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In the genetic mutant mouse models ob/ob or db/db, lep-
tin deficiency or resistance, respectively, results in
severe obesity and the development of a syndrome
resembling NIDDM. One of the earliest manifestations
in these mutant mice is hyperinsulinemia, suggesting
that leptin may normally directly suppress the secretion
of insulin. Here, we show that pancreatic islets express
a long (signal-transducing) form of leptin-receptor
mRNA and that B-cells bind a fluorescent derivative of
leptin (Cy3-leptin). The expression of leptin receptors
on insulin-secreting B-cells was also visualized utilizing
antisera generated against an extracellular epitope of
the receptor. A functional role for the B-cell leptin
receptor is indicated by our observation that leptin
(100 ng/ml) suppressed the secretion of insulin from
islets isolated from ob/ob mice. Furthermore, leptin
produced a marked lowering of [Caz*] in ob/ob PB-cells,
which was accompanied by cellular hyperpolarlzatlon
and increased membrane conductance. Cell-attached
patch measurements of 0b/ob [3-cells demonstrated that
leptin activated ATP-sensitive potassium channels
(K,rp) by increasing the open channel probability, while
exerting no effect on mean open time. These effects
were reversed by the sulfonylurea tolbutamide, a spe-
cifie inhibitor of K, ;. Taken together, these observa-
tions indicate an important physiological role for leptin
as an inhibitor of insulin secretion and lead us to pro-
pose that the failure of leptin to inhibit insulin secre-
tion from the P-cells of ob/ob and db/db mice may
explain, in part, the development of hyperinsulinemia,
insulin resistance, and the progression to NIDDM.
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he obesity hormone leptin is produced by adipose
tissue and acts at the hypothalamus to reduce
food intake and to increase energy expenditure
(1-7). In leptin-deficient ob/ob mice treated with
leptin, reductions of hyperinsulinemia cannot be entirely
accounted for by changes in food intake or body weight
(1,2,8), suggesting that leptin directly regulates insulin
secretion. Previously, we reported that leptin receptors
(Ob-Rs) are expressed in rat islets of Langerhans and sug-
gested that leptin may directly regulate the secretion of
insulin as part of an adipoinsular endocrine axis (9). This
concept was recently supported by the finding that leptin
inhibits the secretion of insulin in perfused pancreases of
ob/ob mice (10). To date, it is not known which hormone-
secreting cells of the islets of Langerhans express receptors
for leptin, and the cellular mechanisms by which leptin reg-
ulates islet cell function are unknown.
In the present report, we examined the expression of Ob-
R mRNA in islets and tumor-derived cell lines representative
of distinct islet cell types. We further examined the distribu-
tion of Ob-R expression on immunologically identified islet
cells, utilizing a fluorescent derivative of leptin and an epitope-
specific antiserum to the Ob-R. Finally, we deterrained the
effect of leptin on islet hormone release and used electro-
physiological techniques to determine the mechanism of lep-
tin action on ATP-sensitive potassium channels (K,p).

