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Effects of Cardiac — specific Carnitine Palmitoyltransferase —1b ( CPT1b) Inhibition on Myocardial Calcium Handling. Zhang Yijie, Xia
Wei, Cao Quan, et al. Department of Cardiology, Renmin Hospital of Wuhan University; Cardiovascular Research Institute of Wuhan Uni-
versity; Hubei Key Laboratory of Cardiology, Hubei 430060, China

Abstract Objective To study the effects of cardiac — specific CPT1b inhibition on myocardial calcium handling in high — fat — diet
(HFD) induced obese mice. Methods Four — week — old male C57 mice were randomly divided into normal control group (N — mock) ,
obese control group (O — mock) and obese intervention group (O — CPT1b). HFD was used to induce obesity in this study. At six weeks
of age, mice were subjected to intramyocardial injection with recombinant lentivirus targeting murine CPT1b (for O = CPT1b) or irrelevant
gene (for N — mock and O — mock) to down - regulate their expressions. Ten weeks later, left ventricular tissues were obtained. CPT1h
mRNA and protein expressions were measured by RT — PCR and Western blot. The protein expression of sarco/endoplasmic reticulum
Ca’* — ATPase 2a (SERCA2a) was detected by Western blot. Isolated ventricular myocytes were obtained by enzymatic dissociation meth-
od, and used for myocardial calcium transient detection via live cell station. Results The mRNA and protein expressions of CPT1b were
increased in obese mice hearts. Lentivirus — mediated RNAi significantly down — regulated cardiac CPT1b expression in O = CPT1b mice.
Obesity decreased the protein expression of SERCA2a, and damaged calcium handling of sarcoplasmic reticulum as well. Cardiac CPT1b
inhibition ameliorated the myocardial SERCA2a deficiency. Meanwhile, the calcium mishandling was improved in O — CPT1b mice hearts.
Conclusion Cardiac - specific CPT1b suppression ameliorated myocardial calcium mishandling associated with obesity.

Key words Obese models; CPT1b; RNA interference; Calcium mishandling; SERCA2a

— T 5[] 4 30 4F | 55 6] B5 188 A~ [ £ IF TEAWZ He 2/3 kg K RPEZE, IBREE SN
R, RS EE ARED IS 21 {0, XERNEZH 21 20 f A R ) B — " KR I PR AR S AIE
T 30% BHIER N T YA A 4% A AR B REDS  SE AR RT RIS R R A Y R R B 22

EE ORI EE T, £ BN £ IR 45 U e B AT, fr & n] E

ST % A0 G VL (T L) (31570460); e 0D JTREH o BSTRTRRE O WL D A - W K

F 5 1 IR RH22 0 4 5 AE RH22 4 V5 B 35 H (81500668 ) B S BRI, BT B O R E A RO ) e Y R

FE# HLAL 24300600 BRBUK A BR Bl AR RBUK 0 1L A RO RSB O WL 3 T 5 G 1 R ( fat-
BEFE T o I 0 I 2 T 50 0 rcids L e e . e
S P P BT RN PSR FA[)G.B SR B Bl AT AR WATP
JEHBREFE " N BLPEIC BT A B E AP, O

mbao@ whu. edu. cn

.02 .



BEAER SRk 2017 4ES A 546 8 455 )

e B

JUVE A1 7 2 W5 52 B, P T 3l 1 B — M AROHE FA 1
B AALMERET o SRR AE B AC I A B B AR
BEPE B = 1A MG 22, 20 0% TR B 6 0 i 5 4 L
TR o LR I LR B P 4 5 (Ca® ) A Y
EEG T, K GEZ B A5 M A Ca’" I8 1Y FE
B FA AR A 3 A T S B0 AL B IR Ak A 1
B, ZRLIR ATP A iR B AR, LT 9 45 2% (sarco/
endoplasmic reticulum Ca’*— ATPase 2a, SERCA2a) [
T AT, TE— A O FOL AT B A 3 4 SR

A B B8 IE Bk ¥ B2 B 1b ( carnitine palmitoyltrans-
ferase — 1b, CPT1b) J& FA 3 i AC 3 i 7 v iy PR
ity , WO AT T R AR AP R, A 3 FA I BT 5% iz &
LARRNZS Y B Afk. AR K, LR CPTIH
T WAL R Ry Fak . R CPT1b [y 3Rk Al
AEE L PR FA S A RSB I e, EH
Hdt THE I CPT1b 485 25 , 8 12 RNA F4F i AT

