


oxnvernns VNN

ANBEEY: FEXMFMRI, BRANESITHE
FF, WALHATHRATEMBERRR. BRI ELEH5
RRRASS, FRXAESEMEM ANRERELE R KRR
BEIHAEMRBRR . SASCRIBT A b B STk AR
%, BEEXFURBETRGH. AAT2ERBEERARN
HRgG REANKH,

%um1¢%$24%mwf

H#: 201044 B 29 E!
2R Y R A B

KANEATHBFWKEEREE . ARSI
2, B R RURE A SOk E R IR
DU AT 10 SO B FRRRAR AR, B BUK 22018 SCH FIER
FIE D BE SRR SCEA SR E B, KRR E
WER, HEHEER N AERAE LB RETRE,
ALK AEE, RN R R 3L
%ﬁ%i#%ﬁzi%%w\ simss: A 4L
H#: 2010 4 A 29 H#: 201044 A29H







FAFELEMIBX DT RS R KOO B E BRI A

UL 40 O AR K B LA 2 i, A B S (T

. ARE (OMEREL)
BEERE: BER
W AT B3
P RFEDEULSER

P

OUERR=ERMALEROERZ — CIERFERATHREEE
B: LDAFBEMEOERLERE. BITONERNERFERERE: AN,
BT BWRIET. AMOIERECRNESE, AREFRFNET HiE.

BEEEMIRENRE, THR (stem cel) BRGTBANR—DERR
BT AR . IMBATHRTFOOERRN THARMET:. FHEATHAR
(mesenchymal stem cells, MSCs). fEfETF 40 (embryonic stem cells, ESCs). Ji%
W41 (myoblast) FLOLF4ME (cardiac stem cells, CSCs) %,

ERRP, UEFARBERTHTOWERYERREFNXE. R, T
HABEEOIOERE AT REENHXE. EMARER: 1) MSCs #
HHNESHIBES U A OB ERE, k REEREHRY—H, Ik BRTHE
B LRFEZLENAM, RAFBOEXRETE. 2) ESCsEFIMNES oL
AOUAMSG, BB RIE B REEES ., RN EEM BB dV/dt.
3) BUERBEE N ESE EONARTREEE, REANEORBELBY
FREFEONEM. HETR, FTARFEIOERETE, FUEEEIR—H
R EMEE B IER 7M.

BEAEML S0A 0 A B O Bl B R340, TREHIE. Rifi, Messina
MAFUN BRARE A B4 BE RIS SR CSCs R T iX—W . CSCs BIRIh A
BRI ESRGTE, ALUSERNARE T HRM &4,

GLpmig, CSCs R—MARRNBEAFFHAM. CSCs RBETLIAR,
RN AMREE S LA LU, A0 ERILE R R B0 S f s A B i,
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IR RRER D, BB, BATRI T ALRHR.
ALRHAEMRE: THKRR CSCs BARIEM, WE CSCs BHEFH KR
DNEFE O A BRI .

F1E DITARESE, HEF 5%

CSCs ZLMARPHERD . RE—NMEROBAEFEREI 2 ELLEH
Fit, TECSCsHARPRAEE., ALREHH N ANEESBIEX CSCs #AT1H5h
NE., AL ERNEE, H¥ CSCs#HITHEZR L.

11 ZREM
B KR CSCs B4 BHFEFE, AT—HH5 CSCs BFBEAMNE
CSCs Bt KR O UEFE OB A B MR 4t 7 2 4 e

12 HEE5HE

BUBi 4 Sprague Dawley(SDYAK R, ATLE &AM TIRORAR, KBREELSE
MBI & e S Bk CSCs, MEAREEZL. FARRH RN
WA RETHE: c-kit, CD29, CD90.1, CDllb/c, CD34, CD45 K& ik, #1T
CSCs £E. URMNMALHIREFRBES CSCs ML, FITHRABLERT:
EBERL o IBERNEEEH.

13 4%

13.1P0 (RR) K P1R(ZiE 1 kRN P1 R, Wtk 4 fEF %M.
P2 & P3 R, BEIRAK CSCs.

132 MAMME T LR ETR: ckit, CD29, CDI0.1 HFtE, CD11b/c, CD34,
CD45 R FAtE.

133 CSCs #RAULER: CSCs B FHFET 2 A5, AMREBMLFERANIS
B A I (cardiac troponin 1), £4EH (desmin) #a -JlE1EHA ( a -Sarcomeric
Actin) AP,

1.4 Mg

CSCs AJLAMOHLH 2 B8, AT RSbEFRI4TE. F E AT IEERIMER LR
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F2E  LUITAKEFEE mRNA {RE S B AR
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BT FHRFEROERENTE, TARNEEBFERATRAL. £
BERY: CSCs LA ONEMSE, RILFOEPUELIR sE R, Rifl,
KR CSCs ERA D ONARBIRET, KB FBIE R o B A
T

21 LRHEM
Wit %t CSCs B F il mRNA FEM Ina, Ioar Lo ORI, TH CSCs BF
BIEREHENA e AT, AUGHRRBEENTRERN.

22 MEAEE

B P3 fR CSCs, {REX RNA. F LA H K- &84 RN (RT-PCR) £l CSCs
B 7@ KCNN3, CCHL2a, Kir2.1, Kv43, Kv3.1, Kv2.1, Kvl.6, Kvl3 #l
rScn2al B mRNA %Kik . & 824 Mg FERIER CSCs BREFE s Low Lo
B

23 &%

2.3.1CSCs B FifijE mRNA: CCHL2a 38%iE, Kv4.3. Kv3.1 ¥ E &L, Kv2.1,
Kvl.6. Kvl.3, Kir2.1 f£#i%&, KCNN3 fl rScn2al i€ FKi%.

232 AR ARICFER R CSCs FH Inas Icar Tioo

2.4 /NG
CSCs AR A ONABBRAET, EFEFEiE mRNA KL, BRME
FHEAREFRARRIE B FEREE.

FIF OYT A RBEEX A RO BTG B A B

MEEMIRF KR, CSCs MRIMMEINN &, A HHH AR,
CSCs BREBEWARBTORERRBREFNFHFERL —. KRBER: CSCs
BEGE, MOUERHWRLEEER ERSE, ERNLEEBHEMNED
XERIRE. FTUAALR BENE CSCs BB X OAEIEK R OBEBREM.

3.1 LRHEWB
ME CSCs BHEFXM AR OB LEAEERK M.
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32 MR 5N
26 Rt SD KB, B ONEFREER, Hd 20 RERHKI. 2 AF, 20
HONEFERREN Y A 2 48, 410 R, 23508 00F 8RB AN RA
(PBS ). LT 4B M4 K B FULESEX DL S CSCs (5x10%0.1 ml)
0.1ml, X BAKRFLUEFX . OULAES PBS 0.1ml. 6 AR T HE: L
FHBORNH, LA AR e B Eh ik R iR SEeh ik E o BB RUE, B
OBRREFEE, EFEM (VFT) MOIEERX., FEA%X CSCs # %R
B B3(Cx43)RIE.

33 4%

3.3.1 ZERFEHFIM S182, S18283 £4 T, CSCs BHE, MOBEARANMY
WA EER.

33.2CSCs Bitf5, BRUEXNEFRX MRIEKDKRHREESHE, KIE
Bk E R REREAETR.

333CSCs BHEE, DA THARBEAERFEREEZ/HOERE.

334CSCs B fE, BRAK., HAULKXAEFEEX VFT HERS.

3.3.5CSCs BREAEKRERX MERULX BRI Cx43 Rik, HEHEH
ER4REMES. PBS AKXRERXERNEKX Cxd3 RixtkD.

34 Mg .

3.41CSCs BHfE, URBOVNER KRELBERERSE, &S VFT,
3.42CSCs B f5, BBEEHEKXRIE Cx43,
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2 CSCs R WALV BEPRET, EEE FlIE mRNA KIRE, HE
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3CSCs BHfa, AUMBONBERAREEERERE, & VFT.
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ABSTRACT

Myocardial infarction is one of the most dangerous threats to human health. The
main death causes of myocardial infarction are heart failure and malignan ventricular
arthythmias. The main treatments of myocardial infarction include intervention
therapy, medication and device therapy. However, myocardial infarction mortality is
still high; new treatments should be found.

With the development of the biological engineering, stem cell replacement is
considered to be a promising therapeutic approach. At this stage, the stem cell lines,
including bone marrow mesenchymal stem cells, embryonic stem cells, myoblast,
cardiac stem cells (CSCs) and so on, are uesd for the treatment of cardiovascular
disease. , ‘

In the animal experiments, stem cells for the treatment of myocardial infarction
have shown good results. However, in the animal experiments and clinical trials of
myoblast, there were cases of arrhythmias. Therefore, the stem cell
electrophysiological properties were paid more and more attention. Basic studies
shown 1) Bone marrow mesenchymal stem cells were induced in vitro to differentiate
into cardiomyocytes, Ix; expression was significant heterogeneity; Ix; current density
was generally lower than the normal ventricular muscle cells, which suggested that it
might be an Arrhythmogenic; 2) Embryonic stem cells were induced to differentiate to
cardiomyocytes in vitro, demonstrating spontaneous electrical activity, prolonged
action potential duration and the lower dV / dt; 3) After the transplantation of
myoblast, the myoblast could not achieve electrical coupling with cardiomyocytes.
Finally, muscle contraction tube was completely independent of the host
cardiomyocyties. These shown that these stem cells might induce arrhythmias, so that
anew superior seed cells for transplantation should be found.

