT F& 138 1) 22 vh o 711 326 19 1 (A C-
TRN12618000920291), A 5524451 52 Al Ik 56
hAECSIAYT 5L JUIM R B A R ) 22 4 VARG R

AN, FEAEhAECs 22 4 1t A ZOME i s
PRARES: B2 3RAF % [ 245 WAL HEHE, I HL 2 20 DA
FORL 22 S AR HEIEAT .

5 B4

Ja A A R — A SRR, TR AN R I @
ek BRI R A RS 35, SRR LR, {7
FRGEMR BB, EER, RBE SRR
o L2 DR e B B B 1, IR i L
2B P9 B0 B A I e A2 35 . hAECs B T
2 A T 84 35 6 T e 0 0 e 28 T4

hAECsFH T-4igiay7 BBV £ oMo S, &
Yo, BA LI 26 B ¥ 76 4 B0 S A R T R 35,
T B A AT M3 N AR 5 1 75 0 AR 725 5 36 42,
FRAAR, I FLV AT oAb 40 SR U 10 TR ) .
W, AT —AN NG 25 T 3R A 292424 N R L B 4
B o BRI, T LS 4 A2 08 50 1 400 L FE T s PR
MREY . 5=, A G bR e, 185
Ga e HE R JORE SN, AT S A A AL TC 75 G e 2
TERESA T BT 0, RE L Z
B VR CH RS AR O 355 e 58 4346 7 T R R 26 ), 6
TR AL, T A BT IR B . S HL, REA Il

% Tl 20 L PR - R0 AR KB R R, i 5 o WS R T
FESTHMRIMESE. 5N, hAECs2Hi 4 ) L4,
B SR ORI A S IDNAR GG . 5L, R
H ), hAECs & — Fl 22 4 1 40 Mo (35 = i L 1),
B A s e v, R KRS HE 21 G 2 R /N BRUS H
AT MR . DL IR Sl £, % HhAECSTE Ifi R
R ANE

S E T # (References)

1 Miki T, Lehmann T, Cai H, Stolz DB, Strom SC. Stem cell char-
acteristics of amniotic epithelial cells. Stem Cells 2005; 23(10):
1549-59.

2 Saito S, Lin Y-C, Murayama Y, Hashimoto K, Yokoyama KK.
Human amnion-derived cells as a reliable source of stem cells.
Curr Mol Med 2012; 12(10): 1340-9.

3 Bilic G, Ochsenbein-Kolble N, Hall H, Huch R, Zimmermann
R. In vitro lesion repair by human amnion epithelial and
mesenchymal cells. Am J Obstet Gynecol 2004; 190(1): 87-92.

4 Bilic G, Zeisberger SM, Mallik AS, Zimmermann R, Zisch AH.
Comparative characterization of cultured human term amnion
epithelial and mesenchymal stromal cells for application in cell
therapy. Cell Transplant 2008; 17(8): 955-68.

5 Bryzek A, Czekaj P, Plewka D, Komarska H, Tomsia M, Lesiak
M2, et al. Expression and co-expression of surface markers
of pluripotency on human amniotic cells cultured in different
growth media. Ginekol Pol 2013; 84(12): 1012-24.

6 Yang PJ, Yuan WX, Liu J, Li JY, Tan B, Qiu C, ef al. Biological
characterization of human amniotic epithelial cells in a serum-
free system and their safety evaluation. Acta Pharmacol Sin
2018; 39(8): 1305-16.

7 Miki T, Marongiu F, Dorko K, Ellis ECS, Strom SC. Isolation of
amniotic epithelial stem cells. Curr Protoc Stem Cell Biol 2010;
Chapter 1: Unit 1E.3.

8 Miki T. Stem cell characteristics and the therapeutic potential



2176

-

20

21

22

23

of amniotic epithelial cells. Am J Reprod Immunol 2018; 80(4):
¢13003.

Ilancheran S, Michalska A, Peh G, Wallace EM, Pera M, Manuel-
pillai U. Stem cells derived from human fetal membranes display
multilineage differentiation potential. Biol Reprod 2007; 77(3):
577-88.