TR
4

FE/NELO AL CPTID [ 2635, BF 58 0k F0%F 0 WL 41 e
EALEATUR AT
M# 5 A%

1. SEHG Bl Wy B i 98 5 58 - SPF 2 4 J ik i1 €57
/NELLRTE 17.46 +£0.43g, FEAL A3 hy 1E 5 X R4 (N -
mock) AEJHEXS B (O — mock ) e AE ik + FI2H (O -
CPT1b) M55 T s K 2= N R BE B 3l ) 5 5 v o0 e
BEIREE . PRI E 22 £2°C 1R 45% ~50% , )G R/
SR 12h: 12h, N — mock %5 T 1F % 1 £ ( D124508B,,
& 10% & 20% 5 1 K 70% B BE2E) , 0 — mock O -
CPT1b 45 T & B8k £ (D12492, 4 60% J§ i .20% & (4
B 20% W) B AR . /N BB RS I B A s
LR RAEYR A BRA R, 6 B, 2.0 LT 548
] CPT1b (0 — CPT1b) o #¢ ] JC 3 3£ (N — mock |
0 —mock) 1M HEE, 16 il i i A A 00 (&1 1)
JTA BRAE A G S B S WA Y 3R R

S0 GFPRY

@ —mockZH

O-mockZH

At
} ‘
&
0T TTTTTTT STTTTT 6 T
BETE OB
E 1

Bt A pm A

MRAR

/NBUA WTELE 45 TR AR 4 R IR R AR S AL T AN TR B MR R T 58,6 J i I 0 UL S0 1 T 9 R T Y 2Rk, 16 STk e OB 4G D

2. AR I« A AR AL SE A E i PCR X
(CFX96, 3 [ Bio — Rad A W] ) fH L% (LEAD -2, %
[ Longer 23 ) | 1% 2 g T./F 3% ( AF6000 , 74 [F Leica
INED) B E R ( DMIG000B , 1 [ Leica A ) #
5 3R L ( DFCS50 , 48 [ Leica 23 7)) %5, 42 823k 7
£ $5 TRIzol (15996 — 026, 3¢ [E Thermo Fisher 23 &) ) |
F i AR ) £ (FSQ - 101, L R VEYi A= W R A BR

/N7l \SYBR Green if 5] & ( FP205, It 50 K AR A= 4L B
FAHBRAT) RIPA 2L/ W (sc — 24948, 3 [E Santa
Cruz 4 7)) \BCA # F & 710 F & (POO12S, g3 =
KIEWEARARAE) CPTIb —41 (GTX117231, 3¢
[E GeneTex /A &) ) .GAPDH —4it (CWO0100A , Jb 5
H 2 A YR A R H ) (SERCA2a —477 ( Ab2861,
He[E Abcam 2\ w]) | I B ik R A (C6885 — 1G, £ H
.23 .



J Med Res,May 2017, Vol. 46 No.5

Sigma — Aldrich 2y &) . Fluo -4, AM (F14201, 3 [H
Thermo Fisher 22 7))

3. M8 2 1 A < WF ST T NS 0 2 ol A R B L v AR
ar ko BE ST BE R S 1 g At R CPTID AR
RNA T4 HAREE A, 55 e O iy &x 0 52 6 A
(green fluorescent protein, GFP) Kt [K VE Jy X 0B . 44 gt
) /N CPT1h .5’ — CCG GGA CCC TGG ATG AAG
ATT CTC TCG AGA GAA TCT TCA TCC AGG GTC
TTT TTG -3’ }% GFP.5’" — CCG GTC ACC TTC ACC
CTC TCC ACT TCT CGA GAA GTG GAG AGG GTG
AAG GTG ATT TTT G -3 (1% 9% & 2 Mk FH .0 WL
St o WRERM ~1 x 10" kL 2T,

4.0 WUNE ST T W RNA T30 .0 UL 3 Y
D715 R AR o R B B 22 R 1/ B
&, TOET K A T A E— K2 Tem YO, 15
%ty AN 5 25 T o et P I I il 4 2 56 4 il ()
A 7N P 60 8, O I 28 I O 1T HE B AR R
87 P i v A A (BH IR AR 31 gauge) 1n] 20 FE WL
TE A48 25 2 10l B 452 0 ) 224 BT o B A0 I
S 7 BIVHE i J oA B, WA R A L OB, TR P I
i I [H] KL T 30s,

