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Multi-level analysis of ischemic heart disease pathology based on heterogeneity
in mechano-electric coupling
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Myocardial cellular function is different between endocardial and epicardial
cells. It is not clear how ischemic condition affects this transmural heterogeneity. In the present
study, we isolate the cells from epicardium and endocardium to compare the response of their

mechanical properties to stretch. We found that ischemic condition reduces the transmural
heterogeneity in the response to stretch. The present findings may provide new insight into
pathophysiology of ischemic heart disease.



B X C—19,. F—19—1. Z—19,.

1. AFZEBRAE S D =

L D D 5 BE D PN BRI & A6 BRAR T IO
MM OIRENEN oD V> NERE, UG
W WE2D Z EnmbnTnWb, EifpEos
P3N TN RT3 R = R AN wl = S fa = )
TOHBRETRRANT VARREND Z EIT &
DEIXEZ END, DR ORI A
frBR BT LS BE D N IRAR] & SRR C g 7
Do T H DAL —MEIT R R B AL
2SR RLT W EOBEBO—D2T
Ldhb, ZOXIICEBREHEEN, HFEMR
A — MR M IR R OFRBIC K& <
BLCWD, 5T, DIRIEHE IO - st
ZEEVIK L TWAS 7DDzt - T
IR ) 72 A FTIRRE 1T AE TR R BREE T H D
D3, UTAE Z ORI 722 BT R BE A3 DA R o
BRI RIEE 2 & L CWD 2 ERbho
T & 7= (B3 E X B : mechano-electric
coupling, MEC), 2% v BB EIZIS T
5 ESAEHTN B L O R e RS — T,
MEC 20T 52 LICk>THFDRHELXES
WM B DI L TV D AREMEDN B D 23, &
DEFIIFRHATH S,

2. WEOHBY
ARBFGETIEE 3 EF O AL & R O
ARIC I 1T D MEC BLg o BEEVERY ) — %
MR IEBRAIZIH 5T 5, F LT MEC @
RYE—ER ED X H I m.O0RFREICE b
STWAENEY I 21— g VERICTH
LNCT 57000 mMaEEE T LvEE
KI&HZExBHE LT,

3. WD Ik

~ U AL E T o RV 7R T
WCEERVE L, EO%EI0 LA B hEE
D N IEARN & A EAR DS & O g Hi i 2 BB 5,
HA O MR LR BRI 2 AT T D 7201
PLFICRAD—R o 77 A X— 2L AH
B R S SR 2 WD, T T
RED~ 7 MZEE L7 10um O —R
VT 7 A= RIS T D,
—R T AN EEREEH T &
FREE S CMIIRNE FICEET 2 2 &K D,
H—Ry 77 ANN—%a L a— XD
Y —H— 2T/ A — hIUKE AL
EHIET S 2 Ll X 0 HERMEZNZ S (K
1), DMl O AR T A —4& & L THE
ERLDITHEORESKORERITHD
2, BEEIX CCD B A7 Xy EEET 5,
EHIEII AR 77 A R—D~ 7 MiE
N EBEDOENLRDOEND T 74 13—
Dlbhrie, HHPUOHELTHDL T 7
A N— DR Z R U CEHET D,
FTIXZOEBRARATHE LIz NFRT A—
2B IOENS OMBIZHT B MG N
Il &AM C L D B B EERT D, £
FFHRELSLTIE, MEC G —> & LT,
B AERIETH D Fura-4F % VN CTHI
Ra N 77 70 > 7 IR BE R T 22 AL 28 N IIBARN & 4

CK—19 (d:m)

¢ &9 BAp B0 aiERT 5, ZhbEIE
TR L EREIC T oAb R Y
A EAK pH & W2 B EUE fn O MR 12 T kb
B35,

