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TRE B BEAR O K LA B 0 WUE IR, O L TTCC 323K 5 W 3N, 47 PES K & B CHE /NER VA R ARSI 3
HABREZESR, FH MIB ] —E B EEREALCHF /MR VA & 2E . Western blot 22 qRT-PCR 4554278 CHF /NG ALHT Bmall
L TTCC Rk BB AR AL, ChIP K 27K Bmall 1] 45455 3 TTCC A 3 X I E-box i s P42 TTCC 1Y, 5% . 4518
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Effect of Bmal1 regulation of T-type calcium channel on the circadian rhythm of chronic
heart failure ventricular arrhythmias
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[Abstract] Objective: This study aims to Explore the effect of circadian clock gene of brain and muscle ARNT -like protein - 1
(Bmall)regulated T-type calcium channel (TTCC)on circadian rhythm of chronic heart failure (CHF ) ventricular arrhythmia (VA )and
its possible mechanisms. Methods: The C57B1./6] mice CHF model was established by transverse aortic constriction (TAC) and mice
in control group(CON) were treated with sham operation. Some TAC mice were randomly assigned to receive TTCC inhibitor mibefradil
(MIB) for 2 weeks(CHF+MIB). Cardiac function was assessed by echocardiographic and the expression level of TTCC was determined
by immune histochemical (IHC) staining and Western blot (WB). Ventricular arrhythmia (VA) was induced through programmed
electrical stimulation (PES) in each group. The circadian rhythms of Bmall and TTCC were detected by WB and real-time quantitative
reverse transcription polymerase chain reaction (qRT-PCR) , and the molecular mechanism by which Bmall regulated TTCC was
determined by chromatin immunoprecipitation (ChIP). Results: Compared with CON group, CHF mice had significantly reduced
cardiac systolic function, increased internal diameter accompanied by obvious cardiac hypertrophy. Significantly increased TTCC re-
expression level in CHF mice myocardium was detected by IHC staining and WB. PES indicated that VA occurrence was significantly
increased when comparing CHF mice with CON mice. To a certain extent, using MIB could reduce the occurrence of VA in CHF mice.
In addition, VA occurrence appeared circadian rhythm in all three groups (CON, CHF and CHF+MIB). WB and qRT-PCR results
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suggested that the expressions of Bmall and TTCC in the myocardium of CHF mice exhibited circadian rhythm and ChIP suggested
that Bmall could directly bind to the E-box site of TTCC promoter to regulate TTCC. Conclusion: In CHF mice, TTCC channel is

highly re-expressed and shows circadian rhythm, and MIB can reduce the occurrence of VA in CHF mice. Bmall can directly bind to

the E-box site of TTCC promoter region to regulate the transcription of TTCC.
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120 J1 325 (chronic heart failure, CHF ) J2& 5
60 % DL AR NAEBE A5 DALl A , H
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O BEFEMFFE (ASIAN-HF ) 338 , 19.29% 1.0 B 3%
TE VAENSE TS0 il AR B . CHF 5 5
% M0 EPEFEFE (sudden cardiac death, SCD) , T
SCD A EZ R A Bl R PO HER T (ventric-
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YERI™ o ORI AR o O BE D e BA )2 11
PR, 2 5185 03 R 4ESF, 78 2O
BE O IIREA 4 | i I s 55 O I AR v e 4 L
YERI™ o AP e/ GO, Bmal 1 A] 42
B - HL R 45538 3 o T BV 5 FE ] (sodium voltage
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ifi (T-type calcium channel, TTCC) ", TTCC 7£.00IE
H1 /> o Ca3.1 (CNCNAILG, alG) Hl Ca3.2 (CNC-
NATH, ol H) BiFE A, AR HE R, O E g TTCC
I AEIRRR AR , B O 2 A 20 7 i, He ek i
GRS, FE AT D BN R AR R IR O, A
WFFEHE , TTCC AE O WU A IF0 32 10 Ik 3
REH LR, HiX ] R R P EE RO kA
AR 22— Kinoshita 25" & B, 7608 5 0
/N ER P R TTCC BT 7T Al 20 /s B O
FEFE o AR, Wb VR 15 VA/SCD S5 14 i 7% 1
JE 5 TTCCAT X, ALY I H Bmal 1 X2 Qnfaf 4
TTCC 1, E TR TCAH AT .