5. S PO E e PCR: 2 MR & v T 43, 1 1
TRIzol 3 HEHL 5 4121 & RNA, 3 & il cDNA | F 4%
SYBR Green a5 & 5 B 43 #E 47 52 1 92O i€ # PCR.,
P GAPDH /RN Z: . 51741 I : CPT1Db IE 4]
5[#7.5" - CCC ATG TGC TCC TAC CAG AT -3', Jz
m5[4):5" - CCT TGA AGA AGC GAC CTT TG -3';
GAPDH IE[i]5]#):5' - CTC ATG ACC ACA GTC CAT
GC-3",m3l#:5 - GGA TGA CCT TGC CCA
CAG CC -3,

6. Western blot i Al - i JH] RTPA 2L M\ 0> %
HAUP S G B, BCA ¥R #4178 H € B, SDS -
PAGE B H A, L% = PVDF B, & — 41, i
H, W ERRG B R S i — Pk E
CPT1b 1:500,GAPDH 1:1000,SERCA2a 1: 1000, #t
JBE 18R T Tmage T AR50

7. TR S RS UL A S B R /N B 16
JEI U I, 28 JE IS AR R TR AR IR (S U/ g ) A G 12 1
ZE (90 g/ g TR ) | R J5 5 IS8 0 I, 28 3 3 ik
W YATHEG . A A S LB 5 (0. 33mg/
ml) 1 IC5S A IR I AL 8 ~ 10min Z.00 & B A5 4%,
BN ZE 0% E T IR 6 RN R AL . 580 3T
Ao E Al W R R Y, 28 150 m LA 1Y

.24 .

Je e 0 I 3k 208 L B 4 S B A LA
1E 40min PYEREE 45 & Ca® W 0. 4mmol/L, ¥ #4
A B 5 A Iml IE 45 & R (Ca™" Wk B
1. 8mmol/L) B &, I A 9umol/L fJ Fluo -4, AM %5
FOCERER,37C RO H 60min, 2 J5 4 1 & Bl & 1
35 RN ) ) Sulfinpyrazone (0. 1umol/L) # IE 55 &
AWML EE 3 W, AR BR AR SE AN RS, B
o 20 B Ak WA L RE DG IR 60min, £ HE A 41 i i)
Fluo —4, AM FE40RE A o 1) F il 8E DA wh o A
FEJT B0 A 200 B AR, T I A0 AR S ) N
BEaM) & Lo 15 A0 G BE I, i IBURE S0 i B 2 58
RO P ks B IS B & Wcds 1.0 LA i , il
I [¥] 5 A HE R A S ) A B 22, LA T I ) 0
30% 4 HL TR 25 7 37 R 8, 0 BE 2ms . 1B E IR
B X 18 (area of interest, AOI) , % B % &/ Wik K
494/516nm , 76 F AR A& A Ny 0. 5Hz & 1. 0Hz
57 MR ULEE AOT PP 24 415 5 Ot 58 B 1Y 3 A5 7%
L

8. Guit = Jr ik R SPSS 18. 0 GRit B fF HE 17 48
FEREAMT R VER LB = 2% (x 5 ) 5 41
FEAS S5 R0 L BRI S R 3K 5 22 00 1, 29 5500m) W L
BRI Tukey K386, 0L P <0.05 AR A=
X

o] ES

LSRR E v 7/ BUIE PR A il i 12 ik
BT, SR RO /N LA A AT RN B
JiN(O —mock #H 34.63 +1.10g vs N — mock 24 28.90 =
0.92g,P =0.000) /> ILIA 3 8 A [7) B 48 g 75 o A
M RE M 25 5 o Ge 122 B L (0 - mock 41 34.63 + 1. 10g
vs O —CPT1b 2 35.24 +0.99¢,P >0.05,[5 2) ,

40 ¢
e H#
35F ST S
1o | (LA
o
g 25+
20} -+ N-mock
= O-mock
15 -=-0-CPT1b
oL

4 6 8 0 12 14 16
Jal e ()