Liu T, Wu J, Huang Q, Hou Y, Jiang Z, Zang S, et al. Human
amniotic epithelial cells ameliorate behavioral dysfunction and
reduce infarct size in the rat middle cerebral artery occlusion
model. Shock 2008; 29(5): 603-11.

Evron A, Goldman S, Shalev E. Human amniotic epithelial cells
cultured in substitute serum medium maintain their stem cell
characteristics for up to four passages. Int J Stem Cells 2011;
4(2): 123-32.

Koike C, Zhou K, Takeda Y, Fathy M, Okabe M, Yoshida T, et
al. Characterization of amniotic stem cells. Cell Rep 2014; 16(4):
298-305.

Resca E, Zavatti M, Maraldi T, Bertoni L, Beretti F, Guida M,
et al. Enrichment in c-Kit improved differentiation potential of
amniotic membrane progenitor/stem cells. Placenta 2015; 36(1):
18-26.

Garcia-Castro IL, Garcia-Lopez G, Avila-Gonzalez D, Flores-
Herrera H, Molina-Hernandez A, Portillo W, et al. Markers
of pluripotency in human amniotic epithelial cells and their
differentiation to progenitor of cortical neurons. PLoS One 2015;
10(12): e0146082.

Jiang LW, Chen H, Lu H. Using human epithelial amnion cells in
human de-epidermized dermis for skin regeneration. J Dermatol
Sci 2016; 81(1): 26-34.

Kim MS, Yu JH, Lee MY, Kim AL, Jo MH, Kim M, et al.
Differential expression of extracellular matrix and adhesion
molecules in fetal-origin amniotic epithelial cells of preeclamptic
pregnancy. PLoS One 2016; 11(5): e0156038.

Ding C, Li H, Wang Y, Wang F, Wu H, Chen R, ef al. Different
therapeutic effects of cells derived from human amniotic
membrane on premature ovarian aging depend on distinct cellular
biological characteristics. Stem Cell Res Ther 2017; 8(1): 173.
Maymo JL, Riedel R, Pérez-Pérez A, Magatti M, Maskin B, Due-
fias JL, et al. Proliferation and survival of human amniotic epi-
thelial cells during their hepatic differentiation. PLoS One 2018;
13(1): e0191489.

Zou G, Liu T, Guo L, Huang Y, Feng Y, Duan T. MicroRNA32
silences WWP2 expression to maintain the pluripotency of
human amniotic epithelial stem cells and beta isletlike cell
differentiation. Int ] Mol Med 2018; 41(4): 1983-91.

Miki T. Amnion-derived stem cells: in quest of clinical
applications. Stem Cell Res Ther 2011; 2(3): 25.

Sakuragawa N, Thangavel R, Mizuguchi M, Hirasawa M, Kamo I.
Expression of markers for both neuronal and glial cells in human
amniotic epithelial cells. Neurosci Lett 1996; 209(1): 9-12.
Kakishita K, Elwan MA, Nakao N, Itakura T, Sakuragawa N.
Human amniotic epithelial cells produce dopamine and survive
after implantation into the striatum of a rat model of Parkinson’s
disease: A potential source of donor for transplantation therapy.
Exp Neurol 2000; 165(1): 27-34.

Kakishita K, Nakao N, Sakuragawa N, Itakura T. Implantation
of human amniotic epithelial cells prevents the degeneration of

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

nigral dopamine neurons in rats with 6-hydroxydopamine lesions.
Brain Res 2003; 980(1): 48-56.

Ishii T, Ohsugi K, Nakamura S, Sato K, Hashimoto M,
Mikoshiba K, ef al. Gene expression of oligodendrocyte markers
in human amniotic epithelial cells using neural cell-type-specific
expression system. Neurosci Lett 1999; 268(3): 131-4.

Niknejad H, Peirovi H, Ahmadiani A, Ghanavi J, Jorjani M.
Differentiation factors that influence neuronal markers expression
in vitro from human amniotic epithelial cells. Eur Cell Mater
2010; 19: 22-9.

