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Association between atrial fibrillation and atrial ion channels remodeling
induced by aging
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[ Abstract] Atrial fibrillation(AF) is one of the most common clinical tachyarrhythmia,which is seen most frequently in the elderly. Ag—
ing is regarded as an important risk factor for AF. A lot of researchers find that atrial remodeling plays an important role in occurrence
and maintenance of the age—related AF. The changes of ion channel currents and its channel protein or gene expression in atrial my—
ocytes are related to occurrence of atrial remodeling. This paper made a review on the recent studies of the relationship between AF

and the changes which leaded by aging in atrial remodeling and ion channels.

[ Key words]atrial fibrillation ; aging ; atrial remodeling;ion channels

L RS (atrial fibrillation, AF) | 5% 5 B, VE Ml A 1 1 E#E5.0EE (atrial remodeling, AR)

FONH LA PP E DR R 2 —  LHEZ R FEF N, 1l

W, AR, <60 2 1) AF K30 0.42 %, >60%4 B2 AT BIE W2 I AL AR O R G R S b
(AN AR ZRR Iy 1.839% BRI NHET, 55~60 ZE0 AR AR it i e AR AFHE A AL , O IESS IR 2 A R AR A e
FRHN 0.7%, MiAE 85 2 MLFNN AF ZRRILVTPHET A S OBETIREEHIRES (I AF % R0
20%", AF 55| kMo Epo ,  HEA R & ) Sk S Ji L EE 4 (atrial electrial remodeling, AER ) Fl14%5 #4) B 4 (atrial
HACA | M S AR BRI T AR SO structural remodeling, ASR) . ZHISZIOHFSE & B, Wi K Bl 4T
SR R0 b TIIE L S AF (9GR T RAZRE, A 720 B 9% (left atrial diameter, LAD) 70> 3 & 3K A
WM 4% (left ventricle end diastolic dimension, LVEDd) , 3 5[k
P42 (aortic dimension, AOD) | /70> % BE JR JE (left ventricular

EENLE: 9% Email : wanglzts@163.com, wall thickness, LVWT) R —gpE K Bl Ze 0 3 B Il o 8
BRAT 68 BB, (left ventricle ejection fraction , LVEF ) 5 720> % i il 4 40 R
BIS1EE : Y12 %, Email  zx18818@vip.sina.com, (shortening fraction, FS ) Ffi%F % B 488 11 2 97 P4 ARG , JHC 00 0K £

HEEWMAE:E RAF AT IA A :30870903) ; w9 )| 4 # . " . —
AR A MR AT A (o S R R L K BRI 2 AL
HEER KA (?&?;2011FZ0106);@)l]/’é.ﬂiﬁ’

FONAR (A5 130263); FHESER A AHE R ey B DEIEIEIR, 565 BN LAD BB AK (4
ST 45 om), DB USRS 0 = 24640 2 P 5 T
5% H ki hitp//www.cnkinet/kems/doi/10.13406/j.cnki.cyxb.000280.html P 8 0400 FEL SR L RN A T AL 2 g | R TR s



— 1352 —

BERERKZER 2014 £5 39 H5 10 #7 ( Journal of Chongging Medical University 2014.Vol.39 No.10 )

REAYRINF NS = A3 TH R EIE, 5T AF R AR,
BRI B IV ZUD) Fr G0, 7R 1 75 47 90 5 I i 2T 4
B, RBHCIR  MT>60 2 BYAE A, /O B L4022 8] H BT
A B S 2T 2 (B B, o0 3 TR J5T 22 N 34— PR 27 4k Ak, o0 s 47 4
ACREAE IS AN, T AF (14 & A4 20RO BT 4 Ay ™
FREETIG N, @ R F 5 R, B A I AR 2
AR5 HA £ B 25 R S VB HL LT AR (action potential du—
ration, APD) #E K s 55 A3 RS v ] (atrial effective refractory
period, AERP) B HIUE B KBS 15 L 2845 fL 3 (L—type calcium
current, I, ) LRI /D AE09, Z2 0 04 ] LU O oy = 4k 7S (7]
SRR AR R LR AN R .0 55 LB FLAZ (action
potential , AP) 2k & A= kA2 | BEIE 1, FEL VR IRZD , 3 AT REAL /2
G WY e 3 AR 1)U S O 7 e oF | O L e Y 1N o4
B K AT,