B2 NREEELEK
ANHRE T XN RAAE R Em (F4 n=8), N-mock 5
0 — mock [, * P =0.000;N - mock 5 O - CPT1b # .,

#P=0.000



B2 WP AR i Bao HSW

2017 4E 5 H

e B

2.RNA T4t N 1.0 JL CPTIb By 3R 3k: RT -
PCR Z5 3427, AR BE 51 A2 .0 L CPT1Db () mRNA ik
FH#150% (O —mock 2 1.49 £0.27 vs N — mock 2f
1.00 £0.18,P <0.05) , RN F1 RNA T3¢ 2
WA T 0L 25 60% (0 - CPT1b 25 0.58 0. 21
vs O —mock 2 1.49 £0.27,P <0.01) gy CPT1b Hj
mRNA %3k (8 3A), Western blot 346 45 5 @ /R,

JERESIEE CPT1b (¥ 8 (1 3R 35 18 N 29 30% (O - mock
41 1.31 £0.21 vs N —mock 41 1.00 0. 19, P <
0.05) ,RNA T4 /> T O - CPT1h 2H /) B0 L4 41
124 50% (O - CPTIb 21 0.68 +0.29 vs O — mock 4
1.31+0.21,P <0.01) (% CPT1b B 1%L (B 3 h
B.C).

) \

A 20 ¢ ' * B 6\0& o R A\ C 20 ¢

« S A s . : .
E :

= 10p GAPDH = O

e T o5t

= =

k2 =

N-mock  O-mock O-CPT1h N-mock  O-mock O-CPT1h

B3
A.real — time RT - PCR 275 , JEAES /N B JLZH 21 CPTIb B mRNA 580, O LA 88 2% T T 0 - CPT1b /MR
CPT1b ) mRNA &3k (441 n =3) ;B. Western blot A A9 1% & 1 B F-, LA GAPDH 4B} P92 ; C. Western blot 354G I A GE 1145 R B
JHEG IR0 L CPTID (2 1 283, RNA T4t & B O - CPT1b /NERLOG L CPTIb A A RIA (4 n=3);" P<0.05,"" P <0.01

3. F ¥ CPT1b fy A4 Jin 7.0l SERCA2a )
ik :SERCA2a JEOLAIIE N Ca® " 3T I EEE M,
IR R 5 R O LA ML T 4 T e AL &
ib 12 A 9 5 R MR, Western blot 26 45 I 25 2R #2755,
0 —mock /)N FLC JLZH 21 SERCA2a 1) 25 [ 3R 3K 8

A\

SERCA2a

GAPDH

4
A. Western blot #£ 46 i AR MEBERL 118, LL GAPDH /E 8 NS5 B. 3 HE BV S5 RAER  IEAES R0 JIL SERCA2a HY 35 H 3K MK,
T WL CPTID (33 503 T IEREFF 801 SERCA2a Wi (R34 n=3) . " P <0.05

4. F 94 CPT1b (% 335 k3% 1 0 JUU 40 B 5 I8 45 -
Y A W T G I 7L S A A IR A e R B IS TR] (T, )
JE W LA i Ca® " 18 1 RE 1 B B 80, 50 WL
W s | & 5K T BE B U0 A O L R 4

HE

0. 5Hz F1 1. 0Hz 437 R EF A 0 LA B 45 B 22 (141 5

DALA LR CPT1b ) mRNA fM1E QR i%

N — mock /NRIE D T 34% (O - mock #2H 0.66 +0. 10
vs N =mock 21 1.00 £0.13,P <0.05) ; 7 & i /N B
LALALZr CPT1b /Y 35K B 3% 38 Jin SERCA2a i) &
12335 2 IE 8 X IEIK (0 = CPT1b 41 0.92 £0. 17 vs
0 - mock 41 0.66 £0.10,P <0.05,[& 4)

1.5

1.0 F

05F

D LHHSERCA2af 75 4635

N-mock  O-mock  O-CPTl1h

DALALA H SERCA2a HIEBRIZEW

A ~C) G REE IR, 0 — mock /N B 45 % 28 I B
BN — mock /]y B 35 W I (0. 5Hz 375 il i ik O -
mock 2 2.26 £0.33 vs N —mock 4] 2.87 £0.35,P <
0.05;1.0Hz 37 I # B} O — mock 2H 2. 02 £0. 25 vs
N —mock 21 2.47 +0.28,P <0.05) , F 4 CPT1b (3

« 25 .



