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A cDNA,  JFH a-skA. B-MHC. Tn | .
Cx43. ANP. GATA-4 Fl Nkx2.5 {15144y 5 HEAT
14, GAPDH 1EH N Z M. PCR “#AT 1.5%
iR R EE R LYK, Scion Image FIM5 7 BTk AF X e
WKEATEAT /4. SIP AR . a-skA, 57 ACC
AGG GTG TCA TGG 3', 5" GTG AGC AGG GTC
GGG 3', 202 bp; B-MHC, 5" GCA GAC CAT CAA
GGA CCT 3’, 5" GTT GGC CTG TTC CTC CGC C 3,
259 bp; Tn I, 5’ CCC TGC ACC AGC CCC AAT
CAGA 3’, 5" CGA AGC CCA GCC CGG TCA ACT 3',
200 bp; Cx43, 5" GAATTCTGGTTATCATCGTCGG-
GGAA 3, 5' TACCATGCGACCAGTGGTGCGCT 3’,
259 bp; ANP, 5/ GCC CTG AGC GAG CAG ACC
GA 3', 5’ CGG AAG CTG TTG CAG CCT A 3,
202 bp; GATA-4, 5 ACC AGC AGC AGC GAG
GAG AT 3', 5 GAG AGA TAC AGT GTG CTC
GT 3’, 512 bp; Nkx2.5, 5" GGT GGA GCT GGA GAA
GAC AGA 3', 5 CGACGCCGAAGTTCACGA-
AGT 3', 536 bp; GAPDH, 5' ATT GTC AGC AAT
GCA TCC TG 3’, 5'GTA GGC CAT GAG GTC CAC
CA 3’, 555 bp.
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Fig. 1 Morphology changes of cardiomyocytes and ADSCs cocultured directly

Before coculturing, cardiomyocytes were isolated and purified with mitomycin C (a); ADSCs confluenced completely (b) and stained with fluorescence

staining CFSE (c). 14 days later, cardiomyocytes, as positive control, connected and contracted synchronously (d); ADSCs, as negative control, grew

overlapped (e); After 14 day’s cocultivation, ADSCs connected with cardiomyocytes and it contracted synchronously (f).
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Fig. 2 Morphology changes of cardiomyocytes
and ADSCs cocultured indirectly
After 4 days cocultivation, morphology of ADSCs has no significant
change (a), cardiomyocytes in cell culture insert connected and contracted
synchronously (b); when ADSCs and cardiomyocytes cocultured 14 days,
ADSCs became bigger and elongated (c), cardiomyocytes spreaded and

formed a cell slice (d).
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Fig. 3 Observation of cardiomyocytes and ADSCs
with scanning electron microscopy
Cardiomyocytes as positive control (a), ADSCs as negative control (b).
After ADSCs cocultured with cardiomyocytes indirectly or directly,
ADSC-ADSC contact (¢) and ADSC-cardiomyocyte contact (d) all can

be observed clearly.
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Fig. 4 Microstructure of CLCs was observed
by transmission electron microscopy
CLCs showed even distribution of chromatin and a normal nucleolus
(N). Compared with negative control, CLCs displayed cardiac-like
myofilaments (F) and sarcomeres (S). (a) Coculture indirectly. (b)

Coculture directly.
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Fig. 5 Immunofluorescent staining for CLCs after

indirectly cocultivated for 2 weeks

Immunofluorescent staining for cardiac MHC(b), Tn I (d) and Cx43(f)
with nuclear counterstained (a, ¢ and e) of differentiated ADSCs.

Cardiomyocyte-like cells were shown in the pictures (red).
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Fig. 6 Immunofluorescent staining for cardiomyocyte-like cells (CLCs) after direct cocultivation of 2 weeks

Immunofluorescent staining for cardiac MHC (c¢), Tn [ (f) and Cx43(i) with nuclear counterstained (a, d and g). ADSCs were dyed with CFSE and shown
green fluorescence (b, e and h).
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Fig. 7 Quantitative analysis of cardiomyocyte specific protein MHC, Tn I and Cx43 by flow cytometer
The expression ratios were 18.4%, 21.8% and 24.6% respectively for indirect coculture. While the corresponding data were 35.9%, 30.8% and 40.1%
respectively for direct coculture. [: Indirect; B : Direct. *P <0.05.



2009; 36 () KIBEE.