Woodbury D, Kramer BC, Reynolds K, Marcus AJ, Coyne
TM, Black IB. Long-term cryopreserved amniocytes retain
proliferative capacity and differentiate to ectodermal and
mesodermal derivatives in vitro. Mol Reprod Dev 2006; 73(11):
1463-72.

Okawa H, Okuda O, Arai H, Sakuragawa N, Sato K. Amniotic
epithelial cells transform into neuron-like cells in the ischemic
brain. Neuroreport 2001; 12(18): 4003-7.

Marcus AJ, Coyne TM, Rauch J, Woodbury D, Black IB. Isola-
tion, characterization, and differentiation of stem cells derived
from the rat amniotic membrane. Differentiation 2008; 76(2):
130-44.

Stadler G, Hennerbichler S, Lindenmair A, Peterbauer A, Hofer
K, van Griensven M, et al. Phenotypic shift of human amniotic
epithelial cells in culture is associated with reduced osteogenic
differentiation in vitro. Cytotherapy 2008; 10(7): 743-52.

Miki T, Marongiu F, Ellis ECS, Dorko K, Mitamura K, Ranade
A, et al. Production of hepatocyte-like cells from human amnion.
Methods Mol Biol 2009; 481: 155-68.

Sakuragawa N, Enosawa S, Ishii T, Thangavel R, Tashiro T,
Okuyama T, et al. Human amniotic epithelial cells are promising
transgene carriers for allogeneic cell transplantation into liver. J
Hum Genet 2000; 45(3): 171-6.

Takashima S, Ise H, Zhao P, Akaike T, Nikaido T. Human
amniotic epithelial cells possess hepatocyte-like characteristics
and functions. Cell Struct Funct 2004; 29(3): 73-84.
Manuelpillai U, Tchongue J, Lourensz D, Vaghjiani V, Samuel
CS, Liu A, et al. Transplantation of human amnion epithelial
cells reduces hepatic fibrosis in immunocompetent CCls-treated
mice. Cell Transplant 2010; 19(9): 1157-68.

Nakajima T, Enosawa S, Mitani T, Li XK, Suzuki S, Amemiya H,
et al. Cytological examination of rat amniotic epithelial cells and
cell transplantation to the liver. Cell Transplant 2001; 10(4/5):
423-7.

Takahashi N, Enosawa S, Mitani T, Lu H, Suzuki S, Amemiya
H, et al. Transplantation of amniotic epithelial cells into fetal
rat liver by in utero manipulation. Cell Transplant 2002; 11(5):
443-9.

Wei JP, Zhang TS, Kawa S, Aizawa T, Ota M, Akaike T, et
al. Human amnion-isolated cells normalize blood glucose in
streptozotocin-induced diabetic mice. Cell Transplant 2003;
12(5): 545-52.

Hou Y, Huang Q, Liu T, Guo L. Human amnion epithelial cells
can be induced to differentiate into functional insulin-producing
cells. Acta Biochim Biophys Sin (Shanghai) 2008; 40(9): 830-9.
Szukiewicz D, Pyzlak M, Stangret A, Rongies W, Maslinska
D. Decrease in expression of histamine H2 receptors by human



SRIEAEAE N F I e 20 B T 20 A AR AT

i RS2 ¥ 77

2177

39

40

41

42

43

44

45

46

47

48

49

50

51

52

amniotic epithelial cells during differentiation into pancreatic
beta-like cells. Inflamm Res 2010; 59 Suppl 2: S205-7.
Moritoki Y, Ueno Y, Kanno N, Yamagiwa Y, Fukushima
K, Gershwin ME, et al. Amniotic epithelial cell-derived
cholangiocytes in experimental cholestatic ductal hyperplasia.
Hepatol Res 2007; 37(4): 286-94.

Moodley Y, Ilancheran S, Samuel C, Vaghjiani V, Atienza D,
Williams ED, et al. Human amnion epithelial cell transplantation
abrogates lung fibrosis and augments repair. Am J Respir Crit
Care Med 2010; 182(5): 643-51.

Portmann-Lanz CB, Schoeberlein A, Huber A, Sager R, Malek A,
Holzgreve W, et al. Placental mesenchymal stem cells as poten-
tial autologous graft for pre- and perinatal neuroregeneration. Am
J Obstet Gynecol 2006; 194(3): 664-73.

