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Differentiation of Human Amniotic Fluid Stem Cells into
Cardiomyocytes through Embryonic Body Formation
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Engineering and Technology Research Center, Yangling 712100, China

Abstract: To isolate human amniotic fluid stem cells (hASCs) and induce hASCs into cardiomyocytes after forming the embryonic
bodies. We cultivated hASCs isolated from the amniotic fluid continually for over 42 passages. The biological characteristics of
hASCs were detected by immunocytochemistry, RT-PCR and flow cytometer. hASCs at 10~15th passage were suspension cultured to
form embryonic bodies that were induced to cardiomyocytes. Fibroblastoid-type hASCs were obtained. Immunocytochemistry,
RT-PCR and flow cytometry analysis demonstrated that hASCs were positive for some specific makers of the embryonic stem cell.
hASCs could form embryonic bodies that were alkaline-phosphatase positive and expressed fgf5, (-globin and a-fetoprotein. The
embryonic bodies could differentiate into cardiomyocytes showing a-actin positive and Tbx5, Nkx2.5, GATA4 and a-MHC positive.
We conclued that hASCs obtained from human amniotic fluid could differentiate into cardiomyocytes through the formation of
embryonic bodies.
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IRy R ELOIE S S, B 7R R K221 Dr.
Simon E A, MATE KA A FKA T4 AEEEF 1
N WEERE . 2007 4E, Anthony %5™F Nature
Biotechnology 7% FHiRiE, Mifi17E42p A=A /K &
/D ELAG R IG T 4t MR R i 4 B, K e 44 R
FOKUET AN . 3PP 20 i 2R 3K 22 B0 VG T 240 1 A A
T A bR S, RSME S G AT ) = A2 1 20
MisrAk . HET, BARIE AN R 2R K R I 1 4 i )
JERE S AL i 2 DR i, (HAF5R N 51 253000 Ak A i
B WA AR S T ), Hassd 7 REI .
KA M A = 2 0 A SRS 7 T e IR
SyaR L, HAMWBCE K RIS S F B, A2
GG T 4t LA FE AR 3 A8 B IR) A, AL I LA 5T
HI S BN )R o ASBHETER B A= 22 S 22 1
FOKPRA A 2 B K T UM, 8 ) e e an b2 |
RT-PCR A1t 20 M 8B AR AR I A Wy~ ek, JF
TH TP B2 WA 5 2 KT AR 0 UL L 4k

1 M55

1.1 EZRH

oa-MEM(Invitrogen), Chang Medium (IrvineScientific),
4 2 WE i (GIBCO), Jifi 4 IfiL 75 (Fetal Bovine Serum,
FBS)(GIBCO), KSR(Knockout Serum Replacement)
(GIBCO), DMSO(Sigma), % Hii A Oct-4 #T 1Ak

(Chemicon), #Ht A i #r fif (W\TERT)$L 4 (rockland),
e ft N SSEA-1/3/4 4 (Chemicon), FHit A CD29,
34, 44, 45, 73, 105, 133 Hiik(Abcam A7), Bl
Pt N a-actin Fifk(Sigma), SP #EEHKH AL
S EYHARABRA ), DAB B EKALs b4
Br A W4 R AT BN w]), RNA $2BGR | Trizol(Merck),
RT-PCR Kit(Fermentas), PCR 5| ¥ FifgE T4
TR AR S5 BR A R
1.2 FKRFHERMERDBSER

AR G 17 B SR 2 v ) B A i B SR 0K, 4°C ff
AT RIS, e 200 HIEL kg, DIBRZEER
HILHLURE -, SRJF 1000 r/min, B0 6 min, 3% L3,
ARG . FEINA S A 1% 855 R 19 PBS Ik 3
K, BIK 10 min(37°C), ARG E0, WEEANIR ., &5
ARG IR, F 37°C 5% CO, ¥kt s
I FIKANMEEE IR A A 0-MEM+10% FBS+20%
Chang Medium+1%% MeMERE+1% T 5 R 2= . A%
I% 5~12 d Ja, WA AR, WA, dksk

BigE, A4 K 2 80%~90%HF 41X,
1.3 HEKfZLNE

Sy RIS 501015 fRAUME, BeFh T 24 fLAR, &
KA FLAA AT, TR IME, EZ00WEE 8 d,
il AR L, RIS, AXCh TD=
txlog2/(logNi-logNo)(TD:  Zil g B AR £ 34 ek 1], ¢ &%
FRBTIE], No: #EF0 S A 40, N 557 t /NS i 4t
J %P1
1.4 FXFHAMEFFIREEENRIE
141 EREHMILF RN

