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ABSTRACT

We recently demonstrated that suppressing 1o,25-(OH),-D3 by increasing dietary calcium
decreases adipocyte intracellular Ca®" ([Ca™'];), stimulates lipolysis, and inhibits lipogenesis.
High calcium diets also increase core temperature and white adipose tissue uncoupling protein 2
(UCP2) expression in aP2-agouti transgenic mice. Accordingly, we have evaluated the role of
la,25-(OH),-D3; in regulating human adipocyte UCP2 expression. Treatment of human
adipocytes for 48 h with 1 nM 1a,25-(OH),-D3 inhibited UCP2 mRNA and protein levels by
50% (P<0.002) and completely blocked isoproterenol- or fatty acid-stimulated two- to threefold
increases in UCP2 expression. However, a specific agonist for the membrane vitamin D receptor
(mVDR), 1a,25-dihydroxylumisterols, was unable to inhibit basal, isoproterenol-stimulated, or
fatty acid-stimulated UCP2 expression, whereas a specific mVDR antagonist,1f3,25-
dihydroxyvitamin D3, was unable to prevent the 1a,25-(OH),-Dj; inhibition of UCP2 expression.
In contrast, nuclear vitamin D receptor (nVDR) knockout via antisense oligodeoxynucleotide
(ODN) prevented the inhibitory effect of 1a,25-(OH),-D3; on adipocyte UCP2 expression and
protein levels. These data indicate that 1a,25-(OH),-Ds exerts an inhibitory effect on adipocyte
UCP2 expression via the nVDR. Thus, suppression of la,25-(OH),-D; and consequent up-
regulation of UCP2 may contribute to our previous observation of increased thermogenesis in
mice fed with high calcium diets.
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insulin resistance (1-3). We previously reported that increasing [Ca*']i via stimulation of

either receptor-mediated or voltage-dependent calcium channels stimulates the expression
and activity of fatty acid synthase (FAS), a key enzyme in de novo lipogenesis, and inhibits basal
and agonist-stimulated lipolysis in both human and murine adipocytes (4—7). Therefore,
increasing [Ca”"]; appears to promote lipid accumulation in adipocytes by exerting a coordinated
control over lipogenesis and lipolysis, serving to simultaneously stimulate the former and inhibit
the latter.

Intracellular Ca®" ([Ca®"]i) plays a key role in metabolic disorders associated with obesity and
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la,25-dihyroxyvitamin D; [1a,25-(OH),-Ds] was originally believed to solely function via a
nuclear vitamin D receptor (nVDR) to generate genomic action (8). However, this concept was
challenged by studies demonstrating rapid nongenomic signal transduction, including stimulation
of [Ca®"]i via a putative membrane vitamin D receptor (mVDR), in a wide variety of cells (9—
13). We recently demonstrated that 1a,25-(OH),-Ds stimulates adipocyte [Ca’']i, promotes
lipogenesis, and inhibits lipolysis via a rapid nongenomic action (14). We further demonstrated
that suppressing 1a,25-(OH),-D; by dietary calcium decreases adipocyte [Ca®']i, stimulates
lipolysis, and inhibits lipogenesis and thereby reduces adiposity in aP2-agouti transgenic mice
(15, 16). Dietary calcium also increases core temperature and white adipocyte uncoupling protein
2 (UCP2) expression (15, 16). UCP2, a homologue of UCP1, is ubiquitously expressed, with the
highest level in white adipose tissue (17, 18). UCP2 has been shown to decrease the
mitochondrial potential in transformed yeast (17), indicating that this protein stimulates
mitochondrial proton leak. Several lines of evidence show that UCP2 is involved in regulation of
thermogenesis, energy metabolism, and obesity. However, it is not clear whether this up-
regulation of UCP2 in our animal studies is a direct effect of inhibition of 1a,25-(OH),-D5'
genomic action, or inhibition of nongenomic action induced [Ca’'];, or a result of increased fatty
acid flux secondary to increased lipolysis. Accordingly, this study was designed to determine the
role of 1a,25-(OH),-Ds in regulating human adipocyte UCP2 mRNA and protein levels.