Wolbank S, Peterbauer A, Fahrner M, Hennerbichler
S, van Griensven M, Stadler G, et al. Dose-dependent
immunomodulatory effect of human stem cells from amniotic
membrane: A comparison with human mesenchymal stem cells
from adipose tissue. Tissue Eng 2007; 13(6): 1173-83.

Stadler G, Hennerbichler S, Lindenmair A, Peterbauer A, Hofer
K, van Griensven M, et al. Phenotypic shift of human amniotic
epithelial cells in culture is associated with reduced osteogenic
differentiation in vitro. Cytotherapy 2008; 10(7): 743-52.
Diaz-Prado S, Muifios-Lopez E, Hermida-Goémez T, Rendal-
vazquez ME, Fuentes-Boquete I, De Toro FJ, et al. Multilineage
differentiation potential of cells isolated from the human amniotic
membrane. J Cell Biochem 2010; 111(4): 846-57.

Pratama G, Vaghjiani V, Tee JY, Liu YH, Chan J, Tan C, et al.
Changes in culture expanded human amniotic epithelial cells:
Implications for potential therapeutic applications. PLoS One
2011; 6(11): €26136.

Tabatabaei M, Mosaffa N, Nikoo S, Bozorgmehr M, Ghods
R. Isolation and partial characterization of human amniotic
epithelial cells : the effect of trypsin. Avicenna J Med Biotechnol
2014; 6(1): 10-20.

Yu SC, Xu YY, Li Y, Xu B, Sun Q, Li F, e al. Construction
of tissue engineered skin with human amniotic mesenchymal
stem cells and human amniotic epithelial cells. Eur Rev Med
Pharmacol Sci 2015; 19(23): 4627-35.

Roy R, Kukucka M, Messroghli D, Kunkel D, Brodarac A, Klose
K, et al. Epithelial-to-mesenchymal transition enhances the
cardioprotective capacity of human amniotic epithelial cells. Cell
Transplant 2015; 24(6): 985-1002.

Topoluk N, Hawkins R, Tokish J, Mercuri J. Amniotic
mesenchymal stromal cells exhibit preferential osteogenic and
chondrogenic differentiation and enhanced matrix production
compared with adipose mesenchymal stromal cells. Am J Sport
Med 2017; 45(11): 2637-46.

Akle CA, Adinolfi M, Welsh KI, Leibowitz S, McColl I. Immu-
nogenicity of human amniotic epithelial cells after transplanta-
tion into volunteers. Lancet 1981; 2(8254): 1003-5.

Adinolfi M. Expression of HLA antigens, B2-microglobulin
and enzymes by human amniotic epithelial cells. Nature 1982;
295(5847): 325-7.

Strom SC, Gramignoli R. Human amnion epithelial cells
expressing HLA-G as novel cell-based treatment for liver
disease. Hum Immunol 2016; 77(9): 734-6.

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Insausti CL, Blanquer M, Garcia-Hernandez AM, Castellanos
G, Moraleda JM. Amniotic membrane-derived stem cells:
Immunomodulatory properties and potential clinical application.
Stem Cells Cloning Adv Appl 2014; 7(1): 53-63.

Banas RA, Trumpower C, Bentlejewski C, Marshall V, Sing G,
Zeevi A. Immunogenicity and immunomodulatory effects of am-
nion-derived multipotent progenitor cells. Hum Immunol 2008;
69(6): 321-8.

Li H, Niederkorn JY, Neelam S, Mayhew E, Word RA, McCulley
JP, et al. Immunosuppressive factors secreted by human amniotic
epithelial cells. Invest Ophthalmol Vis Sci 2005; 46(3): 900-7.
Tan JL, Chan ST, Lo CY, Deane JA, McDonald CA, Bernard
CC, et al. Amnion cell-mediated immune modulation following
bleomycin challenge: controlling the regulatory T cell response.
Stem Cell Res Ther 2015; 6: 8.

Tan JL, Chan ST, Wallace EM, Lim R. Human amnion epithelial
cells mediate lung repair by directly modulating macrophage
recruitment and polarization. Cell Transplant 2014; 23(3): 319-
28.

