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OBJECTIVE: Previous studies have demonstrated that leptin can stimulate proliferation of insulin-secreting tumor cell
lines. The objective of this study was to characterize whether leptin could stimulate proliferation of primary bb-cells
too. Since adult bb-cells have very limited capacity for replication, we examined the effect of leptin on islets of
Langerhans obtained from fetal rats, in a tissue culture system.
METHODS: Leptin receptor mRNA and c-fos mRNA were measured by RT-PCR. Proliferation of fetal rat islet cells was
measured by a WST-1 colorimetric assay and [3H]-thymidine incorporation assay.
RESULTS: Leptin stimulated proliferation of serum-deprived fetal rat islet cells, as indicated by increased formation of
formazan dye from a tetrazolium salt WST-1. Leptin stimulated DNA synthesis in islet cells, as indicated by increased
[3H]-thymidine incorporation into DNA. The effect of leptin on islet cell proliferation was on average 39 ± 50% of the
effect obtained with 10% fetal bovine serum. Leptin increased c-fos mRNA expression by 2.8-fold in isolated fetal islets
after 30 min treatment. In fetal pancreatic islets, both the common extracellular portion (OB-R) and the intact long
form (OB-Rb) of the leptin receptor were readily detected by reverse transcriptase polymerase chain reaction.
CONCLUSION: Functional leptin receptors are expressed in pancreatic islet cells, as early as during the fetal stage of
development of these microorgans. Leptin stimulates proliferation of fetal islet cells and might play a role in
determining islet cell mass at birth.
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Introduction

Leptin, the product of ob gene, is secreted primarily
from fat cells and plays an important role in the regula-
tion of food intake and metabolism.1 These actions of
leptin are mediated through the appetite regulatory
centers in the hypothalamus, which express leptin
receptors in abundance.2,3 However, during recent
years, leptin receptors have been identi®ed in an increas-
ing number of tissues outside the brain.4,5 In these
peripheral tissues, the level of expression of leptin
receptors is generally low, which is not surprising,
given that the concentration of leptin in the peripheral
circulation is 100 ± 200 times higher than that in the
cerebrospinal ¯uid.6,7 Leptin receptors exist in multiple
isoforms, several of which (OB-Ra ± OB-Re) are gen-
erated by alternative splicing.8 OB-Rb, the intact form of
leptin receptor, contains a long cytoplasmic domain of
302 amino acids that includes motifs for binding and
activation of the Janus Kinase=Signal Transduction and

Activator of Transcription (JAK=STAT). Consistent
with this, OB-Rb activates the JAK=STAT signalling
pathway and thereby mediates effect of leptin on food
intake.8 ± 10 The roles of the shorter isoforms of leptin
receptor are not fully understood.

Adult pancreatic islets express leptin receptors,11 ± 13

which are thought to mediate inhibition of insulin
secretion and insulin biosynthesis.14,15 It has been
reported that leptin can stimulate proliferation of differ-
ent b-cell-derived tumor cell lines.16,17 Whether prolif-
eration of primary b-cells is also stimulated by leptin is
unknown. In adult islets only a minor proportion of b-
cells take part in proliferation and the cells divide at a
very slow rate. We therefore tested the effects of leptin
on isolated fetal islets where the cells retain considerable
replicative activity as opposed to their adult counter-
parts.18 We demonstrate that fetal rat islets express full-
length leptin receptors and that leptin stimulates prolif-
eration of fetal islet cells.

Materials and methods

Preparation and culture of fetal pancreatic islets

Pregnant Sprague ± Dawley rats were killed by cervi-
cal dislocation on day 21 of gestation and their fetuses
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rapidly removed. Islets were obtained from mildly
digested fetal pancreas according to methods
described by us before.18,19 Brie¯y, pancreases were
minced and digested for a short time with collagenase.
The digest was carefully washed, plated in tissue
culture dishes to allow attachment of islet-like clusters
and cultured for one week at 37�C in a humidi®ed
atmosphere of 5% CO2 in RPMI 1640 medium con-
taining 11.1 mM glucose, 10% fetal bovine serum
(FBS), 2 mM L-glutamine, 100 U=ml benzylpenicillin
and 0.1 mg=ml streptomycin. Spherical islets, free of
connective tissue, were then selected under stereo-
microscope, transferred to 24-well plates and cultured
under the conditions described below. Previous
studies have shown that these islets contain 90 ± 95%
b-cells18,19 and that they do not respond to classical
®broblast mitogens such as EGF and PDGF.18

