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EE: B Ao Es AEY ARSE, WYY 22 AU Solds A0 T2% 2490 AES V)
A o] wE ATAHEFHL-1 cel)2] A, AFEE 2 38y 5& 248G A= & 5 7HH9] A
xo] 71H BAE st AlxE Aol w A= Fel diste] B Mxe 7|d EFo] AHzH
oy xHe] B4 HeHE 9Adn A S St BAgow, Ao xuRa A4 9 S AE
2 3d¥Ee gAY @ WG s S B4 2 A4S B AR o2 Alxe
713 BEdo] A Fa 9 A o JIS nAH, AZAXY BoldS vehdle dde] 34
o= zo]E Hol:= AL et

Abstract: The extracellular matrix (ECM) is a key factor affecting cell growth and adhesion to the culture surface, and
it is also important for maintaining the innate characteristics of cells. Here, we describe the effects of the ECM on
cardiomyocyte (HL-1 cell line) growth, viability, phenotype, and contractile ability. Five different ECM materials were
investigated to analyze their effects on the cell growth. The physical morphology of the ECM-coated surfaces was
scanned with an atomic force microscope (AFM), and the attachment, growth, proliferation, viability, and phenotype of
the cells were analyzed using fluorescence immunostaining and an inverted phase contrast microscope.
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EX L

M3 nf o ECM <

fibronectin, gelatin, laminin, alginate, cellulose 5 <]

ol = T2 collagen,

T AEAA AT polyester, polylactone,
polyurethane 59 TAE, AEHAH FIAHEA

&<l PLGA (Polylactic-co-glycolic acid), PGA (Poly-
lactic acid)'® S©] Ut}

e R K = =
(collagen -89, fibronectin -8 ¥,
Z=Q ol

o T,

7 ECM
gelatin =89,

laminin gelatin/fibronectin &3} <} (HL-
1 AIX5, o]3F HL-1, vl FHE+= ECM)=
Hj & mﬂ AT ¥ xS LA % (Atomic

Force Microscope, AFM)S. 2 23131 A EA

(HL-1)E 4 A7t ¥jgs & ECM o] & HL-1 9
S oY 7HA WS ekl o S
AEE 2 FY 55 9, A4k

2. Ao
2.1 A<k

(a) M|3zuf 2FH

a. Dulbecco’s phosphate-buffered saline (Ca- Mg free)
(DPBS), Peniciline-streptomycin, ;-ascorbic acid, -
glutamine (Invitrogen, San Diego, CA, USA)

b. Claycomb medium, fetal bovine serum (FBS)
(Sigma, St. Louis. MO, USA)

(b) M= 2 7|& =&
a. Fibronectin, laminin (Sigma, St. Louis. MO, USA)
b. Gelatin (Difco, Waltham, MA, USA)

c. Collagen I (Invitrogen, San Diego, CA, USA)

(c) HAHA

a. Cytotoxicity assay kit (Molecular Probes Inc.,
Eugene, Oregon,USA)

b. Tetramethylrhodamin B isothiocyanate (TRITC)-
phalloidin, mouse anti-connexin43, hoechst 33258,
DAPI goat anti-rabbit IgG-FITC (Sigma, St. Louis.
MO, USA)

2.2 ECM 2| M=

o dAFelME ol 7EAI9] ECM(collagen,
fibronectin(©] 3} FN), gelatin, laminin, gelatin/ fibronectin
Hj < el A= gt

mixture) = A3

ZF ECM & AEH|]  AMgEE ddbzel
I FER FH|Ekgler R MdwstH ter

Faa=s Collagen = F2A 19k Hd A5 cell culture
grade ©] S0l SpgmL o] FE=Z At} Gelatin
TEME cell culture grade 2] S+ —’Foﬂ 0.02 % gelatin

she] Qlojy)

A aist Het A
1%2] FN & 54 2% Ea 253 cell culture
grade 9] S5l Sug/ mL 7} H%=5 43k FN

T8MS A8t} Laminin 3 collagen, FN 3}

o2 cell culture grade ¢ <5l
]2 3t} Gelatin/fibronectin
TN FHIF gelatin &Nl FN &
199:1 ¢ H&= 233}k L3 ECM A8 & 314
2 qWelAe HL-1 9 A4S vlusty] $3)
DPBS = Hl27A 1 3 A3 EWS negative
control & A}-8-3hT}.

23 M= dfgf

Z} ECM 2 1ml 4 35mm petri-dish o] U0 &%
37°C, olAbStEA TR 5% o FA] QlFHlo| A
12 A[3E o]/ A 2] At

At #l k¥ HL-1 2 petri-dish 3o #l gl ar,
AE Z27] FEE 3x10° cells/ ml ©] T},

87% claycomb media, 10% fetal bovine serum (FBS),
1% penicillin/streptomycin, 1% norepinephrine, 1% -
glutamine 0.2 TAE WA & AlEF o, AX=
4 A 2= 37°C, oIEA Fx 5% 9
st o el ol 4w F Tt

24 AKXt
£d
ECM A &¥ ZHS 437 fla dxdn 74
(Dimension 3100, Veeco, USA)S Al-&31 o1, 18x18
mm cover glass Oﬂ Yo A3 Hy HdstA
ECM A2 E 3 $ 35mm petri-dish o ¥o] 37°C,
o|akstER A 5%9] FAIRIFFH ol B el A 12 AlZHE T
A2 gk ECM A § 32 ECM & A7t
oJie F718 37°C &2 fAHE UF SEdA
AIZE B ARAIAY o]F ECM o2 Al
EHES dAadnF oz FA 3.

