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Abstract

Recent studies with transgenic mice and human genetic studies have implicated defects in the expression of type 3

adenylyl cyclase (AC3) in obesity. Human genetic studies have indicated that AC3 polymorphisms are associated with

body mass index (BMI) in the populations with obesity and type 2 diabetes. Our studies using both AC3 global

knockout mice and AC3 conditioned knockout mice demonstrated that AC3 plays an important role in the regulation

of body weight, implying that AC3 might be a potential drug target site to combat obesity. We propose that AC3 in the

hypothalamus plays an important role in leptin signaling.
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Introduction

Obesity is a major health issue associated with
complications that cause significant morbidity and
mortality. During 2009-2010, the prevalence of obesity
in the United States was about 36% among adult men,
36% among adult women, and 17% among children and
adolescents [1]. It will increase to 60% in adult men,
40% in adult women and 25% in children by 2050
according to current trends. Obese individuals have a
higher risk for a number of diseases including type 2
diabetes, cardiovascular disease, metabolic syndrome,
hypertension, certain forms of cancer, and sleep-
breathing disorders [2]. Furthermore, obesity decreases
longevity and lowers the general quality of life [3-6].
Although intensive effort has been devoted to anti-
obesity therapy, the percentage of obese individuals
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continues to increase globally in both developed and
developing counties.

Obesity is a disorder characterized by excessive,
abnormal fat accumulation as a result of increased
intake and decreased physical activity. However,
mounting evidence from animal models, monogenic
obesity in humans, twin and adoption studies, and
genome-wide association studies (GWAS) has suggested
that genetic factors affect the risk of developing obesity
[7-9]. One of them is the ADCY3 gene, which encodes a
member of the adenylyl cyclase (AC) family of proteins.

Adenylyl cyclases (ACs) catalyze the synthesis of
cyclic 3’'5’-AMP (cAMP) from ATP. There are ten AC
isoforms that have been cloned and characterized in
mammals [10]. AC3 is special among the membrane-
associated ACs due to its predominant expression in
cilia [11]. It has been reported that AC3 gene
polymorphisms are associated with obesity in a group
of Swedish men and also in the Han Chinese population
[7,12]. In another study, a genome-wide association
analysis based on height-adjusted BMI found that SNPs
in AC3 were associated at genome-wide significance
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level (rs11676272 (0.28 kg/m3.1 change per allele G
(0.19, 0.38), P56 3 1029). The association of AC3 with
obesity is apparently driven by a miss-sense variant [8].
These human genetic studies suggested that AC3 might
play an important role in the regulation of body weight.

In order to further evaluate the genetic role of AC3 in
obesity, we generated a mouse model of AC3 deficiency.
We monitored the weight of AC3-/- mice, over an
extended period of time [9]. Although AC3-/- mice are
about half the size of their wild type littermates right
after birth, they achieve normal size and weight after
two months. As the mice age, however, they become
obese and are significantly heavier than wild type
littermates. Adult male AC3~/- mice are about 40%
heavier than wild type male mice, while female AC3-/-
mice are 70% heavier. The gain in weight is due to
increased fat mass and larger adipocytes. Before the
onset of obesity, young AC3-/- mice (2 months) exhibit
reduced physical activity, increased food consumption,
and leptin insensitivity. On the other hand, a gain-of-
function mutation of AC3 protects mice from diet-
induced obesity providing further evidence that AC3
may play a major role in weight control [13].
Interestingly, AC3 is not expressed in white adipose and
AC3 mice exhibit normal lipolysis.

AC3 is widely expressed in primary cilia throughout
the nervous system [11]. AC3-/- mice exhibit a number
of other phenotypes including anosmia, depression, and
defects in extinction of hippocampus dependent
memory that confound interpretation of the obesity
phenotype in the global AC3 knockout [14-16].
Therefore, we made a floxed AC3 mouse strain so that
we can ablate AC3 in specific brain regions directly or
indirectly implicated in obesity [14,17]. Several
different sites within the hypothalamus are known to be
important in regulating body weight including the
ventromedial hypothalamic nucleus (VMH).

To further explore whether obesity in AC3-/- mice is
due to lose of AC3 in the hypothalamus, we selectively
disrupted AC3 expression in the ventral medial
hypothalamus (VMH) by sterotaxically injection of
AAV1-CRE-GFP into the hypothalamus. Our data suggest
AC3flox/flox mice became obese after the administration
of AAV-CRE into the hypothalamus. Both male and
female AC3 floxed mice showed heavier body weight
than control mice. Furthermore, mice with selective
ablation of AC3 expression in the ventromedial
hypothalamus also showed increased body weight and
food consumption. Apparently ciliary AC3 signaling
cross talks with the leptin-mediated signaling pathway
in the hypothalamus.
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Taken together, these data strongly imply an
important role of AC3 in the regulation of body weight.
Since AC3-/- knockout mice also exhibit depression,
isolation of drugs that activate AC3 may be of
considerable therapeutic importance.
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