S O ER ORI T 5 FEEE R
Z L - AT 5 72 0 O PR & SMERT 0 O
AR E T NV EBEFOA v 7 AT o+ —
Kexh 7V 27 V7 (OF) T7NVETICE
DA R

HERBLFL

|

1
dis

wLAT RIAT

4. BFZERR

1Hz CHIPR L7 Ol 2 4~5 Bepisfh )z
(2 k) LR IENERENGHELN
7o WA B oK & = 9k 71 B3 4% (End-systolic
force-length relationship: ESFLR) O X (i
PEDFREE) B X OCHRIRWIR R < 9k ) Btk
( End-diastolic  force-length  relationship:
EDFLR) O (42 ) Z bl L7z & 2 5,
MEIZBENR—MRIT R oo o7c (M 2
o

v 2

E
55 v
= stretch
= -._,ru
Seo 1
g2 | !
8 § =il
s Fr) Fi ' [

Tension, mNimm’
® T N TR
&
oGPy Gy

X2



— D O UG A 31T B F KU HE 5

BEE (T (DRI R RS, iR
FEIZIZONAMER F IZB W TIEET 5, IER
D ESWITDAMERIOIFE D AR E L FER.
HRIZ X > TR O R —H3 Lz (K
3 KE), £, —DLDOMAN DL T L
([Ca*]) hF v o=y MERIZBWTIEE
DOWERER (o) ORI O ST RE VR
TR I OAERNIC B W TIERE L, R,
HRIZE > TR O R —HI3 Lz (K
34,

——ENDO
® EPI J
140 o
- 0,
1304 T Tt
—_—
- Eaxe] ¢ —
E 110 ___F”’% .:m,—
100 4 {' 180,
1me.
) -
ow preload  high preload low preload high preload
3

IO REZ L MREEE T VA
W/ia v Ba—H4 - vIalb—ya rCTHE
TH7DIZF Y PF L OF E5 /L.
HiEET /LD cooperativity /X7 A — & DFFE
%{T-> 72, cooperativity [I /LT T AL b
A= CH (FEEEEH Kor: 1K TF), I
L baR=r CHEAKRRE (CaTnC-CaTnC :
HWiR), AT Yy VEHLTT A bR
RN=r C HEHIKME Xb-CaTnC : Hik) @ 3
DIZE L THRFE L7e, ZORER. ED0sE

I ENDO EmENDO
mmEPI = EPI (all models)
12

1.0 1.0
.
=

““_ 0.8 0.8
5

o os 0.6
- |
(s

D 0.4 04
w

0.2 0z

0.0 00

Experiments Models

. ENDO
—EPI (reference)
FFAEP] ELk,]T
. ENDO E=8EPI (1CaTnC-CaTnC coop)
I EPI I EPI (1 Xb=CaTnC coo
7

12 12

10 10
=
lﬂ- o8 o8
E
H
o os 08
-
w
m 04 04
oz 02
0.0 o0

Experiments

X 4

e /L CH EDFLR OfEICAEIT AR, #
Brft e X< HEB L (K4 1), ESFLR @
8 % ICBJ L TIix CaTnC-CaTnC. & L < 1%
Xb-CaTnC @ cooperativity % ¥E58 L 7-8555 (2
AR LRSI (K2 T, K44 & RERG
NIMEZENIELS Ip oz (K 4 ), vy
LAhTovoy MEFEOREICEL T, &
O LAMERIEE T L b M RIFIZ T « DR
Uit e (K3 4, X5 /) =Bl
77

® ENDO
@ - EP| (refarance)
3 Egll 'I‘a nC-CaTnC coop)
__:__Ewo —2—EPI ' Xb-CaTnC coop)
230 ] g
t
2204 i ) 204
E 204 2104
200+ - 2004 B
s +i’ 130 g-==- “"':__r:,___xi
180+ 134 t‘:ff-
IR, |
170 my -——""""
* low preload high preload " jow preload high preload
Experiments Models
5
LU EDFRERDNG DA &GP 0

A L L2 F6 U 2 B AORITE L 69 2 T) 2 BOG
BLOAN T LERED RO EN TS
cooperativity DEERN A —PRIZH D LB D
. FRC VT A e hrAR= 2 CHEARM
BRI AT Y vy VLN yTh buR
= C HARR D cooperativity 0D\ 7S B
Thd I ENREINT,