MATERIALS AND METHODS

Cell culture reagents such as Dulbecco’s modified Eagle’s medium (DMEM) and Ham’ F-10
medium (F-10) were purchased from Life Technologies. 1a,25-(OH),-Ds, KCl, isoproterenol
(dissolved in water fresh before use), and fatty acids (mixture of stearic acid, oleic acid-, and
linoleic acid-albumin complex) for adipocyte treatment were obtained from Sigma (St. Louis,
MO). mVDR agonist 1a,25-dihydroxylumisterols and antagonist 1B,25-(OH),-Ds were
synthesized as previously described (19, 20).

Culture of human adipocytes

A human adipocyte cell line and primary-cultured human adipocytes were both used as cell
models in this study. The human adipocyte cell line was differentiated from human
preadipocytes obtained from Zen-Bio (Research Triangle Park, NC). Human preadipocytes were
inoculated in DMEM/F-10 (1:1, v/v) containing 10% fetal bovine serum (FBS), 15 mM Hepes,
and antibiotics at a density of 30,000 cells/cm?. Confluent monolayers of preadipocytes were
induced to differentiate with a standard differentiation medium consisting of DMEM/F-10 (1:1,
v/v) supplemented with 15 mM Hepes, 3% FBS, 33 uM biotin, 17 uM pantothenate, 100 nM
insulin, 0.25 mM methylisobutylxanthine (MIX), 1 uM dexamethasome, 1 uM BRL49653, and
antibiotics (100 Ul/ml penicillin, 100 pg/ml streptomycin, and 50 pg/ml Fungizone).
Preadipocytes were maintained in this differentiation medium for 3 days and subsequently

cultured in adipocyte medium in which BRL49653 and MIX were withdrawn. Cultures were re-
fed every 2—3 days (21).

Primary-cultured human adipocytes were derived from human subcutaneous adipose tissue
obtained from patients undergoing abdominal plastic surgery with no known history of metabolic



disorders. This protocol was approved by the Institutional Review Board for Human Subjects
and the Committee for Research Participation of the University of Tennessee. Adipocytes were
isolated as previously described (22). In brief, adipose tissue was first washed several times with
Hank’s balanced salt solution, minced into small pieces, and digested with 1 mg/ml typel
collagenase in a shaking water bath at 37 °C for 30 min. Adipocytes were then filtered through a
sterile 500-um nylon mesh and cultured in DMEM supplemented with 1% FBS, 100 Ul/ml
penicillin, 100 pg/ml streptomycin, and 50 pg/ml gentamicin. Cells were cultured in suspension
and maintained in a thin layer at the top of culture media, which were changed every day. Cells
were maintained viable and metabolically responsive under this culture condition for 7 days.

Northern blot analysis

Northern blot analysis was conducted as previously described (22). Total RNA from human
adipose tissue was extracted using CsCl, density centrifugation, run in 1% agarose gel, and
transferred to nylon membranes (New England Nuclear, Boston, MA). The membrane was
hybridized with UCP2 cDNA probes that were radiolabeled by using a random primer method.
Unbound probe was removed by rinsing the membrane with 2x SSC/0.1% sodium dodecyl
sulfate (SDS) for 30 min at room temperature and 0.1x SSC/0.1% SDS for 45 min at 55°C.
Finally, the membrane was exposed to X-ray film (New England Nuclear) at —80°C. All
membranes were stripped and reprobed with B-actin as loading control. The blot image was
captured using DigiPix 1260 imaging system with a CCD camera and an electronic
transilluminator (ULTRA-LUM, Paramount, CA). ZERO-Dscan software (Scanalytics, Fairfax,
VA) was used to quantitatively analyze these images.