2 BERSULEETREEN

HHTIA R, AF .0 B i B R 1Y 23888 1 Al AP 2 AH
A B T p 1 FFRSE O IR FSE 71 1] B LU (transient outward K* cur—
rent, L) FIHE IR 2R FE A0 FL I (ultra—rapid delayed rec—
tifier K* current, I,,) LA SCEEL I (Na* current, Ly, ) o T3 22 B Ui
TEHGUENE AF I SO A2 BAR R kA2 e 7
21 I,

Te,o 7 AF HUE R R A SC R AR DR 8 iU, B
ol C HEI TR, 458 TN T, BNES R 4, Bl o2 AF
PR MNIREIIR R JAE AF 93 NS A0 P B 1400 5 A
R B, O B LA L, o B DD, ol C HE D 2585 () mRNA
LB BT, IFH L, 8RR T HIE A
(R 9 [ ER 5 AF 835 APD I AERP (9450 , AERPA#
ARIE N PEREAIRO-12), 3K B S G 45 5 7 43 F W0 B s i gl
AF I 38 SR ) AL e/ 240 L A 1 5
o RLEI LAREAR 1o, S 32, TR IBIAIL R 00 3222 L 45 3 1
HARIK TR T, HADTIRIE S, AF B3 1, FERAY
SCHEP R T g S L2 e AR 5 i (R 1k, R A S
U W IR B RN HE ST e B DA e b N S ) i pael IRV ST o
SR E Y, TR BE TS PRt R | RS 1y v A, 4
NS ES AF (W BRGSO, DR L 2845
WIEAE AF BEAA TR MR R E SRR,

WFFE A B0, FERG IS S B ey, RO P A0 Y L, 3B T
ol C AL mRNA FIE R34 35 FRAR L, 25 B U R
1%, DAAE: SE g AR TE KA 0 s WULAR M Yo, %65 32 1S B 4 408 100 9
AN TRIHIA R T, 6 BE BRI AR R0 B LA AP -
IR P AR A B TR, T3 B AL L, ST @l € MR HERR TR
MARALTT BESZ AP I L, 30 L 38 04 P O3 1 23 JE Al
Lo, TEAERFIE R A ONUHAL T, SERA S v 15 T vh A 4%
EHHEBEIEATS, AR 1, 0N e 800 b

HIRELEVEAL T, Shih e BAF AF IR,

22 ShEATERA

22.1 1, 1, EEZS5 APL EM M AP [(WIEZAS K APD,
AR A3 3 2 Kv4.3, BB A 76O B L I 5 S A Fn
DM DLEEAE L, A PG ALY L, R AT L,
AN L, EERIR 1, 8057, POt Pk i, B
TE 1999 4E  Bosch 250V I, AF I AL 5L 1, HL I 0 08/
Jo MAT 3 IR T 3 — W20, A LURGHEC D R R e
T R B Kvd.3 Kvd.2 Kva.1 X LR AT AEM A 1, B3 5
F) mRNA SRR AFIRLE 19 R I8, Brundel 50122 8
TR R PE AR BE R0 B L Kv4.3 19 mRNA A1
HFBACE B AR R T,

X I MR B e 2 122 Y B L 450 mV BT,

HLUI 2 BETE AR 2 AR AR A IR (7.8 £ 0.9) pA/pF
(n=6).,(10.0 £ 1.0) pA/pF(n=6).(12.0 +1.4) pA/pF(n=5),
BARH WA Gt 2p 25 5 B 1, S A0 . Dun 2500
T I AT R R ARE R K43 3838 L 0 LA, R AR R
A0 D WUAHAE 1, PR 28 P AT R I S 158 5 0800 D LA
JitL TEA (VU 2 ) B i) 1, BT R K 1 I AR )
A NG 55 LA AR B T AR R P S58 1, 19 H O %
FEAT % (R IR T 3, PR T8 B B I LA e i 22
S, LR EF ST A R 1, AL, (15 APD Al
AERP 4%, 5 — @B A B T0 B i SR I L, A B
BAE AF BIRAE,
222 Ly Ly 205 WUARN S AR AR Y F 24 e FL R, PR i
TR 20 R TR, 1t KCNAS ZEP 4T,
FREAN KvLS, BEESSEWM 1AM 2 A1, 080 1,
ATG1E APD Al AERP JEC  XTEPE AR F850 5 LA ALY
KB, AR BFE W L, BRSO EE R N, 2
W R, TEMRE AF B E | H KCNAS RIkW] e R H
Kv1.5 338 8 (2508 He S O A 4L I S FRARP>, DA_ 9
5 ARR Ky 1.5 38 IE 5 5K N RJEAE N L, T B TR
15y F bl Kv LS A P RES 5 AF LM AR, SR
Grammer ZEPF5E 6 W Kv1.5 3 18 H, 3 A5 R 22 15 76 18
AF B SO R E T IC I B AR L BD Kyl 53818 FT AF
H, T 5 TC A A S