O XS RIEF LB MR D BENAR
Bj—tEn gt g B TED X 9 Ic&E LT
% D0 ERETT 5 72 I [FEE D I8 % 0
L (10 53, 15 Z3+FFUEDR) FIcAT- 72, &
U LRIz > 7 v b b Y v sk

06 0.8

£

EDFLR slope, N'mm’*

LYY Y



2-deoxyglucose # ¥ L pH % 6.5 [ZFH*E L 7=
HLOE N,

DAl O AN TIE 15 4y R 0 B Elz ifn. &
O\FFVETRIZ & > T EDFLR % ESFLR % % D1
XN GFEET Lokt LT, (DMERI o
R ciXm s m Lz (M6 B, E£7-.
WHERIE OB E LD L, BLEmic kv
Tmax &U 50%6@%&5#%‘1 (TRSO) liﬂﬂ%ﬁﬁ’tﬁﬂﬂ’ﬂ
WCCTHER L7, IR ORI, Tha (2B
TULDAMERI O TR K E -7 (K6 ),
INHDOFRERNS . EBIMIZ X 0 LEEENOR
W—MERHERTHZ EBBHLNE o7,

Z OBRNE I OIR BRI KB DR
TIZBWTIZED X 5 2B E FF o) % fif
LTV ZEREH%ROMETH 5,

5. EIpFEIGm L
(WFFEFRAE . WH7E5 3 M ORI 24 12
(=)

CdERERm L) (Bt 411,

@D Khokhlova AD, Iribe G. Transmural
Differences in Mechanical Properties of
Isolated Subendocardial and Subepicardial
Cardiomyocytes. Bull Exp Biol Med i
A, 162:48-50,2016.

@ Khokhlova A, Balakina-Vikulova N,
Katsnelson L, Iribe G, Solovyova O.
Transmural cellular  heterogeneity in
myocardial electromechanics. J Physiol Sci
& H A . (June 1, 2017). doi
10.1007/s12576-017-0541-0.

@ Khokhlova A, Iribe G, Yamaguchi Y, Naruse
K, Solovyova O. Effects of simulated
ischemia on the transmural differences in
the Frank—Starling relationship in isolated
mouse ventricular cardiomyocytes. Prog
Biophys Mol Biol @i, 130: 323-332,
2017.

@ Khokhlova A, Iribe G, Katsnelson L,
Naruse K, Solovyova O. The effects of load
on transmural differences in contraction of
isolated mouse ventricular cardiomyocytes.
J Mol Cell Cardiol ##Hif. 114:276-287,
2018.

(F=iR] GE 210

@D Khokhlova A, Iribe G & Solovyova O.
Changes in contractile function of
subendocardial and subepicardial
cardiomyocytes induced by acute ischemia.

7% International ~Workshop  Cardiac
Mechano-Electric Coupling and
Arrhythmias. 16"-24" Sep 2016, Freiburg,

Germany.

@ Iribe G. Role of myocardial subcellular
mechano-sensitivity in integrative cardiac
function. Korea-Japan Joint Symposium,
‘Exquisite mechanisms for sensing and
orchestrating mechanical signals’. 95™"

Annual Meeting of the Physiological
Society of Japan.30™ Mar 2018, Takamatsu.

(K= GE ofh)
(PESEIA PEHE)
othFRIRTL (Rt 0 1F)

HFR
I
HEFIZ -
T -
&K
HEEEH H -
E N DR

ol fFIRTL (Rt 0 )

AFR
I
HEFIZ -
T -

HH
B4R H -
E N DR

(Z Dfth)
ML

6. WFIERE

(ORI ES
AENLZ KB (IRIBE, Gentaro)
i (IR« [EESEERA IR - HEBUR
FgeE 355 - 90284885

@Wtger s

WHIEHE &
QLN TEE

WHIEHE &
(HWFFEt 18