Colorimetric assay for cell proliferation

We measured islet cell proliferation using two meth-
ods. We used an assay kit consisting of WST-1 (4-[3-
(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,
-3-benzene disulfonate) and an electron coupling
reagent. The assay is based on reduction of the
tetrazolium salt to a water-soluble formazan com-
pound by the respiratory chain enzymes of mitochon-
dria. In this assay the amount of formazan dye formed
correlates with the cell number.20 Islets were hand-
picked and transferred to the wells of a 24-well plate
(25 islets per well) containing serum-free RPMI-1640
medium. The islets were cultured overnight (� 18 h)
in this serum-free medium to achieve quiescence of
the cells. In preliminary experiments we con®rmed
that fetal rat islets survive under serum-free culture
conditions for prolonged periods, probably because
insulin secreted by the islets acts as a growth factor.21

After overnight incubation in serum-free medium we
added leptin (100 nM, ®nal concentration) or FBS
(10%, ®nal concentration). No addition was made to
a third well which acted as basal control. After
incubation for a further 24 h, we added 150ml of
WST-1 reagent to each well. Eight hours later, the
plate was shaken for 1 min and absorbance measured
at 450 nm against appropriate blanks using a Beckman
DU 7500 spectrophotometer. Absorbance obtained at
a reference wavelength (690 nm) was subtracted. Pro-
liferation was expressed as the percentage of values
observed in the absence of leptin and FBS, which was
taken as 100%.

[3H]-thymidine incorporation assay

[3H]-thymidine incorporation assay was performed as
described by us earlier with small modi®cations.18 In
preliminary studies we optimized the assay to enable
detection of modest stimulation of cell proliferation on
prolonged (24 h) exposure to cytokines.18 Fifty fetal
islets per well were pre-incubated for 24 h in 24-well
plates in 1 ml of RPMI 1640 medium containing 0.5%
FBS and 2.8 mM glucose. Such pretreatment was
regarded as essential since it stopped all DNA replica-

tion initiated earlier. We then added leptin (5 or
100 nM) or FBS (10%). A third well containing only
0.5% FBS and 2.8 mM glucose acted as control. Imme-
diately after this, [3H]-thymidine (0.5mCi=ml) was
added to the wells. After labeling with [3H]-thymidine
for exactly 24 h, the islets were transferred by capillary
pipettes to Eppendorf tubes and washed with a balanced
salt solution. Islets were then disrupted with 1% sodium
lauryl sulfate, precipitated with ice-cold 10% trichlor-
oacetic acid and pelleted by centrifugation. The pellet
was dissolved in Soluene (Packard) and radioactivity
incorporated in the pellet was measured by liquid
scintillation counting. Radioactivity is expressed as
dpm per 50 islets. Results are expressed as percentages
of values obtained in the controls.

Leptin receptor mRNA level

Total RNA was isolated from 50 fetal islets by using
TRI REAGENTTM (Sigma, Biosciences, USA) and
isopropanol=ethanol precipitation. Integrity and load-
ing of the RNA were studied by detection scanning of
ribosomal rRNA bands (28S and 18S) in agarose gels.
RNA samples containing RNase inhibitor (Amersham,
UK) were treated immediately with RNase-free
DNase I (Gibco=BRL, UK), and single-stranded
cDNA synthesized using ®rst-strand cDNA beads
(Pharmacia Biotech, Sweden) and oligo (dT)12 ± 18

(Invitrogen). Different amounts of cDNA correspond-
ing to that obtained from between one and 15 islets
were used for reverse transcriptase polymerase chain
reaction (RT-PCR). For amplifying the common
extracellular part of the leptin receptor (OB-R), we
used the following primer sequences: 5

0
-GCTGGAT-

GAAAGGGGACTTG-3
0

(sense) and 5
0
-GTGACTT-

CCATACGCAAACC-3
0

(antisense) to amplify a
348 bp fragment of OB-R (GenBank U53144). To
identify the full-length OB-Rb isoform we ampli®ed
two different fragments using the primer sequences 5

0
-

AACTGATGAAGAGCAAGGGG-3
0

(sense) and 5
0
-

AGACAGTGAGCTGGGAATGG-3
0

(antisense) to
amplify a 332 bp fragment of OB-Rb (fragment-1)
(GenBank D84551), or 5

0
-AGTGTCGATACAGCT-

TG-3
0

(sense) and 5
0
-CTGAGAATGAAAGTTG-

TGG-3
0

(antisense) to amplify a 399 bp fragment of
OB-Rb (fragment-2) (GenBank D84551). PCR ampli-
®cations were performed with the following para-
meters: 95�C for 45 s (denaturing), 55�C for 45 s
(annealing) and 72�C for 45 s (extension), in a thermo-
cycler (Techne=Cambridge) for 37 cycles.