It was previously thought that terminal differentiation of cardiomyocytes
happened after birth. However, the fact that Messina successfully separated CSCs
from human and mouse heart and cultured them in vitro had changed this view. The
success of CSCs being isolated and cultured in vitro created advantageous conditions
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for the future clinical applications. The source of stem cells for treatment of their
corresponding organs of the disease was considered to be the best choice.

In conclusion, CSCs are a promising cells for transplantation. Experiments show
that when CSCs are induced to differentiate into cardiomyocytes, it shows similar
electrophysiological properties with the mature cardiomyocytes. However, wherether
the CSCs can decrease the risk of arrhythmias has not been reported.

Therefore, this study aims to detect the myocardial electrophysiological
properties of CSCs, and observe the cardiac electrophysiology in the rats with
myocardial infarction treated with CSCs.

Chapter1 The separation, culture, identification and induction to CSCs

There is a small number of CSCs in the heart. Choosing a simple and effective
proliferation measurement is particularly important for CSCs research. In this part,
CSCs are isolated by adherence separation, purified, cultured and identified in vitro.
CSCs are also induced to differentiate to cardiomyocytes.

1.1 Objective

To find out the rat CSCs isolation method to provide cellular resources for
further studies of the CSCs ion channels and the observation of the effects in rats with
cardiac infarction treaded with CSCs.

1.2 Materials and methods

Hearts are taken from the newborn Sprague Dawley (SD) rats in sterile
conditions. CSCs are isolated by adherence separation and control of detached time,
and the cell morphology are observed. The surface antigens of CSCs are detected,
including c-kit, CD29, CD90.1, CD11b / ¢, CD34, CD4S$, to identify the CSCs. And
the CSCs are induced by the cardiosphere-growing medium(CGM), and are detected
troponin I, a-actin and Desmin by immunochemistry method. :

1.3 Results

1.3.1 CSCs, mixed with other cells, can be observed in PO and P1 generation.
Pure CSCs can be observed in P2 and P3 generation.

1.3.2 The detection of flow cytometry shows that c-kit, CD29, CD90.1 are
positive, while CD11b / ¢, CD34, CD45 are negative.

1.3.3 Results of CSCs indution: 2 weeks after the induction by the CGM,
immunochemical staining troponin I (cardiac troponin I), a-actin (a-Sarcomeric Actin)
and Desmin are positive.

Vil
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1.4 Summary
CSCs can be isolated from the myocardium and cultured in vitro, proliferating
efficiently. It also can be induced to differentiate into cardiomyocytes.

Chapter2 CSCs mRNA expression of ion channels and currents detection

Because stem cells are likely to be arrhythmogenic, the electrophysiological
characteristics of stem cells become a research hotspot. Experiments show that when
CSCs are induced to differentiated into cardiomyocytes, it shows the similar
electrophysiological properties with the mature cardiomyocytes. However, the ion
channels expression of CSCs and electrophysiological characteristics are not clear.

2.1 Objective

The mRNA expression of CSCs ion channels and the Iya, Icss Iio currents are
detected to find out the process of ion channels expression and the CSCs
electrophysiological properties, which provide the important experiment data for the
future research.

2.2 Materials and Methods

RNA from P3 generation of CSCs is extracted to detect the CSCs ion channels
mRNA expression, including KCNN3, CCHL2a, Kir2.1, Kv4.3, Kv3.1, Kv2.1, Kvl.6,
Kv1.3 and rScn2al, by reverse transcription - polymerase chain reaction (RT-PCR).
The patch clamp whole cell recording records whether there are ion currents in the
CSCs.

2.3 Results

23.1 CCHL2a has strong expression, Kv4.3 and Kv3.1 have moderate
expression; Kv2.1, Kv1.6, Kv1.3, Kir2.1 have low expression,; KCNN3 and rScn2al
have very low expression.

2.3.2 The patch clamp whole cell recording mode fails to record the ion currents
in the CSCs.

2.4 Summary
The mRNA of ion channels express in CSCs, but the ion currents could not be
deteched by the patch clamp whole cell recording.

Chapter3 Cardiac electrophysiological effects in rats with myocardial
infarction treated with CSCs
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With the development of biological engineering, the discovery of CSCs and the
successful separation causes the CSCs research to become a new hotspot. CSCs are
considered to be one of the best seed cells for the treatment of heart disease.
Experiments also show that after the CSCs transplantation, the heart function of the
myocardial infarction model has greatly improved, but the effects in the
electrophysiology have seldom been reported in the literature. Therefore, this part is
to evaluate cardiac electrophysiological effects in rats with myocardial infarction
treated with CSCs.

3.1 Objective
To observe cardiac electrophysiological effects in rats with myocardial infarction
treated with CSCs.

3.2 Materials and methods

26 male SD rats are taken as the myocardial infarction model, of which 20 are
done. After 2 weeks, 20 rats with myocardial infarction are randomly divided into 2
groups --- CSCs transplantation group and control group (PBS group), each of which
has 10 rats. Rats in the CSCs transplantation group are myocardial injected CSCs (5 x
10%0.1 ml) 0.1ml in the infarct area, while rats in the PBS group were injected PBS
0.1ml in the infarct area. 6 weeks after the injection, the following data are detected:
ventricular effective refractory period, epicardial unipolar electrogram activation
recovery time and activation recovery time dispersion, the induciblity of malignant
ventricular arrhythmias, ventricular fibrillation threshold (VFT) and the expression of
Connexin-43(Cx43) of CSCs in the infarct area and infarct marginal zone.

3.3 Results

33.1 There are no differences in ventricular effective refractory period
between CSCs group and PBS group in the infarct marginal zone and the non-infarct
Zone.

3.3.2 After the CSCs transplantation, there are significantly shorter activation
recovery time in the infarct marginal zone and non-infarct zone, and the activation
recovery time dispersion decreases significantly.

3.3.3 After the CSCs transplantation, it is more difficult to induce malignant
ventricular arrhythmias.

3.3.4 After the CSCs transplantation, the ventricular fibrillation threshold is
significantly increased.

3.3.5 The Cx43 expression can be detected in infarct area and the infarct
marginal zone and it is overlapped by the CSCs in the CSCs transplantation group.
There was few Cx43 expression in PBS group.
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3.4 Summary
3.4.1 CSCs can modulate the electrophysiological abnormalities and increase

ventricular fibrillation threshold in rats with myocardial infarction treated with
allogenic CSCs.

3.4.2 After the CSCs transplantation, The Cx43 expression can be detected in
infarct area and the infarct marginal zone.
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The main Conclusion of the study

1 CSCs can be isolated from the myocardium and cultured in vitro, proliferating
efficiently. It also can be induced to differentiate into cardiomyocytes.

2 The mRNA of ion channels express in CSCs, but the ion currents could not be
deteched by the patch clamp whole cell recording,

3 CSCs can modulate the electrophysiological abnormalities and increase
ventricular fibrillation threshold in rats with myocardial infarction treated with
allogenic CSCs.

Key words: cardiac stem cell; transplantation, myocardial infarction; ion channel,
Electrophysiology
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oL 20 BB AR X K S CoUBE B 8 A 38 S FRO R

BEER A FEK
® Jh: B H3%
Pl R F PR L2 B B o B AR

HUETE R —Fp = E B A\ KRR - O IUESE /5 O RIRSE. T,
MBI R ERRD, FAHERTERRA, #MOZNEL, BEX
BALHFERHORAEM, HFRTERIER: LHAEBABLZHLER
. W OERKERFRERE: MABT, BYRTHNBRIET. BIE%
s, FEERBBTFROEERIBENEFEZNEERE. RTHHBL
PERR R MREEY, FEEIRFHRTER.

REEYTIRENRE, THAKR (stem cell) BRBTEEHMONE B
BRRAENERT TR, BOAAR—FEIREETFB. BB ATHAT M
ERROTHRMEEER: BRTHR (embryonic stem cells, ESCs). &8/ .
JAT 4 (mesenchymal stem cells, MSCs). L4 (myoblast) FI.LULF4 A

(cardiac stem cells, CSCs) %.