gh A BRI oE 3R, A 55 R F =8 sh ki 2 R
(transverse aortic constriction, TAC ) 4 20> 3 /)N A
AU N e AUz et B P R, Sy 85
B PE TS HORERST Bmal 1 845 TTCC W8 R0
VO BT R RE I S AT RERS TR

1 #EFTTE

1.1 ##

/IR C57BL/6] (R 3t KA B 52 T ) , 34
g 4~8 JEIE e B, R RUAR S 4T TAC AR 18
PR /R, /N BRI 95 T I8R5 98 LA (spe-
cific pathogen free, SPF) 2 5% b5 , % 1 20~25 °C, #H
XTI 40% ~50% , i <60 dB, 4 12 h FF 5 BRI AR
WG, A HIEE . ARWFFE I A /N BRE I 47 A
PRSP S5 3R I, 4% B rh e A R AN E 5K
HECT L Zh PR AN HH A 5/ ) (GB/T27416-2014)
PAT . FrA /N R0 3 48 5 0l R R R 2 sh ) 8 B
FEHEZE 51 S HE (45 : TACUC-2005052) .

GAPDH Bk (V75 2 BHE W 58 o A R
F]) Bmall LA (CST A ], £ ) | Clock HTi4 (CST
oAl FEE) Ca3 1 HLA(CACNALG, alG, Abcam 2y
A, % M) Ca3.2 UK (CACNATH, a1H, Abclonal 23
AL EED)  a-F i LIS & A TR (o-smooth mus-
cleactin, a-SMA , W B X AEWIBHE A R A F]) 2
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SYBR GREEN 3£ i+ %2 #2 PCR i 7 & (Invitrogen 2
A, ) ; RN LR (isoproterenol , 1SO) K N1l
Fi b /K (mibefradil, MIB) (Sigma /A ], &) .

1.2 7%

1.2.1 CHF #4220 X441

161 1 19036 2 HE 2244, 30 mg/kg 18 16 13 56T JRR /)N
flo ZNEUMENZESRIRT 37 CHEAR NP &
JU 2 2000 S i B B & I X R R B R TH AR AL B, 22
F S E S /NS L, e B
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— 53 S (T4 Bk ) FEs — 5 S (RS shk ) =z 6] %
P 6-05 2243454 T 27 G ISRk | 4575 F 30k,
AR (CON)BRIRE AL BRAEANZEFLE Bk . AR
J& 4 JAAT /N B AR 5 VAR O ZRE . B H CHE [1y/)s
L, 7 TTCC #pifi| F50K D17 7K (MIB) 10 mg/kg/d 15
W gt 2 o AR : CON 4L AT FAR/NRAEN
XTI, CHF 41 : 8l ki 72 F R0 =41, CHF+MIB
2 : CHF /)N U s 1 53 MIBIRY 7 4 o

HURE - A 6 s KT AR IR NV 36 h, J5 IR 6 5
L, A 4 hEURE 1 YK, WO 48 h 22O B L SR AR AT
F—80 CUKAE , 73 b nic A CT (circadian time, CT)O .,
CT4. CT8. CTI2. CTI6, CT20, CT24. CT28. CT32,
CT36.CT40.CT44 , /5 225050 {1 H
122 SRS AR Hem]

