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Heart-specific overexpression of HMG-CoA synthase 2 induces Overexpression of Perilipin 2 induces cardiac steatosis and atiral
mitochondrial stress: adaptation via ATF4 pathway. fibrillation via Connexin 43 remodeling : /{LIEFRAARVVE S BRIFEIRVYD
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Abstract: Liver is a central organ of ketone body production and HMG-CoA synthase?2 (HMGCS?2) is a rate- Abstract: Atrial fibrillation (AF) is prevalent among diabetic patients. Diabetes is also associated with
limiting enzyme in the process. We reported that fasting markedly increased mRNA expression of HMGCS2 in myocardial lipid droplet accumulation (steatosis), which is thought to be a source of intracellular lipotoxicity.
mouse heart!, whereas its protein expression was faint and increased marginally with fasting. To clarify the Since the relative contribution of cardiac steatosis per se to AF has not been elucidated, the current study
pathophysiological role of HMGCS2 in the heart, we have generated transgenic (Tg) mice with heart-specific was designed to clarify the causal effect of cardiac steatosis on AF using an aged mouse model of cardiac

HMGCS2 overexpression and analyzed the effects on metabolic status in the myocardium. steatosis.
Whereas plasma concentration of B-hydroxybutyrate (BOHB), glucose and free fatty acids were comparable Cardiac-specific perilipin (PLIN) 2-overexpressing mice (PLIN2-Tg) were created and maintained on a chow
between Tg and wild type (Wt) mice, cardiac BOHB content in Tg mice was increased 10-fold (fed state) or 2- diet for >12 months. Cardiac steatosis was assessed by electron microscopy and triacylglycerol (TAG)

fold (24h-fasted state) over that of Wt mice Transmission electron microscope showed enlarged mitochondria, content. AF was induced by transesophageal electrical burst pacing, and the duration of AF was measured.
some of which contained vacuole-like vesicles and decreased cristae in Tg hearts, and ultrasonography Atrial impulse conduction patterns were analyzed in Langendorff-perfused hearts using optical mapping
showed impaired systolic function. Microarray gene expression analysis revealed that ~800 genes were technique. Myocardial localization of a gap junction protein, connexin (Cx) 43, was analyzed by confocal
altered >2-fold in Tg hearts compared with Wt hearts. Among the altered genes ATF4 and its target genes, Mmicroscopy.

including PHGDH, MTHFD2 which promote glutathione production, were upregulated in Tg hearts. Consistent Electron microscopy of the atrium of PLIN2-Tg revealed accumulation of small lipid droplets around clusters
with the result, a metabolome analysis performed by capillary electrophoresis—mass spectrometry of mitochondria, and the atrial TAG content in PLIN2-Tg was 4- to 8-fold higher than that in wildtype (Wt)

demonstrated that glutathione was increased in Tg hearts, suggesting an adaptation to mitochondrial stress. atrium. Electrocardiograms showed significantly longer RR intervals in PLIN2-Tg compared to Wt mice. The
In addition, 3 branch-chain amino acids were increased in Tg hearts compared with Wt hearts. prevalence of sustained (>5min) AF was significantly greater in PLIN2-Tg compared with Wt mice (69% vs
The results indicate myocardial HMGCS2 can produce ketone bodies in mitochondria, leading to 24%). Confocal microscopy revealed that Cx43 was distributed at the intercalated discs in Wt atria, whereas
mitochondrial stress and cardiac dysfunction. it was heterogeneously redistributed to the lateral side of the cardiomyocytes in PLIN2-Tg atria. Isochrone
mapping showed slow and heterogeneous impulse propagation in PLIN2-Tg atria compared with Wt atria.
Results @ Cardiac function assessed by echocardiography These results indicate that PLIN2-induced steatosis causes Cx43 remodeling, impaired conduction
® HMGCS2 expression in tissues ine 12 (n=5) line 31 (n=11) propagation, and a higher incidence of AF. Controlling cardiac steatosis might be an important target for
Wi T Wt T inhibiting AF in patients with cardiac steatosis.
Wt - g g
HR (BPM) 589+47 643130 649+12 626113 Results
Tq ' - FS (%) 46.4+2.3 | 56.8+3.6 46.2+1.1 | 26.6+1.7* o o _ _ _
® Atrial lipid droplet accumulation in PLIN2-Tg mice ® Impulse conduction time (ICT)
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GSH GSSG ATP Total BCAA B, Representative electron micrographs showing accumulation of lipid droplets
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. _ 800 | 250 800 400 C, Atrial TAG content in Wt, AD17 and AD19 Tg mice. Atria from 5 mice/group A, An image of the mapping area (red box) showing the epicardial surface of
o Tr-a nsmMiIssion eleCtron MICrosco py Of 500 240 T T 200 were pooled and analyzed. both atria including pulmonary vein area and the location of pacing site.
. - 230 600 B, Representative examples of activation isochrone maps from the epicardial
hea rt tlssueS 400 220 400 200 surface of the both atria during steady-state pacing at a cycle length of 150 ms
- _ - i . 210 in 2 different types of mice. Activation maps are shown with 1-ms isochrones.
200 200 200 100 C, Mean ICT on the both atria. The ICT significantly prolonged in Tg mouse atria
0 190 0 0 compared with that in Wt mouse atria. The surface area of both atria in the
Wt Tg Wt Tg Wt Tg Wt Tg ® Susce ptl bl | |ty Of SUSta | ned AF in Wt a nd PLI N 2_ mapping field was almost equal between Wt and Tg mouse hearts. (n=6).
Wt C : .
onclusions Tg mice Conclusions
1. Ketone bodies were increased in myocardium of heart specific Cardiac overexpression of PLIN2 induces---
HMGCS2 OverexpreSSing mice. Genotype n No. of sustained AF (5min<) % ] p
. . . . . Wild 17 4 24
2. The increased ketone bodies provoked mitochondrial stress in ey T3 : T 1. Atrial steatosis.
Tg myocardium of Tg mice . Te(a019) 8 o b7+ 2. A higher incidence of AF.
. . . . . g tota
3. Tg mice showed adaptation to the mitochondrial stress with 3. Cx43 remodeling.

glutathione production via ATF4 pathway. 4. Impaired conduction propagation.
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