ESCs R F MM N ARANRZER T EMELNEE MLLEN AR
¥, ESCs B EHMR TUEBAR MRS FTRETHIEE S, FNAE
- BEMKRE AL Doetschman E% 1985 4, ¥ %ML ESCs EHSE L H
AN, TUAUAEANEEREMAR, RPRAEEE—CHF&E T
B B RR O . T Fijnvandraat %7 4158 T ESCs RO
LTS A Y F R XA RS B R, EHE T R ER LN
41 BAEBEAFTMERAAOENEREE ZE L PR ESERT, fanRiA
O R ) GATA-4, Nkx2.5, IBERL AEESR THORES, X
LIH A ESCs BHERIT OIETE, OhFBRET HNEYETY. E3PL
WHH, Dinender EPVHAZEMA MR, BELIERYEE, REELHIE
FEX JEES E2RC IR MUl ESCs, &R XYM GR ESCs #9115 £
CUAREES, 2 ONAR, AEARMOEFRNAR, kGRS
B4R REBLER, BENERE —ERTBEN, B IBIRERIR.
WERBRTBEAREAANEDETH. Claudine A /MR ESCs B
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B GBS ERONERIMEE, £RETBEANBRXIEA ESCs
BENS, BEANAZFOMMAHEHE. X—RIILRRH: ESCs T
mAL R OUELR, ESCs BERMONBERNIERONFERERERH. B
M ESCs H TR B E, MAFEREDDLREOMNB, BRHBRERKLIR.
M E ESCs HARE5 I RHF R, BUBHE. BULEREME, MRSIEUEKKN
m[ll]o

MSCsRET B, BRAGTHARM—, AEERER, RRTLELE,
o aEMERONS R, MSCs B, EAMIBRKEEE: BHAS,
AUE#BE, MEEHRRRMN: H7 8, EIMIESE, AHREASZMLE
gt BUBETNEECEZEED, KRSMFFRERSE, MSCsT AL LI
AR, FERWENG, HREEREONSH, RS ONBENEANER
R FUMSIE Errideh, ShyuS IR ARMSCsBBALIUETRNE &%
DR, ERETBEANEITHRRR, WAKRR, XX BARERD:
TSt ma5E AR OHELRES; ORHNEFHENSE. HTFMSCsH
StFESCsHINGRAI N AL, BT BEERIR it % . ChenZl®), BHMLLE
B4 3 OB BE B EIBRGHIEMSCs, MVIE3SEEEHENR, £1E
TAHEAERER, fhs WEREHBNTIRA. FUMSCsHTFHTL
BUEZE, B0 NFEEERFHOKNARIR. R, HE—-S3HYPLR
MSCsEIK BRIET MBI R EE, WangdeZ P HARIZRIMSCsB A /D B ELML
BRER Y, RN EHEBEANRNAEZHOsENGESEENHXNR
HEHBHE: BeMAK, LUMBELHEHRE. FTUMSCsENA TIEK, £F
ER—PMAREDERE. BEFARTHE. URKEOIREEHLE.

B A HRIRT AR, XETVARAENRER, 7TUERGH
Rz R 5, FEREMATED., RIARESMIAARTHE, HE,
W5E, 3 HAESRETUSERSEES, AR OV RS ER EERF
@iz, UL AT B S S BB SOV B B IR S R B T 88, 1B
NEH B RAIE R, HEE, ABRENERIEE, IHERERNA
FB A S 4 MR A L A B BRI L, T 3R LA AL, (BRI
B RE B RS E NS F OIhEERIEE 1. Guarita P11 Wistar K BAEL
PUESEREE, REBEARNLER, FERIHBAT MSCs A, £RER, K
4R text RARSH BB L ZH M4 %, i HME L MSCs AE4K; M
GEANER, RUERATEH SO REK, MSCs ANEESLOER
BE4f. 8RTANAREEMEE LRECIIENENIEFERK. 8 THIYA
REEOCIRERREE, NASHBEF, MHRAEEE®, FTUMATFRE
HHRERBE, Menaschée ZMREF BRI AMEATFHASLRY, FETHE
BN ELEHOSS, MERENRINZZEHNAELE REENRES
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TR BEIZE. T Herreros P HIIGAR LI th g R IUNL 2.

ESCs. MSCs fl A4 a3 O AURESESh IR L ) SR 4R AR A
R, ERNEROERLRS, REEBOEAEED; ZRETEE
FrIaRE TR A A R

HAER: 1) Zhang ZLR 7K. ESCs A LA RF KON B,
MR RMBERAENER LR, RAEAER (dV/ d) HBRIK; &S
BORMIAGN ZEERTEIMK 2 K 3 HEHERK: XSS ET
REELBRAFORE. Mk, BEENS. HEHYLRER, ESCs HRA
O RAEANT FHRBERONARS, KB HEERRA L OEERAS K
ROZERMHEER YL, 2) MSCs HELEESHEFRERE, &
FEIER R LT Lor) + BRI A B Ito ). FHBOEMEE B R (Ikea)
D% MSCs R AVARZRHBHEMNER (et K L BEER Tar) P
MSCs EAEINFRNBFEIMEAONBERE, ki REEHERNFY—HE, I
EAFELA LEFER OENAR, RAFROERETHE. Balana %
A S-RRMEFEFA MSCs AL, FIEHENARBREE: JL
FHAEMEN A RBER RENE G E R RAER(Iks, I ), BRERE
BEMm. FEHTRZIER OUARF&FHRENFMER, MSCs BHEE|
OHARESEEONERERER TEERENZER, 3) SNARES
SPEONERIEESR, BBRET NSHEANEREEEA 43 (Cx43) P,
EENAREADYEAE, WHREEARETREZETREY, REEAN
ERIE B B IR BE 578 0 SR AT B RBRE, B2 L 40 I
G W THEEOSMAMRD, Sarah EREL: BHACHLE B4 8 R
BN IR R B AL, B 518 OB R I E— B E
ERkzh, R RS EIST ONER, FEOERREREERR. AR,
FTHARFEBORRETR, FUAREIR—FHNERBRHBERAT FH
A

MRS, HAER LA R ERMME, FRBHE, EONZHR
B, REEEE, HERARFRY, BEIFBOMYDERHRY. KR, Beltrami
SPNEL AR RONFHEERR okit MAREE, ckit ETAREFRG, 8
LA HLEEE T 41 RIS AT B 2004 4F, Messina S0V AFIN BLOE 1AL ID S
AEAEFHRIE ckit B4 BE, HIMEFETE . Oh PR S BHITR A 1R
B OHAR P EH—2 ckit', Sca-1"HAM, ZRARMATEEN, B2
BRAWAROHAM, HRE Cx43. o MFHEA (a-actin)y LHEEEAR 1 (cTn
D UE a. BALERECER. CSCs MEM» BAKIMEFRIEHE, UREEER
AR OV, DGR ERAG RN R T BER£4. mFARET
HMBORIERE MR, Bl b RBERE, Marcello P L RNERE
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7, CSCs BEXRONERERE, ROLNERER, BELEEN, RBIK
DEFKEAR, REOME. HMFEEODWLR BHA LI R0,

LR, CSCs R—MARRMBERAFFAM. CSCs RFFLMAL,
ARSMRRES 20 O LA A, RIS R AR B O 2 L0 A L 2 B A 4 1) BRI 7
CSCs AITBHETHESKARBWURBKEEROERFEHXE? HRTHH
FEHED. Ll BATRA TALRHR.

FELRAREMR: THAR CSCs HAEFE, WE CSCs BHEXMNKRL
PUEZE.L A B B .«
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F1E LITHRKSE, B EE5HFk

CSCs FETHAOHARY, Ro®. HIMEFMEHERARIRNY
TREOEM; HRUGHARNANREAZR, ALK ERX CSCs #HITHH
HFREHE, ARRHERERMHYER R MHRESE.

1.1 MEL5HE

LL1 Bz
f£ % Sprague-Dawley (SD) KR P L XEHYSTR P ORME: BT,
TAERATFALR,

1.1.2 FERFI{LE

1.1.2.1 Ca-Mg-free phosphate-buffered solution (PBS, 3% [E Cambrex 2 &]).

1122 BEARM (5 025%EEEE, 0.02%EDTA; #E Mediatech A ).

1.1.23 11 BUAZE & (Collagenase II, 3 [E Worthington Biochemical A @] ).

1.1.2.4 IMDM #55# (% [E Sigma 2 4]).

1.1.2.5 fa4-M#& (FBS, [ Hyclone 24 7))

1.1.2.6 D& FHE K 10000 UmL FEEE K 10000 » g/mL, % F Cambrex 2 7] ).

1.12.7 L-8& Bk (3£ [E MP Biomedicals 28] ).

1.12.82-F B 28 (X[E Sigma A7),

1.1.2.9 i KB CD11b/c, CD34, CD45, CD90.1, c-kit ¥¥ EZEE BD A 7.

1.1.2.10 DMEM - Ham F-12 (E[E Sigma A ®]), B-27 (EHE Invitrogen 24 7)),

REAEKETF (EEBD 248D, BERT EHREKEF(EE BD AF),
DB FRE-1 (EE PeproTech A ], Ktfiks (EE EMD A1),

L1211 FLL AR RS ER (cTnD) Hilk (EE Fitzgerald A &), B#i Desmin
(% [E NeoMarkers 28] ), B a -Sarcomeric Actin (3 [E Biomeda 24 7] ).,

1.1.2.12 ¥ (EE Rockland A7), EYEFRNMLEFNGLE (XE
Rockland 24 4] ).

1.1.2.13 ELBEYIEFFB (complete explant medium, CEM) 4: IM DM
500mL, 10% B&4-11#E S0mL, 100 U/mL HFEXK 100n gmL HEX,
200 mM/L L-B8 B EBtf% SmL, 2-3i% 28 35uL,

1.1.2.14 OWLERA K55 (cardiosphere-growing medium, CGM) K7: 35%
IMDM/65% DMEM-Ham's F-12, 2% B27, 10ng/ml & &4 & F, 20ng/ml
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FUXFEHLZAIRT DT ARH KR OUESEO R EBEHHTA

BHERTEHRERRKTF, 40nmolL OHLEFHFE-1, 40nmol/L %Ki,
100 Uml EEX G, 100 ugml HEZX, 2 mmolL L-BEER, 0.1
mmol/L2-Fi & Z ¥,

1.1.2.15 Azide # (LHEBAEAFD.,

1.1.2.16 ®A4 MG E B-D AF]).