To study the regulation of leptin receptor level by
glucose or serum we cultured islets in the presence of
glucose (2.8 or 11 mM) or FBS (0.5% of 10%) for
48 h. Multiplex PCR assay was performed as
described by Dukas et al.22 The optimized linear
range of co-ampli®cation of two DNA fragments
was obtained between 35 and 42 cycles and uniform
ampli®cation was maintained using a 5:1 ratio of
OB-Rb (fragment-1):OB-R-common and a 4:1 ratio
of OB-R-common:b-actin primer concentration. The
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following b-actin primers were used: 5
0
-CTCTTT-

AATGTCACGCACGAT-3
0

(sense) and 5
0
-AGTGC-

TGTGGGTGTAGGTACT-3
0

(antisense) to amplify a
534 bp fragment of b-actin (GenBank J00691). We
®nd that b-actin is more suitable than a-tubulin (see
below) for use as an internal control for multiplex
PCR assays of rare transcripts, since it is less abundant
than tubulin. PCR fragments were cloned directly
into a PCR-TRAP system for identi®cation of
sequences (GeneHunter Corp., USA) and the identity
of fragments con®rmed by sequencing using a
Thermo-Sequenase terminator cycle sequencing kit
(Amersham Life Sciences, UK). PCR products were
either fractionated in a 1.5% standard agarose gel or
4% NuSieve 3:1 agarose (FMC BioProducts, USA)
and bands were quantitated by scanning laser densi-
tometry. Potential contamination from adipose tissues
was investigated using the fatty acid binding protein
(aP2)-speci®c primers by an RT-PCR ampli®cation.

C-fos mRNA expression

Fetal isets were cultured for � 18 h in serum-free
RPMI 1640 medium. Islets (50 per tube) were trans-
ferred to Eppendorf tubes containing pre-warmed
serum-free RPMI and the tubes left in the incubator.
After 1 h, leptin (100 nM) or control buffer was added
to the tubes. Thirty minutes later the tubes were put on
ice, centrifuged in refrigerated centrifuge at 5000 rpm,
and the supernatant carefully removed. Fifty micro-
liters of RNase-free water containing RNase inhibitor
(330 U=ml, Amersham-Pharmacia, Sweden) were
added to each tube. The level of expresion of
mRNA of c-fos relative to that of endogenously
expressed a-tubulin mRNA in the islets was measured
by quantitative PCR assay.23 Optimal linear regions of
PCR ampli®cation of c-fos and a-tubulin mRNA were
obtained over 32 ± 40 cycles. Serial dilutions (1:1,
1:3, 1:9) of cDNA from control and leptin-treated
islets were used at ®xed number of PCR cycles (36
cycles) and the differences in mRNA levels then
calculated as described previously.23 The following
primer sequences were used: 5

0
-TGCAGCTCCCAC-

CAGTGTCTAC-3
0

(sense) and 5
0
-GGAGAATCC-

GAAGGGAATGGAA-3
0

(antisense) to amplify a
499 bp fragment of c-fos mRNA (GenBank
X06769). A set of commercially available primers
(Clontech) was used to amplify a 540 bp fragment of
a-tubulin mRNA.

Materials

Recombinant human leptin was from R&D Systems
Europe (UK). [Methyl-3H]-thymidine was from
Amersham (UK). The cell proliferation reagent kit
WST-1 was from Boehringer Mannheim (Mannheim,
Germany). FBS was from GIBCO BRL. Sources of
other reagents are indicated in the text.

Statistical analysis

Results of [3H]-thymidine incorporation, WST-1
assay and c-fos mRNA expression were tested for
statistical signi®cance by Student's unpaired t-test.

