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Enhanced contractility of cardiomyocytes with increasing maturity by mechanical
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Abstract

This study conducted an evaluation of the maturation and
contraction characteristics of cardiomyocytes according to the
AgNW imbedded groove structure by utilizing a mechanical
stimulation(MS) system for the maturation of cardiomyocytes. The
MS system consists of a step motor and a linear stage for tensile
stress, and the entire system was controlled using the Arduino
program. A laser vibrometer was used to measure real-time tensile
stress changes, and the exact displacement was controlled through
feedback to the Arduino program. Cardiomyocytes applied tensile
stress at a cycle of 10 % and 1 Hz and grew in alignment in the
vertical direction of tensile stress. The sarcomere length and
Cx43 intensity increased by 4.5 %, and by more than three times
according to MS system. The proposed MS system and the use of
impregnated AgNW are expected to improve the reliability of drug
reactivity tests according to the maturation of myocardial cells.

Keywords:  Cardiomyocytes (]2 ¥), Mechanical
stimulation (] ] JAF), Maturation (4%:), Contraction
force (% 8)), Heart rate (#13 85

1. H&

ARLE & olgtE B3 A& FFske M TLE
YL g 7|Het) olEd AFAE A YA Y
3L g8 71F dEFHor SAOA Y o] o e
71 3 shbolh[1]. 27 8% (Myocardial
infraction/MI) & A 243X (Cardiomyocytes/CMs) & H]
7 E e £As fslall, 2] AR =AY &4
FEHE FI Ad3Fezr FIEIHXT FHE U
AfzEde ££9 At d442 A4 2493, 1349,
ARz o] =AY A9 @AM FEF AR
Z3A (Engineered Heart Tissue/EHT)S #4& E3%
A% A 9 FH7P AdHARH. Ad 10 d B¢
FTE RN HAoAEe A5E A8 1A AF "
A=Y 2L 58 HE wg7) (vele FdEH)}
AGHHPT olE g Z1A AF 7N FE e &F
M, 54 2389 9 A3 A8 22%9L 3 ESC-
CMs % iPSC-CMs 9 A%¢& Hfxsle dHdx
HEs 3 At

B d7AM= AZAEY As5S A8 98 Fr9

Foz AEe) AFEE FE VA AT AAE AgTH
groove TZA8 T=H I T AIAXL 4F
Uk FE g AgNW & F% AEA AAd g
HATZAEY AHAe: 4L FEE g ASAHATY
ANAAZE 171817 98l PDMS well plate & #l&ste]
AgNW—-embedded PDMS groove J-ZAE A3}
319 3L well plate 71 & A% 2] & RHEXE

FR38te] ATAES AR He A 10 %E
A7tk Groove FERAE AFWF FHL=R
AAEte AR FY FALYYLE HAIZHEY
A7dEs AEANFRT I ¥ AfNW & B
ATATY A 9z 9ol FUlHn ASdE
glsiet.
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2.1 Mechanical stimulation system
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3% 1 AZHZ 7|AAS A28 A=

At AIHE ZNAAF AAEL A" FEH, 2y
Ae)olx], #o]A W& xA functional well plate @ A X
vjok-g& 9}t stage—top incubator & A BT} Stage—
top incubator & HE HjUt &%, CO2 % %
AUAEEE FA3, "vlE o AXAYE 7R
AN AES FA BAe] 7}s3lct. Functional well
plate = moving plate, bottom plate ¥ PDMS well
plate & 7459 moving plate $ bottom plate =
4FuEE 7HEste] AFste] auto clave £ o] 43



dFo] 7Hssit) AFE AARLE olFo|x TEoag
o] 43t Aol=Hw, #HeolA WYAME F& Az
Hete  A” FAe] sbsdEd AARS ANA"RS
o]&35le] PDMS well plate o] 93% =79 do=z
AAEYHE AVtetn QA uel Walsls AeAx
FE54 H3lE 2385k

1% 2. AgNW—embedded PDMS 3 gm groove

AE dieF L 71AH A3L A& functional well
plate & A& A38& E3 AFY Teflon mold ¢ 10:1
& PDMS & ZA3AA AFec}l. SU-8 mold B
o]g3le] AZTANEY}L dHiokd PDMS 7|@d groove
TEAE FAToEA dHgHE AZATY AEE
=89}l ©o]% plasma bonding & %3t PDMS well
plate $ PDMS membrane & ¥&slgch 13 2 &
ABY AZAE7E wjekd vlgd W PDMS o) groove
T2A YW AgNW &3 &4 vetdrth 3 gm groove
FZAE SU-8 2002 & o]&3l9 A|&sx PDMS &
casting 3o A|FsH 2 AgNW E SU-8 groove
mold ¢ FH31 o|F PDMS & EA359tt 24 %
AgNW = PDMS groove °l &3 & FHZE AYs SEM
olu| A o)A EQl 75t

2.2 Biological maturation
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a9 3. 71A AT BE AIAEEL ¢4 olvx|

1% 3 & flat PDMS 7]¥4e] wWikd AZAZY
ANARAF] WE G4 oluAE vehdrth Z1ART
o2} ¢ -actinin @HPL FAYFeT AHHIFL
DAPI 374 9A] MS #Wae] £Hoz A3gs & £
2t Sarcomere length #XZAF 7AAZ] &)

AZAES sarcomere length = UlZFo] #]3] 0.03
pm F7VeSTh £8 J)ARS B¥Fe| & sarcomere

AEEE #4387 with MS oA A= 93] 90 =2
FEEHE ME7F 35 22 SHHAT. 21AIAZ g3
NEZAEE MS 3 9oz AHFse A
Groove TZA|= MS FAWEo=z AFsgen v
groove ¢ g& © & sarcomere length & A3t}
AgNW 5o met HAIZAHZE Afd9ed AxA
EZd g% Ads5E 457 993 connexin43
intensity 2 3SRt AZAXEE AR 98
gap junction ¢] F7}5tn AN A ko] wolxt),
ol wel o & £%FEA W3yl Jebdt NRVM AlX
gaez 71AIARZ ) del Cx43 @iz dges o
34} o)A F7}1819 3L positive control 8] intensity &
Zx)uk ol #Fe Z17eA & ARL By

3. 38

AZAZL 7148 AFE g8 9F AAHE
AZ315 11 AgNW-embedded PDMS well plate &
AFRst F2H AZ, FAEY 24 9 1289 5 B2
o] ME AZHE &5 45 AYsId. A
NZAE AR AAEL A= TE, o AgHolA|,
deo]lA WY MA functional well plate @ HFE WS
2%t stage—top incubator & 4@t} Functional well
plate W¥ell AgNW 33 = groove TZAE o] &3l
AZME AF w3 AE " 5L FEIGY
olFolix Z2 WL o]&3te] HA AARE AloJdgn
AZAE 10 %2 AF$HE A 858 NRVM &
ALEste] AFY {5 w2 auE dde
ATz AgY JAAT AL AME 5L
Azsgdrt. A8 43 AgNW-embedded PDMS o
10 %9 AFALHE 71§ AXE dxz2FI v zdy
sarcomere 4ol= AU 45 % Z7181¥on Cx 43
intensity & ¢F 3 d] ol F7IEAh. o|& T AE
vk U Z)AF zFe] fo)§ JAAS A2HLS AX
AES U A 28 Hofol thaddt ATel €A F42
4 9lg Aoz 7git}.
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