1.1.3 CSCs M B 5 RAEST

BHAEE=RESD KR, MHLTHEET 75% ERENEZION. £XH
6T, BHORETFHERY 3.5cm HFROP, BEKA 1 mm® H4MSROM
AR, AAEERE PBS Bkt O ALRRRERIAERE. REMAELS 2ml
AL, Smin FREHARE, A I RRRE 2ml, HUKRIR, Smin FHEENL
B, ERMAEBRER 3 K. REAOINARRNTLBEWEFE (complete
explant medium, CEM) ¥:2 K, AREH LIALRREBA 25cm® HHMF,
REEREHNNGET (LREEHE 2SCERTER), REMA CEM X4 1
mL, A 37C 5% CO, fER/KBHFEFEPHER, 120 EHMAKRYA 4 mL CEM
3%, MZARKRER (PO). 83 KBk, HEANBEAREKER.

1.1.4 CSCs HIf£4%

W10 R, FREEEREFRE, BETONERER (BR1K, A
P1AR, tlt 2R H) F £ FMPEE I B PBS & BE 2 1K, N\ ESH 4L 2-3min,
EME T RS RESEZE, SEMA 10mL CEM #HFRA RN, FREH
TR R R IRAT S TR R BE, (B R A f T, A B A B
BZE 15mL BLOE, 10000m in HETEL S min, FHARTH. FELBEHE
BN CEM #75# 10mL, #% 1: 2 ERELF], 7RHNMEFRELHEE.

LL5 WA s

B P3 40 A B AR AR Bl (A T0RT ), BX 100pL 48 fLB3B I 2uL CD 4§
FAER I S R HUIRIK LB H 30 min, I PBS/ Azide ¥ 1 mL ¥t& 41/, 1000
r/min B4 5 min, 3 L&, A PBS ¥ 2 K. REMA 100 L PBS/ Azide
Wik 1000 L2%Z AR, E59FCHERXH R,

1.1.6 CSCs B b 540 M G % 4 {0 A

B P3 1R CSCs A DR K53 (cardiosphere-growing medium, CGM)
FEREE, B3 RABB K. RFES 2 AGHNAHR, 2BEBHLEERTEER
FiE B E A 35mm H3F I, EF A CO, B4 aEH 3% 48 /M EEL,
SKETHRHEEALSR:




FILAEEEFTIRX DT AR KRB OB EBERAAA

OEBRIEFMB, PBS EHZIK, WA 4%HELEPFETFTLUEE 15-30min;

@PBS Bk =K, 1n3%H H,0, P, BT ZE 30min;

@PBS ¥k =1k, BN 10%L¥MmE & 5%BSA M, BT = 20min, R
B % A B

@OMARFERE B — 4CHFT LR BRI o -Actin 1: 200, B Desmin 1:
400, HicTnl #i4k 1: 200;

@F XA PBS %=1k, WINEMEFMEILEHR®R IgG, 37°C 20min;

©PBS #E¥c4ifaliik, F DAB B, ZEREPEIMEFEEGATN, REKE
Ve Ik R R 5

OHRAREEL 2min, BEEEBK (50%. 70%. 80%. 90%), BAWKE
1min;

@_FFZEH Imin, PHRKHA, MAER. KB TR 10 M EES
WE, HHEEERE 2.

1.2 48

1.2.1 41RRE

ODARBMEAERRGE, 23 RKETRE SR E OUARRRNL%E
H (E1-D, FEEAFRRNAREROERSIEEK (B1-2). FH 11X
A LA 37 25 em? BB SEUR . BRARR P1 RAFUE B 2 A R(E 1-3), HB5TH
RZE P2 & P3 8, R4IMHERD, BEBAH CSCs (B 14). #£H CEM
AF KRR, RREFERRBAHOVARG T, —EFHE T4 T
BB 7 A TE FAFIE

122 A RUECER
2 R B 7~ CSCs ckity CD29., CD90.1 Fi& A (B 1-5), CD11b/c, CD34,
CD45 RiZABE (B 1-6).

123 CSCs R b4 fu e AL R

CSCs & CGM # %/, HHTE T RURNERARER, BRBATKE
4, %14 XREBUEREY (B 1-7). 82 ANSER, T4 %5 A0
TR a BEHUEEA (a- Sarcomeric Actin) (& 1-8). £4%EH (Desmin)
(B 19). W4BZEAT (Cardiac Troponin I, CTnl) (& 1-10) HIFiE. FAEAM
RIEBNHH (48.6142) %, (39.3+3.5) %. (42.5+3.9) %, KiESHME
SRAG R A,



FUXFETZLRX OITFARSENKROIUES0 R EBYHNHA

1.3 itig

1.3.1 RRRE M7 B R

THMR—XE BEREFMLERGAR. IR, RATET ORER
MF4MFEER: CSCs. ESCs. MSCs FIRALA L. HH CSCs # Megency
SUNELHEEFONAR D . BE Messina ZHHINM A B AN HLE A b/ B
th CSCs, FFREWIRIMETRAA. X{ER CSCs BB F M H WG AR R B A T BE .

BB, 2% CSCs MAETES: MEARERRRARIS HED, &
R ik kIO DA R bR B, AL R EFR OIASR K
SMEFRIE RS B EAEEREY, REEREBNEFENNLE RS, U
L2588 CSCs MiD> CSCs MAM BN . ALRHERE 02% BB 0.1% KR
R EEAONARBTE. 0.2% REEEHUOMARRNER, BRBEAN
SEHM. 0.1% REBFERARKPHONAR. EdR, HHAREE
BHES. mEAEEK, CSCs RARK: WUMNEAZ, MaHEE MM
ARy MALRYP, 0.2% BB 0.1% REBRE HLKHEZEE Smin, 4
B4 A AR B A K FRAISTERE ) .

1.3.2 4ifRERmIRiC

FRRRARUTERETFEYHITRN, BEE CSCs MEEHE.
CSCs B ik c-kit, T ckit EFARE T2k, ETFEREEHREIREN?.
R CSCs ME EX FEHROFEETHRELCNARTHEHE. CD34 fHE—
MRIFEHFICY: CDIMEEHRATEL TR, HARMLENEER
FEY, MARET CSCs RED. MALRAEH CSCs Fik ckit. CD29,
CD90.1, A"Zik CD1lb/c. CD34. CD4S, HEAb2E kL EEARE,

1.3.3CSCs L A LNLA R fE AR R AL £ Rt

CSCs KA COM #5% /G, ZHROIBEARIMML. BEoLE, Bo4H
f8 a -Sarcomeric Actin, Desmin, CTnl 2P R, a -Sarcomeric Actin ZHELUIL
MHER, WEETFEHENMON, FEETEREN. Desmin ZEHSNLIFHE
M —FF R B EE . cTal BAROINARANSELR 3 MR
FZ2—. UEGRBALERRIEFHMLER CSCs A LU MR, 5HAb
2EMHREREARFEE,

1.4 /&
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FILKEET 2R LDUNTFARBEN KR OYUE OB EBRRNHA

CSCs ATLAMALER /3B, AT SRR . HFEHAUERIMERH LA
DU, LR ARTRANERETHRE.
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FULAZEETEARX AT 4 R R K BLOBUSESE.0 B BB A A

F2E KRONT AR FE#E mRNA MRiE L BR sz

CSCs & RET B ONALRE LR s, Hapledkn
Shoyibh: ORISR, ME TR, D8N & ERA SRS EHm9, cscs
ESLACIH NG, 7TURRHIEMRBO SRR, RTKR
CSCs RN O RRET, KB FEEHRM e B ST HR. &
LR B ETHR A CSCs B Fill i mRNA IR A58, TH# CSCs B B4 4%
. 2 CSCs B Rt ABKEMB G CSCs MR M EMME TR TR .

21 TEME, WA

2.1.1 TR K
DT 4 FLRERF
AL EBEYMTEERARSFERAT
REBBRNAMNE KETAKARAZ 7]
6 fLBR. 96 FLiR CORNING 4 ]
15ml B.LE %E BD A
WIEES Millipore 23 ]

2.1.2 EHIL KA 5 EH
2.12.1 DEPC /K: B 1ml 7 1000ml WK EHK 1%DEPC K, HE
1000ml ZEEFHE 4 Mt &H.

2.12.2 75%2.8: BT /KZE+DEPC K, REM-20CHE (KF DEPC XK
FRBENS),

2123 BIKEMH: Tris S4g. FIER 27.5g « 0.SM EDTA20ml, pH8.0 ZEi&/K
1000ml . 5XTBE (7)) H# SXTBE %% 10 {54 0.5TBE ]
DAZEEEVKRHERT (B T HERORE). '

2124 EHEZEPHE: 0.25%RME. 0.25% = F KF FF. 30%H M. 6XEmhi,
4CRHE.

2.1.2.5 B RERRORC 5] 1.0g BASHE+100ml WK, Mkt 30 B

EBE, BRIERERHIE 60°CHRA 10mg/ml WKZEE 251,
AR, BEANBRREANCEFHFORES, EZETHE 30-45min
FEHEAT Bk o

2.1.2.6 2% fufE v BH B RSB B 2 (mmol/L)
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FUXEHTEARI AT RIS R KR OVUESE OB EBERNTA

