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Ketone body utilization by cytosolic acetoacetyl-CoA synthetase is

novel target of obesity-induced disorders of lipid metabolism
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Fig. 1 Pathway of ketone body metabolism
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Fig.2 Gene Expression of acetoacetyl-CoA synthetase mRNA in rat

lipogenic tissues

Total RNAs were isolated from brain, liver, white adipose tissue (WAT),
and brown adipose tissue (BAT) of male and female rats (8 weeks old).
Aliquots of RNAs (10pg) were subjected to Northern blotting analysis of
AACS, SCOT, and HMGCR c¢DNA probes. Sub, gen, mes, and BAT
indicate a subcutaneous, paragenitalium, mesenterium, and brown adipose
tissue, respectively. M and F indicate male and female, respectively. The

lower panel shows EtBr staining of ribosomal RNAs (2pg/lanes).
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Fig.3 AACS mRNA expression in pre-adipocytes and mature adipocytes
Mature and preadipose cells were prepared by the collagenase-digestion
method. Total RNA from cultured cells at the indicated time points of day 0,
day 1, day 2, day 4, and day 6 were prepared.Total RNAs (8 pg/lanes) were
isolated from these cells, and subjected to the Northern analysis of AACS,
ACC-1, HMGCR, and leptincDNA probes. SV indicates stromal-vascular
cells.N indicates the lane of non-induced cells on day 6.The lower panel shows
EtBr staining of ribosomal RNAs (1 pg/lanes).
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Table 1 Body weight and blood parameters of two types of obese rats

Diet-induced obese rat Zucker rat
Normal diet High-fat diet Lean (+/+) Fatty (fa/fa)
Body weight
@® 597.6 =39 631.9 £27 211.8+8.6 278.1 = 13*
3
Plasma glucose
1325 +3.7 154.7 £13% 1403 =19 152.5+23
(mg/dl)
Plasma total
ketone body 217.8+30 1308 £ 410%** 365.1 =50 176.5 £ 67+*
(umol/l)

*P < 0.05 ** P < 0,01, and *** P < 0.001 compared with the normal diet or lean
littermates.
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Fig. 6 Effect of castration on expression of AACS in adipose tissues.

Total RNA was prepared from subcutaneous WAT of sham-operated
(Sham), castrated (Cast), and Smg/kg testosterone-injected (Cast+T5) or
50mg/kg testosterone-injected (Cast+T50) rats and subjected to Northern
analysis using 32P-labeled rat AACS cDNA probes. Total RNA (4 pg)
prepared from mesenteric WAT was used for RT-PCR analysis of AACS.
Data were normalized to the amount of B-actin mRNA in each sample.
Each bar represents the means £ SEM (n = 3). * Represents the
significance of difference between sham group and other groups
(P<0.05).
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Fig. 7 Effect of testosterone on AACS gene expression in ST-13
adipocytes.

MiIX-induced (induction) and non-induced (control) ST-13 cells were
treated with 100 nM testosterone (T) or vehicle (N). After 0 or 4 days,
total RNA (10 pg) was isolated from the cells, and subjected to Northern

analysis using a 32P-labeled mouse AACS probe. Data were

normalized to the amount of B-actin mRNA in each sample. Each bar
represents the means + SEM (n = 3) * Represents the significance of
difference between non-induced group and induced group (P<0.05).
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Fig. 8 Differential localization of AACS mRNA in subcutaneous
WAT.

Adipocytes isolated from male(M) and female (F) subcutaneous WATS

were separated into three fractions: preadipocytes(left), smaller-sized
Total RNA (10

ug)wasisolated from the cells, and subjected to Northern analysis

adipocytes (middle),and larger-sized adipocytes (right).

32
using P-labeled rat AACS probes. Data were normalized to the
amount of PB-actin mRNA in each sample. Each bar represents the
means *=SEM (n= 6). * Represents the significance of difference

between male group and female group (P<0.05).
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(A) (B)

Fig.9 Localization of AACS, SCOT, HMGCR and ACC1 mRNAs in

sagittal sections of the rat brain.

Sagittal sections were examined by in situ hybridization using a
S-labeled AACS antisense (A), S-labeled SCOT (B), ¥S-labeled
HMGCR (C) or **S-labeled ACC1 (D) as the probe. c.c, cerebral
cortex;h.c, hippocampus;o.b, olfactory bulb; c, cerebellum;t.], thalamus;
h.t, hypothalamus;p.o, pons/medulla oblongata;m.b, midbrain. Scale
bar = 5.0 mm

(A) (B) (C)

(D) (E) (F)
—

Fig.10 Expression of AACS mRNA in the brain of normal and
streptozotocin-induced diabetic rat.