J Med Res,May 2017, Vol. 46 No.5

KRR T B R YA (0. SHz S R O - CPT1b 44
2.77£0.29 vs O —mock 41 2.26 £0.33,P <0.05;
1. OHz &} # ik O — CPT1b 4 2.43 £0.23 vs O -
mock 24 2.02 £0.25,P <0.05;[& 5 #1 D.G) ; @RIk
B S RNA -0 5 [ 22 3 30 () 52 0 22 S O G817
S (E 5 H E.H) ;0 - mock /N Ty, 8 N — mock
N BRI 35 FE K (0. SHz 373 A O — mock 41 468.97 +
34.54ms vs N — mock 24 409.65 £23.84ms,P <0.05;

A
3 N-mock O-mock 0-CPT1b
55
0 .. -~ \‘J
* o * o * o
2s
B 3
N-mock O-mock 0-CPT1h
S5
0
*0 00 (X 2 2 J L X X X 4
2s
D 4 E 40

20

10

N-mock O-mock O-CPT1h

Q
IS
jus

30
3 * *
i %
= i
N 2 %:x
B B
& g

0 N-mock O-mock O-CPT1b

1.0Hz 7 | i it O — mock 2 363. 67 +24. 54ms vs
N -mock 21 313.65 = 21.84ms, P < 0. 05), T ¥
CPT1b (¥ FIBGHHL Ty, 2 IEF XS BKF- (0. SHz 37
Wt O —CPT1b 28 401.16 +33.47ms vs O — mock ZH
468.97 +34.54ms, P <0.05;1. 0Hz 37§ 3 A O -
CPT1b 2 327.16 +£23.47ms vs O — mock 2 363.67 +
24.54ms,P <0.05;& 5 F.T),

B R i
] —_ N 98]
B R
= S
T;o/ (ms)

N-mock O-mock O-CPT1h

* *
_ a0 ——m——
% 20}
Z 300
= 200
10}
I 100}
0

N-mock O-mock O-CPT1b

i
)
=
=N
f BERRSIEIE AF =(F  -F))/F,
AR /) | \« PappLLR R =AF,, /T
;‘ T, : SRR I T I AF, =2
| -, N
" i ]
A}:‘m:l\
¥ \H'
Fl)
. i i >
T, A
I 600
* *
400
- 200

0
N-mock O-mock O-CPT1h

T 500

Ti()/ (ms)

0 N-mock O-mock O-CPT1b

5 AILE B 5 B AR
A B RS 0. 5Hz 1 1. OHz ()37 534BT 5 2% 190 JILAN L Fluo — 4 45 KR A8 (AF/F, ) B 404k A, S35 T840 2 3 o0 i % i
R i) 235 C. 85 B AR AR SC S8 i 3t 59 073 5 D VB (F. 0. 5 Haz (9 37 R0 3078 A 495 1B A8 07 3 5545 0 A6 5 19 20 e 52 L8 IR AL B R K T,
(B n =4 ~6, 8 /NRAHTS ~6 AAIML) G H L 1. OHz fy 37 0184078 S 55 I A2 J07 T 5345 50 0 595 i 2 Wk B8 % I /4 TR A3 % T, (i
Hn=4~60HNESHS ~6 NA) ;[ Ca® T, 0 LANML Y45 A ik s Fo . FELR A5 9 G0 I 5 AF. S5 9628 (5 T, 45 Bk A% B il

Tsoq - F5BEAE R EZ BFE] ; * P <0.05

- 26 -



BEAER SRk 2017 4ES A 546 8 455 )