F 3 Inglca BF: NMDG 140, KCl 5.4,CaCl, 1, MgCl, 1, glucose 6, NaHCO;
17.5, HEPES 15, i CsOH # pH V¥ X 7.4,
Bl Iy BF: NaCl 140, KCI 5.4, CaCl, 1, MgCl; 1, glucose 6, NaHCO; 17.5,
HEPES 15, F NaOH ¥ pH A¥ Z 7.4

2.1.2.7 24 8 J B B AR P9 i (mmol/L) -
B3 Inlca BF: CsCl 120, TEACI 10,MgCl; 3, CaCl, 1, Na, ATP 2,EGTA 10,
HEPES 5, Al CsOH ¥ pH A E 7.2;
19 Ix; B potassium gluconate 125, KC1 10, HEPES 5, EGTA 5, MgCl12,
CaCl, 0.6, Na,ATP 4, Al KOH % pH B E 7.2

| 2.1.3 FELRNE

i B X RN~ B

‘ PCR §#8{X Applied Biosystems 7 &]

| B Eppendorf 7]

‘ BB PCR X R AT
EHERTHES EREPKEESR U EETRAF

C AHELNI541TR eppendorf 2 ]

EHEEY BHE ERLBENELAT
R IEFRA % [ Thermo 2 H]
EYe el "% [E Labconco 2 7]
BB RS % [E BIORAD A ]
e AR A % [E Narishige 2\ &

=R ARRHPN 3 [# Narishige 2\ 8]
BREAETHS % [® Narishige 2\ ]
HE N SHE Olympus A ] |
JE RO 2% Axon A ]
AD/DA ¥ 88 Axon A ]

. Pclamp8.0 B XK  Axon 2]

2.2 LR H ik

2.2.1 CSCs B Fi# & mRNA Fik H4#& 7
B3 CSCs B 7@ mRNA Fik: KCNN3 ($5HXHE4#EE), CCHL2a(L
RUT5EIE), Kir2.l (KHERERE), Kva3 (Rrsbm M EREE), Kv3.l,
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FLXEBTELRI LUTFARBEN KR CVUESEC BB MR

Kv2.1, KvL.6(RERERMERMEIE), Kvl.3, rSen2al(HJE[7H40 8 B id) K
mRNA £ik.

2.2.1.1 ;U P3 RAEKRIFHAR CSCs BT 2X10° MR B0 F) 6 TR,
| A CEM #55% % 2ml 53¢ 48h;
2.2.1.2 48h 5 1% F iR P BB CSCs &t RNA:
@ BAMA 1ml Trizol REEH, FAKT, HBARBHBA 15ml EP B,

1 © TEME Smin, LHEEEEYAAWE,
® MARM 02ml, FAES 15s, FZRNMER;
@ ZEBT 15min;
® 12000g, 4CE.L 15min, BRAH=ZR:
® BREEZEEHEBAT— L5Sml EP EF, MREFAE 0.5ml, HHESEIL
- K, ZEKE 5-10min {f RNA T iE;
| @ 12000g, 4°CHEL 10min, F L&, HEEN RNA;

M 75%Z.8 1ml, Z¥RKEwR%% LiR3) EP Btk RNA JTiE;

® 7500g, 4°CES.L» Smin, F LE;

AT, A 208 1DEPC KEHM, 55-60°C/K¥ 10min, -80°CHESH .
2.2.1.3CSCs & RNA BB KA L E

® % 2ml DEPC /KA PE LB #F;

@ MARNAMF 211, ZHRY;

® 5kt RS, A DEPC K%

@ 7 HWE B S RNA EEE, B OD260 X OD280, FAMEMRM

3K, BUME;
® M| 0D260/0D280 LfH¥IE RNA 4iff. EX 0D260/0D280 H.HZE
1.6-2.0;

® UTARHE RNAKE:

RNA (1 g/nl) =0D260 X HRfEH X 40/1000, ASLRPHBERELN 1000,

FTEARNA (ng/pl) =0D260 X ik £ £ X 40;
2.2.1.4 RS cDNA #

® 7% PCR BEHEIRMAR, KIKIWA L FiRH: & RNA3» g, Oligo dT
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FURZRT AR LUTARB RN KR OYUEFEO B E B ENTA

111, RNAase inhibitor(40U/u 1) 11, SN DEPC K 1311, FEL, {FiR
BT E PCR BRI, BREY, BEL;

@ PCR {{H, 70°CHHE 10min, {F RNA &, STEIVKHE Smin;

@ KIKIMALLT A : SXRT & BB 41 1. 10mMdNTP 2pl, AMV 10U/l
1l FHES, Bl

@ E PCRAXP, /5 42°CRA SOmin95CHEE 10min, K&l R,

® YK¥ 10min, 52 cDNA #EH, B20CHEEEZA.

2.2.1.5 PCR #2#ll mRNA ik

@PCR KA R
K% lul. Primer F lul. Primer R lul. 10XTaqBuffer 5ul . dNTP

(10uM) lul. Taq0.5ul, ddH,O 40.5ul

® PCR 3/4:

Kvl3-PCR-F  ATTGTAGCCATCATCCCTTAT
Kvl13-PCR-R  AGCCTTCAGTGTCTGTCCC
Kvl6-PCR-F  ACGAGGAGGAAGATGAAGAC
Kvl6-PCR-R  ATGATATTGCGAAAGAAAGC
Kv21-PCR-F  GCTGCAGAGCCTAGACGAGT
Kv21-PCRR  TGCTTTTGAACTTGGTGTCG
Kv3.1-PCRF  CTGCTTCCTCTTATCAACCG
Kv3.1-PCR-R  AAGGGCGAATCCTCTACG
Kv43-PCR-F  GCGTCCTGGTCATTGCTC
Kv43-PCRR  GTCTTGCCCATGTGCTCC
Ki2.1-PCR-F  AGTCCATACCCGACAACA
Ki2.1-PCRR  GGCAGAAGATTACCAGCA
CCHL2a-PCR-F  CTCTGAGATGTTAGAAACCCTT
CCHL2a-PCR-R  CTTCTCCTCCATCCGTGA
rScn2al-PCR-F  GCCCAAATACGAAGACAA
rScn2al-PCR-R  AAATAATAATGGCGGAGG
KCNN3-PCR-F  CCAACGCTACCCACAACC
KCNN3-PCR-R  CGTGCCGTCCAGAAGAAC

@ PCR ¥ 144
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PURZELZMARY CTARBEN KR OB OB SRR EEHA

94°C Smin— fi) Taq B§ 1ul--94°CAEHE 30s—>55"CiB K 30s—~72°C LM 2min, 3t
30-32 MEF—~72CHE  10min~4'CER RN, BFF;

@ PCR ¥y H7=¥itil: F 1% RREA N EEkEEE R

® BREGLEREI .

222 BRH24MITT (whole cell recording) M E CSCs B FE

HX P3 £X CSCs, LR Fr $H2 40 M2 AR A 4 B I (e ) L 2245 B3R ()
e ER (o). BR R AR EEAE LM RN BS I
Wik, RERRABEEIY 8-12MQ . HEH MM RIT TR DT, BB
M= FI{E S REY & pCLAMPS.0 BB, B FHAETEAHBKBK
K, & AD/DA ¥HR%A IBM-PC HUEER . WIBMEERR RS, Bh
HAEE, KREMEROHRE, 240 pApF. ER-EEMZE (I-V #HE):
PRI A X 4, S4B ETREREEN Y HELFE, BEERAHEE
XHM&LRE.

2345 H

2.3.1 KK CSCs B Fi#i# mRNA K& H
CSCs B Fifii8 mRNA: CCHL2a &% ik, Kv43. Kv3.1 HEXKE, Kv2.1. -
Kvl.6. Kvl.3. Kir2.1 f{%ix, KCNN3 il rScn2al HREFE. (B 2-1)

232 [ER S HRERR T CSCs B FHER
Eﬂ%%#ﬁé%ﬂﬂiﬂiﬁﬁ%%?y *ﬁmutﬂj{ﬁ CSCS B(J INa, Ica.[» I[o ﬁEo
(E2-2, B2-3, EH2-4)

2.4 it

2.4.1 K CSCs B Fi#iE mRNA fIRiX

O REHEEN FEGH. B, SEFARG R K EBRTNE K.
rScn2al 4RHG R (IR 4NiBE , ST WR AT Al A I » TERREDE AT 0 AR AR, K4 3
mMIBFRET Sh AR Y, BB ARANA, TEAR 1 AEEhERAZ®); CCHL2a %5 L
RUTESE, BLEAR, BasERFEE Y kvl WIGEREREEE,
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FIRERLEARX ONTFARB AN KR OVESRC R BERTRR

BT e R AL 2,3 AR, kir2.] HBKALRMEE, BT ON
o s s B prtl, ME FRER T 5 HRNELMAES, TS5 H R4
R BRI AR, Sooh kvl .3 BB S T B RIS R h e A e
AW, #EAsL®ed, KB CSCs BF@i# mRNA: CCHL2a 38Kik, Kv4.3 PR
Fik, Kvl.6. Kir2.1 fKFKiL, rScn2al XK X. MSHBEREARLK kvl.3
FHERIE. ALK BRCSCs EXRFUAOHERORET, CELRETEHE
BN S E A M XH B FiEE mRNA. T kvl.3 AJEEXT CSCs (185 i1k
A.