OAEERENE S SRR TS LRI R

*629-

T HEILE IR, 720 18.4% . 21.8%
24.6%, WELAEUE 20% 2o A7 1R 741 i 22 B0 H o0
JIFERTY, M R TR R, O K
2114 30%~ 40%.

2.3.3 Western blot 73#7. 1#id Western blot 43 #73t

— SR To T A1 Cx43 (KA E, K 8
a] UL a3k i T 07 AR B A Ak O JULEE [ T T A
Cx43, i HiA B R 7 0 T4l O LA (L 36
IR ST BT, g R R g i
L AN B SRS ) 45 R — 3.

(@ ADSC  CM ADsC+cM (®) ADSC CM ADSC+CM
Cxd3 QU ==’  Cx43 ..
Tn] CGED e )] A —

rictin . e — (-t QP

(©) (d)
£100 =100
E 80 ;g 80 .

5 60 %, £ 60 z
g 40 g 40
g 20 S
i 5 20
0 0

ADSC

CM ADSC+CM

ADSC CM ADSC+CM

Fig. 8 Western blot analysis of cardiac Tn I and Cx43 in CLCs after 2 weeks coculture
B-Actin was as an internal control. Cardiomyocytes and ADSCs were as positive and negative control respectively. Cardiomyocyte-like cells from
ADSCs which cocultured with cardiomyocytes indirectly (a) or directly (b) for 2 weeks. Results are shown asx + s (n = 3). [J: Cx43; W: TnT.

*P<0.05.
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Fig. 9 RT-PCR analysis of cardiac specific genes a-skA, 3-MHC, Tn I, Cx43, ANP, GATA-4 and Nkx2.5
GAPDH was used as internal control. Cardiomyocytes and ADSCs were as positive and negative control respectively. Cardiomyocyte-like cells from
ADSCs which cocultured with cardiomyocytes indirectly (a) or directly (b) for 2 weeks. Results are shown as x + s (n = 3). [J: a-skA; [0: B-MHC;

W : Tn [ ;@A: Cx43;[: ANP;E: GATA-4;E: Nkx2.5. *P< 0.05.
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Fig. 10 Photofluorogram of ADSCs with CFSE and
cardiomyocytes with PKH-26 cocultured 2 weeks
ADSCs were labled with green fluorescent dye CFSE(a); cardiomyocytes
were labled with red fluorescent dye PKH-26 (b); nucleus were
counterstained with Heochst33342(c); several cells with double nucleus
showed both green and red fluorescence in merged picture(d, showed as

arrow).
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Adipose Tissue-derived Stem Cells Differentiated into
Cardiomyocytes in Cardiac Microenvironment”

ZHU Yan-Xia", LIU Tian-Qing"™, SONG Ke-Dong", MA Xue-Hu", CUI Zhan-Feng?
("Dalian R&D Center for Stem Cell and Tissue Engineering, Dalian University of Technology, Dalian 116024, China;
2Oxford Centre for Tissue Engineering and Bioprocessing, Department of Engineering Science, Oxford University, Oxford OX1 3PJ, UK)

Abstract Microenvironment plays a critical role in directing the progression of stem cells into differentiated
cells. It is necessary to investigate the role of cardiac microenvironment in directing the differentiation of adipose
tissue-derived stem cells (ADSCs). Human ADSCs were cocultured with rat cardiomyocytes directly or indirectly
by cell culture inserts. For direct coculture, hADSCs were labeled with carboxyfluorescein succinimidyl ester
(CFSE), then mixed with cardiomyocytes at a 1 : 5 ratio in complete media and seeded at a cell density of
50 000 cells/ml. Fluorescence-activated cell sorting was used to extract and examine the directly cocultured
differentiated ADSCs. For indirect coculture, differentiated ADSCs were collected directly. The assays used
include scanning electron microscope(SEM) and transmission electron microscope(TEM) for the ultrastructure of
differentiated cells, immunostaining against myosin heavy chain, troponin [ and connecxin43, Western blotting
and RT-PCR for the expression of cardiac specific proteins and genes respectively. Results showed that the
differentiated ADSCs experienced the coculture presented cardiac ultrastructure and expressed cardiac specific
genes and proteins, and the fractions of ADSCs expressing these markers by direct coculture were higher than
those of indirect coculture. These data indicate that in addition to soluble signaling molecules, the direct
cell-to-cell contact is obligatory in relaying the external cues of the microenvironment controlling the
differentiation of ADSCs to cardiomyocytes.
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