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MD1 deficiency increases the susceptibility to ventricular arrhythmia in
obese mice by activating the TLR4/MyD88 signaling pathway

XU Liang, NIU Siquan, YUAN Yiqiang, YANG Shaohua, ZHAO Yujie "
( Department of Cardiology, Zhengzhou Seventh People’ s Hospital, Zhengzhou 450000, China)

[ Abstract]  Objective To investigate effects of MD1 deficiency on the susceptibility of obese mice to ventricular
arrhythmias and the mechanism involved. Methods Sixteen MD1-knockout (KO) mice and 16 male wild type (WT) mice
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were divided into WT normal group, MD1-ko™ normal group, WT high fat group and MD1-ko™ high fat group. The high fat
groups were fed a high-fat diet (fat energy accounted for 60% ) for 20 weeks, and the normal groups were fed a normal diet
(fat energy accounted for 10% ). The body weight (BW) , heart weight (HW ), blood glucose level, total cholesterol,
triglyceride and low-density lipoprotein ( LDL) cholesterol levels, and HW/BW ratio of the mice were measured. RR
QRS duration, LVEDd, LVEDs, LVFS,
electrocardiography and echocardiography. Western blot was used to analyze TLR4, MyD88, P-CAMKII, Collagen I,

spacing, PR spacing, QTc interval, and LVEF were measured by
Collagen III and TGF-B1 protein levels. Cardiac hypertrophy and fibrosis were observed in mice by HE staining and PSR
staining. Results The body index, blood glucose, total cholesterol, triglyceride, LDL cholesterol, QTc interval, LVEDd,
LVEDs, LVFS, and LVEF were significantly higher in the MD1-ko™ high fat group than in the WT high fat group (P <
0.05). Furthermore, the action potential duration ( APD20, APD50, APD90) of the MD1-ko™ high fat group was
significantly higher than that of the WT high fat group (P <0.05), and he APD alternating threshold of the MD1-ko™ high
fat group was significantly higher than that of the WT high fat group (P< 0.05). The arrhythmia ratio of the MD1-ko™ high
fat group was significantly higher than that of the WT high fat group (P < 0.05). The expression of TLR4, MyD88, and P-
CAMKII in the MD1-ko™ high fat group was significantly higher than that in the WT high fat group (P < 0.05). The HW/
BW ratio in the MD1-ko™ high fat group (7.59 + 0.78) was significantly higher than that in the WT high fat group (6.07
+0.58; P <0.05). The Gross hearts of the MD1-ko™ high fat group (381.23 + 35.76) wm’was significantly higher than
that of the WT high fat group (190. 15 + 25.23) wm*; P < 0.05). Finally, the protein expression of Collagen I, Collagen
I, and TGF-B1 in the MDI1-ko™ high fat group was significantly higher than that in the WT high fat group (P< 0.05).

Conclusions

MD1 deficiency increases the susceptibility to high-fat-diet-induced arrhythmias, mainly because of

enhanced activation of the TLR4/MyD88 signaling pathway, leading to left ventricular hypertrophy and fibrosis, which

increases the expression of TLR4/MyD88 signaling pathway-related proteins.
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Table 1 Basic characteristics of obesity model in mice

MD1-ko™ normal group

MD1-ko™ iFH#4H WT =R

WT high fat group

MD1-ko™ HifiF4H
MD1-ko™ high fat group

e WT IE#4A

Parameter WT normal group
A (g) BWI 28.42+0. 31
IMUBEE (mmol/L) Glucose 6.32+0. 14
JEE B ( mmol /L) TC 1.98+0. 17
it =5 (mmol/L) TG 0. 64+0. 06
1% 2 A 2 4 BH 1B ( mmol/L) LDL-c 0. 83+0. 06
RR 8] ( ms) RR interval 132.37+9. 19
PR [A] i (ms) PR interval 39. 67x0. 87
QRS FHZE0[H] (ms ) QRS duration 9.96+0. 27
QTe A1 (ms) QTc interval 42.39+0. 28
O EEKRABINGE (mm) LVEDd 3.760. 28
ZE L BRI AR (mm) LVEDs 1.870. 19
KR RAE R (% ) LVFS 50.22+0. 62
L E S NS4 (%) LVER 77.33+3. 89