2.42 K5 /MEFA CSCs B Fillif mRNA RKikxtH

KB CSCs ERAUAOLNARMIRET, BELELHE FilE mRNA R
k. BR/PME CSCs WA Kvl.6. Kir2.1 BREE, 3FEHRE K EHas 8 M 25
HEERRARRAN M ERFRR), T CCHL2a, Kv4.3, rScn2al UF
Fik; EHEREBERBFE, Clnd HGHEE1SEFLEEFSMN, MA
CSCs M v R B FBEZEAT. ML 8R, FRMEMN CSCsEB FRERH
mRNA REHBLAEA—HN, HERABMEMAXEFREHNTHEL—B.
(%2-1)

%21 KE. MEFA CSCs B Fii mRNA RixHttL

CSCs#® CCHL2a Kv4.3  Kir2.1  rScn2al Kvl6  Kvl3

LB P | +++ ++ + - + +
wa bR . - 4+ . -+
Teun Pm A - - +

e+t BBRE, +: PERE, + KKE, - RERZEEFARE

243 BRHEARIEIREN L R R

KB CSCs ERAWALHARBRET, UBRAH2HRICREARN,
RALTU Tnas Tea T Lo IFEZE. XA R CSCs EABRB M FE— SR, KRB
FERAEWMT: 1) KE CSCs £ P3 RAFBERANRYE, REFBEERR
KERESHAREL, 2) BEAARK LRBEZSHEBHRD, RUETH
. 3) RN EAMEHRINER DB RS AR CSCs AL

2.5 /Mg

KR CSCs ERAUALHARKRET, CLEEFiBIE mRNA BRI,
ERES HEARIIXRARBNEE FERFE.
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FlXEFE AL DITARBEN KR OVUBFEO B L BT A

56 3F O LA A AR K B UBEZE o Fi A 8 14 5

BN, CIERATENRARE!. BEEYIRERE, THRSRNK
THAAR—FERRMIBT &, T CSCs WRAM MBS TIA B,
CSCs B T FHRBEGT ONBERT— M AHA. HTFARBTER
REHRAREHRROERE, CSCs Bl AT RER G LM RR BT F 741
2—W, R, FHEROEMAUDYERARET, THRBHE AT OIEIET

EEEIOE R EEPS, LIS CSCs BRM O HET MR LT E 5
ERREEA, ExtOEEEERNEORE. ALREME: Bit CSCs K
H, WEHMNK ROV AR NEMH.

3.1 LR E

3.1.1 LR
fEREHERE SD KR (350-450g), Bl K% LB LRt

3.1.2 EERAMAE

3.1.2.1 PBSF4&: BKCLO0.2g, KH,PO,0.2g, NaCL8.0g, Na;HPO, 12H;02.08g
M410.02g, MMAZZKIS0ml, WHRS, RABM/EHEPHERT2,
KE1000ml, BEKXKE, 7%, 4CHF

3.1.22 $EFHIPKH26 (sigma FE[E)

3.1.23 FEHZH (merck £H)

3.1.2.4 Cx43—#i (santa cruz X [E) RHA5ic ZH (anti-rabbit-488 FHZEH)

3.1.2.5 BRI R AR (Weil TR EE)

3.1.2.6 FRIBAL (DF-6A HE)

3127 EMERRERSA (Biopac X([E)

3.1.2.8 /pEIYIRER AL (DW-3000 P [E)

3.2 LR AL

3.2.1 KROHBERERK &
26 R SD KR (350-450g) B ONUERHMERET, XEFUXKR
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FUXPEHTEARY LU EHB KB OAUESE0 B B E A

t% 45 mgkg VRS AREE, SEEE, ERIBRYVMBEER, &THS
B 6.5 mL/kg, MFRIAE 100 K/min, ZMMHEE, HEFARKR, 2EME 4
IFH, RFCOK, 2EOE, HS50ENEE, EECESHHRZ BEHLE
R EETRE, R, LHERREREER, ZEESHE, EEWPRIKE
B, REREFEE. KRBEREEDHMEEFRE.

3.22CSCs # &
OYUEFEERIZ T 2 AfS, 4k P3 4R CSCs, FLL PKH26 #4741 fadfefa,
WRYEF) CSCs 5X10%0.1 ml BREEA (FH K PBS). (B 3-1)

3.23CSCs BHE

OYEEEREY 2 A, 20 REERIIRLUUERER KR, BEia 2
A, #HAONFHARBEHA (CSCs4H) MXTHWA (PBSH), H4H 10 K. L
WUBSEK RE KM, FHAENFTR. CSCs ARRTFLLOUER KX LZM
RES CSCs (5x10%0.1 ml) 0.1ml. PBS AKXEFLLOIEFRK O Z WA
PBS 0.1ml. Rf5, ZEEAME. KEREEPRKER, RESEHE, HE
REHMEFAR, 6 BETFUHERE.

3.3 Rk

CSCs Bt 6 AfE, LAERKRE=ZRFARFTH (FEuiiR), £F 0K
BRK, BRI%KEEZEFEFHR. OUEEFE X (Infarct area): WERFTR, #
RXXEAENEARRE; EZIFFEFRK Non-infarct zone): A EWHHEEEYR
DIRIR; BEFENZX (Infarct marginal zone): LIUEFER 5B HEEEE L
UEEXE. RNEREREYERRERE, 0F DEKLHAE.

33.1 DEERANE (ventricular effective refractory period, VERP) KA

FHERETERIGRNEZEERX, BEERETET, HEFRRK
{XHE VERP.JUIE VERP KM F: S182,S18283 £33k (S182: S1 120ms,
$2 100ms; $18283: S1 120ms, S2 100ms, $3 100ms) S1: 8 MELKE A K 120ms,
KA 10ms. VERP AAEET RO E BRI B S182, 283 A, LHHER
WAEDERRXRERRIER T HME.

3.3.2 DAME R R E R DR
BaER (ER) BETFOIE: BER, BRU4KALZEFERK, 5%
Bk (A BTET, EREBEYERRERR, oAk E&XKBHHEE,
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U KZ B 2R LA ARB AN X R CUUESL0 B E B MATHA

DEFEALEMERERAZ T FEM. REAOENER, NERKEEK
K RIS (activation recovery time, ART) 5t E#MzhikE iR EE (ART
dispersion, ARTd). 3f ELiliit Bazett & IE (ARTc=ART/square root from RR)
B3 REWKERE (ARTe) FMEBNKE AR EBE (ARTed). ART Z&
W QRS HAEBSEERREE T BRERNEZ EHEEELH. ARTd
RFA—RKE ART BXE 5RO H2Z 2,

333 BUEHOBREER

FIBERE TERX., EEHEKNEZEFERX, SEERETET, #
EFREA. BREREMTE: 8182, S1S283(/7 £HT), burst Fi¥ (S181 AL 4
%1% 100/90/80/70/60/50ms, # 46t 8] 1s). AKX 35422 S182, 818283 H burst
R CEFEEBLEDERERRECTTERM. A—RKXK, EAMEA.
FEBRFRET, BREZHLOHEERNROEFHAANFREHZHLOER
.

3.3.4 ZHFME (ventricular fibrillation threshold, VFT) HJJll €

RBERE FRERAX ., BRUERMNEZEERRX, SHEERETET, K
WRIBR A SEREA. VFT BE &4 RRPRIBUE: RIBURE 30Hz, Bk
% 10ms, FHLERE 500ms, % EEEM 1mA FEEREE ImA, HEBROE
Wiz, VFT A83EOEHHNBMERBEY, LaESETEMERER
R0k T,

3.3.5 AR KN

BAERETRG, LY, BE OB, »OREER BTG4 KT &%
AR Cx43. GERBRNSE: BLRKGY ) AEHEE 10 2% PBS
W2, BIRS 8. 10%EF WLFNES A 30 8. —H Cx43 (1: 50) 4C
fBEER. PBS L3R, BIXS 8. RNARIE I (anti-rabbit-488, 1: 200)
ZREEBEHE 1 /M. PBSHE3 K, BIK5 44h. DAPI ZEESEBALRE
5%k, PBS¥E—IR, S oEh. 80%HME A . R, HR.

3.3.6 Zit¥HiE

HERE IS EREERR. AR LERARA R AR « &
R. ZARLERHAEEENRITETESH (one-way ANOVA) RE EHEF
AN BEXERRR (LSD-t). BRI KA fisher FHER K . SPSS12.0 4iit
Bt BEMAERN a =005,
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3448

341 KEFRBEEFER
26 REEtE SD KR, ERY KR ONEFEERT RS, 20 R, 6 R3EL
(5 RETFOZEH, 1 RETF KRS M), BEfE CSCs BEMMER I T BT RE
HIARIEL.