Quantitative real-time reverse transcriptase-polymer chain reaction (RT-PCR)

Human UCP2 mRNA was also quantitatively measured using a Smart Cycler Real Time PCR
System (Cepheid, Sunnyvale, CA) with a TagMan 1000 Rxn Core Reagent Kit (Applied
Biosystems, Branchburg, NJ). The primers and probes for human UCP2 (Genbank accession No.
U76367) measurement are as follows. Forward primer: 5S-AGCATCATGGTTGGGTTCAAG-3';
reverse primer: 5'-TGCCAGCCCCAAGAAACTT-3', probe: 5'-CAL RED-
ACAGATGTGCCCCCTACTGCCACTG-BHQ-3'". A pooled human adipocyte total RNA was
serial-diluted in the range of 1.5625-25 ng and used to establish a UCP2 standard curve; total
RNAs for unknown samples were also diluted in this range. Reactions of real-time RT-PCR for
standards and unknown samples were performed according to the instructions of Smart Cycler
System (Cepheid) and TagMan Real Time PCR Core Kit (Applied Biosystems). The UCP2
mRNA quantitation for each sample was further normalized using the corresponding 18s
(Genbank accession No. X00686) quantitation, with a forward primer: 5'-
AGTCCCTGCCCTTTGTACACA-3', a reverse primer: 5'-GATCCGAGGGCCTCACTAAAC,
and a probe: 5'-6-FAM-CGCCCGTCGCTACTACCGATTGG-BHO-1-3".

Western blot analysis
Adipocytes were harvested and sonicated in a homogenization buffer containing 50 mM Tris-

HCI (PH 7.4), 250 mM sucrose, ]| mM EDTA, 1 mM dithiothreitol, 1% (v/v) Triton X, 10%
protease cocktail (Sigma). Cell homogenate was incubated on ice for 1 h to solubilize all



proteins, and the insoluble portion was removed by centrifugation at 12,500g at 4°C for 15 min.
Homogenate intrafranatant protein from equal numbers of cells (determined via DNA
quantitation) was boiled in Laemmli sample buffer and subject to 10% SDS-polyacrylamide gel
electrophoresis (PAGE) (23). Proteins on the gels were transferred to Hybond ECL nitrocellulose
membrane (Amersham Pharmacia Biotech, Piscataway, NJ). The transferred membranes with
proteins were blocked, washed, incubated with 1:1000 dilution of anti-UCP2 monoclonal
antibody (Calbiochem, San Diego, CA) or 1:400 dilution of anti-nVDR monoclonal antibody
(Oncogene, Boston, MA), and followed by horseradish peroxidase-conjugated secondary
antibody (Amersham Pharmacia Biotech). Visualization was detected with chemiluminescence
reagent, using the ECL Western Blotting Analysis System (Amersham Pharmacia Biotech).

RT-PCR

Total RNA from human adipocytes was extracted using CsCl, density centrifugation. RT-PCR
was performed as previously described (22). In brief, 1 pug of human adipocyte total RNA was
reverse-transcribed to first-strand cDNA by using random-hexamer and reverse transcriptase and
amplified by PCR with a GeneAmp RNA PCR Core Kit (Applied Biosystems). The PCR
conditions were as follows: initial denaturation at 94°C for 5 min, followed by 34 cycles of
denaturation at 94°C for 45 s, annealing at 58°C for 1 min, and extension at 72°C for 1 min, with
a final extension step at 72°C for 8 min with 02 pM 5 primer (5'-
GATCTGTGGGGTGTGTGGAGA-3") and 3' primer (5'-CTGGGAGTGTGTCTGGAGTTG-3"),
which correspond to nucleotide positions 181-201 and 625-645, respectively, in Genbank
accession no. J03258. The amplified PCR products were then visualized by 1.2% agarose gel
electrophoresis.

Antisense oligodeoxynucleotide (ODN) transfection

The phosphorothioate antisense ODNSs used in this study were synthesized by Life Technologies.
The antisense ODN targeting the nVDR was designed corresponding to the start codon region of
translation initiation in nVDR (Genbank accession no. J03258), with the sequence 5'-
CTGGCCGCCATTGCCTCCAT-3". A random mutant sequence (5'-
ATTGACTCAAATTCATTCTT-3") was used as a control.

A lipofection kit, OLIGOFECTAMINE Reagent (Life Technologies), was used to transfect the
cells with antisense ODNs. Antisense or mutant ODNs were diluted with OPTI-MEM I Reduced
Serum Medium (Life Technologies) and mixed with OLIGOFECTAMINE reagent to give the
final concentration 200 nM. Cells were incubated in this medium at 37°C in a CO; incubator for
4 h and then cultured in medium containing normal serum.