31.08+0. 25 35.3320.29" 45.41+0.44 "%
6.35+0. 12 7.42+0. 14" 9.78+0.27 **
1.92+0.05 3.81+0. 18" 5.12+0.19%#
0.7120. 04 1.4120. 11" 1.94£0.27 *#
0.79+0. 04 1. 69+0. 07 * 1.93+0. 08 **
132.97+6. 72 140. 03£8. 91 153.83+7. 21
39. 57+0. 70 39.29+0. 67 40.57+1.92
10. 49+0. 49 10. 370. 38 10. 69+0. 27
43.29+1.28 51.03+1.03" 56.92+2. 13 *#
3.78+0.22 4.1720. 14" 4.59+0.16 **
1.91=0. 14 2.35£0.17" 3.03+0.29 *#
48. 631,89 42.06+0. 57" 35.27+1.73 **
76.1322. 62 79.16%2. 32 75.614. 71

.5 WL IE#HMIL, * P<0.05;5 WT &g AH L, * P<0. 05,

Note. Compared with WT normal group, * P<0.05. Compared with WT high fat group, *P<0. 05.
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Figure 1 Expression of action potential, APD threshold and ratio of arrhythmia
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Figure 2 Expression of TLR4, MyD88 and P-CAMKII proteins
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Figure 4 PSR staining and collagen fibrin expression in interstitial and perivascular tissues

3 itig

AV EEF R T . 5 5%, MR R a5
R ZEEL 22 E &7 KR 2E K QTe [H]4], Hyk, MD1
(R A 14) /DN B2 14 0 78 B TR 175 6 VA 1) 5 Ik
PE 358 Sh A R A0 5 52 s ) BACAE A 1, i K R
KARFEE . FFK, MDL S8 7T LS TLR4/MyD88
G, wERmIgR RS, MDL 8IS
TLR4/MyD88 {5 5 i ) , i — & T A =R
EFYEfl, AR, O I BRI RF L8 N, B &
BOR 6 NER) FEG . T DL B, AT —
TETR Y AR SCEEME T MD1 RS,
NRAREXT /N VA B30 3l X MDT 3 PR
ANEURIIE % /N REEAT 40 20, 43 9 A7 B IR AR AN E
TR, LSRN B A4 T8 B0, IO (L B IR T |
T = A B S A A IE R L QTe 18] LVEDd |

LVEDs LVFS LVEF #&Jif§ 45, & BLgk @t 7 MD1
AN R AR AR 2 T A R/ B BT MDI
AN VA BAA—E A, R i85k
FWINEIEFLC 2 A O, T HAF RE A E K QTc [H]
11T QTe MAIAE K 20 AR K A A9 T B AR A,
BRI T ORI WA

JEJHEE £ B A — P A T , S o 114 958 05 2
—, KRk RSO0 E B WA, Rl
QTe [HIAFER"T | QTe A HIHER S 5 H A B R AE
BN KA A A AR AR, AN T VA SRS AT
FIRIESE K B, WT =5 R 7N BUY QTe (a1 BH &2 3% in
APD B2 SEK: | T QTe AT APD #4 VA
KA, SR — IR iR, SRR
AN VA (935 &% IE K APD, &/ APD 19781k
BIE, FEARRRTE R FRATA B, WT = A5 4 30 1E £
PEAFFE APD W 5 T WT 1E % 24081 MD1-ko™ IF %



82

P e R A S

20202 6 A% 30 55 6 8 Chin J Comp Med, June 2020, Vol. 30,No. 6

41, APD 7R RE RGN VA & ARS8, R, 34
A MD1 = 7] G Jn o &5 BE IR 5 10 K 5
B, RS FFEUEI = B R R BN T R Y
VR, KT APD 42 T APD S BI(E" ", i
Wit A BT UE R, MDT 3 PR i 25 i e /N B .0
Wi Gy I AE SR ATHE ST M 25 AR, H i,
ARSI UER MD1 FE R it /0 B i PR % 1 23
o0 R 1 B — Ak

Il PRATFFE 2 BH , Bk R G 0900 IR R K | 22 5 &7
sKALC L 20 B AT R #8200 I 280 B 1) 7 g B 3R
PR T BB Tt e I A2 28 ) S 2T 2 Ak nT 2
I BRI TR /N BRI O R R R S S R AR
FEH BRI SR AT S R A IR 4L &7 5Kk, MD1
BRAG RTINEE I LEALN B, MDY 2 2% AT g in &
T IR T B RERE /N B A2 = MR TR AT 4E 4k, DT
PRI T 0 %5 P38 P B, B0 T 030 H R I 55 1