3.4.2 %t VERP KW
R I S182 71818283 444 F, CSCs B it /5%t VERP W L4 it¥
ER. (£3-1, 3-2)

Table 3-1 The influence of CSCs on measurement of VERP in program S1S2

Group No. Ventricular effective refractory period (ms)
Infarct marginal zone Non-infarct zone

PBSgroup 10 64.0+7.0 63.0+6.7

CSCs group 10 62.0£6.3 65.0£5.3

Pvalue 0.75 0.14

Values are means+SD. CSCs: cardiac stem cells, PBS: phosphate buffer solution; VERP:
ventricular effective refractory period

Table 3-2 The influence of CSCs on measurement of VERP in program S18283

Group No. ~ Ventricular effective refractory period(ms)
Infarct marginal zone Non-infarct zone

PBS group 10 63.0+6.7 66.01-8.4

CSCsgroup 10 66.0£5.2 64.018.4

Pvalue 0.39 0.75

Values are means+ SD. CSCs: cardiac stem cells; PBS: phosphate buffer solution, VERP:
ventricular effective refractory period

3.4.3 XTEEh K S A (8] LA KB sh ik 5 B (6] B B I e

23 OFRIE, CSCs BiEfE, LNER UL K ML ZIFEFEFK B IE KD
WE BT R4, RIEHSNKER R BEERE TR SRR EBEHKE R
EELHEER. (£33, 3-4)
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Table 3-3 The influence of CSCs on measurement of ART and ARTd

Group No. activation recovery time (ART) (ms) activation recovery
Infarct area Infarct Non-infarct dispersion(ARTd) (ms)
marginal zone zone

PBS gourp 10 1128%£370 11814248  120.1%£260 38.6%149
C3Csgourp 10 91.5+116 9454109 94.0+11.5 15.5+4.4
P Value 0.0991 0.0129 0.0094 0.000177

Values are means £ SD. CSCs: cardiac stem cell, PBS: phosphate buffer solution

Table 3-4 The influence of CSCs on measurement of ARTc and ARTed

Group No. Correct activation recovery time (ARTc) Correct activation
(ms) recovery time dispersion
Infarct area Infarct Non-infarct (ARTcd) (ms)

marginal zone Zone

PBS gourp 10 250.1+674  257.2+408 26581500 7211£232
CSCsgourp 10 21714275 2232+178  220.7+£193  333+11.7
P Value 0.1649 0.0261 0.0159 0.00017

Values are means £ SD. CSCs: cardiac stem cell, PBS: phosphate buffer solution

344X BEZHOBERESFRROEW
%3-5 8%, CSCs HHE R B R HBHEBH O ERE.

Table 3-5 The influence of CSCs on induciblity of malignant ventricular arrhythmias

Group No. Ventricular No ventricular
Arrhythmias Arrhythmias

PBS group 10 9 1

CSCs group 10 1 : 9

Fisher’s exact test: P=0.00108 CSCs: cardiac stem cell; PBS: phosphate buffer solution

3.4.5 % VFT 8%
CSCs B g, LUERR. BRLLX AL ZEEERX VFT HERE. &
PBS A, HEI%KX ) VFT LLERXK. (K 3-6)
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Table 3-6 The influence of CSCs on measurement of VFT

Group No. ventricular fibrillation threshold (mA)

infarct area  infarct marginal zone non-infarct zone
PBS group 10 40x16 2.5+08% 3.4%1.0
CSCsgroup 10 8443.0 6.41%25 70£2.6
P value 0.00064 0.00016 0.00063

*: vs PBS group infarct area p=0.002

Values are means+SD. CSCs:cardiac stem cells, PBS: phosphate buffer solution; VFT:
ventricular fibrillation threshold

3.46 RBARKIE R

CSCs ANRBEILX MEF U LXK MAT LM E Cx43 WEKE, HFEHEBHE
CSCs BN E&. PBS HKXRBEFEX FERHLZKX Cx43 RiZERD. (B 32, B
3.3, E 34, E3-5)

3.5t

3.5.1 CSCs B 48 f5 XHizh Wk & it [e) F g zh ik B At 18] 28 B 6 o
DYEAHME AR B DR AR E AR OBER O ZERHEINE

Eiatr. MBI AN AEBEE MR OZEE 1, LENEREENE

B4R, Chauhan ZMVEBKRLR TR EBREOIBHEET, HEZ
HLBRAEBENHSKEN AEREYTIHAOEREBENENER.

OUUESEE, ERFERMERRNERKEEHRUTRL: 1) LHEHRATE
HERAT, OUARKERERL; 2) REAROBIEURSWKEH
RERTFE, 3) FeEmpRl. SESEBSBERK, BRIEKOULE
RFMENE, BeTHEREY. ALRER. BHORRESE, CSCs B
BERDEX M A X FR ERE K R R B B48 56, B2 IEBEh K R AT )
BHEHETR. #7: BONSERN, CSCs REHEBRKSG, RBER
WA LN, BT ONERSE, ROAETRD, B RAER
HEXERFE, MM TREHEASMNELR, RERETOERRAY—
. BB CSCs AT U E OAVERL /G RIER . RILUEK MR At RS
OERR—.

3.5.2CSCs BREEM B EH OEREFRKES VFT HEW
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Bl KZ B LR X LHLTFARBE K ROVESC 8 B mITH A

EHEEHLOBREREEN VFT RIFMOM B8RO ZE S HIEN—IR
BEEHEM. CSCs BB OEREERER VFT BW BT 4% L
®E.

FRRBEET ONER, TUREORZ %, REOHEED2PMH, @
RBHEENTHARERTHROBRES, B—MOAKENRE. P RURA
MBI, Sarah EPVAEMARBEANOIERARE, THEBRE, &
REHE; 28R WRASNT KEFREEHE, MANLERA 1320 KEBX
HEHE (p <0.05), ERERNSAEHENBOERER. T Boyoung %12
MELRER: FHAATARBEEN ONERARBEEROEREBREE
HERE HRA 25/53, BHEEATHBA 18/52,p=0.13). RABEERER
FHRRZLMN, BRABLERVELAEBFRELHENRE. R A LR ER:
EHEHOEREBRETE TR (p=0.00108), MH VFT £ERK. ELiL
SGXMEZEERXHBRE.

HiliAh, BETHERFBOBRE, AEaUTREFSE: BHEAREX
BHBOERAEER: BHEAMRSE E0NERZ RBERMR R, OUE
SIS RE RGBT, SUARBEE, TaEIE Cxd3 BLUSEEON
MPTREE, FEARANEREED, MTIERBLEAERES, T
B T4 RAEE TAROENLIRER: BEBERIIONBEERE, B4
Fue 4 B R s AL IAE IR, BABH 5B T OMARE KR FAET. CSCs
EARRESMEE UEFE S O AR IR 4R, BE %N R FHa
LA, BAELRER, ACSCs 22HS, MLARBKONARE, K
EA AR B RO R AR REEAL, 3G BURPAO AL AL Tne,
Icar and Ix) B3, RS RBOSIRERZIE A, BR CSCs B, 8
BHEE OENE R — &R BT KB4, 3T bR A T 40 A0 1 B B0
Xk i, A EMRE.

CSCs Bitf, ERRAX 5ERILEK ML, BNONAREE, AL
REFALREER, SLGH CSCs RiLHMEREH 43 (Cx43), Teun E*

- KM, CSCs EINES LI, Cx43 BB 4AE L, $87R: CSCs kR4

e, AAIRERZE Cx43 EE 5 0N AREBER. Cx3 EHRLZEE
BR%. BEZMEREAPY. HLREF, £ Cx3 EREHAELED,
Kok ENZHHEmt). SH@tLRNES. RNHRERR
Cx43, ALURDBNA MRS OUAREGH EEOEXED. SHRAATAR
BRIA Cxd3, ALUEMAEFRRREET RN, RRLRER: Cx43 HAOEM
EESNBEARNEHAEZNEA. ditfl. CSCs BHE, FERRA
BRL%KEREEBREIRE.

ALRERER, CSCs BHEE, OBLMEMKER R, #ah k56 & BUE
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BImE BHEHOBREFRETRE, VFTRSR, R CSCs B ExOH
BRARRELEABERERREEH.

RMALRERER, CSCsBHSE, ZEIFFX K VFT & 5K IE#MED
K E A B PR, XL EAEE /A8 CSCs BHEMERE, (BREK CSCs B, 7]
et EB RSN OERERRER. LIERSGE, DIAREEBRD, S
LHFR, DHXRBMNTIHERERORN: 1) XENEZHE, §R-0%
ERR-BEHRRL (RASS) MEHMIE: 2) LENEMN; 3) LENE FEIERN
BT (RENEFEER) %. 8 2AMMH. nEEREHMABNEH, nEF
BERRZUENNERBIEESFHRTRIEBEONFERBE OB EETT O
B, iES TGS RASS HERIE, TURDEBHEHOERERE.
LENEWH, FERAAVRT EAREEGE, NARIERTE, SEONH
FRIE =4 eh AR BOREIR, T BR BV S ke A B EE AR I), T A
FEEFESBOSNEFEERESRE: BEIRMER (o), EREREH
# (ko) ERFEFERE, SEAERMHBEEL, SEIRERMOEEER
RO X B0 HAE B ey 0 h 3608 BT S — 3 B R S AR T AR B
HORRERK. CR2AELRER, CSCs ATFHRFLIERELAEBHAR
HE, B EERBAROOIENRELR AR, REOIHENR.
HEBABH RASS BT R BGEL2BH, KL AR B —H LR W
CSCs BHE et OB K RO 08 (B XRFRE). EALRPONBETLAR
B CSCs6 AfG, BRBELZIEFRRX VFT BRI SHDK R R4%E, o
RERXRODBEREEX.
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421 ALBWEE): KB CSCs ERMMALNARIRET, C2FETFEE
mRNA 1% i%, EREAHSHARIFELXRERNEEFER.
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43.1 CSCs ATV R, #ATHINETEE. 3 ERUEHIER ML
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432 K& CSCs EERAMUAONARERAT, ELEETFiBiE mRNA HIF
&, BREFHESARICFEARENIE FEREE.
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The Characteristics of Membrane Currents and The
Arrhythmogenic in Stem Cell

Zheng Shaoxin
Department of Cardiology, The Sun Yat-Sen Memorial Hospital of Sun Yat-Sen
University '

Abstract: Stem cell transplantation for heart failure after myocardial infarction
has become a hotspot. However, A lot of problems remain to be solved. The
arrhythmogenic of the stem cell is now strongly concerned. The characteristics of
membrane currents of stem cells and the arrhythmogenic are reviewed in this article.