JIN B JIRE A 7 R VT 90 N R s g 8 35t
sk AT o (RS R BCAT 30 MHz (= AiE
3k B9 VisualSonic Vevo2100 % i# 75 {¥ (VisualSonics
O] IR o AR TS e BRI/ U T A
/1N BN B 55 22 8 3L Sk LK ST 2 b A U0 T R 4
AR, RN Z4E R 513 T 2 IR EL S A~ L
LSS JE I M-mode # 7 5A1% . ARPERAE AL
A A 25 R AR B S
123 Sk &

B/ NG, 53 B D ERRAS | 109684 R 2% il A
IR E AR [ 5 24~48 h, HE 44 (%, K Masson Y {1,442 i
R G UL A5 A A TERAE A E DR T g
AR, e 2H 246 (immunehistochemical , IHC ) 4%

0, (a-SMA, Gal-3, alG, a1 H, 1:200) 4% H8 % 1 7 i
HEAT , B 5KUT R T IN—P T 50 L, YR H N 6
I DAB AR 50 L WEE R4 . THC BHIES: (A3
B RSO IRFEARIR M)A 12 630X T B
PEES ET , Tmage J 1138000 JI L2 M A A 1 i AR, £F
AR, B e 2 A G 5 AR PR BCT-S4 1
1.2.4 R A2 A M8 R (programmed electrical
stimulation , PES)

T HEBR AR A W G H R RGO
JUFE P A SRR ) TR L AT 3R FH /D B A JEE
T AR T AT RE e P RS R = O R Y
B o /N BAZR I IS L 22 A R s T SRR I, T
HHC I , TR BT 4 CHUS A BER K b VE BEER AR L
W o Lk, AE BB kb i A TE B R
P F KNGS AL E (FES M a EJr)
JE , 10 mL VRS &8 7 HE R A, FHIE IR0 S A GO,
HEVOME N L, 525 3% T Langendorff % o 46
PRI IR YRR S UL, T I BE 425 1) 3 mIL/min , ¥t
JEFE 9 37 °C, IR DR WA T RE R P, PR O
HLIC S AR 20 Sl 7 T2 Sl KR AR A5 0 AR, B i
It 20 min, 0 R EERRE

FEC A R AN, Ay R B ORI 8 P R, K P R A 0]
BT /0 E IR, BN T mm, SR 200%
(EL PR 3588 S5, BE b AR O 150 ms (19 S1-S1 43,
S1-S2 [a] B B AL HA 1 150 ms LASE 5 ms (14 15 & 336 0, 22
OO AR R T, S1:82 Sy 8 1, BT 8 Yk ST IS 1 ¥k S2
P 2O RS B2 A 3 i 2 T
R AT E 72 RS K VA,

1.2.5 &9 %% ¥ i i% (Western blot )

AL B U N B EZHZL, ATV (1 RIPA
LR AR LU H o F ¥ SDS-PAGE B HL
UK DRIEFERR , 5% BSA VR A TR BT 2 h, BEJRINA
—HL(1:1000)E T 4 CIKMBFF LR TBST P
JEIAZH0(1:5 000) , 2 IEE 2 h, PelfE fLek
He B, Image J RS BT8R 1453 H 8 AR XS 3%
ki,

1.2.6 BT F ¥ 4 F R A 84k R (real -time
quantitative reverse transcription polymerase chain re-
action, qRT-PCR)

K F TRIzol 1R 484 U BH A3 S IO JILAH 2L
RNA . ARG 10 G481 U W #E 4T 5 22 qRT-PCR 7
B4 . >R H Quantitation - comparative Ct (Livak) 3% EfI
AACUE I & FEATEAE b o FIrA 51 Y0 il T 11t
Na A TRA R,
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1.2.7 3 & i % 9% 2502 3 K (chromatin immuno-
precipitation,, ChIP)