U 10 15 AR A T o 4R i fh 2 e 6 4%
ZREHEEEIREEAM 30 min; il 3% H,0,, Fii
YEFH 30 min; fill 5% BSA, Z i+ 30 min; 4 513
J Oct-4 ., hTERT. SSEA-1/3/4 $HiiK(TAEWE K
1:500), CD73. CD105. CD133 Hiik( T EW B H
1:200), [EIEFLAGE I PBS 20 M BAPERTIR, 4°C 3474
TIMAZEFRICREE —Puk, i NHE 20 min; %
I WEHTAEY R E AR, FEME 20 min;
DAB {4, SRR Yy, HF WAL R .

1.4.2 RT-PCR #2001

B 15 AR T4, I Trizol #2HUE RNA, 4R
JEiE il RT-PCR Jr kAl LLR BE R 3RK, Oct-4.
Nanog. CD117., CD90, CD45, HLA-ABC ., HLA-DR,
WS 3-WE R H il i S5 (GAPDH) .,

RT-PCR W AEASEH: 95°C HiAEPE 10 min;
95°C 751 30's, 1Bk 60 s, 72°C FEAH 60 s, 30 MFH;
72°C &4 10 min, PCR =¥ 2%Blis W & vl vk
It REAH . 51 BGR ORBE ILER 1.

1.4.3  JgCapa i

B 15 AR, sd e i = AR I CD29
34, 44, 45, 105 HIFRIEHF L.

1.5 AR

i 10~15 fRFOK T4, 5 2.5%10°/mL % 5 352
FEWER 1% E IR, FHa-MEM+
10%KSR I35 IR TR G F5, B 2 KB atiil, g
KR TE B T8 B 2SR B 2 T 1) 53 2 1 B
FRL b, R0 RE F5 HEA 7B 0l R s MR A . [R]F,
AR B TREESE 6 d BYZEIRIA, 4% 1R 1.4.2 Jrikidkty
RT-PCR J )i, Farill = W24 pn i 5L fgfS(AM R
J2). C-globin(H I JZ) il a-fetoprotein( N 2 )i F ik
L 51950 BB KR BEILER 1.
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Table 1 The primer sequences and the references

Gene Primer sequence (5'—3") Size Annealing temp Reference

Oct-4 celgaagelggagaaggagaaget 5 gy 5700 Biol Reprod, 2006, 74(3): 545-55114
caagggccgcagettacacatgtt

Nanog gegegglettggcteactge 426bp  57°C Biol Reprod, 2006, 74(3): 545-5511
gccteccaatcccaaacaatacga

cD117 ggeagecagaaatatectecttac— yhyp oo Mol Cell Biol, 2007, 27(1): 267-2821%
taccacgggcttctgtcggttgg

CD90 atgaacctggceateageatege 486bp  68°C J Gen Virol, 2004, 85(7), 1995-2000°
tcacagggacatgaaatcegtgg

CD45 tgactacagcaaagatgeceag 24bp  61°C Chinese Medical Journal, 1999, 112 (12): 1073-1076!")
aaggtgaggcgtctgtactg

HLA ABC ~Sfatticticacatecgigicceg 394bp  68°C Cell Prolif, 2007, 40(1): 75-901%)
gtcegecgeggtccaagagegeag

HLA-DR caagegclecaactatacteegat 273bp  65°C Blood, 2003, 101(12): 4870- 4877 ¥
accctgeagtcgtaaacgtce

GAPDH acaactitgglateglggaa 456bp  53°C Cell Prolif, 2007, 40(1): 75-901%)
aaattcgttgtcataccagg

fefs tacagaglgggeategglilc 433bp  55°C WIPO Patent, WO/2001/025271 1101
cgeggtecctgttatttaac

£ -globin gectgagaggaccatealtgt 398bp  57°C Molecular Medicine, 2000, 6(2): 88-95!'1)
tcaggacagaggatacgacc

a-fetoprotein ~ 28aacctgteacaagetgly 218bp  54°C Nature Medicine, 2004, 10(1): 55-63!'!
gacagcaagctgaggatgtc