RESEARCH DESIGN AND METHODS

Expression of Ob-R mRNA. Total RNA was isolated from freshly excised rat
hypothalamus, rat islets, and cultured INS-1, RIN-B2 and INR1G-9 cells, using
RNA STAT-60 (Tel-Test “B,” Friendswood, TX). The extracted RNA preparations
were reverse transcribed, and the resultant cDNA was armplified by polymerase
chain reaction (PCR) with the following primers: 5'-ATGAAGTGGCTTAGAATC-
CCTTCG-3' and 5"-ATATCACTGATTCTGCATGCT-3' for Ob-Rb; 5'-AACCTTGC-
CACCAGAGACTTCATC-3' and 5'-CAGGGCGGTAACTTCAAAACGAG-3' for
glucagon. The PCR conditions were 95°C for 5 min, followed by 36 cycles at 95°C
for 30 s, 50°C for 30 s, and 72°C for 1.5 min. A total of 5 pil of each PCR product
was analyzed on a 1.5% agarose gel stained with Sybr Green I dye (Molecular
Probes, Eugene, OR) and scanned with a FluorImager 575 (Molecular Dynamics,
Sunnyvale, CA). The PCR products were transferred to Magna NT nylon membranes
(Micron Separations, Westboro, MA) and probed with a P-labeled oligonu-
cleotide (5'-ACACTGTTAATTTCACACCAGAG-3'), using Rapid-hyb buffer (Amer-
sham Life Science, Arlington Heights, IL), following the manufacturer’s instructions.
Distribution of Ob-R in islets. Murine leptin (PeproTech, Rocky Hill, NJ) was
coupled with iodocarbocyanine (Cy3) monofunctional dye (Biological Detec-
tion Systems, Pittsburgh, PA) in 0.1 mol/l carbonate buffer, pH 9.2, and purified
on an Econo-Pac 10DG column (Bio-Rad Laboratories, Richmond, CA) in phos-
phate-buffered saline (PBS). The purified Cy3-leptin fraction contained no free Cy3
as assessed by gel electrophoresis visualized with a Fluorlmager 575 (Molecular
Dynamics). Islets were isolated from rat pancreases by collagenase digestion and
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then dispersed into single cells, using trypsin-EDTA, and seeded onto poly-L-
lysine—coated glass microscope slides in RPMI 1640 medium supplemented with
10% fetal bovine serum. After overnight culture, slides were moved to 4°C,
washed with ice-cold PBS, and incubated at 4°C for 1 h with ~40 nmol/l Cy3-lep-
tin or boiled Cy3-leptin (controls) in Hanks' balanced salt solution containing 5
mmoll glucose and 0.5% bovine serum albumin. After several rinses with ice-cold
PBS, the cells were then fixed for 10 min with ice-cold 4% paraformaldehyde, rinsed
again, and coverslipped.

For immunocytochemistry, following Cy3-leptin binding and fixation, slides
were rinsed and permeabilized with methanol for 10 min at -20°C and blocked
with 3% normal donkey serum for 30 min at room temperature. Slides were
then incubated overnight at 4°C with primary antisera against insulin, glucagon,
or somatostatin. Slides were then rinsed with PBS and blocked for another 10
min. The hormones were localized with appropriate secondary antisera coupled
with dichlorotriazinylamino fluorescein (DTAF) for 30 min at room temperature.
After final rinses, slides were coverslipped and viewed first under a DTAF filter,
allowing identification of hormone-positive cells (green). The same fields were
then viewed under a Cy3 filter, allowing identification of Cy3-leptin-positive
cells (orange).

To determine the distribution of Ob-R immunoreactivity, a synthetic peptide
corresponding to a specific epitope in the extracellular region of the mouse Ob-
R (GPPNTTDDSFLC) was coupled with maleimide-activated keyhole limpet
hemocyanin and was used to raise antisera in rabbits. Slides with dispersed islets
were prepared as described above and were incubated overnight at 4°C with the
Ob-R antisera in addition to antisera against insulin, glucagon, or somatostatin.
Slides were then rinsed and blocked, the Ob-R immunoreactivity was localized
with an anti-rabbit antiserum coupled with Cy3, and hormones were localized with
appropriate secondary antisera coupled with DTAF. Following coverslipping,
slides were viewed with the appropriate filters, allowing for the detection of Ob-
R immunoreactivity (orange) or hormone immunoreactivity (green). All images
were obtained with a Nikon Optiphot-2 microscope equipped with an Optronics
TEC-470 CCD camera (Optronics Engineering, Goleta, CA) interfaced with a
Power Macintosh 7100 installed with a RasterOps frame grabber and IPLab Spec-
trum analysis software (Signal Analytics, Vienna, VA).