$40| A (Atomic Force Microscope) ™

tlo B

[

HL-1 & 4 d4zF wjFst petn -dish =
DPBS & w27 2 3] M|&H3 & paraformaldehyde
solution (3.7% in DPBS)Z 15 &3 A3t} o] %
DPBS & 3 3] A% ¥ permeabilization solution (1%

37°C ¢

BSA and 0.3% Triton-X 100 in DPBS)o =
15 &3¢ blockmg gl o},
W FE AE

+ filamentous actins (F-actin) #4212
#3l TRITC-phalloidin (1:200 in DPBS)Z 2°C °l| A



Azl 71 Ede] =9 - 3o o
12 A 7F EoF A& 7 connexin #2412 ¢35 anti-

connexin 43 (1:1000 in DPBS) &2 25°C o 4] 1 A|7+
59 A& 3k ¥ FITC-secondary antibody (1:40 in
DPBS)Z A2oA 1 At Feob AP} w3
Al & 28 9]E] DAPI(1:5000 in DPBS)ZE 2

2ol 2 23 Agden, zk @A o= DPBS
2 384 w2 A=
AME  AMEE mounting medium  containing

antifade reagent = *J2|3}o] T om A P

Aw| 7 (Ti-U, Nikon, Japan) &2 4] 3T},

26 Mz=Z AL HEE 4

ik AEE 4 A3 v 1 34 37°C DPBS =
W= A A ske] ol Qk-§-3}= Hoechst (1:1000 in
DPBS, blue fluorescence)9} =2 Ao Aeldo=z

AAE = EthD-1 (4mM, red fluorescence) %
QATEA A 1522t A3k

w4 Aatell= AEO HF AETES EA )

A Aeldle AEE AYHoR  dAEE
calcein AM (2mM, green fluorescence) I} -

MES Aalx oz M3t EthD-1 & 15 #7F
Aglstal A4 FF dAu|dow #FHgskar, 1280 %
1024 pixel 9] Al FGS A= 4
4% Image] (NIH, USA)E ©]&3}¢]

31 ECM EH
ECM Ag]¥ %WS AFM o2 ##3 dis
Fig. 1 o YEHRATE Collagen T8N o= X2 ¥
¥ W (Fig. 1(a))< -1.571nm ~ +2.061nm( =% 0.313nm)2]
Tz olFE zwaAl A7 AL Bl
FN 22 AHzl® EWFig 1b)S + = o] &
FAastlen, o o2 ECM o  H]§H
diA s gol7k A Aol F yYwAxEvt
H]Jj/_xl ﬁL;‘dx—] o7 BH%QO} 9l og o} o]

o
R

=
T

=]

T

= = PR .
Laminin 8 9 (Fig. 1(e))2=2 A gl¥ xHol
A Y=g FE -3.372nm ~ +5.280nm (£
0.856nm) .= collagen 2] 3 FAH F+39
3o} FrAFsEAIRE, $gol= FN A2l d
gl A Yzt AT Gelatin -8
(Fig. 1d)o.= Age xHel] JAdd Y=tz
% o] -1.340nm ~ +2.333nm (£0.291nm)=
collagen A &%l EHO Y720} H|g Fol&
oAt 1 B3 Q9] control (Fig. 1 (f)) EWHel
A% -0.966nm ~ +0.516nm (£0.170nm)2] Y=t

T
EUEE

ofk

of W& ATAEMHL-1)2 A AT 1231

(b)

Fig. 1 3D morphological images of extracellular matrix
(ECM) treated surfaces scanned by atomic force
microscope (AFM). (a) 5pg/cm?® of collagen, (b)
2ug/em?® of fibronectin, (¢) composite of 0.02%
gelatin and 2ug/cm® fibronectin, (d) 0.02% of
gelatin (e) 1pg/cm’ of laminin, (f) control. The
scales are X=2um, Z=10nm
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I Seeding
I Day1
[ Day?2
400 1 = Day3

[ Day4

|

300 - HT
fl L
Il
il

Control

Cell Proliferation (%)
N
3

100 A

-Ehh—c

Gelatln

=)

FN Gel/FN

Extracellular Matrix (ECM)

Fig. 2 Cell proliferation for 4 days. The analyzed area is
1280*%1024 pixels. The initial cell density is
3x10° cells/ml that is regarded 100%. (Student
paired T-test, n=5, *, p<0.02)
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lhour