Tbx5 atigelgaaaccgagaalgg 250bp  55°C Stem Cells, 2006, 24:151-167""%
gcgetecttgaggttgaaaag

Nkx2.5 ageacticteegeteactte 232bp  60°C Experimental Transplantation, 2005, 79(5): 528-535!4
ccgtgcacagagtggtactg

GATA4 tecctetteceteeteaaatte 193bp  54°C Nature Medicine, 2004, 10 (1): 55-6311%
tcagegtgtaaaggcatctg

a-MHC atlgelgaaaccgagaalgg 147bp  58°C WIPO Patent, WO/2007 /07096413

gegeteettgaggttgaaaag

1.6 K FHmBaE AR S R ie

B 10~15 PR T AT 2.5%10°/mL % B B fh
B 1%ESHI EEF F, Foa-MEM+10%
KSR W FEWETREF: 2 d )5, i o-MEM+10%
KSR+0.75% DMSO if5 F AL FR 2 d, K
JE R BT IR 2 R R FR I, R W RE 5K 15 R
e a-MEM+10% FBS+1%7%5 JHe Ik e +1% 15 5 5 2%,
W

BUWiBES 0. 2. 4 d gifE A0 LA MRl S b
BRI REI: OFA B 1.4.1 5 sk s 4n i
Ab2F ), BUPT N a-actin HULAR TAEHEE A 1:500; @
KA Eid 1.4.2 4T RT-PCR K&, O ULAN 4%
ShpaE RN Tbx5, Nkx2.5. GATA4 K a-MHC H5]
Yoy 50 B IR L2 1.

2 R

2.1 FKRFHBRMFEEREKE Y
M2 B % 2 i 30 S K i S Y A A B R
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4~12 d J5 20 dn i BE R A0 MR S 2 AR
R R 1A), BRI 2~3 RUUE, TR
RS BT AR A0 M, T R R A 3 ek 2 B8
&, fEREESR 5~8 fUJF, 90% LA I 41 i 32 3k A 41
e 1B). Hur, o —tko ez 42 /€8, BE
15 R BT 4ERE (] 1C). A AE KRGk, 55 5. 10,
15 A2 ML BF AR A5 38 B ] 4359028 331 34, 39 h(K
1D).
22 FKTHEFRFEERREFER
221  FREPIIE F 5T R

AT R LA e, A R R, 4r
SR FEK T 405 Oct-4, hTERT, SSEA-1,
SSEA-4,CD73.CD105, A~3%ik SSEA-3 #1 CD133(JL
Kl 2).
2.2.2 RT-PCR %%

il RT-PCR 45 3R], A5 3 2515 5
B EK T4 #ik Oct-4, Nanog., CDI117, CD90,
HLA-ABC. HLA-DR; A%k CD45(WLIA 3).
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Fig. 1 The morphology and the growth curve of the human
amniotic fluid stem cells
A: the epithelioid cells (P1), 100x; B: the fibroblastoid cells (P8),
100x; C: the fibroblastoid cells (P42), 100x; D: the growth curve

2 REABRELFRNER
Fig. 2 Analysis of immunocy to chemistry
A: Oct-4 positive (P10), 100x; B: hTERT positive (P10), 100x; C:
SSEA-1 positive (P10), 100x; D: SSEA-4 positive (P10), 100%; E:
SSEA-3 negative (P10), 100x; F: CD73 positive (P15), 100x; G:
CD105 positive (P15), 100x; H: CD133 negative (P15), 100%

CD29 CD34

3 RT-PCTH#R
Fig. 3 Analysis of RT-PCR
Marker: DL 2000 DNA ladder marker; CD45: 224 bp;
CD90: 486 bp; CD117: 475 bp; Oct-4: 247 bp; Nanog: 426 bp;
GAPDH: 456 bp; HLA-ABC: 394 bp; HLA-DR: 273 bp

2.2.3 A 2R

T 20 (SRS I 25 SR e B, AR 43 215 3 1Y
KT 4 M F K CD29(99.2%) . CD44(98.5%) .
CD105 (86.9%), A#Eik CD34(0.4%). CD45(6.7%)
(WL 4).
2.3 FIKTFHRET R SRR