Statistical analysis
All data are expressed as mean £SE. Data were evaluated for statistical significance by one-way

ANOVA, and significantly different group means were then separated by the least significant
difference (LSD) test using SPSS (Chicago, IL). P < 0.05 is considered significant.



RESULTS

We first determined the effect of 1a,25-(OH),-D; on adipocyte basal UCP2 expression. Figure 1
(left panel) shows that a 48-h treatment of human adipocytes with 1 nM 1a.,25-(OH),-D3 caused
a 40% decrease in UCP2 mRNA (P<0.003), whereas direct stimulation of Ca*" influx with KCI,
a cell membrane depolarization agent, exerted no effect. Similarly, 1 nM 1a,25-(OH),-Ds
reduced UCP2 protein levels by 50% (P<0.002, Fig. 1 right panel), whereas KCI stimulation of
Ca®" influx was without effect. We then assessed the effect of 10,,25-(OH),-D; on isoproterenol-
stimulated UCP2 expression. Figure 2 (left panel) illustrates that treatment with 10 nM
isoproterenol caused an approximate twofold increase in adipocyte UCP2 mRNA (P<0.002),
which was completely blocked by 1 nM 1a,25-(OH),-Ds, but only 20% by KCI. Although
treatment with KCl inhibited isoproterenol-stimulated increases in UCP2 protein (P<0.006, Fig.
2 right panel), 1a,25-(OH),-D; exerted a more potent effect, reducing UCP2 protein below the
basal level. We next evaluated the effect of 1a,,25-(OH),-D;3 on free fatty acid-stimulated UCP2
expression. Figure 3 shows that free fatty acids (oleic acid, linoleic acid, and stearic acid
mixture) caused an approximate twofold increase in UCP2 mRNA, which was completely
prevented by 10,25-(OH),-D3. These data indicate that 1a,25-(OH),-D3; inhibition of UCP2
expression is largely independent of its effects on Ca*" influx or fatty acid flux.

To study whether membrane vitamin D receptor (mVDR) mediates this inhibition of 1a.,25-
(OH),-D; on adipocyte UCP2 expression, la,25-dihydroxylumisterol; [la,25-(OH),-
lumisterols], a specific mVDR agonist, and 103,25-dihydroxyvitamin D [1B,25-(OH),-Ds], a
specific mVDR antagonist, were used to treat human adipocytes. Figure 4 demonstrates that
la,,25-(OH),-lumisterols failed to exert an inhibitory effect on UCP2 mRNA, whereas 1§3,25-
(OH),-D; was unable to reverse 1a.,25-(OH);-Ds-induced inhibition on UCP2 mRNA. Consistent
with this, 1a,25-(OH),-lumisterols failed to prevent a isoproterenol-stimulated twofold increase
in UCP2 expression, whereas 1f3,25-(OH),-D3; was unable to reverse 1a,25-(OH);-D3 inhibition
of isoproterenol-stimulated UCP2 mRNA (Fig. 5). Similarly, the mVDR agonist and antagonist
exerted no effect on fatty acid-stimulated UCP2 expression. Figure 6 shows that 1o,25-(OH),-
lumisterol; failed to block a fatty acid-stimulated twofold increase in UCP2 expression, whereas
1B,25-(OH),-D3 was unable to prevent 1a,,25-(OH),-Dj; inhibition of fatty acid-stimulated UCP2
mRNA. These data indicate that mVDR does not mediate the inhibitory effect of 1a,25-(OH),-
D; on adipocyte UCP2 expression