Key words: electrophysiology; stem cell; membrane currents; arrhythmia '

FHM (stem cell) BEARENAREELRETAM, BEANEEXEFER
V&K, £ ONRBHRAEER, FFTERSUAFEHONAMMEL RO,
BB RATFRTOOERFROTARMETES. SHBATHAR

(mesenchymal stem cells, MSCs) BL4HAE (myoblast). FERGT 41/ (embryonic
stem cell, ESCs) AL TFHAR (cardiac stem cells, CSCs). F48HBHE 187 O
BIEONRE, EE4XONARKERKENERT A, BAIRE—HE
AIRMETFR. LRETF, TERBENOUBERELNFREHENKESE
Fl4l,

THRBERTAERL METER R, KPEEBLEREERERRE.
BEERNTARROEREVHTROTOY. OBTBENTEREELEER




FURFHEZMIRN LDNTF AR RN KR CHESC 8 E BRI R

HEES), ERELIHERNEE S, MEEBOEREWENE: QRELRS
B EONE R R LA R R MRS SRR 518 £ O NL40 Y A B A
B, ASRERIENMEES: Q)BERR: OIAEHASRHNR. RiE
B OTFHERBEE, FLrUSETERGL0EE. Kd, THRESER
BHXNEIMaZW AN EE, frlR0lx T E st REBOEEEE
RfE—E&RR.
1 BRI TR

MSCs X¥ETEH, BEATHARNG—M, REERER, BRAMLERE,
o aEMUR AR, MSCs HBHRE, EAOIRKIEE: BMES,
LB YBHE, FEEHRRRN; B, EIKEEE, AEEARENLE
Bt BRBREIGEEAB%NES,

FFIERLR BR: MSCs B FH#T ONUESE, BiEO0hEREERFN
s R PR BT B %), TE40 B Ik B B A R b 7R MISCs 5 s B UL o fA)
FESENHEABEZR. HEl7E MSCs BB FFMBEER. L RS EEHER.
FERFEMEEER. Wb MEEER. SRERFEEERSIM, Xk
ETREMERTFECTETABOOENAR, FEERELH XD
10%-40%, T MR RN RZ R 2 A RAIR, % £ : B 50 /M B B MSCs
BERKEAR , AREFEHL—, FARANBRHRFEER, RARHRY
B —F e,

£ MSCs #FFMMLALUFEARE, HE4sBRthRERE. & MSCs
EAROCENERILEFF, B3 MSCs LA ON4ME, EERERRNBRE
WEER. B RHRE R RAEEE S R RS, AOE
FLE A B AL, ERLGEREPERAEHREY, TE S-BAREHEST,

MSCs MU AL ERE, ENABREEREHEHNY—E, SBEIAR

SEROEMARAL, EE 5k LR EIET EE o= mte.

A MSCs ZEA A ORI/, Mat R —E R ERREFE, B
HERMOENARFEAENA B MARELEER -5, TEIEH
BHEE, WABERKERNEPERREN, BRMENS, BNOERAERE
%o XWATE Chang F B MSCs SRR OENAMASILER, B4
REEBINEL. dA R, BHE MSCs FEIROERFEEAE.

2 B4R

B A B R RT A, SRIET LA R G BRAR, 7T LA S b
BE A 0, EERGENATEY. BNARESMALL B, H3F,
Y, It BESFE U AR AR, BTUBOA N B ONA RS B RER T
gz —,

BAERES MRS ARG, REEENFRETIRE, SEBRER
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WE, FRE, WA REEEY, ERNABREEY, L REEENTRE.
BVERBEE, #RASIREGEEEERENR HEFRR, FHEE
EFH, EEFENRR A A E 2 BRE. BRWE FERTEH K
FOENMMR, TEHRS HELEREERN L EUEEEER, KRN E X
w, SERAIEEE, T TS, SR MEE, EEENEHRIEED,
REBNAME OUIFE S, 7 RAEREKBIENL, Hg0 5 5 R e A T
AT DL R, B SR S AL OB B AR AR O LA A, Abraham %
(ole s A OBV Bt R S R A RR b, RIS R B R e
Eh, FERAEBESES, WRFEHEMLERE, X5EHOMTENEE
FEHLHAE R

b, HRERES 43 (Cx3) ROSNAHERS. BESNEREN
28] WRMARBEE, EONARKUTEEERE Cx43, SHAIS R G
55 R0 MHT R EE, RERNARGKERSRTFEEONERD,
BiTHRERGHE, ERNERERE Cxa3, A LURD B4 fS O L4
B R i kB ),

EBE AT I, L ARZE AR M 3 AR D BLER BErh T R AL (A A S
LIEREEXRER, FHEEBRUED, SEBERIHON SR —t8n.
T EBH A5 TE E 0D SRS E KR, SHR S SR,
BAENFE, BAFERETHOBRAE.

3 T4 ’

ESCs 2 i1 B SR HA 00 7 40 S R e AL A 43 BS TR 0 B ML 4 B 40
B, ESCs #1 B FIAER 7 UL AR RS TR TIRMER S, #NEE
B MR T, Doetschman Z0U7E 1985 4, & 5EMES) ESCs BRI E S
FAMLEE S, TUMEAEMNERRZ AR, P RaEEE—CHRssT
BE95 ML B R DU 4 .

Doevendans ZWHRid, Bit* ESCs %S, MubOURER, EHMLE
11-12 R 15-16 K, FHE EHTEREMBIE. L SR ERNFRE LR,
330 2 e 5 U 3/ B O UL 48 FRORE_ T el AP AR B ART Zhang %04
LW BR: BSCs MU AT RFEOUIAMBE, 4 10J5 0 M8y ) M et fir et 7S B
BHEK, BALAEE (AV/ &) BEBIE; CEBANNALNZEEATE
Bhak 2 MR 3 MEERR: XI5 A5 RO S HL4 A B 8
F—8, HAESE50ERENIR. AR, BHEMENE. Wb, H2EH ESCs
FEMAOIBARE, RUEMUOFHE. ZRER: T3.5%0=39)M% R
EFE A RO E A HEE AL, 20.5%(n=0)41 sk Bl b Ba s fy, B
HIASRER T 8 R 505 U4 B EH 1R B AL RSP,

HULAT L, ESCs BBSMUAOIRMRG, FRHSmasmst, #
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B LR B R Ee — B, FAROEARTEY, fE ESCs &
FEABEAE, DRSEEILRONE, THEENKER, 3E BSCs
AT 83 4 R SRR 7 B T MR DS MR R,

4 LDULVTFH R

BEAETRAIA, i LA BOR P 2k A4, R BESSHET . ARTH, Megency
BIVE S 5 8N RO TS CSCs, 468 T X— W . 2.J5 Messina
BRI BB A B A BRI CSCs, (2 M0 T HOFA A
B, AR ERACIER SR, 4% CSCs, 3 B7E o IR
59 s REGHIIEST, % CSCs HNMRALA T T EM £,

7 CSCs BT B DIUEREE 0 380 ML R, 4 RET: CSCs
BRACIERIWENE, ROLNERER, RELSEN, BELZFE
KB, HELHEOIOS), KT, ERMERER, CSCs BRMLELEY
WAEBFIL, A1k AN . 7640 MRk R, Yi SR B CSCs ZERAML
HOMARGRET, SATEARRN, BEER, RASHESRNEE &
IR PR A R T4 S T, B R 1 R
%t CSCs TR RAE R B . B2 HC0 I e A0 45 B 22 o Teun
RS CSCs ALY ONAIE, RZMETIS RN, L2,
LRBR, CSCs ALARIE Cx43, HRFELERED: 2TFEFMLE, Cxd3
RS EIME |, FUR# CSCs B, HMST M HHEEE. CSOs
BEAUN LIRS, B HRRH MR, LR, 5B
d, A SR SRR, TR CSCs B, SBE
BN AT BB AT |

RETHBERER, CSCs BEAMAONAME, KB 50
DENMMAE, BRH CSCs BRTET LR LERERRE, ERREN
(VR E IR B R
5 Mg

b LFik, MSCs. BUULAIAA ESCs ZESAML Y LNAIE, Kk
PRI B R SR EN B ER, SHRMERA. #SILR
HARENR, NTRRERORAE . F, FH—PaeBS RS0
WUABRATL, 3 ELA65 57 S ML R S RE O F N FAR, AR TFER
BREFROEARNLR, CSCs BRETONAR, BB ONE
. (U PR AL R, SR B, X EBE
HH NS, Ho b 5 B O S NAAE, & & SRy — R E N
BOMTAR, BT TARBEAT.
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