MD1 P50 WLE A4 B R FEHL I T HE S TLR4/
MyD88 15 53 B AH 5, BE A 5% £ B, TLR4 19 380G
AL IEH 4ERE MyD88 {55 (193 0% , TLR4 i /= 1L g 4iE
R T DME P-CAMKITL 1 1A {55, P-CAMKIT X .0
MR A AR R EE Y AR R, W RIS
Y, WT &g 4% TLR4 \MyD88 #1 P-CAMKII %5 [
A2k B I T+ &5, MD1-ko™ 5 I 41 ' TLR4  MyD88
A1 P-CAMKIIL 25 (1) 2235 B 34 m, Air LA 56 B
MD1 @t 25 3 805 5 38 1% TLR4/MyD88 8 Bl & /1y
FIk 25 T 0 R R B e A I A R
T1o PRIETDFRIH B KB . I RE 5T 2 B, AT B
TR R A=Y 5k o LA AR R B —
IARDCIE S BRI —IFFE e A, 2200 2 (1] Jo 41 4k
RGN RIS I BE M %, A S VA & AN R
R R IR SE , WT S5 89/ B HW/BW  LE Bl
RERR AT s AR MDD JE R S I T L
MAEAIAES 4R T VA B 5B, Cao %7 AHF
FEFIA MD1 FEH f th AR B T A2 = IR 44k, A
MR R = eI B, 36 T & A5 % S AR e /N B VA
1) 5 Btk

g bk MDL BRI T SRR EIES N
VA Gy &k, E 2 & T TLR4/MyD88 {5 5 38
O TCTE R i, S B 0 2 R JE AT A A, B AR
TEOHEIEREAMRE,

SE 3k

(1] RIS, W, 700 2 TO0 R0 Al U 2 4 1 2 B T 50 0

[J]. EIEFRZER, 2019, 34(5) : 106-109.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Sugiyama K, Sasano T, Kurokawa J, et al. Oxidative stress
induced ventricular arthythmia and impairment of cardiac
function in Noslap deleted mice [ J]. Int Heart J, 2016, 57
(3):341-349

EHR, ZEH, NERK Boo A A %O U SRR
B (1], HpAEEEREZRER, 2017, 97(13) ; 1035-1037.
Bruegmann T, Boyle PM, Vogt CC, et al. Optogenetic
defibrillation terminates ventricular arrhythmia in mouse hearts
and human simulations [ J]. J Clin Invest, 2016, 126 (10):
3894-3904.

FEVERE, #UTAE, FEH18. MicroRNA 5 EMOER W KRN
WHHt e [J]. ILAREZ, 2019, 59(11) : 90-93.

Van Unen WH, Hazeleger R, Weijs B. Termination of ventricular
arrhythmia using acetaminophen in a nonagenarian [ J]. ] Am
Geriatr Soc, 2016, 64(4) . 914-916.

TR WA C, NP B R R A = O U Y 8t 1%
SERTEHER (1], I RO A AL A, 2019, 35(2): 104
-108.

Cheng P, Dong X. Life-threatening ventricular arrhythmia
detection with personalized features [ J]. IEEE Access, 2017,
17(99) . 1-9.

Ching S, Yue CS. A case of ventricular arrthythmia; when the
right isn’ t right [J]. JAMA, 2016, 176(7) : 1013-1015.
Bhar-Amato J, Davies W, Agarwal S. Ventricular arrhythmia
after acute myocardial infarction; * the perfect storm’ [ ] ].
Arrthythm Electrophysiol Rev, 2017, 6(3) . 134-139.

Favarato D, Benvenuti LA. Case 1/2018-young male with heart
disease expressed mainly as ventricular arrhythmia, right
ventricular dysfunction and syncope [ J]. Arq Bras Cardiol,
2018, 110(2) . 195.

Gardin JM. The value of left ventricular relative wall thickness in
predicting ventricular arrhythmia and related death [J]. J Am
Coll Cardiol, 2016, 67(3): 313-315.

Gern BH, Mehta A, Mccammond AN, et al. Case 1; vomiting
and ventricular arrhythmia in a 2-year-old girl [ J]. Pediatr Rev,
2018, 39(2): 91-92.

Kabir RA, Doytchinova A, Liu X, et al. Crescendo skin
sympathetic nerve activity and ventricular arrhythmia [ J]. J] Am
Coll Cardiol, 2017, 70(25) : 3201-3202.

Smolina K, Morgan S, Mintzes B, et al. Response to “use of
domperidone and risk of ventricular arrhythmia in the postpartum
period ; the [T 1.
Pharmacoepidemiol Drug Saf, 2017, 26(7) . 865-866.

Harris JR, Carlson SK, Wolfson AM, et al. Pulmonary arterial

Getting to the heart of matter

pressure sensing in a patient with left ventricular assist device
during ventricular arrhythmia [ J]. HeartRhythm Case Rep,
2017, 3(7) : 348-351.

Cao H, Wang X, Ying S, et al. AMPKa2 deficiency enhanced
susceptibility to ventricular arrhythmias in mice by the role of B-
adrenoceptor signaling [ J]. Exp Biol Med ( Maywood), 2018,
243(8) : 708-714.

(YFmHHEA)2019-11-13