Tylki-Szymarnska A, Maciejko D, Kidawa M, Jabtonska-Budaj
U, Czartoryska B. Amniotic tissue transplantation as a trial of
treatment in some lysosomal storage diseases. J Inherit Metab
Dis 1985; 8(3): 101-4.

Scaggiante B, Pineschi A, Sustersich M, Andolina M, Agosti
E, Romeo D, et al. Graft of cryopreserved human amniotic
epithelial cells in a subject with type B Niemann-Pick disease.
Pediatr Med Chir 1987; 9(1): 89-92.

Scaggiante B, Pineschi A, Sustersich M, Andolina M, Agosti
E, Romeo D. Successful therapy of Niemann-Pick disease by
implantation of human amniotic membrane. Transplantation
1987; 44(1): 59-61.

Bembi B, Comelli M, Scaggiante B, Pineschi A, Rapelli S,
Gornati R, et al. Treatment of sphingomyelinase deficiency by
repeated implantations of amniotic epithelial cells. Am J Med
Genet 1992; 44(4): 527-33.

Wu Z, Hui G, Lu Y, Liu T, Huang Q, Guo L. Human amniotic
epithelial cells express specific markers of nerve cells and
migrate along the nerve fibers in the Corpus Callosum. Neural
Regen Res 2012; 7(1): 41-5.

Broughton BRS, Lim R, Arumugam TV, Drummond GR, Wal-
lace EM, Sobey CG. Post-stroke inflammation and the potential
efficacy of novel stem cell therapies: focus on amnion epithelial
cells. Front Cell Neurosci 2012; 6: 66.

FRALAN. NS AN B i PR R 9 £ 36 7 #4505 BIF 78 7 T
W3 . w41 e A2 P9 %% 2% R (Guo Lihe. Preclinical research
of human amniotic cells: Advance in treatment of neural injury.
Chinese Journal of Cell Biology) 2011; 33(5): 590-3.

Liu T, Wu J, Huang Q, Hou Y, Jiang Z, Zang S, et al. Human
amniotic epithelial cells ameliorate behavioral dysfunction and
reduce infarct size in the rat middle cerebral artery occlusion
model. Shock 2008; 29(5): 603-11.

Evans MA, Lim R, Kim HA, Chu HX, Gardiner-Mann CV, Tay-
lor KWE, et al. Acute or delayed systemic administration of hu-
man amnion epithelial cells improves outcomes in experimental
stroke. Stroke 2018; 49(3): 700-9.

Sankar V, Muthusamy R. Role of human amniotic epithelial cell
transplantation in spinal cord injury repair research. Neuroscience



2178

-

68

69

70

71

72

73

74

75

76

77

78

79

80

2003; 118(1): 11-7.

Pl R, BIEBL, REE, XORHE, M, AL, AR B
Y H RS AR VR T RASSRBN WA B4 A SRR B TE. h e 22 4h
%l 2% F(Li Xiangdong, Hui Guozhen, Wu Zhiyuan, Liu Tianjin,
Jiang Zhihua, Guo Lihe. Experimental study on the effects of
human amniotic epithelial cells transplantation into Rhesus mon-
keys with spinal cord injury. Chinese Journal of Neurosurgery)
2007; 23(2): 149-52.

SRALAN, XN, KR SR NRAN I PR ATWEFE: VR IT M IRAT
PEBIF 7 T BT HE . o I 20 M9 4 927 %7 4% (Guo Lihe, Zhao
Gang, Liu Tianjin. Preclinical research of human amniotic cells:
Advance in treatment of neurodegenerative diseases. Chinese
Journal of Cell Biology) 2011; 33(6): 720-3.

Niknejad H, Deihim T, Ahmadiani A, Jorjani M, Peirovi H.
Permanent expression of midbrain dopaminergic neurons traits
in differentiated amniotic epithelial cells. Neurosci Lett 2012;
506(1): 22-7.

WEETT, XK, FRALAN. NN b e 20 M R A L 22 AR 7 B
S AR KB 2 A ) % 4R (Xie Huifang, Liu Tianjin,
Guo Lihe. Transplantation of human amniotic epithelial cells and
genetically modified cells for the treatment of Parkinsonian rats.
Chinese Journal of Cell Biology) 2007; 29(3): 429-33.