AIRE 73 AT BN A K TSR % 2 d B
A RAETE RN 5 A), TESREE, ettR
U, Wl R (AP)RL I 2 FHE (B 5 B). K iF by
3% 6 d FIZEIRIAIEAT RT-PCR #5, 45 K8, 2Kk
A £ ik fefS(AMNIEJZ) . E-globin( Ff iR )2 ) I
a-fetoprotein( A 1 )2) = IR )Z2 Fe bR & 5L K (K] 5 C).
24 FIKFHREOAMAMIES S

KT MR TS T AR AR IR, I RE RS SR
Je ZE AR JE TR AT A A KR TR A I (I BE R 55 1 d)

Relative cell number

CDI105

Log fluorescenceintensity

4 RXHRR SRS R
Fig. 4 Analysis of flow cytometry
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Fig. 5 Morphology and detection of the embryonic body
A: the embryonic body, 100x; B: AP positive, 100x; C: the analysis of RT-PCR
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Fig. 6 Differentiation of hASCS into cardiomyocytes through the formation of embryonic body
A: the embryonic body, 100x; B: a-actin positive, 100x; C: the results of RT-PCR

(El 6A), #E—Rig%, FMARJE FE W B BFRR . &
VI 9 1 B AN S IR (VR DT i U
a-actin 4 8 2 BHPE (MG RERE 5% 6 d)(E] 6 B), H AWM
2R e A E M A S A0 LA . RT-PCR £l 45
RBR, WBEREFE 4 d 5, BR800 L4
¥ S bR A L Tbx5(250bp) . Nkx2.5(232bp) .
GATA4(193bp)Fl a-MHC(147bp)(&l 6 C).
3 Wi

2007 4, Anthony 5542 1 78 2% b ] SF oK b 43 2515
AT 20, 235 WG T 40 B R A4 T 41 i b
I, HA GG T 4n i —FEm [ 3R e P
Kim 20| Tsai 284t A 4k 238 50 25 15 20 A FoK T40
Lo 2K T 20 M B UL 3ATE T 25 5 AR, BRAS #0140 B
I, WASOFEG . A5\, B FRREERCT
M AN RE S T OC TR AG T4 ML i e 3 4 i, 1T HL
HAJa T A T FERE T8 010, AR I R 24
o e 2 B KR AR, AR B AT AR AR A, 4
MoK R HE, -tz 42 [, ik
HLA-ABC, 5735 HLA-DR; ZFiERHA T 40 bRk
JE[H Oct-4 , hTERT, Nanog . SSEA-1, SSEA-4 4%, %
ik CD117, {HAFE5A SSEA-3; &3k ] Ji 41 fubr i
CD29., CD44, CD73. CD90, CD105 %; Ak

Journals.im.ac.cn

CD34, CD45 fil CD133 4535 (.40 R br s H, H
A= W R A SR A — Y, W E N KT
R

FAKT MM ERIE Oct-4, HFRKFMHG T 400
AR T A bR LA, It Anthony 55N 37K
20 Ak FUR 6 200 B i A A0 e O AR A
A2, 7K T4 B2 75 REAR R IG T4 i —FE 8 ik
WA 7 A TR 2 0 A S B 5 0 K T 4 A i
Kige, G5 R, FKT 4] DLRETE i ik,
B A R A DU 22 PR, B TREIESR 6 d USRI AR
ik fefSUMER) . E-globin(H IR )2 )Fla-fetoprotein( A
W2 =R R R e hn i B N, B ) =02 Ak iy
THE.

Anthony F5%f H 4 85 (9 2 K T A MLk 1775 5 43
1k, 1SR . e LA . Nz L d A ™
Kim ZEPR1 Tsai 261 hiF S22 K T 41kl
NeWi. Bl . BE . g, 75 FRJURHGE H,
IR E R AR BEAS, BEEK T 40 i 3
— EWR R B REIR N, SRS U IS 6] (4355 5 Ik
TS ABUE & BLE K T 40 vl LU s S iR iA,
FEF B TR WG T 40 M A JE R, DR 2230k R
JE T4 M5 T AR i, Sl SRk T 20 MR b
FAFBFN B, RIG T H mL0 N1, 258
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KW 15 5 o-actin FHPEANME . #9875 3] 9 a-actin FH
PRI S iy AN SR H R A2 B 0T s
F L ALAH A, {H RT-PCR 25 R, 15525 41 3R 5
Tbx5. Nkx2.5. GATA4, o-MHC 5.0 JL40 it 45 5 b
LN, d B AE Y BRI, AT S R K T A i
VR4 o (R L= N DTN OB 2 s e A A
VI, B RIRRIEA R T — P58,