HRAE 5T 21 , Bmal 1 1 R 7% 5 51T 25 5 3]
H 13 K (1) )5 8 7 E-box XU FEIRHEEE IS, A
SCl T AV BFER Rl G .ol H G B3I F L7 E-box
S5EALR f8H ChIP AU WLEE Bmall 5alG ol HJH
Bl 1 E-box X 45 S5O0 . P B, A
Bmall HT{K, 5HEH H-DNA E S WM E LS A
ProteinA , 45 & HiiR-#L 8 F1-DNA B &9, UITE, Uk
Ji, AR E S A R H-DNA Z 59, il 3c 8K, 4lifk
M DNA- I, 9O 5E i PCR 70 #T .
1.3 itk

SRR PR B B hrifE 22 (x = ) B E 4
%7 , H GraphPad Prism 8 X447 88 11224047,
THEGORME R Z 8] 3 Bl T o A 56, TH AT R4
Z (B3 AT fs R 5 Kz 56, il 4 R statistical package
(WA 2.12.1) 35 (i JTK-cycle 437 PFAf Bmall |
ol G ol T EHEREE, P < 0.05 W22 A S 4R X

2 % R

2.1 CHF 7~ $3 JE R 45 o 3R FEARAE S ILAE B & 4F
Ytk

ST AX AL (CON) M L, CHF 4N A=
SR 1005 S A S A e A A O S AR, 2 E R R
KAEPIRAR NI B 5K, BA G172 5 (P <0.05,
1), H PCRAGIL.CWUEHZ N L B M PR A (atrial na-
triuretic peptide, ANP) , fi5i & Ik (brain natriuretic pep-
tide, BNP) B i F}- 55 (P < 0.05, % 1) , #2755 CHF 2H /N
BRC IS 4 D e A S B . [T 1 A 2/ N B
DR R TR, CHF 4N e ZE R RIS R e A==
Jo R B R (P < 0.05, 32 1) , U L4H B A o 1
(cross-sectional area, CSA)HE Yt @& 41275 CHF 4.0 L
YA B3R (P < 0.05, E 2B) , 3 CHF 21/ L
HEE,  FiREEFEN, 5 CONGAM L, CHF 41/ IE
WDt T A OIUEE.

5 CON 1M Eb , Masson Y B4 7R CHF 41/ Kt
LT 2k 21 2000 3 £ (P < 0.05, K1 2C) . a-SMA FlI
Gal-3 J& 5.0 NELF AL % VIA /Y 73 F 8 . THC
Yett i, 5 CON AL, a-SMA J Gal-3 7£ CHF 4
INEUC IR IR B TR (P < 0.05, 81 2D~E) , & ]
CHF /N LA i fb i 35 2 . K 2A R0 D)
A Qe AURER R
2.2 CHF /R SHE P TTCC £k 2383

Xf CON J¢ CHF 4 /)N o WL TTCC 37 Y (o

x1 MNRASOREANROBEEROCRSHLLE
Table 1 Data comparison of echocardiography and heart

failure between CON group and CHF group

(x+s)

Fabr CON#(n=12) CHF#(n=12)

(R /min) 512.44 +35.13 504.04 + 44.14
e B H0(% ) 6749 +487 5127 +8.04

JiE i (mg) 106.84 £9.03  203.28 + 50.08"
LEEH (%) 4477 £4.33 2537 +6.01"
ZE AR N (mm) 1.82+0.18 2.95 +0.58"
ZEZEFFRAR N (mm) 3.30+0.12 3.92 051
2% REJE R (mm) 1.34 + 0.08 1.33£0.16
i Z ] BE R (mm) 0.88 + 0.07 1.25£0.17
ANP(mRNA AHXTERIERE)  1.00 £ 0.04 3.64 +0.19
BNP(mRNA#X ik H)  1.00 £ 0.06 4.07 £0.17

5 CON4 I, P <0.05,

CON CHF

PR S
B 1 CONZ5 CHF /M
Figure 1
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BARMENES CHEE R
Representative echocardiography results in

CON group and CHF group

1G,a1H)47THC 52 Western blot Kl (] 3) . 5 CON
ZHAH Y, CHF ZHol G Az ol H Y (0 PR T AR B S 1
HAFRBKE 21 5 . 458K, 75 CON /MR
O AL, TTCC Rk HEARML , CHE /NG LA, TTCC
FiL B