Results

Leptin stimulates fetal islet cell proliferation

The dose-response of leptin in stimulating cell pro-
liferation was established in b-cell-derived tumor cells
in our previous study and has not been repeated here
because of limited availability of fetal rat islets.16 We
used leptin at a concentration of 100 nM, which was
reported to be the maximally effective concentration
of leptin for stimulating cell proliferation.16 We ®rst
used a non-radioactive method for rapid measurement
of islet-cell proliferation. This assay utilizes tetrazo-
lium salt WST-1, which on cleavage by mitochondrial
dehydrogenases yields a water-soluble reaction pro-
duct. In this assay, an increase in the amount of

Figure 1 Fetal islet cell proliferation measured by WST-1 assay.
Islets (25 per well) obtained from rat fetuses were incubated
overnight in 24-well plates in the absence of FBS in RPMI-1640
medium conatining 11 mM glucose. Islets were then exposed to
leptin (100 nM) or FBS (10%) for 24 h. After a further 8 h incuba-
tion with WST-1, absorbance was measured at 450 and 690 nm
(reference). Values are expressed as percentages of that
obtained from control islets cultured in the absence of leptin
and FBS. Leptin increased islet cell proliferation by 10% (�2.8%;
n�5 experiments with islets from fetuses of ®ve rats; P�0.007).
Under similar conditions 10% FBS increased islet cell prolifera-
tion by 20% (�6.7%; n� 5; P�0.015).
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formazan dye formation indicates an increase in the
number of cells. In these experiments islets were pre-
incubated for � 18 h in serum-free RPMI-1640
medium containing 11 mM glucose prior to addition
of leptin (100 nM) or FBS (10%). Twenty-four hours
after addition of leptin or FBS, islet cell number was
estimated from the amount of formazan dye formed.
Both leptin and FBS increased formazan dye forma-
tion as compared to the untreated controls (Figure 1).
The effects of leptin and FBS on proliferation of fetal
islet cells obtained from different pregnant rats and
measured by WST-1 assay varied considerably.
Leptin increased fetal cells proliferation by 5 ± 20%

as compared to the untreated controls (mean
10� s.e.m. 2.8%, n� 5, P� 0.007). Under similar
conditions FBS increased the same by 5 ± 46% of
the controls (mean 20� s.e.m. 6.7%, n� 5,
P� 0.015). The effect of leptin on islet cell prolifera-
tion was on the average 50% of that achieved with
10% FBS.

In another set of experiments, we tested the effect
of leptin on islet cell proliferation by measuring [3H]-
thymidine incorporation, which is widely accepted as
an index of DNA synthesis. In these experiments we
used a protocol slightly different from that used in the
WST-1 assay. Islets were incubated in RPMI 1640

Figure 2 Stimulation of DNA synthesis in fetal islet cells by leptin. Islets (50 per well) were pre-incubated for 24 h in RPMI-1640
medium containing 0.5% FBS and 2.8 mM glucose. [3H]-thymidine incorporation into DNA was measured as described in the text. (A)
Thymidine incorporation stimulated by 100 nM leptin or 10% FBS. The ®gure is representative of three different experiments done with
fetal islets obtained from three pregnant rats. (B) Data are expressed as percentages of proliferation in the basal controls, ie in the
presence of 0.5% only. Values indicate [3H]-thymidine incorporation in the presence of 100 nM leptin and that in the presence of 10%
FBS. Results are mean� s.e.m. values of determinations from three independent experiments. Leptin increased islet cell proliferation
by 18% (� 5%; P� 0.02 vs control, n�3). FBS increased islet cell proliferation by 46% (�7%, P<0.001, n� 3). (C) Results are expressed
as -fold increase of proliferation where proliferation obtained in the presence of 0.5% FBS is normalized to 1. Data are mean� s.e.m.
(n� 3 experiments with islets obtained from fetuses of three pregnant rats).
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medium containing 2.8 mM glucose and 0.5% FBS for
24 h, after which leptin (100 nM) or FBS (10%) was
added for a further 24 h. Under these conditions, leptin
increased the rate of DNA synthesis, as indicated by
increased incorporation of [3H]-thymidine into DNA
(Figure 2A). When used at a concentration of 5 nM,
leptin induced a small increase in [3H]-thymidine
incorporation in three out of ®ve experiments, which
did not reach the level of statistical signi®cance (data
not shown). Signi®cant stimulation was observed with
100 nM leptin (P� 0.02, n� 3). The increase in
thymidine incorporation stimulated by 100 nM leptin
was 10 ± 27% (mean 18� 5%, n� 3) over that
obtained in controls, ie in the presence of 0.5%
serum only. In comparison, the increase in thymidine
incorporation stimulated by 10% FBS was 38 ± 49%
(mean 46� 7%, n� 3) over basal (Figure 2B). On the
average, the effect of leptin on cell proliferation was
� 39% of the maximal effect obtained with 10% FBS.
In these experiments, the increase in proliferation of
fetal islet cells induced by 100 nM leptin varied from
1.1 to 1.27-fold (1.18� 0.05, mean� s.e.m., n� 3), as
compared with proliferation in the absence of leptin
and FBS. Under similar conditions, the increase in
proliferation obtained by 10% FBS ranged from 1.38
to 1.49-fold (1.46� 0.04, n� 3; Figure 2C).

