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Abstract: Cardiac extracellular matrix (ECM), generated from the process of decellularization, has been widely considered as an ideal
source of biological scaffolds. However, current ECM preparations are generally difficult to be applied to generate cardiac tissue. Our
research was aimed to improve decellularization protocols to prepare cardiac ECM slices. Adult murine ventricular tissues were
embedded in low melting agarose and cut into 300 pum slices, and then were divided randomly into three groups: normal cardiac
tissue, SDS treated group (0.1% SDS) and SDS+Triton X-100 treated group (0.1% SDS+0.5% Triton X-100). Total RNA content and
protein content quantification, HE staining and immunostaining were used to evaluate the removal of cell components and preserva-
tion of vital ECM components. Furthermore, murine embryonic stem cell-derived cardiomyocytes (mES-CMs) and mouse embryonic
fibroblasts (MEFs) were co-cultured with ECM slices to evaluate biocompatibility. The relative residual RNA and protein contents of
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ECM slices significantly decreased after decellularization. HE staining showed that SDS+Triton X-100 treatment better destroyed
cellular structure and removed nuclei of ECM slices, compared with SDS treatment. Immunostaining showed that collagen IV and
laminin were better preserved and presented better similarity to original cardiac tissue in ECM slices acquired by SDS+Triton X-100
treatment. However, collagen IV and laminin were significantly decreased and arranged disorderly in SDS treated group. We observed
effective survival (> 12 days) of MEFs and mES-CMs on ECM slices acquired by SDS+Triton X-100 treatment, and signs of integra-
tion, whereas those signs were not found in SDS treated group. We concluded that, compared with traditional SDS method, new

combined protocol (SDS+Triton X-100) generated ECM slices with better component and structural preservation, as well as better

biocompatibility.

Key words: myocardium slice; tissue engineering; decellularization; extracellular matrix

O HUBEFE 51 KO LA M 5 s FBE T, s o i
RIMIIEE T B, O A 3 2 BB R T 28 e fa 0
1L o O JIE A M A W\ O o TR SR S 0 ) 3 3 1)
wAEITE, (ARSI S = AHE 7 R B F B A D
Moz V. JmeEk R, AN TR
FRTEAR M TR0 L (engineered cardiac tissue,
ECT) s s, AHEHEBELEINGED.
R TG B0 38 P 40 PR LE 608 I S SR
Bl E, B B A U4 DhRE ) ECT. R ik,
ECT {fER 1 J5 I R 58 St b5 118 0 VLR T, 1
A RA NG RS T 1E 0L, SR N AT
W BCT Al 30 WL B & AR &, 38 K K PR 1
ECT X 1 58 X f 00 58 09 8 15 7 T, B B ) 2 #2 A
ECT X} 15 30 D fig B2 2 8 R AR 8 16 7 20
o ECT HELLAE F 00 ILIK 21 25 7 R0 1) Be = 250
H R R 2 — & M =4k ECT Fr ) S 22 i B Ak 1
HAE R = 4R 5 RAR O E RSB RK M. A
— B8 7T 2% 25 Pl B U 4 i A0 25 (extracellular
matrix, ECM) 4544 (1) 45 4= v] B 22 FL S22 FH T 0 L
AT, WATARKZ LRI 9
KA R DL S 28 B0 B 4 i B Bl (e R AR A
FUEERA%) ST, Rimxe N TARMERE, T
W A I 2 ThRE, A R ER (1) 0 L ECM AH
ZEHg, BT XS AR R ECT AR SR O LA
AAFEREFEIZE 0 o

21 oo JUTL B0 208 L Ak 38 ) 2% LE DR B R SRy
Tas MR = 4E S5 1O L ECM, BB SRR
ARG A AR, FEsm AT R A 404k, 2 — PPty
# ECT (#4832 48 B0 i 40 fy 46 3% B0 L ECM
WL ITEZ M 2R, B F 2 20 M)
e FYRFIAIEEE ) My B 7 ] R A I R £
SO W T — BRI A e fe e Y. B
AR 0 40 P Ak TV S AE DR B ECM Sl &5 1) A AE 4

YRR A b, AT AR 25 bR Zd 1% BT A 4 D R
g, AN JE A HE B G g2 JEpE MY R () bt 4 ik 7
B 5 V2R 5 ol AT R A 1 2 BRAS R AR I, B ) 43
] ECM &l i & b e B 22 5 12, il
Kbk Z A TR B, SR B — i 48 B Ak ) 9 B
R AT PR, B A vy X A B R R B ) AN
AN B 0 35 B2 T A A R, i vl R I B 9
1k ECM S dg il o M, X 3 40 45 by it il gk — 26
P05, 50 RF 4H B TRDORG PR AR RN E 20 L
hRER R, ASFITF054E BCT kg M. nfack
i3 B0 2 B 7 vk DUR AT BE 2 B A B A 4y, [ B st o)
%1 ECM fg B K FE B i 4% B 5 AT 35 Joi ol o0 A 45
oy, A H R A A AR R P DR ] R