23 CHF /NS VARAFFR L ¥ 55 TTCC & ik ¥

437 CTO FT CT12 B a] i % /)N B ISR A 7 25
PR IS & VA FRUERIRE T R VA & AR
R R ULIE 4A . FE CTO B[R] 2547 PES, CON 4135 %
1 FLOEBS), VA RAEZN 10% ; CHF Hifs & 2
Bz P s i, S Bl =W, 2 5 R S A& =
PEC B AL S, VA k43R 90% ; CHF +
MIB 4115 A& 3 Bl = Wish , VA kAR 30% . 7
CT12 iF[A] 54T PES, CON 20 A5 & 11 VA ; CHF 2115
& LB E BB, 3 FIRIHA & = O shid
OEEET, VA KA 40% ; CHF+MIB £H5 % Hi 2 1]
O EEE), CHF+MIB 2 VA &£ H N 20%., VL 145
AR, CHF 4/ BRAE LR RSB [E] 2519 VA &R
R 5 T CON4 (P<0.05, & 4B), fi I TTCC
BELE 771K DL 7 2Rk (MIB) J , 11 CHEF /N EE L VA7
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- - O_ O_
CON  CHF CON CHF CON CHF CON CHF

A D HEYI R HE 245, Masson 444 «-SMA 1 Gal-3 25 4 THC Y @iy LRI - (x630) 5 B~E : 2351 S0 JULAH AR 46 ot 1 B, £ AR i A, -
SMA Fl Gal-3 YL A BHPE R E HE40HT . 5 CONZH AL, "P<0.05(n=6) .
2 CON4S CHF E/NRIOAEALRRIE £ 2R T LR
Figure 2 Comparison of cardiac pathophysiological changes between CON group and CHF group

151 C s,
—~ * ~ *
S S
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H E
= 54 = 54
= =
3 3
0- 0-
CON CHF CON CHF
Foo15-
I b
;}Q *
AN
S0
junng
=
fﬂ{o.s-
=
0 ¢ ol
CON CHF CON CHF

A:TTCC M ECIELH LU @R ] R (x630) ;B C: TTCC % -3 38 BH M HI R S 43 H7 s D~F : TTCC 2 PSR J5 s e B PR AV A 43 #T
5 CONAHILE, P <0.05(n=6),
3 CON#A5 CHF AMNROATRSE FREMTITE (alG MoalH) L LR
Figure 3 Comparison of TTCC (al1G and «1H) changes in myocardium between CON group and CHF group
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ZH/N B (CHF+MIB) 7E CTO+CT12 Wi B[] 5 VA Fi8) 2
KRB T (P<0.05, K 4B), 163 4/NEU,
CTO B[] 55 VA 1Y &A= #8355 T CT12, 78 CHF 41/
A SR 2E 52 (P<0.05, B 4B) , #LR7EE ML
BT, VA RERGEKRZES . D ESTREY,
TE CHF /N H, VA A A R I, AR AR BT
R MM MIBJG VA &4 sl

A

FRUERI AP

2.4 CHF /RSB TTCC & Bmall ik ALA B h 42

W H 48 h CHF /N B A2 O B AL SR A, fifi
Western blot & qRT-PCR R0 LAHZ TTCC (G,
alH) J Bmall FTHERIRIEOL. 1F 48 h 4, JKT cycle
A3 Hrde s CHF 20/ U TTCC (al G, alH) & Bmall
HARBHA TR (P<0.05, E 5B~D) , HJH
W KA —3, B 24, 48078 0 JKT cycle 53Hr