g5 b, A B A R SR K AR A vh 4y 25 45 3
BT AERE R E K T A, 2z dniifb# . RT-PCR
A 2 ARSI, iE 52 AR M 2 R A S
— 3, [, A8 K AR OK T 4 i AT LUZIE IR T
UM — A, AR PRI IR R BRI, TE Y
KR EAG W =020 T RE, BB B 28R
AT T4k, A5 8 o-actin FHAE 9.0 L4H Y,
FR O WA S AR B FE ] ThxS . Nkx2.5, GATA4
a-MHC,

REFERENCES

[1] Prusa AR, Marton E, Rosner M, et al. Oct-4-expressing
cells in human amniotic fluid: a new source for stem cell
research? Hum Reprod, 2003, 18(7): 1489-1493.

[2] Paolo DC, Georg BJ, Siddiquil M, et al. Isolation of
amniotic stem cell lines with potential for therapy. Nat
Biotechnol, 2007, 25(1): 100-106.

[3] Situ ZQ, Wu JZ. Cell culture. Xi’an: World Publishing
Corporation, 1996, 137.

Al fERLER, REIE. AR U i RE AR
], 1996, 137.

[4] Tsai MS, Hwang SM, Tsai YL, et al. Clonal amniotic
fluid-derived stem cells express characteristics of both
mesenchymal and neural stem cells. Biol Reprod, 2006,
74(3): 545-551.

[5] Xiang ZF, Frederike K, Jennifer C, et al. Neoplasia driven
by mutant c-kit is mediated by intracellular, not plasma
membrane, receptor signaling. Mol Cell Biol, 2007, 27(1):
267-282.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Martina L, Manfred M, Thomas S. Downregulation of the
Thy-1 (CD90) by
cytomegalovirus infection of human fibroblasts. J Gen
Virol, 2004, 85(7): 1995-2000.

Xu XQ, Yu ZY, Qian JQ, et al. Expression of leukocyte
adhesion molecules CD11b, L-selectin and CD45 during
hemodialysis. Chin Med J, 1999, 112 (12): 1073-1076.
Kim J, Lee Y, Kim H, et al. Human amniotic fluid-derived
stem cells have characteristics of multipotent stem cells.
Cell Prolif, 2007, 40(1): 75-90.

Odeberg J, Plachter B, Branden L,
cytomegalovirus protein pp65 mediates accumulation of
HLA-DR in lysosomes and destruction of the HLA-DR
a-chain. Blood, 2003, 101(12): 4870-4877.

Ken-Ichi H, James Y. Fibroblast growth factor-5 (fgf-5) is
a tumor associated t-cell antigen. WIPO Patent, WO 2001/
025271, 2001-04-12.

Itskovitz-Eldorl J, Schuldiner M, Karsenti D, et al.
Differentiation of human embryonic stem cells into

cellular  adhesion  molecule

et al. Human

embryoid bodies comprising the three embryonic germ
layers. Molecular Medicine, 2000, 6(2): 88-95.

Sato N, Meijer L, Skaltsounis L, et al. Maintenance of
pluripotency in human and mouse embryonic stem cells
through activation of Wnt signaling by a pharmacological
GSK-3-specific inhibitor. Nature Medicine, 2004, 10(1):
55-63.

Skottman H, StrOmberg AM, Matilainen E, et al. Unique
gene expression signature by human embryonic stem cells
cultured under serum-free conditions correlates with their
enhanced and prolonged growth in an undifferentiated
stage. Stem Cells, 2006, 24(1): 151-167.

Zhao P, Hirohiko I, Minoru H, et al. Human amniotic
mesenchymal characteristics  of
2005,

cells have

Experimental

some
cardiomyocytes. Transplantation,
79(5): 528-535.

Paul DB, Eberhard GR, Robert Z, et al.
differentiation of cardiomyocytes from human embryonic
stem cells. WIPO Patent, WO/2007/070964, 2007-06-28.

Chiavegato A, Bollini S, Pozzobon M, et al. Human

Direct

amniotic fluid-derived stem cells are rejected after
transplantation in the myocardium of normal, ischemic,
immuno-suppressed or immuno-deficient rat. Mol Cell
Cardiol, 2007, 42(4): 746-759.

Journals.im.ac.cn