e B

i it

Ca®" J& AN A e 4 f0 SC si R 38, fE AR R L T,
LAY Ca* e JBE Bl 3 A e o7 5% J 309 0 0 3, fifi
O WL 7= A W 4 AN 5K A2 Bl o PR 4 10, B el A3 2
ARG L RS , fli b Ca® " UE A, B S B
WL E R Ryanodine 5% 4& 2 ( ryanodine receptor 2,
RyR2) i i , il UL 9 P9 Ca® " K i 3810 L I, 51 32
O LA R S 4 s ZE &7 9K 3], SERCA2a K LR N Ca’ " FE
A I LR, [ A0 RS 1 R - S B e AR
Ca’" #4328 EANMU SN, ffi M 5T Y Ca® " R JEE MR A, 00 JUL 40
Mi&F 5K . RyR2 i@ 38 fil (8 ) SERCA2a iy = %, 40
RyR2 3# i (1 '] 4% 5% SERCA2a ¥ T ] AR %
R4 T4 = M Ca® " (9 IE W W95, 5 2500 0 N 45
A 2RI LIS I PR 45 45 D20 o B A R o SR
RS, SRR FA KSF TR A T 0 LA B 5T 6 B
T T (07 TG 3% 8 TR, 4 Ok i FA BRIRCAUI'® 5
ifii CPT1b 3Rk 1, IR ff 55 22 (% FA DB T #F A
gk R AL LTI FA B B AL
RN, AT R A R SR B R
Ha 2 BLA 9 35 9 BE 1 T B R R
JULJEE X 2 L 400 S P e A 1 0 T PN 5 9, 2 500 JUL 40
EhAVE LAY Ca® " 247 90% S U T WU [ Jg ™0 L it
JUL IR 190 58 BRI BRI Ca® " B RE 7 X6F 0 JUL 400 0 65 5K R i
%5 DI RE & OCH B, FLAR A5 0 AR T 200 LA A R 45
o

JIEL PR o O A R 2 A A O R B AT K
AE 1 B i, LT BE ) L AL HE OO LA FA 4R35
Rk, A —E O, ATP 1 A BUSSOR BRI
BT Ca® " Al = 3 FE RE (0 i F, ATP 9 41 X il =
¥ T3 SERCA2a 35 PR, LR I X Ca®* fY 455 BORN
Pty — WA A BRAIL ) & AR A | 48 220 UL 20 L 7 & 7
AR @FA S AR = 2R K BTG R A i SRR E
SRR fE , 5 S A R Ak i (S EK , ATP 21 3%
PE— A AR, e R s DR A A TR
J5T I 3 38 8 5] S SERCA2a 1 B 1 2 38 08 2>, Jin gl
Ca’" IR ; @5k BE Y FA BRI T it J5 84355 40 M
i Ca® "I, i Z2 B M4 Ca® " A ML N, 51 A IR
PAG R, N SERCA2a i TAE G fi 7,

AT S5 5 R, HE /N BRC JUL4H A7) 95 % A2 iR
B EBEAC (RS h D.G) W2 B T SERCA2a 1)
K TGP B AR, JUL ST I £E &7 3k 30T HR B Ca® Y ik
W SO P9 R 2 e 4 0, WL R i Ca®
FERE U/, 5| A6 ok A g T e o Tk A W AR I