Effects of leptin on islet hormone release. Islets were isolated by collagen-
ase digestion of pancreases from 10-week-old female ob/ob mice, and 10 islets per
well were transferred into 12-well culture plates, each well in triplicate, contain-
ing 1 ml RPMI medium supplemented with 1% bovine serum albumin and 1% apro-
tinin, 2¢ either 5.5 mmol/l or 11.0 mmoV/1 glucose in the presence or absence of 100
ng/ml murine leptin (Pepro Tech, Rocky Hill, NJ) and/or 10 nmol/l glucagon-like
peptide (GLP)-I(7-36) amide (Peninsula Laboratories, Belmont, CA). Islets were
incubated for 1 h at 37°C, following which the medium was removed and assayed
for both insulin and somatostatin by radioimmunoassay.

Effects of leptin on p-cell [Ca*'], membrane potential, membrane con-
ductance, and single K,;, channel activity. Isolated dispersed mouse pan-
creatic islets were prepared as above and cultured overnight on glass coverslips
coated with concanavalin-A. Cells were prepared for the measurement of [Ca™),
by incubation in fura-2 acetoxymethyl ester (fura-2 AM; Molecular Probes,
Eugene, OR). Cells were loaded in a standard extracellular solution (SES; 138
mmol/ NaCl, 5.6 mmol/1 KCl, 2.6 mmol/1 CaCl, 1.2 mmol/1 MgClL, 10.0 mmol/l
HEPES, 4.0 mmol/l p-glucose, and 295 mOsm, pH adjusted to 7.4 with ~4 mmol/l
NaOH) supplemented with 2% fetal bovine serum, 0.03% pluronic F-127, and 1
pmol/ fura-2 AM for 15-20 min at room temperature (20-22°C). Experiments were
conducted at 32°C, using an IonOptix video imaging system (Milton, MA). [Ca™];
was estimated from the ratio of 510-nm emission fluorescences from excitation
by 350- and 380-nm wavelength light from the equation: [Ca*], = K,B(R -
R, J(R, .~ )], where K is the dissociation constant of fura-2 AM (225 nmol/l),
B is the ratio of 380-nm induced fluorescences of free/bound fura-2 AM, R is the
measured ratio of the 350- and 380-nm fluorescences, and R,;, and R, are the
350 and 380 nm fluorescence ratios in zero [Ca*] and saturating [Ca®'], respec-
tively (11). Values of B, R, and R, ,, were determined using fura-2 pentapotas-
sitm salt and calibration solutions from Molecular Probes Inc. K*-pipette solution
for perforated patch measurements contained 95 mmol/l K,SO,, 7 mmol/l MgCL,
5 mmol/l HEPES (pH adjusted to 7.4 with NaOH; final concentration of 2 mmol/l
Na'). Pipettes were then back-filled with the same solution to which nystatin (240
pg/ml) was added. For on-cell single-channel recordings of Ky, the pipette was
filled with 140 mmol/ KCI, 2.6 mmol/l CaCl,, 1.2 mmol/l MgCl,, 10 mmol/l HEPES,
and ~4 mmol/1 NaOH (pH 7.4). Single-channel currents were stored on videotape,
low-pass filtered at 2 kHz (eight-pole Bessel filter, -3 decibel attenuation), and dig-
itized at 4 kHz, using an Axon Instruments DigiData interface (Burlingame, CA).
Data were analyzed using Axon Instruments pClamp 6.0 software. The patch
pipeite was connected to an Heka Electronik EPC-9 patch clamp amplifier
(Instrutech, Mineola, NY) interfaced with a Macintosh Quadra 840AV computer
running Pulse 8.0 software (Instrutech).
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RESULTS