AHH FERNEE A8 42 M 40 i iX75) SDS AT Triton
X-100, 2R Bignpe ik, &4 E s A K A0
WLECM # f, NME 4 ECT F et B AR (1 2E 9
FE

1 MRS E

1.1 RIEEER e il sy E bR st
WA BRRNTE, FEIRAF A6 B B BOR B 4k
(2005-50).

12 MRIOCAERESIE Y B e HIR R R
BN B (AR R R Z SLIG Sl ) RIS 57
BPECH O, BYRRO s BRI, R T OEIH
T 37 °C. 4% (RAA S B lE b b, SLEDE UK
R, ARG VAL (Leica VT1000S, fE[H
Leica A A ) VWD A% 300 pm =N A, E
T 4 CIAS G IR ORAF

1.3 BimFauslE O ECMEE oS L
FrBENL J91E H R B ZH . SDS i 21 A 28 A 2 B e
Y. o B4 0L BT 0.1% SDS
37 CHe¥ B 11.5 h, % SDS, hnA PBS &3k



FHEIRE: A ECMA & o R

=, FAA 0.5% Triton X-100, 37 CHR ¥ &
% 0.5 ho SDS it 20 fitd 200 =5 LT 4240 [ [ B 4%
11 0.1% SDS 4bBF 12 h, W41 R Ri45 W 5, ¥hn
A PBS #R¥7% P =%, BFE]1Z35079 10 min, 30 min
A1 h, PAEBRFRARMANMET], & Xt ECM [k
B4 e IR ROy = L B TS XU
PBS 1, 37 ‘CHR¥% M 12 ho

14 ZRNA EEMBEREESH  BFEHLEE
IEF TR AL, SDS it 41 i 20 A e R e 4 B 4 A B s
W, HHFREE, {8 Trizol #2HUE RNA, £
U5 RN 5 T B A E A B RNA 4l KIS, FE7E 260
nm AR ERE R, THE S RNA X & (5
£ ng/g) + H RIPA {7l 4245 26 B F sl . B
o E AR, 5 BCA & &R & RN, 1F
562 nm %KAM E ROE L, TR TR N (R
7 ng/mg).

1.5 HE & FEHLERUIE R X4, SDS B4
MoZH A R A e AR B S A R, 4% 2R H
I (paraformaldehyde, PFA) % J& K [& %€ 2 h, OCT
A, FHUKIE Y A AL (FEE Leica A5 ) YA 8 pm
JEREUKEYI R . KGR 2K ARG M, 3
PR TPTAG L (0, AP LT etrn, o B TRIRS S — FR R /K Ak
H, #15 HE e V) /. 75648 (TE2000-S, H A
Nikon A #] ) FW %L,

1.6 ERLRE " FH 0.5% Trion X-100 {£ =
T N 8 pm YKV L, SRS A 5% (1 4 i
BEHEH 4 CHMA 1 h. AP/NRIREEEIV (1:800,
Abcam) BLHT/N BZ A IE E H (1:200, Abcam) 1E N
—Pi4 CHEE K. FEBEMADR IgG-Alexa
Flour 647 5% IgM-Alexa Flour 647 % . Pi/4& (Molecular
Probes) /£ =41, ZEiRELIFHE 1 ho Hoechst 33342
iR NG, ARRCHMME . R E MR
(TE2000-S, 7 Nikon 2] ) LS 5 8 IV A
JERGE R A RIERE

1.7 /AR T4RARIE AL 4BAE (murine embryonic
stem cell-derived cardiomyocytes, mES-CMs) F I
F& B BR FR 7 4 48 Bl (murine embryonic fibroblasts,
MEFs) B#I& WA 78 400 3 scik o Uor™™
75 /N R JE R ES 41 (D3 &, o-PIG44 57 i )™
O LA fee BEHE LU, FH & 20% fig 4 I 75 1
IMDM ;37 3L 535 mES 240l i 4i i a5 5 10° 4> /
mL A2, B TR E 37 C. 5% CO, 3%
iR 9% 2 KL, 1% 10° fRAR / LA R ) 4k

711

HE TR F 37 °C. 5% CO, HEFifih 595 245 9
R BB S AR . N 10 pg/mL [ VE WA 25 2 0 ik
itk mES-CMs"™, 5 14 Ka] $k4534i1k (%35 GFP
) mES-CMs, F T J54:5L56