TESYIBIFGT 7 1T 30 2 %o 3 % 1 R B A A 9 & B
UL T, BB BEAE+50 mV I, T 4E4H  PAR4 B4R
L BB B 0 ) (4.1 £0.7) pA/pF(n=6) . (4.2 +1.0) pA/pF
(n=6) (4.2 £0.8) pA/pF(n=5), FAFRH Z 0] LA, TG
e B0 B WLANAE 1., 388 78 H AR R SRS 2, JOAE IR AN
S AR ;T 3 X AR S RN AE R Kvl.5 3l 18 H 38 Y L
Nl e AR AT 0 D WILAT A T, FEL 378 7880 B2 50 AT K A
T B O IANE TEA SUSER 1, RS R, B
ARV N0 B VAR BT 5 2 302 1, 40 ERL 3 % 38 i o AT
ISR AT BN {E A AR S 2 1., LT S 0 22 T C e



BERERKZFR 2014 F£5 39 E5 10 #7 ( Journal of Chongging Medical University 2014.Vol.39 No.10 )

— 13583 —

B A BT A IS, B 2 1S5 R SRS 1L, B
AN, ek R N, S APD Al AERP 458, 7 — & i
FE LA B0 R BRI I, N L O BE A L 2L
FHEAE N 00 R BILRE (2 4E N 5 B/ AT,

NS T3 3E D RE KA, AF I 1, 5 1, F I R R A
IS I APD Fll AERP NiZ EM—E R MIE K, i R
EE5e 518 M AF /9.0 5 i AR HEFA A A R, N RE
Felg e AF R EA T APD H1 AERP 4%, A& 1T BE
IR 0220, 1, 1 L, %5 B I BEARAS SR8 AF BB MR R
#1841 AF (19 APD J AERP 4578 3223 T L4538 18 S < Fn
BB A KO I B s DB T AR B Kv4.3 F1 Kvl.5 3818
FIR T, TR T Kva.3 Fl Kv 1.5 IEAE AF R ELR
B TR , O D LA A Fe 28 1T B8 2oyl /012 300 18 S PR 1)
ik LABHIE APD K AERP M4 %G, 3 SEBR 120 LA B X
PRE 0 BRI AR 1 ST R 5 e S
AL LR M AR S5, APDOO Bz MO A1 40 04
5 wmol/L. B 4—aminopyridine (4-AP) Wi L, J& , AF ZH#Y
APD9O FEK | M SEPEL EN4E 1T w] LATE BT 1, 5 , APD9O
£ AF SR 0L R AR, APD (19 24 535 45
BT 0 B B — iR S L B 208 LAY L s FL T A4 A 7
J¥ ARG R M EAR 2 BT ARG R, TTRES AF IO 45
P TS e A R W F 2 R R A K, M —
HURAIGE . BRTEM TR 1, ML, 0 R AF 05
WLAH A A —Fh e EAS B T AF & AR5 O B LN AR A58 Ry 1
Ak, T, AL, BRI AF KA G A A5 &
AF B9JEN {1, BEBELIRT S , AT U2 f S A AR, A AT
PPl 2 TN AR
23 Iy

Ty, TR O JULAN R AP H 57 R 3 R O 301 e e b Tk R
Voo FISEEIN R (EREIFFE L B0 A0 s LAY Ty,
B P LD AR (1 25 KO- FENg 1 AR B2 T0HH ARk
INHHEIEA PTREAR S S AF AU MR, T Yue S5
R AF BETUHFGE &I, 908 1 mRNA FE8ME AT, 5
Ly, B B N URSFAT ;2011 AR 23 BILE DU Bl 14 5 S s il o
IREE Ty, B RE R E, RO IEA nTRES 5.0 B
RO AR, FEGIRETE AR BFSEH & B, BAE R FIEAE R T, %
BN e S ORGSO Mg e =L Y =B S DU NI
G b 56T T, B BRI A A TR, 5 ke RAR
R A5 B Z5 A — 2009, I, Ly, 78 AF 19 & A4 FZERE L
FAEE T AF TR fE A REE— P 15T