b Xy — W AR I AT 5 1O WU s DR T R i AL
Ao JIE 4 W 391 45 5 e 4 Dy AE B RS I SR B2 .
JIEJHE R 51 S 5 B 72 S A 0 W MR (S R ELH))
Wd O LA R P 85 A O 5 RE T B G B JF R 2 FA
e AR AR R o A /N B T, W25 50 (18T S
HF 1) 325 U AR 7 5 BT ER B Ca™ (1 33 B A2
HE— 25 B FA g AU R 450 3 UL 0 A4 B3 45 D fE o
B ST 3 5E 17 F 3 CPT1b () 33k, #iE | Al
DA LA M A ot 22 18 FA iy L 5 e is A Zobi ik
S HBA BHERIOIN FA B B A5, B4
% 0 - CPT1b /MRl WL SERCA2a 3R 3K 34 Jint 1 45 14 2
ZROUCE W BE ST AR, A AT LU R A O L
CPT1b A0 T.0NUAIH N FA /9 B A4k, T BR
TGP A BRI B A B, AR TR AR 1S X
WU X B 45495, A TT 38 in T SERCA2a 1) 2 1 3k (&
4) B 1SR/ B WLAR L B B 9 4 (I S) o
Z¢ B RTA , CPTLD 72 TR B 25600 JUL A0 5 97 42
S R E AR, CPTD & — I i iG J7 AU 1
O JUE A R
2% 30k
1 Ng M, Fleming T, Robinson M, et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during
1980 —2013; a systematic analysis for the Global Burden of Disease
Study 2013[ J]. Lancet, 2014, 384(9945) .766 - 781
2 Sanchez AA, Singh GK. Early ventricular remodeling and dysfunction
in obese children and adolescents[ J]. Curr Treat Options Cardiovasc
Med, 2014, 16(10) :340
3 Monte IP, Mangiafico S, Buccheri S, et al. Early changes of left ven-
tricular geometry and deformational analysis in obese subjects without
cardiovascular risk factors: a three — dimensional and speckle tracking
echocardiographic study [ J]. Int J Cardiovasc Imaging, 2014, 30
(6):1037 - 1047
4 Kishi S, Armstrong AC, Gidding SS, et al. Association of obesity in
early adulthood and middle age with incipient left ventricular dysfunc-
tion and structural remodeling: the CARDIA study ( Coronary Artery
Risk Development in Young Adults) [ J]. JACC Heart Fail, 2014, 2
(5) :500 - 508
5  Carvajal K, Balderas — Villalobos J, Bello — Sanchez MD, et al. Ca
mishandling and cardiac dysfunction in obesity and insulin resistance ;
Role of oxidative stress[ J]. Cell Calcium, 2014, 56(5) :408 —415
6  Hue L, Taegtmeyer H. The Randle cycle revisited: a new head for an
old hat[ J]. Am J Physiol Endocrinol Metab, 2009, 297(3) :E578 -
591
7 An D, Rodrigues B. Role of changes in cardiac metabolism in devel-
opment of diabetic cardiomyopathy[ J]. Am J Physiol Heart Circ Phys-
iol, 2006, 291(4) :H1489 - 1506
(F#% 158 1)
.27 .



J Med Res,May 2017, Vol. 46 No.5

PRI B8 By e s ks A BE SR, HLAX — I BESR I AN+ 43
T, & B e W 2 8 B Bk 5, 2 T B0 AR
B

25 BRIk, MTHFR JE R C667T £ 251 5k 9 iy

Hey /KA1 26, H MTHFR 2E K C667T £ 25 P FA ik
o 17 02 5 B0 A AT K AR Y fE B R 3. MTHFR B K]
CO67T 575 1y K I W LA Sy oG 458 & 11 95 )7 412 1L 40 i , %
I A5 3 19 kA %

& ik

Lee JH,Choi HC,Kim C, et al. Fulminant cerebral infarction of ante-
rior and posterior cerebral circulation after ascending type of facial ne-
crotizing fasciitis[ J ]. J Stroke Cerebrovasc Dis,2014,23(1):173 -
175

Fu HJ,Zhao LB, Xue JJ, et al. Elevated serum homocysteine ( Hey)
levels may contribute to the pathogenesis of cerebral infarction[ J]. ]
Mol Neurosci,2015,56(3) :553 - 561

Delport D, Schoeman R, VanDerMerwe N, et al. Significance of dietary
folate intake, homocysteine levels and MTHFR 677 C&gt; T genoty-
ping in South African patients diagnosed with depression: test devel-
opment for clinical application[ J]. Metab Brain Dis,2014,29 (2) .
377 -384

Zappacosta, B, Graziano M, Persichilli S, et al. 5,10 — Methylenetetra-
hydrofolate reductase (MTHFR) C677T and A1298C polymorphisms:
genotype frequency and association with homocysteine and folate levels
in middle - southern Italian adults[ J]. Cell Biochem Function,2014,
32(1):1 -4

AR B A S R 2T 2 S 2. e I e At A R A YA A2
Jrafm 2015 ], e E Rl AR, 2015, 48(10) ;187 - 189
Association AD. Executive summary ; standards of medical care in di-
abetes —2014. [ J]. Diabetes Care, 2014, 28 (Suppl 12) :4 -36
Chmurzynska A, Malinowska AM, Twardowska — Rajewska J, et al.