U AHIF 72 2H T SOk ARoE U i) % MEFs. HESSG
i, WAL SEAR 2 14.5 RIGEER ( BUI/NA R,
P R K SE s O ), T 2 T ECH IR
0, 2Bk, B L AME, REIRTH, 87
I BB AL R A R . TR 15% JR 4R i
IMDM #5575 B Hhdh AT JELARE 77 (35 97 2414 37.5 °C, 5%
CO,), 2 KREHkrFIE, RFFEF 4K, nH
FIaEL5R .
1.8 ECM E4AaL U A A 7 2L A HA Sk R
i ", ¥ SDS i g 4R e B4R A4 1 7 ECM
VT 43 ) LT o S S OSSR T g s g L )
H, BTSN 10 pL %5 1 x 10° MEFs (1941 i &
W, BAIEERE 10 min, IO 1 mL % 20% A5
IR IMEM £5772% 37 CHi 7% 30 min 5, I (10£1)
A2k i) mES-CMs [ 8, /N0 & 37 C. 5%
CO, iR Fp B 95 . LG FRd 2 24 h 757K
J6 2 BBt (TE2000-S, H A Nikon A ] ) T M 4L
KRB, B2 REHKTFRIE . LR R ETE 9 M
55 N W %2 GFP PH 1 1) mES-CMs [ %08 F1 40 41 284K
JEREIRES 12 KA, B S E FEH K 8 pm VK% )
Fr, 34T HE Jefaase,
1.9 GitESH KH SPSS13.0 A x F a2 AT
oW, 45 R DL mean = SD RIR. SR IAEELXS 7 K556
38T, P<0.05 BN ZERA G B R

2 /R

2.1 B4R ERsE B ERRECM 3% B LR A AL 4

A RNA E RSN, IEHE AL & RNA
AH R & (1026.20 + 212.12) pg/g, SDS Jii 41 i
ZH I 2 R B 4 i 4H ECM 38 b 8 RNA A & &
P BT IEW S RALHI A (E14), 258
(420.19 + 58.66) ug/g (n =6, P < 0.001) 1 (417.68 +
80.90) ug/g (n =6, P <0.001), PI-i 24H fitd 41 ) T ]
B#E5 (P=0.96),

SVEE I UE SR SR AR LA B, RO A
O BV E AR &y (195.58 +23.21) ug/mg,
SDS fiii 4t fa 25 A1 24 R i 40 B 2 ECM ¥ v & 25
JR A B A B R T IR e RO LA (] 1B),
43R4 (42.04 + 13.49) pg/mg (n =6, P<0.001) F1 (44.22 +



712 LR PR2EH Acta Physiologica Sinica, December 25, 2014, 66(6): 709717
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Fig. 1. Decellularization can effectively reduce residual cell components in ECM. The relative residual total RNA (4) and total protein
(B) contents in SDS treated group and SDS+Triton X-100 treated group were significantly lower than those in normal ventricular slices.

Data were presented as mean = SD. "P < 0.001. n.s, no significant difference. n = 6.

Normal ventricular tissue SDS treated group SDS + Triton X-100 treated group

Pl 2. SDS+Triton X-10004 R it 4 IV REAT 22 B O JULAARLRZ I 5 4 3t R B ECMUE AT 45 4

Fig. 2. SDS+Triton X-100 decellularization can effectively remove nuclei and better preserve original structure of ECM. Representa-
tive images of light microscopy (upper) and HE staining (lower) of normal ventricular tissue, SDS treated group and SDS+Triton X-100
treated group. A few granular nuclei can be observed in SDS treated group, while no sign of nuclei was observed in SDS+Triton X-100

treated group. Scale bar, 100 um.
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Fig. 3. Representative immunofluorescent staining images of collagen IV in normal ventricular tissue, SDS treated group and SDS
Triton X-100 treated group. Red: collagen 1V; Blue: nuclei (stained by Hoechst 33342). Scale bar, 100 pm.
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Normal
ventricular tissue

SDS treated group

treated group

SDS+ Triton X-100

4. JERRE B AR ROt Y R TE R
Fig. 4. Representative immunofluorescent staining images of laminin in normal ventricular tissue, SDS treated group and SDS+Triton
X-100 treated group. Red, laminin. Blue, nuclei (stained by Hoechst 33342). Scale bar, 100 pm.
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Fig. 5. ECM acquired by SDS+Triton X-100 treatment has better biocompatibility and can support the growth of seeded cells. 4:

Representative fluorescent microscopy images of co-cultivation of ECM slices acquired by SDS treatment (upper) and SDS+Triton
X-100 treatment (lower) with mES-CMs and MEFs. *, ECM slice. Arrow, mES-CMs clusters, green. B: Representative HE staining
of ECM slices in SDS treated group (left) and SDS+Triton X-100 treated group (right) on day 12. A, cell clusters can be observed on
the surface and internal of ECM slices. mES-CMs: murine embryonic stem cell-derived cardiomyocytes; MEFs: murine embryonic

fibroblasts. Scale bar, 100 um.
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