3B 2
FIRIT G T 0 T L A5 A M R DG ) L i AT AN

HEZFENATEEA « (1) 5 LR sl As 71k 5 (2) X & il
RSB AR E SR (3) 3T A AF OB WLATH

AIBIFTTE , BT 3RAT AR AR 2 OO IESMRE T2 A R R, T REE
ZEATR BRI , WO s L AR S S5 A0 R A A DG R A B
AT BERZMEDAS S 3 T8 A R A RN 5 iR AT RESZ AR AH5EE
IR AF BT (5 AR BB R ) R A IR L &
SR ZGYIGTT SRR 25 AT T AF 22 07 T R

ARSI T — L THUE 510 b7 Tl E A S AF
KABIDITEIEE . FIRT, O T0 b5 88 7l 1 FAg 4 2 1k
HIBFREAZ , Sl AR DGRBS D 5T 8 11 i A 7
AF S BL) o B E B, ATyt B — A R T SRR, 4n
M U IUANTRY B ASE 14 85 300 3 A v 2 PR | S () 5 13
AR AF BRI AE . R 2 ZIRA R TG R 1
AF FEffi i AR A RIS, DA 106 HoAT B 7280 v A AR
Hi.

W

2 x W

[1] Li Y,Wu YF,Chen K P,et al.Prevalence of atrial fibrillation in
China and its risk factors|J].Biomed Environ Sci,2013,26(9):709-716.
[2] Heeringa J,van der Kuip DA,Hofman A et al.Prevalence,incidence
and lifetime risk of atrial fibrillation:the Rotterdam study[J].Eur Heart J,

2006,27(8) :949-953.

[B] B W ARSI, EAR AR 2 s SR LG R L IS
T S UIRERE I MR )] P A AR B 2%, 2010,29(9) : 776-T778.

[4] Adler A,Messina E,Sherman B,et al. NAD(P)H oxidase—generat—
ed superoxide anion accounts for reduced control of myocardial 02
consumption by NO in old Fischer 344 rats[J].Am ] Physiol Heart Circ
Physiol ,2003,285(3) : H1015-H1022.

[5] Illien S,Maroto—Jarvinen S,von der Recke G, et al.Atrial fibrilla—
tion:relation between clinical risk factors and transoesophageal echo-
cardiographic risk factors for thromboembolism[J].Heart,2003,89(2):

165-168.

[6] Spach MS.Mounting evidence that fibrosis generates a major mech—
anism for atrial fibrillation[J].Circ Res,2007,101(8).743-745.

[7]1  Anyukhovsky EP,Sosunov EA Plotnikov A, et al.Cellular electro—
physiologic properties of old canine atria provide a substrate for ar—
rhythmogenesis[J].Cardiovasc Res,2002,54(2) :462-469.

(8] JEIWEHL I L R0 7 FL B S5 R T 5 5 08 3 T 0T s
AL GRS LRI TE (D] 2 AT SBTRER %, 2011

[9] Yagi T,Pu J,Chandra P, et al.Density and function of inward cur—
rents in right atrial cells from chronically fibrillating canine atria[J].
Cardiovasc Res,2002,54(2):405-415.

[10] Bosch RF,Scherer CR,Rub N, et al. Molecular mechanisms of ear—
ly electrical remodeling:transcriptional downregulation of ion channel
subunits reduces 1(Ca,L) and I(to) in rapid atrial pacing in rabbits[J].
J Am Coll Cardiol,2003,41(5) :858-869.

[11] Christ T,Boknik P, Wohrl S, et al.L—type Ca* current downregu—
lation in chronic human atrial fibrillation is associated with increased

activity of protein phosphatases[J].Circulation,2004,110(17):2651-



— 1354 —

BERERKZER 2014 £5 39 H5 10 #7 ( Journal of Chongging Medical University 2014.Vol.39 No.10 )

2657.

[12] Brundel BJ,Van Gelder IC,Henning RH, et al.lon channel remod—
eling is related to intraoperative atrial effective refractory periods in
patients with paroxysmal and persistent atrial fibrillation[J].Circulation,

2001,103(5) : 684-690.

[13] Schotten U, Haase H,Frechen D, et al.The L-type Ca**~channel
subunits alphalC and beta2 are not downregulated in atrial myocardium
of patients with chronic atrial fibrillation[J].J Mol Cell Cardiol,2003,35
(5):437-443.

[14] Kurita Y, Mitamura H, Shiroshita—Takeshita A, et al.Daily oral

verapamil before but not after rapid atrial excitation prevents electrical
remodeling[J].Cardiovasc Res,2002,54(2):447-455.