10

16

Elderly women: Homocysteine reduction by short — term folic acid
supplementation resulting in increased glucose concentrations and af-
fecting lipid metabolism ( C677T MTHFR polymorphism) [ J]. Nutri-
tion,2013,29(6) :841 — 844
Sasao H,Fujiwara H, Murai H,et al. Does motor dysfunction after cer-
ebral infarction impede the development of angina symptoms? A com-
parison of coronary angiographic findings in patients with and without
prior cerebral infarction. [ J]. Int Heart J,2013 ,54(1) :1 -6
EAR, RFE R R K A P 22 25 1t 1t 12
A ARG PERT S HE R [T ], Al R B2 Ui 2% 35« i T Wi, 2016,
(1):105 -109
TR A TREL, AF . BB IR R E BUBEH (IR L iR S A
TR G 2R (s (9 % BRI [T ] rh Ao 42 i 24 75,2016, 15(8)
831 - 834
Mecully. Homocysteine theory of arteriosclerosis[ J]. Atheroscleroses,
1975, 22(15) : 215 -227
T XA DN S5Ol PR 15 I PR 1 ik A A A8 3% MTHFR Jk
Kl 22251 COTTT 5 [A] 2L B 2 R A A G HERT 52 [T ] b AR A 3
[BE 2% JR 75 ,2016,39(3) 1205 — 209
B SC. Rl K R R A A a0 v TR 2R D R IR Y R
VU3 I R A R i COTTT L Z MW [ D], MR 4R IR 2%
Bz, 2015
PR, BEEAR, SRR IREIK MR TE R # MTHFR/CO7TT K
K Z AR [T]. SN K= R, 2004, 39(1) .91 -93
FOHOR, EWFh. SR MR R I S TR Y 2 e A R K it R L A
AR KO LT ] B4k, 2014, 43(9) 119 -
121
Zhang B,Gao C,Hou Q, et al. The potent different risk factors for cer-
ebral infarction in young patients with and without type 2 diabetes:
Subanalysis of the Young Cerebral Infarction Study (YCIS)[J]. Ath-
erosclerosis, 2012 ,221(1) :215 =220
(& H 31 :2016 —08 —30)
(& 18 H 1 :2016 — 10 - 06)

(L3527 W)

8

13

Ilkun O, Boudina S. Cardiac dysfunction and oxidative stress in the
metabolic syndrome; an update on antioxidant therapies [ J]. Curr
Pharm Des, 2013, 19(27) :4806 —4817

Fauconnier J, Andersson DC, Zhang SJ, et al. Effects of palmitate on
Ca®* handling in adult control and ob/ob cardiomyocytes: impact of
mitochondrial reactive oxygen species[ J]. Diabetes, 2007, 56 (4) .
1136 - 1142

Bugger H, Abel ED. Molecular mechanisms for myocardial mitochon-
drial dysfunction in the metabolic syndrome [ J]. Clin Sci; Lond,
2008, 114(3) 195 -210

Neves FA, Cortez E, Bernardo AF, et al. Heart energy metabolism
impairment in Western — diet induced obese mice[ J]. J Nutr Bio-
chem, 2014, 25(1) :50 - 57

TR B WAL, SR — R AR T AL N B LA T A
AR ASL[I]. BRI, 2015, 45(4) :32 -36

Shen X, Zheng S, Metreveli NS, et al. Protection of cardiac mito-

chondria by overexpression of MnSOD reduces diabetic cardiomyopathy

- 158 -

15

[J]. Diabetes, 2006, 55(3) :798 - 805
Domeier TL, Roberts CJ, Gibson AK, et al. Dantrolene suppresses
release without altering excitation — contraction cou-

Am ] Physiol Heart Circ

spontaneous Ca”*
pling in cardiomyocytes of aged mice[ J].
Physiol, 2014, 307(6) : H818 - 829
RN WU FAG ATP [l 22 2 N5 SR )7 0 S R I B gE [ ].
g LA R 4R A, 2005, 33(6) :576 - 578
Aguer C, Mercier J, Man CY, et al. Intramyocellular lipid accumula-
tion is associated with permanent relocation ex vivo and in vitro of fatty
acid translocase ( FAT)/CD36 in obese patients[ J]. Diabetologia,
2010, 53(6) ;1151 - 1163
Liu ZW, Zhu HT, Chen KL, et al. Protein kinase RNA - like endo-
plasmic reticulum kinase ( PERK) signaling pathway plays a major
role in reactive oxygen species ( ROS) — mediated endoplasmic reticu-
lum stress — induced apoptosis in diabetic cardiomyopathy[ J]. Card-
iovasc Diabetol, 2013, 12.158
(HHs F 491:2016 - 10 - 11)
(&1 H 1:2016 - 10 -20)