Expression of Ob-R mRNA. As a first test of our hypothe-
sis that leptin directly suppresses insulin release, we exam-
ined pancreatic islets for the expression of the signal-trans-
ducing long form of the Ob-R (Ob-Rb). Using reverse tran-
scriptase (RT)-PCR with primers designed to amplify
specifically a region of Ob-Rb, the products of the predicted
size (376 bp) were obtained from both rat islets and tumor-
derived cell lines representative of pancreatic - and d-cells
(Fig. 1). PCR products were obtained in cDNAs prepared
with reverse transcriptase (RT") and were undetectable in
controls (RT"). No product was observed in cDNA generated
from the a-cell line INR1G-9. To ensure the quality of the a-
cell cDNA, primers designed to amplify glucagon cDNA gave
a product of the predicted size (307 bp) (Fig. 1C, right panel).
Distribution of Ob-R in islets. To determine which islet
hormone-producing cell types bind Cy3-leptin, cells were
immunostained for glucagon, somatostatin, or insulin, fol-
lowing incubation with Cy3-leptin. No fluorescence was
detectable on dispersed islet cells incubated with purified Cy3-
leptin, which was heat-inactivated as a control (Fig. 24, left
panel). However, distinct membrane fluorescence could be
found on a population of cells incubated with Cy3-leptin that
had not been inactivated (Fig. 24, right panel). The majority
of cells immunoreactive for glucagon (a-cells) did not bind
Cy3-leptin (Fig. 2B, hollow arrows). However, cells
immunoreactive for insulin (B-cells) or somatostatin (3-cells)
were found with distinct membrane fluorescence indicating
the presence of Ob-Rs on these cell types (Fig. 2B, solid
arrows). The distribution of the Ob-Rs on specific islet
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FIG. 1. A: RT-PCR of rat hypothalamic and islet cDNA using a specific
primer pair to amplify a 376-bp region of the Ob-Rb. The preparation
of the cDNA was either in the presence (RT*) or absence (RT™) of
reverse transcriptase. B: autoradiogram of a Southern blot of the
above gel probed with a **P-labeled oligo with a complementary
sequence internal to the PCR primers. C: RT-PCR for Ob-Rb in tumor-
derived cell lines representative of islet B-cells (INS-1), 5-cells (RIN-
B2), and a-cells (INR1G-9); RT-PCR of a-cell (INR1G-9) ¢cDNA using
a specific primer pair to amplify a 307-bp region of glucagon.
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FIG. 2. A: binding of purified boiled (left panel) or nonboiled (right panel) Cy3-leptin to dispersed rat islet cells. B: combined Cy3-leptin bind-
ing and immunofluorescence of dispersed rat islet cells. Both columns show the same fields of view, either under a DTAF filter to allow hor-
mone detection (green, left column) or under a Cy3 filter to allow detection of the Cy3-leptin (orange, right column). Hormone immunoreac-
tive cells are indicated as either positive (solid arrows) or negative (hollow arrows) for Cy3-leptin binding. C: dual immunofluorescence of
dispersed rat islet cells for hormone immunoreactivity (green, left column) and Ob-R immunoreactivity (orange, right column).
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TABLE 1
Effects of leptin on 1-h insulin and somatostatin release from
~islets isolated from 10-week-old female 0b/0b mice

Treatment Insulin (ng/ml)  Somatostatin (pg/ml)
5.5 mmol/1 glucose 7.58 £ 0.74 40.42 + 2.52
5.5 mmol/l glucose 547 £ 0.68* 40.91 = 5.77
100.0 ng/ml leptin
11.0 mmol/l glucose 8.63 + 0.48 45.31 + 4.50
11.0 mmol/l glucose 7.53 £ 0.317 39.65 + 3.37
100.0 ng/ml leptin
11.0 mmol/1 glucose 13.87 £ 1.01 59.19 + 6.11
10.0 nmol/l GLP-I
11.0 mamol/] glucose 14.06 + 1.17 59.98 + 1.88
10.0 nmol/1 GLP-1
100.0 ng/ml leptin

Data are means + SE; n = 7; GLP-I, n = 4. *P < 0.0007; P < 0.022
compared with controls in the absence of leptin using Student’s
paired ¢t test.