[15] RN, VRS, JR Bt L, AR RIS Rt g A Ik b, 2 Bl
FEVERY AL AR O R 2R 25K, 2011, 15(6) : 426-429.

[16] Dun W,Yagi T,Rosen MR, et al.Calcium and potassium currents
in cells from adult and aged canine right atria[J].Cardiovasc Res,2003,

58(3):526-534.

[17] Rohr S,Kucera JP.Involvement of the calcium inward current in
cardiac impulse propagation:induction of unidirectional conduction
block by nifedipine and reversal by Bay K 8644[J].Biophys J,1997,72
(2 Pt 1):754-766.

[18] Shaw RM,Rudy Y.lonic mechanisms of propagation in cardiac
tissue.Roles of the sodium and L-type calcium currents during reduced
excitability and decreased gap junction coupling[J].Circ Res,1997,81
(5):727-741.

[19] Bosch RF,Zeng X, Grammer JB, et al.lonic mechanisms of electri—
cal remodeling in human atrial fibrillation[]J].Cardiovasc Res, 1999,44
(1):121-131.

[20] Workman AJ,Kane KA ,Rankin AC.The contribution of ionic cur—
rents to changes in refractoriness of human atrial myocytes associated
with chronic atrial fibrillation[J].Cardiovasc Res,2001,52(2):226-235.

[21] Brundel BJ, Van Gelder IC, Henning RH, et al.Alterations in
potassium channel gene expression in atria of patients with persistent
and paroxysmal atrial fibrillation:differential regulation of protein and
mRNA levels for K* channels[J].J Am Coll Cardiol,2001,37(3):926-
932.

[22] Luo T,Chang CX,Zhou X, et al.Characterization of atrial histopa—
thological and electrophysiological changes in a mouse model of aging
[J].Int J Mol Med,2013,31(1) 138-146.

(23] 1 [ koo WL Do 1 Iur FELIEAREVE B2 4 B 52

[D].3RIL . FEh R R 2% 2004
[24] Van Wagoner DR, Pond AL,McCarthy PM, et al.Outward K* cur—
rent densities and Kv1.5 expression are reduced in chronic human atri—
al fibrillation[J].Circ Res, 1997,80(6):772-781.
[25] Lai LP,Su MJ,Lin JL,et al.Changes in the mRNA levels of de—
layed rectifier potassium channels in human atrial fibrillation[J].Cardi-
ology,1999,92(4) ; 248-255.
[26] E % AP < L o R (R N 3 e B L Y
A0 15 Gl mRNA R A &SRB H E BRI, 2008,
37(4):516-518.
[27] XKI o W VPR, SO ISR O P SR IR R A
B R R R AR BT AR ) AR RS R A AR 2005,9(6) 445
448.
[28] Grammer JB,Bosch RF,Kuhlkamp Vet al.Molecular remodeling
of Kv4.3 potassium channels in human atrial fibrillation[J].J Cardiovasc
Electrophysiol ,2000, 11(6) :626-633.
[29] ¥ £, FELC S LES Fm A AT E AR B
(UMM WE) ,2005,32(5) : 281-284.
[30] Wettwer E,Hala O, Christ T,et al.Role of IKur in controlling ac—
tion potential shape and contractility in the human atrium:influence of
chronic atrial fibrillation[J].Circulation, 2004, 110(16) : 2299-2306.
[31] KERL, BMGHT, XS ETE, 450 D Wi sl 2B B i T A B
HIBIBITZE I T R PR, 2002, 17(4) :297-300.
[32] Gaborit N,Steenman M, Lamirault G, et al.Human atrial ion chan—
nel and transporter subunit gene—expression remodeling associated with
valvular heart disease and atrial fibrillation|J].Circulation,2005,112(4)
471-481.
[33] Yue L,Melnyk P,Gaspo R, et al. Molecular mechanisms underlying
ionic remodeling in a dog model of atrial fibrillation[J].Circ Res, 1999,
84(7).776-784.
[34] Laszlo R,Schwiebert M,Menzel KA et al.Effects of dexamethasone
and atorvastatin on atrial sodium current and its early tachycardia—in—
duced electrical remodeling in rabbits[J].Pak J Pharm Sci,2011,24(3):
383-387.
[35] Baba S,Dun W,Hirose M, et al.Sodium current function in adult
and aged canine atrial cells[J].Am ] Physiol Heart Circ Physiol, 2006,
291(2):756-761.
[36] ZHIT, 00 BRI, S N LA A 60 3 g i
L] ARG A 2R, 2010,38(1) :57-59.

(ISR A R)