A, B and C are sagittal sections of the PBS-treated rat brain. D, E and F
are sagittal sections of the brain of rat to which diabetes was induced by
an intravenous injection of 90 mg streptozotocin/kg body weight. These
sections were examined by in situ hybridization with a **S-labeled AACS
antisense (A and D), **S-labeled SCOT antisense (B and E) or **S-labeled
HMGCR antisense (C and F) probe. Scale bar = 5.0 mm
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anterior 1l anterior
ht

posterior .
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Are
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Fig. 11 Expression profiles of AACS and other enzyme mRNAs in
coronal sections of Zucker lean rat brain.

Coronal brain sections of male Zucker lean rats (8 weeks old) were
examined by in situ hybridization

cc: cerebral cortex; hc: hippocampus; tl: thalamus; ht: hypothalamus;
PVT: paraventricular thalamic nucleus, posterior part; 3V: third ventricle;
VMH: ventromedial hypothalamic nucleus; Arc: arcuate hypothalamic
nucleus.
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Fig. 12 AACS and other enzymes mRNA levels in the cerebral cortex,
thalamus and hypothalamus of genetically obese Zucker rats.
Quantitative analysis of the radioreactivity of AACS (A), SCOT (B),
HMGCR (C) and ACC-1 (D) cRNA probes is shown in upper panels. The
data are expressed as silver grain-numbers per cell.  Each bar represents the
mean + SEM. Lower panels show microscopic views of the PVT, the
VMH, the Arc and the cerebral cortex of Zucker fatty (right) and lean (left)
rats.  Filled arrows indicate neural-like cells.  Scale bar indicates 50 [Im.
**p <0.001 compared with lean littermates.
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Fig. 13Effect of leptin treatment on AACS and SCOT mRNA
expression levels in rat primary embryonic brain cells
A and B: Rat primary embryonic brain cells were cultured for 3 days
and treated with 12.5 ng/ml leptin protein. After 1, 6, 12, 24 or 48 hr,
total RNAs were isolated and subjected to RT-PCR analysis for
AACS (A) and SCOT (B). Each bar represents the mean + SD (n =
6). *p<0.05; **p < 0.01 compared with vehicle.
C and D: Rat primary embryonic brain cells were treated with leptin
protein (0.125, 1.25, 12.5 ng/ml). After 24 hours total RNAs were
isolated and subjected to Northern blot analysis for AACS (C) and
SCOT (D). Each bar represents the mean = SD (n = 6). **p< 0.01
compared with 0 ng/ml leptin.
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Fig. 14 Effect of AMPK activator and inhibitor on AACS and
SCOT mRNA expression levels in hypothalamic cell line (N41 cell)
Mouse N41 cells were cultured for 3 days and treated 1 mM AICAR
(left panels) or 10 [IM compound C (right panels). After 24 hours, total
RNAs were isolated and subjected to Northern blot analysis for AACS
(A) and SCOT (B). Each bar represents the mean + SD (n = 4). *p<
0.05; ***p < 0.001 compared with vehicle.
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Ketone body utilization by cytosolic acetoacetyl-CoA synthetase is novel target of
obesity-induced disorders of lipid metabolism

Masahiro YAMASAKI

Department of Health Chemistry, Hoshi University

Ketone body, such as acetoacetate, has been regarded as important energy source. Recent studies, however, have
revealed that acetoacetate is utilized for the biosynthesis of important substances, such as cholesterol and fatty acids, by
the novel cytosolic ketone body utilizing enzyme, acetoacetyl-CoA synthetase (AACS). Previously, we showed that AACS
mRNA was highly expressed in the male subcutaneous white adipose tissue (WAT), especially in large adipocytes. Moreo-
ver, AACS mRNA expression was up-regulated with enlargement of the subcutaneous WAT in high fat diet (HFD)-
induced obesity, and such up-regulation was observed only in male rats. In castration rats, the HFD-induced
upregulation of AACS gene was not observed in castrated group. In brain, AACS gene was specifically decreased in hy-
pothalamus of genetic obese rodents. On the contrary, SCOT gene expression was not affected. Our results suggest that
AACS and ketone body-utilization pathway is a novel important target of obesity-related metabolic disorders.
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