. endocrine cells was also determined using an antiserum
raised against a specific epitope of the Ob-R. Ob-R
"immunoreactivity was found on B-cells and 3-cells (Fig. 2C,
solid arrows) but not’a-cells (Fig. 2C, hollow arrows). No Ob-
R immunofluorescence was detected on cells incubated with
preimmune serum (not shown). Collectively, these data indi-
cate that Ob-Rs are expressed on - and §-cells, but are
absent from the majority of glucagon-producing a-cells.
Effects of leptin on islet hormone release. To determine
whether the insulin-lowering effects of leptin observed in
vivo following administration of leptin by either daily injec-
tions (1,2) or gene therapy (12,13) involve direct effects of lep-
tin onpancreatic islets, we isolated islets from ob/ob mice and
measured the effects of leptin on insulin release. The appli-
cation of 100 ng/ml (~6 nmol/1) leptin, a concentration within
the range of plasma leptin levels in obese animals (14), signi-
ficantly reduced basal insulin release at 5.5 mmol/l glucose by
~28% (Table 1). This response is similar in magnitude to that
recently reported (10). We also observed a significant but
smaller reduction of insulin release (13%) in response to lep-
tin in islets incubated at a higher glucose concentration (11.0
mmol/), and no effect of leptin in the presence of 10 nmol/l
GLP-1. Ob-Rs were also detected on 8-cells, raising the pos-
sibility that leptin might regulate somatostatin secretion.
Therefore, we examined the effects of leptin on the release

of somatostatin in islets prepared from 0b/0b mice. In contrast -

to the observed inhibition of insulin release; we observed no
significant effect of leptin on somatostatin release from 0b/0b
islets (Table 1), suggesting that the reduction of insulin secre-
tion was not mediated by somatostatin.

Effects of leptin on B-cell [Ca?*],, membrane potential,
membrane conductance, and single K, channel activ-
ity. It is known that the activity and/or number of K, regu-
lates the resting potential of pancreatic B-cells (15). Inacti-
vation (closure) of these channels in response to glucose or
other insulin secretagogues generates cellular depolariza-
tion, activation of voltage-dependent Ca®* channels, arise of
cytosolic [Ca®*], and insulin secretion (15). Thus, to determine
whether the suppressive effect of leptin on insulin secretion
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is mediated by actions on Kp, we performed patch clamp
electrophysiological analyses on B-cells isolated from mouse
islets. The application of leptin (100 ng/ml) to mouse P-cells
produced membrane hyperpolarization and a decrease in
the frequency of action potentials (Fig. 34, upper panel).
This reduced frequency of action potentials was accompanied
by a fall of [(Jarz*]i (Fig. 3A, lower panel). The fall of [CaZ*]i in
a ob/ob mouse B-cell resulting from the bath application of 100
ng/ml leptin was reversed by the introduction of 20 mmol/l glu-
cose and 10 nmol/l GLP-I, which resulted in a rapid increase
of [Ca’ +]1, followed by a return to baseline (Fig. 3B). That the
leptin-induced decrease of [Ca**], was reversed by the appli-
cation of glucose plus GLP-I is in agreement with our obser-
vation that glucose plus GLP-I can overcome leptin suppres-
sion of insulin release (Table 1). The effect of leptin on mem-
brane conductance was determined using the perforated
patch technique in 0b/ob mouse B-cells. The application of lep-
tin (100 ng/ml) increased membrane conductance, consistent
with the activation of K, (Fig. 3C). Furthermore, this
increase in conductance was rapidly reversed by the appli-
cation of the sulfonylurea tolbutamide (Fig. 3C).

To investigate the effects of leptin on K, in greater detail,
we also obtained measurements of single-channel activity in
on-cell patches of 0b/0b mouse B-cells. Leptin increased the
K,;p open channel probability with no significant effect on
open times. During the control period (Fig. 3D, left panel), the
channel open probability was ~0.005, and the control mean
channel open times were fitted with two exponential com-
ponents with time constants of 0.63 and 2.28 ms. Four min-
utes following the start of a 3-min application of 100 ng/ml lep-
tin (Fig. 3D, right panel), the open probability of the channels
increased to 0.051 with no effect on the mean open times (0.57
and 2.16 ms). The peak value for the open probability was 0.09
at 18 min after the start of the leptin application in this patch.
The single-channel conductance was measured as 80 pico-
siemens (Fig. 3E), consistent with these channels being K p.
The extrapolated reversal potential of the currents was 46 mV,
relative to the resting potential of the cell. The mean value for
open probability of K,p versus time appeared to show a
biphasic time course (Fig. 3F), similar to that seen in Flg 3C,
for the whole cell conductance measurements.