We next investigated the role of the nVDR in mediating the inhibitory effect of 1a,25-(OH),-D;
on adipocyte UCP2 expression. Using RT-PCR, we detected a 465-bp nVDR fragment in human
adipocytes and preadipocytes, corresponding to the nucleotide sequence region 181-645 in
nVDR gene (Genbank access no. J03258) (Fig. 7, left panel). This was confirmed by Western
blot analysis; using a nVDR monoclonal antibody, we detected an ~50-kD protein (Fig. 7, right
panel). We then performed a transient transfection of antisense ODN to knock out the nVDR. A
time-course study shows that treatment with nVDR antisense ODN inhibited nVDR protein from
48 r through 96 h, whereas the mutant antisense ODN was without effect (Fig. 8, left panel),
demonstrating that the antisense ODN targeting nVDR is specific. We then treated the nVDR
knockout adipocytes with 1a,25-(OH),-D;. Figure 8 (upper right) shows that 1a,25-(OH),-Ds



inhibited UCP2 mRNA by 60% in either control adipocytes or adipocytes treated with mutant
ODN. However, 1a,25-(OH),-D; was unable to exert the inhibitory effect in nVDR knockout
adipocytes. Similar results were observed on UCP2 protein levels measured by Western blot
(Fig. 8, lower right). These data indicate that this inhibitory effect of 1a,25-(OH),-D3 on UCP2
expression is mediated by the nVDR.

DISCUSSION

We previously reported that 10.,25-(OH),-D; stimulates adipocyte [Ca®]i, promotes lipogenesis,
and inhibits lipolysis via a rapid nongenomic action (14). Data presented here further
demonstrate that 10,25-(OH),-Ds exerts an inhibitory effect on adipocyte UCP2 expression via a
genomic action. Therefore, 1a,25-(OH),-D3 appears to play an important role in modulating
adipocyte lipid metabolism and energy homeostasis and function via both genomic and
nongenomic actions.

It is now well recognized that 10,25-(OH),-D;, the biologically active form of vitamin D,
generates biological responses via both genomic and nongenomic pathways (9, 24). la,25-
(OH),-D; generates genomic actions via a nuclear receptor in a manner similar to the other
members of steroid hormone superfamily (8). 1a,25-(OH),-D; binds to and activates a specific
nuclear hormone receptor, nVDR, and nVDR knockout exhibits a vitamin D-deficient phenotype
(25, 26). However, several studies demonstrated that 1a,25-(OH),-Ds is able to induce rapid
nongenomic effects in nVDR-null cells or cells from nVDR knockout mice (27, 28), indicating
that the genomic model of 1a,25-(OH),-D; action is not complete.

Instead, 10,25-(OH),-Ds also generates rapid, nongenomic signal transduction, including
modulation of calcium channels (10-13), via a putative membrane vitamin D receptor (mVDR)
in a wide variety of cells (9). The nongenomic action of 1a,25-(OH),-D3 has been confirmed by
the studies of 1a,25-(OH),-Ds analogs, which have been extensively examined for their ability to
generate genomic or nongenomic responses (24). For instance, 1a,25-dihyroxylumisterols, an
analog of 10,25-(OH),-Ds, preferentially exerts a nongenomic action, including stimulation of
Ca® influx, via the putative mVDR (19). Another A-ring diasteromer analog, 1B,25-
dihyroxyvitamin D3, has been demonstrated to antagonize this action but has no effects on the
nVDR (20). Most importantly, several studies have identified membrane proteins that function as
membrane vitamin D receptors (29-32).

Our previous and present data further extend these observations by demonstrating that 1c.,25-
(OH),-Ds elicits both genomic and nongenomic action in adipocytes, resulting in modulation of
lipid and energy metabolism. We recently demonstrated that 1a,25-(OH),-D; stimulates
adipocyte [Ca®'];, promotes lipogenesis, and inhibits lipolysis via a rapid nongenomic action (14,
15). These actions can be mimicked by 1a,25-dihyroxylumisterols, a specific mVDR agonist and
can be prevented by 1f,25-dihyroxyvitamin Dj, a specific mVDR antagonist (14). In this study,
we further demonstrated that 10.,25-(OH),-Ds exerts an inhibitory effect on basal, isoproterenol,
and fatty acid-stimulated UCP2 expression via a genomic action. We confirmed that this
inhibition is mediated by nVDR, using both pharmacological and molecular approaches. The
mVDR agonist and antagonist fail to exert their actions to either mimic or prevent the la,25-



(OH);-Dj3 inhibition of UCP2 expression, whereas nVDR knockout by antisense ODN prevented
the inhibitory effect of 1a,25-(OH),-D; on adipocyte UCP2 expression. Therefore, our data
demonstrate a novel role of nVDR in regulating adipocyte energy metabolism.