BEARA, MR, HETTR), SRR, SRALAL. NS b A i Re
VR T E <5 A0 B BB 7E. oh AB 2 AR Rk 75 (Xue Shouru,
Yang Xinxin, Dong Wanli, Hui Guozhen, Guo Lihe. An effect of
transplantation of hum an amniotic epithelial cells on Parkinson
disease model rats. Chinese Journal of Neurosurgery) 2009;
25(10): 941-4.

Qureshi KM, Oliver RJ, Paget MB, Murray HE, Bailey CJ,
Downing R. Human amniotic epithelial cells induce localized
cell-mediated immune privilege in vitro: Implications for
pancreatic islet transplantation. Cell Transplant 2011; 20(4): 523-
34.

Zheng Y, Zheng S, Fan X, Li L, Xiao Y, Luo P, et al. Amniotic
epithelial cells accelerate diabetic wound healing by modulating
inflammation and promoting neovascularization. Stem Cells Int
2018; 2018: 1082076.

Liu YH, Vaghjiani V, Tee JY, To K, Cui P, Oh DY, et al. Amniotic
epithelial cells from the human placenta potently suppress
a mouse model of multiple sclerosis. PLoS One 2012; 7(4):
e35758.

Liu YH, Chan J, Vaghjiani V, Murthi P, Manuelpillai U, Toh BH.
Human amniotic epithelial cells suppress relapse of corticoste-
roid-remitted experimental autoimmune disease. Cytotherapy
2014; 16(4): 535-44.

Mcdonald C, Siatskas C, Bernard CA. The emergence of amnion
epithelial stem cells for the treatment of multiple sclerosis. In-
flamm Regen 2011; 31(3): 256-71.

McDonald CA, Payne NL, Sun G, Moussa L, Siatskas C,
Lim R, et al. Imnmunosuppressive potential of human amnion
epithelial cells in the treatment of experimental autoimmune
encephalomyelitis. J Neuroinflammation 2015; 12: 112.

Khan RS, Dine K, Bauman B, Lorentsen M, Lin L, Brown H, et
al. Intranasal delivery of a novel amnion cell secretome prevents
neuronal damage and preserves function in a mouse multiple
sclerosis model. Sci Rep 2017; (7): 41768.

Parolini O, Souza-Moreira L, O’Valle F, Magatti M, Hernandez-

81

82

83

84

85

86

87

88

89

90

91

92

93

Cortes P, Gonzalez-Rey E, et al. Therapeutic effect of human
amniotic membrane-derived cells on experimental arthritis and
other inflammatory disorders. Arthritis Rheumatol 2014; 66(2):
327-39.

Shu J, Pan L, Huang X, Wang P, Li H, He X, et al.
Transplantation of human amnion mesenchymal cells attenuates
the disease development in rats with collagen-induced arthritis.
Clin Exp Rheumatol 2015; 33(4): 484-90.

Li J, Qiu C, Zhang Z, Yuan W, Ge Z, Tan B, et al. Subretinal
transplantation of human amniotic epithelial cells in the treatment
of autoimmune uveitis in rats. Cell Transplant 2018; 27(10):
1504-14.

Tan B, Yuan W, Li J, Yang P, Ge Z, Liu JIA, et al. Therapeutic
effect of human amniotic epithelial cells in murine models of
Hashimoto’s thyroiditis and systemic lupus erythematosus.
Cytotherapy 2018; 20(10): 1247-58.

Cargnoni A, Gibelli L, Tosini A, Signoroni PB, Nassuato C,
Arienti D, et al. Transplantation of allogeneic and xenogeneic
placenta-derived cells reduces bleomycin-induced lung fibrosis.
Cell Transplant 2009; 18(4): 405-22.