DISCUSSION

In these studies, we demonstrated that the long form of the lep-
tin receptor (Ob-Rb) is expressed in pancreatic 3- and 8-cells,
although it appears that the shorter transcripts predominate
(10,16). It is generally believed that Ob-Rb is the signal-trans-
ducing receptor; no clear functions are as yet attributable to
the shorter receptor isoforms (17). However, downstream
signaling effects of leptin on human hepatic cells have been
reported in which only a short variant of the leptin receptor
was detected, suggesting the involvement of an accessory
receptor subunit or inherent signaling capabilities of the short
form (18). Indeed, a short variant receptor has been reported
to induce gene expression in transfected Chinese hamster
ovary cells (19). We found an inhibitory effect of leptin (100
ng/ml) on insulin secretion, which was reduced by increasing
the glucose concentration and ameliorated by GLP-L. In sup-
port of our finding, Emilsson et al. (10) also demonstrated signi-
ficant effects of leptin on the inhibition of insulin secretion at
leptin concentrations 210 nmol/1 but no effect at 1 nmoll1 (~16
ng/ml). Leclercg-Meyer et al. (16), using rat perfused pan-
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FIG. 3. A: simultaneous perforated patch recordings of membrane potential (top trace) and fura-2 measurement of [Ca?*]; (lower trace) from a
normal mouse B-cell bathed in SES containing 5.5 mmol/l glucose. A 3-min application of 100 ng/ml leptin is indicated by the bar. B: measure-
ment of [Caz“]i from an ob/ob mouse B-cell bathed in SES containing 5.5 mmol/l glucose. The introduction of 100 ng/ml leptin is indicated by the
lower bar. The contents of the bath were switched to a solution containing 100 ng/ml leptin, 20 mmol/l1 glucose, and 10 nmol/l1 GLP-I, as indicated
by the step of the upper bar. C: recordings from an ob/ob mouse f-cell bathed in SES containing 5.5 mmol/l glucose and voltage clamped at -70
mV using the perforated patch technique. The pipette potential was shifted by +10 mV (1 s duration) to monitor the membrane conductance.
Leptin (100 ng/ml) and tolbutamide (100 pmol/1) application (indicated by bars) were from puffer pipettes placed close to the cell. D: single chan-
nel records in an on-cell patch from an ob/ob mouse f3-cell bathed in SES containing 5.5 mmol/l glucose. The currents shown in each panel are
continuous stretches of data. Control currents are shown in the left panel, and currents beginning 4 min after the start of a 3-min pulse of lep-
tin (100 ng/ml) are shown in the right panel. Channel openings are shown as downward current deflections indicated by the opening of 1, 2, or
3 channels from a closed state (0). E: between 10 and 13 min after the start of the leptin pulse, the patch pipette was stepped to different poten-
tials to obtain the single-channel current-voltage relationship to measure the conductance of the channel. Single-channel current amplitudes
at the different potentials were obtained from Gaussian fits to all-points histograms of digitized current records in D. F: the mean value for open
probability of K, plotted against time (in minutes) from six on-cell patches from ob/ob mouse B-cells at a pipette potential of 0 mV.

creases, argued against a role for leptin in regulating insulin
secretion. However, in their studies, they used only a single
dose of 1 nmol/l of recombinant human leptin at a back-
ground glucose concentration of 8.3 mmol/l.