UCP2, a homologue of UCP1, is ubiquitously expressed, with the highest level in white adipose
tissue (17, 18). UCP2 has been shown to stimulate mitochondrial proton leak and therefore
exhibit a potential role in thermogenesis, energy metabolism, and obesity (17, 18). Various
physiological states and many nutritional and hormonal factors have been shown to regulate
UCP2 expression. Functional characterization of UCP2 promoter region has demonstrated
several potent cis-acting regulatory elements, including multiple PPARYy responsive elements
(PPRE), cAMP responsive elements (CREB-1), thyroid hormone responsive elements (TRE),
and ADDI1/SREBPI1 response elements (32-35). These responsive elements could provide
mechanisms of the positive regulation of UCP2 expression via PPARy agonists, fatty acids
(ligands of PPARY), thyroid hormones, and -adrenergic agonists (isoproterenol). However, little
is known regarding negative regulatory factors of UCP2 expression. Here, we report that 1c.,25-
(OH),-D3 exerts an inhibitory effect on UCP2 expression. The mechanism of this nVDR-
mediated inhibition of UCP2 is not known. However, the human and mouse UCP2 promoters do
contain several cis-acting negative regulatory elements (-1398 to -884 and -884 to -141 in
human, and -2746 to -602 and intron 1 in mouse), which strongly repress promoter activity (32,
33), although it is not clear whether nVDR acts on one of these silencers. Using a promoter
analysis program (http://www.lIsi.upc.es/cgi-bin/user/alggen/promo/promo/dynmat.cgi), we
analyzed the human (Genbank accession no. AF208500) and mouse (Genbank accession no.
AF115319) UCP2 promoters, which showed that multiple putative nVDR binding sites may exist
on UCP2 promoter regions and at least one of them is located on the silencer regions.
Alternatively, nVDR may also compete with other positive transcriptional factors containing
similar DNA binding domains on the responsive element binding or similar protein-protein
interaction domain (PPARy or other nuclear hormone receptors such as TR, GR, RAR, and
HNF3/4a) on heterodimerization with the same transcriptional factor (RXR). This has been
evidenced by studies demonstrating that up-regulation or activation of nVDR by 1a,25-(OH),-Ds
antagonizes the effects of PPARy or TR on adipocyte differentiation (36-38). However, further
studies are required to address the mechanism whereby 1a,25-(OH),-Ds inhibits UCP2
expression.

Regardless of genomic or nongenomic action, la,25-(OH),-D; exhibits an important role in
modulation of obesity. Evidence shows that 1a,25-(OH),-D; modulates adipocytes
differentiation in several cell models (36-39). Moreover, 1a,25-(OH),-D; promotes the
expression and secretion of lipoprotein lipase in cultured adipocytes (40), indicating that 1c.,25-
(OH);,-D3; may enhance adipocyte lipid accumulation by increasing fatty acid uptake.

A potential role of 10.,25-(OH),-Ds in obesity has also been suggested for humans. Ye et al.
reported that nVDR gene polymorphisms are associated with the susceptibility to obesity in
humans with early-onset type Il diabetes (41). Two single nucleotide polymorphisms (SNPs) in
nVDR gene intron 8 and exon 9 account for a 9-kg body weight difference, or 4 kg/m® (41).
Moreover, human body weight and body mass index have been shown to be associated with a
Bsml restriction site polymorphism in nVDR gene (42). Several lines of evidence demonstrate an
alteration of the vitamin D-endocrine system in obese humans, with an increase in circulating



10,,25-(OH),-D; level (43, 44). Furthermore, 1a,25-(OH);-Ds-induced hyperinsulinemia may
also be involved in the development of obesity in humans, as 1,25-(OH),-D; has been shown to
stimulate insulin release in pancreatic -cells (45, 46).