B $
1007 * = CTO
~ 80 = T2
I S
% 60
& 40 i
= 20+
0_

CON CHF CHF+MIB

AR R R SR LR ] 5 B 54 VA e ARG TR CHE /R VA KA SR BN, HA B2 5 i FHMIB S , B VA &/ 3R (CTo+
CT12)% CHF 20 P R4, 5 CON rhH ARt E] 5 L #% , P < 0.05; 5 CHF H CTO 41 4%, P < 0.05; CHF (CT0+CT12) 5 CHF+MIB(CT0+CT12)

H# L5 P < 0.05(n=10),

4 CONZ.CHF A% CHF+MIB 4 VA £ 4 R K T2 T LL
Figure 4 Comparison of VA incidence and rhythm changes between CON group , CHF group and CHF + MIB group

qRT-PCR &% S 2 7% , TTCC (alG, alH) % Bmall
mRNA IR AL (P < 0.05, K SE~G) , HJE )
—F, ¥k 24, BAALASTH , TTCC 4 20, Bmall Ky
0. P Bmal 1 fE NG sk 1, P45 T ik % vl REAF7E
FEIR T LA TTCC FRIB R 1 HPE AT 2 5 Bmall 151%
Y S5 S
2.5 Bmall AEALRAETASSH Fi@E 4%
ChIP Z5 2 B 7%, Bmall 5alG .ol H MIFHMES R
4 (PP) Ji 8l F X345 & 1 & 4R 48 B X F B PES
HEZH (PN) B 38 fn , B e it 22 5 (P < 0.05, ]
6B~C) o [AIIHi H 1gG /R R BT HE , HERR A s 7
Xk AR S PELS A o DL 25 AR, Bmal 1 7] 38
115 TTCC J3 81 F X3 1) E-box 1V 1, 45 A M I8 8
HoEE

33 i

AWFGE FE &I, ZE CHF /MR, TTCC (a1 G,

1H) 38 18 58 e is H 2 B A2k, A
PES i 5 CHF /NRU VA K 1E, #878 VA AR Y
TTCC(alG, ol H) F B 5 Rk 4 ¢, i F TTCC BH A
FIATE > CHF /N VA 19 A . ARBFSEEE — IR &
B, Bmal 1 1 R %% S IR 7 0] B34S 5 7F TTCC (al G,
ol H)JE 30T XA E-box v 45, JE S TTCC #4 5%

2 10 ) TR U 2 A Tl IR S5 1 7 6 B B
MR B SET SRR EBCR R S A T, A EHE K
JiE et 23 B T E A 2k S N — TR
10 714 B 4E B O 52 25 1) 8 2 500 27, 1980,
1990, 2000 45 0> 32 £ A Be B (8] 58 122 43531 Ky
15.4% 12.3%F16.2% , 0> 3 FEFBET R PRI A 52 5
W (59% ) O EERH (13% ) FLOEPERRFE (13%) 1
KL, VA/SCD J& 0 1 32 3 A BT 1) FEZ R R 2
sl AR AR ST R, FIIE RO IR ZH (CON) A HE
CHF /)™ s I 520 3 B GO LZM i A ARG K, £
YAk 3h L EF (IR , 2 5P B0 CHF /N
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CAPDH en (R D GBI BB S BB EE: -
B D
B 4- ¢ oz 67 1 3-
< | 3
3 ® "
K = 49 & 21
2 = £
= 21 = =
o £ 2 1
i 1 = =
© = E
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E s 10+ F 15+ & s,
X £ o
® 81 ® £
= Z 104 =
= 64 m =
= = 4 4
= = =
z 47 z Z
= 2 51 El
£ 24 E E2
= z E
R T T ... - k2L
CT O 4 8121620242832364044 CTO 4 8121620242832364044 CT O 4 8121620242832364044
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5 CHF/MEOAALRTTCC(alG alH) K Bmall RiZEFER TR
Figure 5 Expression of TTCC(a1G,«1H) and Bmall in myocardium of CHF mice showed circadian rhythm
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Figure 6 The bindings of Bmall to promoter regions of TTCC («1G and «1H) detected by chromatin immunoprecipitation
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