Leptin increases c-fos mRNA levels in fetal pancreatic

islets

We tested whether leptin could induce transcription of
the immediate early gene c-fos, a functional nuclear
response described before in adult islets and insuli-
noma cells.12,16 Figure 3 shows ratios of c-fos and
a-tubulin from optimized linear regions of PCR
condition, generated from equal volumes of cDNA.
Treatment by leptin for 30 min caused a 2.8� 0.35-
fold (P< 0.0018, n� 3) increase in c-fos mRNA
levels in fetal islet cells.

Leptin receptor mRNA in fetal islets

We used RT-PCR for detecting transcripts for the
extracellular part of the leptin receptor that is common

to all isoforms (OB-R), and the full-length OB-Rb in
fetal pancreatic islets. For detection of OB-Rb tran-
scripts, we ampli®ed two different fragments, both of
which were readily detectable in as few as ®ve islets.
The common OB-R transcripts were more abundant
and were detectable in as little as a single islet (Figure
4). Since previous studies suggested that serum can
confer leptin unresponsiveness in clonal b-cells,16 we
examined whether factors like FBS (0.5% vs 10%, for
48 h) or glucose (2.8 vs 11 mM, for 48 h) might alter
OB-R and OB-Rb transcript levels. We used multiplex
PCR assay to measure the levels of OB-R mRNA
relative to b-actin mRNA and OB-Rb mRNA relative
to OB-R mRNA. In this method, the number of
primer ± template matches formed can modify the
ef®ciency between different PCR ampli®cations.22

We found that the leptin receptor transcript levels

Figure 4 RT-PCR detection of the common extracellular part of leptin receptor OB-R (348 bp) and the full-length leptin receptor OB-Rb
in fetal rat islets. Two different sets of primers were used to detect the OB-Rb isoform, OB-Rb (fragment-1, 332 bp) and OB-Rb
(fragment-2; 399 bp) as described in the research design and methods. Different volumes of cDNA representing RNA obtained from
between 1

2
and 15 islets were used.

Figure 3 Leptin increases c-fos mRNA level in fetal islets. The
®gure shows c-fos and a-tubulin mRNA ampli®ed by PCR from
fetal islets treated with leptin. Serial dilutions of cDNA samples
(1 :1, 1 :3, 1 :9) were used at a ®xed number of PCR cycles (36
cycles) to obtain linear regions of PCR ampli®cation. Results
from two groups of islets are shown in upper panel of the ®gure
and quantitation of three independent experiments is shown in
the bottom panel. Results are expressed as mean� s.e.m. of -
fold increase in c-fos mRNA. *P<0.0018 vs 0 leptin.
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were not affected by varying the concentration of
glucose or FBS (Figure 5).

Discussion

Islets obtained from rat fetuses are used as a convenient
model for examining effects of cytokines and growth-
factors on proliferation of pancreatic b-cells.18,19 Leptin
stimulated proliferation of isolated serum-deprived fetal
rat islet cells. The magnitude of this stimulation was
39 ± 50% of the maximal effect obtained with 10% FBS.
Since assays for quanti®cation of cell proliferation have
potential pitfalls, we used two independent methods, ie
[3H]-thymidine incorporation and tetrazolium
assays.20,24 An increase in proliferation of fetal islet
cells was observed in all experiments by these two
independent methods. The difference in the magnitudes
of stimulation observed in WST-1 assay and [3H]-
thymidine incorporation was probably due to slightly
different conditions used in the two sets of experiments.
Since b-cells constitute 90 ± 95% of the cells in these

islets,19 it is likely that islet cell proliferation observed in
our study re¯ects mainly proliferation of b-cells. Con-
sistent with stimulation of islet cell proliferation, leptin
also induced expression of the immediate-early gene c-
fos in fetal rat islets.