Accordingly, antagonism of 1a,25-(OH),-D3 on its genomic and/or nongenomic pathways may
represent a promising approach for development of interventions in obesity, because increasing
dietary calcium suppressed 1a,25-(OH),-D; levels in several studies (47, 48). Accordingly, we
tested the hypothesis that dietary calcium suppression of 1a,25-(OH),-D; would reduce
adipocyte [Ca®'];, increase lipolysis, inhibit lipogenesis, and increase UCP2 expression and
thereby reduce adiposity in aP2-agouti transgenic mice. Our data demonstrated that suppression
of 10,25-(OH),-D; by increasing dietary calcium decreases adipocyte intracellular Ca®",
stimulates lipolysis, inhibits lipogenesis, and increases adipocyte uncoupling protein 2 (UCP2)
expression and core temperature in aP2-agouti transgenic mice and that dietary calcium not only
attenuated diet-induced obesity but also accelerated weight loss and fat mass reduction secondary
to caloric restriction (15, 16). Recent epidemiological data demonstrate comparable effects in
humans (15, 49).

In summary, these data indicate that 1a,25-(OH),-D; exerts an inhibitory effect on white
adipocyte basal, isoproterenol, and fatty acid-stimulated UCP2 expression and that this effect is
mediated via a genomic action. Thus, suppression of 1a,25-(OH),-Ds; and consequent up-
regulation of UCP2 may contribute to our previous observation of increased thermogenesis in
mice fed with high calcium diet. This effect, coupled with decreased lipogenesis and increased
lipolysis secondary to decreased [Ca®']; mediated by nongenomic action may contribute to an
antiobesity effect of dietary calcium.
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Figure 1. The effect of 10,,25-(OH),-D3 on basal UCP2 mRNA (left panel) and protein level (right panel)
in human adipocytes. Primary-cultured human adipocytes were treated with 1a,25-(OH),-D; (1 nM) or KCl
(10 mM) for 24 h for mRNA and 48 h for protein levels. UCP2 mRNA and protein level were measured by
Northern blot and Western blot analysis, respectively. These measurements were conducted as described in
Materials and Methods. Left panel: The effect of 1a,25-(OH),-Ds on basal UCP2 mRNA in human adipocytes.
Blot shown is representative of four similar experiments. *P < 0.003 vs. control. Right panel: The effect of
10,,25-(OH),-D3 on basal UCP2 protein level in human adipocytes. Blot shown is representative of three similar
experiments. *P < 0.002 vs. control.
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Figure 2. The effect of 10.,25-(OH),-D; on isoproterenol-stimulated UCP2 mRNA (left panel) and protein level
(right panel) in human adipocytes. Primary-cultured human adipocytes were treated with or without isoproterenol (10
nM)), isoproterenol plus 1a,25-(OH),-D; (1 nM), or isoproterenol plus KCI (10 mM) for 24 h for mRNA and 48 h for
protein levels. UCP2 mRNA and protein level were measured by Northern blot and Western blot analysis, respectively.
These measurements were conducted as described in Materials and Methods. Left panel: The effect of 1a,,25-(OH),-D; on
isoproterenol-stimulated UCP2 mRNA in human adipocytes. Blot shown is representative of four similar experiments. *P
< 0.002 vs. control, **P < 0.003 vs. isoproterenol. Right panel: The effect of 1a,25-(OH),-D; on isoproterenol-stimulated
UCP2 protein level in human adipocytes. Blot shown is representative of three experiments. *P < 0.006 vs. control, **P <

0.008 vs. isoproterenol.



Fig. 3

Figure 3. The effect of 1 ,25-(0OH),-Ds on fatty acid-stimulated UCP2 mRNA in human adipocytes.

Primary-cultured huran adipoctes were treated with or without fathgids (100' M), fatty acids plus 1,25-(OH)}-D3

(1 nM), or fattyacids plus KCI (10 i) for 24 h. UCPZnRNA was reasured byNorthern blot, which was conducted as
described in Materials and Methods. Blot showrefesentative of four sitar experinents. *P < 0.05 vs. control,

** P < 0.05 vs. fattyacids.
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