Collagen

Fibronectin

Gelatin/
Fibronectin

Gelatin

Laminin

Control

o o

Fig. 3 Phage contrast images of HL-1 cells cultured on different surfaces at different times. (a) Spg/cm? of collagen, (b)
2ug/em® of fibronectin, (c) composite of 0.02% gelatin and 2pg/cm® fibronectin, (d) 0.02% of gelatin (e) 1pg/
cm’ of laminin, (f) control. The initial cell density is 3x10° cells/ml, and the scale bar is 100um

b

o} A7|AtelE WHshy] olH gtk ¥HA, Gelati/FN
23} ECM (Fig. 1 (¢))°] 4% ©+& ECM = 27
qHo| ofgigom e FYSo] EfERHom
A FaL vk S Ao R HolE veE
=o|x}7}F 9.1445nm + 2.815nm = 7P How, o1
9le] FHo A= -1.329nm ~ +1.261nm (+0.353nm)2)]
Yiegzrt 12 ZXAT o7AE
AEAA dold ECM #= & Eolabh &
djeo]  EAERA=H o= o]Fe] ECM 1t

= .
a31HQl Wgo] g Atz f59

PN
T

ki t}.

32 ECM EHollo| M= £ 28 ME
AE ¥ 5 HL-1 o ¥d 52 B3 Az
HiF 1 A7 FN A2l %ol HL-1 2] 2o
744 wekow laminin  FE3F S wE FAS
wolth AE vl 3 4 A2 A3 Tl giy-Ee]
MEZF ECM A 2]e ol F-2351AA] 0t gelatin 2]
4% control ¥ WFPS uw 2 HFIF AHAxr}

H| 28t AY g HolA= s Bt

F2el

MAE vlF 1 AAH-EH= ECM o 9%

B4l xFo]E Holal, collagen I gelatin 2]
B A wEA] mEEE A E7E A AEHA
sAstal A= AEe] F7F e ECM o W&
AASA 2keh AE g 4 LdAbell= ECM ol
o) JFgFowm <lal FN A FEHl #igH
Axel AF 2L B¥ryF =9°o9 laminin I

gelati/FN =3 ECM o2 Aal® 3do]| s
Azl SAE st A43E veRil.

Control ©|A wiYkeE HL-1 & 35 & 3Hol9
ECM  HzZgk  FWol|ulgst  Axuc
B o ®m @il ARto] AgHlom, AJZto] Ao

3-3jol

wWel 7 el el Al FaeA Eala,
FHE olFo] Agals AL BT F AT

33 ME SA0 MEZ MEE

MNE IF55 4 A7 AX F2 2D HEES
Hoechst ¢} EthD-1 3% @gdMo =z HEX3 A}
7} ECM ©] HL-1 9] <4 of t3t d&=
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Fig. 4 Cell viability and live cell number after 4 days
after seeding. (Student paired T-test, n=5, *,
p<0.05, **, p<0.5)

(Fig. 2). 7] AE ¥=2 100%= Aolstar 7}
w70l whet A|lEe] F24E A3kl Collagen,
FN, gelatin Z} gelatin/FN &3} ECM o2 A 2]¥ EHo
ke AlEe] g vl 2 Al 3 LAl
SAEol A1, laminin oA AT AlE= B T
el 7RI

DPBS = A8k strol A 2pet Al E= seeding 1 &
T AMES 7 FOEAFS IIF F ded,
o= FWIY  ofgt Ao ARGl s  AET}
v o 2 mA] Babshx] kil F-psbe] wijA| A
2 AR T ELHENS SloR T FNo®
Aeld FHolA Ao FAe] 7Pt Ehdsiglar
laminin ¥} gelatin/FN <3 ECM ©| H|53h s

H.81o1, collagen ¥} gelatin, control =¢] At}

wo® MEY AEES Uy A=

gefste] A8t

F

nﬂ

|

Cell viability (%) = LvecelLmumber o6 (1)
Total cell number

A AFEE E3 FN o2 AZl® xHA
7 =S A (Fig. 95 E.$12 ™, Laminin ©] 1
HE oldtt. Y& ECM 9 o] F43= tEA

collagen ©] gelatm o1} gelatin/FN &3t ECM KU}
wo JEES et
BE AT A 90%0) 4] AXAYEES

=4 (Fig. 3y
3 & 4 AL, E3] control & G FH|
5z S AY, A Te] ofFst A5 A8 95t

Phalloidin

Anti-connexin43 & DAPI

Collagen
Fibronectin
Gelatin/
Fibronectin
Gelatin
(k) <
Control _

Fig. 5 Fluorescence images of HL-1 cells immunostained
with anti-connexin43(green, connexin43) DAPI
(blue, nuclei), and phalloidin(red, F-actin) on
different ECMs at day 4. The scale bar is 20 um

34 HAHY 2y

Anti-connexind3  (M|¥3F oz vk 22

5} phalloidin (41741 5k W) Wl o e
HL-1 o) E83S T39I FN 0.2 A8 Ef
3]

ke Aaze] A, SS5IeAE (F-actin)®] 3/ ¥
(Fig. 5(d))?} connexind3 T8 o] ¥ (Fig. 5(c) A=
Hol 541 A ME dsAHgo] FHojd
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