We found that fetal islet cells express high levels of
mRNA for OB-R, which is common to all splice
variants of leptin receptor. However, it is the full-
length receptor, OB-Rb that can mediate leptin signal-
ing. To detect whether these cells express mRNA for
OB-Rb, we ampli®ed two fragments of the receptor by
RT-PCR. The ampli®ed fragments were detected in
cDNA obtained from as little as ®ve islets suggesting
that this form of leptin receptor is expressed in fetal
islet cells. OB-Rb activates the JAK=STAT pathway
in many cells including insulinoma cells and adult
islet cells.25 Activation of this pathway is an important
mechanism of signalling for proliferation of b-cells
and is utilized by ligands like growth hormone and
prolactin.26,27 OB-Rb also mediates expression of the
immediate-early gene c-fos which is often used as a
criterion for functional leptin signaling.16,28,30 c-fos is
required for cell-cycle progression and is targeted by
activated STAT-3, which results in induction of the
protein.31,32 It is thus likely that leptin-induced
expression of c-fos in fetal islet cells is mediated by
OB-Rb through activation of STAT-3. Further clari-
®cation of the signaling mechanisms by which leptin
stimulates fetal islet cell proliferation is currently
underway in our laboratory. It could be argued that
leptin stimulated fetal islet cell proliferation by sti-
mulating some other cytokine receptors. However, the
presence of signaling-competent isoform OB-Rb in
fetal islets makes it likely that the leptin-effect was
mediated by activation of its native receptor. Further-
more, in islets of adult db=db mice which do not
express functional leptin receptors, we did not ®nd
any evidence that leptin can activate other cytokine
receptors.12 Previous studies demonstrated that the
level of expression of leptin receptors can be altered
by various factors including growth hormone and
glucocorticoids.28,29 We examined the effects of glu-
cose and FBS and found that they did not cause
detectable alteration in the level of expression of
leptin receptor mRNA in fetal islet cells.

In summary, we have demonstrated that fetal islet
cells express intact leptin receptors (OB-Rb) and that
leptin stimulates proliferation of these cells. The cell
types that express leptin receptors and proliferate in
response to leptin are predominantly the b-cells, since
they constitute over 90% of cells in these islets.19 b-
Cell proliferation stimulated by leptin in these in vitro
experiments and under minimal conditions was 39 ±
50% of maximal. In vivo, leptin may stimulate pro-
liferation of b-cells by acting synergistically with
other growth factors. Mice lacking leptin receptors
(db=db) may have fewer b-cells and atrophic islets
depending on the background on which db gene is
expressed.33 ± 35 However, many factors determine
islet cell proliferation in the complex in vivo

Figure 5 The effect of glucose and fetal bovine serum on leptin
receptor mRNA level; multiple PCR analysis of the mRNA levels
of OB-R common extracellular parts and the full-length OB-Rb
isoform in rat fetal islets incubated for 2 days in medium
containing different concentrations of glucose (2.8 or 11 mM)
and FBS (0.5% or 10%). (A) Representative gels showing co-
ampli®cation of the b-actin (534 bp) and OB-R common (348 bp)
in upper panel, and OB-R common and OB-Rb (fragment-1;
332 bp) in lower panel. (B) Results from the experiment in (A)
were reproduced in three separate experiments, quantitated and
expressed as mean� s.e.m.
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environment. Despite lacking leptin receptors, db=db
islets can often be large due to factors like hypergly-
cemia and hyperinsulinemia, which stimulate b-cell
proliferation. Islet cell mass increases mainly during
embryonic and fetal life. Hormones secreted from
placenta, for example growth hormone, insulin-like
growth factor 1 and prolactin, exert trophic effects on
fetal islet cells.36 Leptin is present in the fetal circula-
tion where it is partly derived from the placenta.37 ± 39

Our study suggests that leptin may play a role in
determining islet cell mass at birth. Stimulation of b-
cell proliferation by leptin may also have relevance in
adults, since it is known that obese animals and
human often have large islets.40 ± 42
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