Clues to the cellular mechanisms by which leptin sup-
presses insulin release come from earlier studies utilizing
ob/ob and db/db mouse islets. It was reported more than two
decades ago that islets from db/db mice are partially depo-
larized, even in the absence of glucose (20). This circum-
stance is associated with elevated basal insulin release and
unresponsiveness to further elevation of the glucose con-
centration (20). The K* permeability of both ob/ob and db/db

DIABETES, VOL. 46, JUNE 1997

islets is relatively insensitive to changes in glucose (21-23),
and this insensitivity does not appear to be due to a failure of
the cells to express functional K, (24,25). These earlier
observations in conjunction with our present findings indicate -
that the partially depolarized state characteristic of B-cells
from leptin deficient (ob/0b) and leptin resistant (db/db) mice
can be ascribed to a failure of leptin to activate-K,pp. The
action of leptin so implied would be to hyperpolarize the 3-
cell and to inhibit insulin secretion.

Notably, we found that leptin produced a biphasic increase
in membrane conductance, as expected if hyperpolarization
resulted from the activation of K p. The activation of K, was
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also indicated by our finding that tolbutamide, a sulfonylurea
that binds to the sulfonylurea receptor subunit of K,
(SUR1) (26,27), reversed the leptin-induced increase in mem-
brane conductance. The time course of the change in open
channel probability in response to leptin that we observed was
characterized by both early and late components. The
delayed effect of leptin that we observed in 0b/ob B-cells is
similar to that previously observed for potassium channel acti-
vation by janus kinase-associated prolactin receptors in Chi-
nese hamster ovary cells (28).

The autonomic nervous system may also contnbute to the
leptin-mediated reduction of insulin secretion. For example,
leptin administration in vivo inhibits neuropeptide Y (NPY)
gene expression (2,29) and secretion (2), which in turn could
result in reduced insulin secretion by either inhibiting the
parasympathetic or activating the sympathetic nervous sys-
tem. In the absence of leptin (0b/ob mice), NPY signaling is ele-
vated (2,29,30) and thus could contribute to hyperinsulinemia
in these animals. Evidence supporting this notion has
recently been provided by the observation that insulin levels
are reduced by half in 0b/0b mice deficient of NPY (31). How-
eveyr, it is important to note that insulin levels in these animals
are still ~30-fold higher, compared with wild-type control
~ mice (31), suggesting that leptin reduces insulin secretion via

- pathways other than central effector actions of NPY, namely
by a direct effect on B-cells.

Although the obesity observed in ob/ob and db/db mice is
understood to result from deficient leptin regulation of sati-
ety centers (1-4), the reason for the development of NIDDM
in these animal models has not been explained. We provide
amechanism for the early development of hyperinsulinemia
(32,33) and the resulting predisposition for NIDDM in ob/ob
and db/db mice. Evidently, hyperinsulinemia in these animal
models of obesity and NIDDM can be ascribed to persistent
B-cell depolarization, an effect we attribute to the dimin-
ished Ob-R—mediated activation of K. This pathophysio-
logical process may offer important clues as to what normal
function leptin may play in the regulation of insulin secretion.
We propose that leptin acting on K, serves more as a 3-cell
controller to dampen basal insulin release during fasting,
rather than as an acute regulator of insulin secretion during
feeding. In this conceptual model, leptin acts as a brake to
inhibit insulin secretion tonically by maintaining the B-cell in
amoderately hyperpolarized state. As such, the tonic inhibi-
tion can easily be overcome by nutrient and incretin signals
(e.g., GLP-I) that accompany feeding, resulting in the depo-
larization of the [3-cell and prompt insulin secretion (33a). This
proposal is consistent with the demonstration that plasma lep-
tin levels derived from adipose stores also do not appear to
be acutely regulated by feeding (34-36). Taken together,
these observations define the existence of an adipoinsular axis
by which the body fat mass informs the B-cells to secrete less
insulin. It is known that insulin stimulates leptin secretion
(37-39), thus establishing a bi-directional feedback loop
between adipose tissue and the 3-cells via the hormones lep-
tin and insulin, respectively.
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