Cargnoni A, Piccinelli EC, Ressel L, Rossi D, Magatti M, Toschi
I, et al. Conditioned medium from amniotic membrane-derived
cells prevents lung fibrosis and preserves blood gas exchanges
in bleomycin-injured mice-specificity of the effects and insights
into possible mechanisms. J Cytotherapy 2014; 16(1): 17-32.
Zhang Q, Bu S, Sun J, Xu M, Yao X, He K, et al. Paracrine
effects of human amniotic epithelial cells protect against
chemotherapy-induced ovarian damage. Stem Cell Res Ther
2017; 8(1): 270.

Niknejad H, Khayat-Khoei M, Peirovi H, Abolghasemi H.
Human amniotic epithelial cells induce apoptosis of cancer cells:
a new anti-tumor therapeutic strategy. Cytotherapy 2014; 16(1):
33-40.

Niknejad H, Yazdanpanah G, Ahmadiani A. Induction of
apoptosis, stimulation of cell-cycle arrest and inhibition of
angiogenesis make human amnion-derived cells promising
sources for cell therapy of cancer. Cell Tissue Res 2016; 363(3):
599-608.

Di Germanio C, Bernier M, Petr M, Mattioli M, Barboni B,
de Cabo R. Conditioned medium derived from rat amniotic
epithelial cells confers protection against inflammation, cancer,
and senescence. Oncotarget 2016; 7(26): 39051-64.

Kang NH, Hwang KA, Kim SU, Kim YB, Hyun SH, Jeung
EB, et al. Potential antitumor therapeutic strategies of human
amniotic membrane and amniotic fluid-derived stem cells.
Cancer Gene Ther 2012; 19(8): 517-22.

Tabatabaei M, Mosaffa N, Ghods R, Nikoo S, Kazemnejad S,
Khanmohammadi M, et al. Vaccination with human amniotic
epithelial cells confer effective protection in a murine model of
Colon adenocarcinoma. Int J cancer 2018; 142(7): 1453-66.

Bu S, Zhang Q, Wang Q, Lai D. Human amniotic epithelial cells
inhibit growth of epithelial ovarian cancer cells via TGF-p1-
mediated cell cycle arrest. Int J Oncol 2017; 51(5): 1405-14.
Yeager AM, Singer HS, Buck JR, Matalon R, Brennan S,
O’Toole SO, et al. A therapeutic trial of amniotic epithelial cell
implantation in patients with lysosomal storage diseases. Am J
Med Genet 1985; 22(2): 347-55.



SRIEHEAE NI R 240 0 ) T 240 R AR A s A IS 78

2179

94

95

96

97

Easley CA, Miki T, Castro CA, Ozolek JA, Minervini CF,
Ben-Yehudah A, et al. Human amniotic epithelial cells are
reprogrammed more efficiently by induced pluripotency than
adult fibroblasts. Cell Reprogram 2012; 14(3): 193-203.
Gramignoli R, Srinivasan RC, Kannisto K, Strom SC. Isola-
tion of human amnion epithelial cells according to current good
manufacturing procedures. Curr Protoc Stem Cell Biol 2016; 37:
1E.10.1-3.

Parmar DN, Alizadeh H, Awwad ST, Li H, Neelam S, Bowman
RW, et al. Ocular surface restoration using non-surgical
transplantation of tissue-cultured human amniotic epithelial cells.
Am J Ophthalmol 2006; 141(2): 299-307.

Baradaran-ra A, Shayan N, Ebrahimi M. The role of amniotic

98

99

100

membrane extract eye drop ( AMEED ) in in vivo cultivation of
limbal stem cells. Ocul Surf2017; 16(1): 146-53.

Guan L, Suggs A, Galan E. Topical application of ST266 reduces
UV-induced skin damage. Clin Cosmet Investig Dermatol 2017,
10: 459-71.

Lim R, Malhotra A, Tan J, Chan ST, Lau S, Zhu D, et al. First-
in-human administration of allogeneic amnion cells in premature
infants with bronchopulmonary dysplasia: A safety study. Stem
Cells Transl Med 2018; 7(9): 628-35.

Trials AC, Details R. Human amnion epithelial cells for preven-
tion of bronchopulmonary dysplasia in preterm infants: A safety
study. 2018; https://anzctr.org.au/Trial/Registration/TrialReview.
aspx?ACTRN=12618000920291.



