Human Reproduction Update 1999, Vol. 5, No. 1 pp. 52-63 © European Society of Human Reproduction and Embryology

Leptin in human reproduction
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The recent discovery of the obes®lf) gene has provided new insight into the mechanism which controls body fat mass.
Leptin, a product of the ob gene, serves as the link between fat and the brain. This protein, by acting at the level of the
hypothalamus, decreases food intake and increases energy expenditure. Animals that lack lepti’db mice) develop
profound obesity and become infertile. Treatment of these animals with leptin reduces food intake and restores normal
fertility. Although leptin is important for the control of fat stores in certain species, the role of this substance in the
development of human obesity remains obscure. However, it has been speculated that, in humans, obesity is related to
leptin resistance. The relationship between fat and reproduction has been recognized for >20 years. This article discusses
the relationship between leptin and human reproduction. In particular, recent knowledge about the possible role of leptin

in various conditions such as puberty, polycystic ovary syndrome and pregnancy is reviewed. Also, the article discusses
the possible role of leptin in ovarian function and the relationship of this protein with gonadal steroids. It is expected that
future research will clarify the physiological importance of leptin in human reproductive function.
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Introduction Actions of leptin

Leptin is a 16 kDa protein that is secreted almost exclusivelphe main action of leptin is to decrease appetite and increase
by the adipocytes. The gene that produces leptin is called thrergy expenditure. This effect is exerted on the hypothala-
obese @b) gene and has been recently isolated by positioningus, but the mechanism is not fully understood. It seems
cloning (Zhanget al, 1994). The word leptin is derived from likely that leptin reduces the production of neuropeptide Y
the Greek word ‘leptos’ that means thin. It is widely accepte(NPY) from the arcuate nucleus of the hypothalamus (Leibo-
that leptin, by reducing food intake and increasing thermogevitz, 1994). This peptide under normal conditions increases
nesis, controls body fat tissue and hence body weight. Mutod intake in animals, and after chronic administration pro-
tions of theobgene that result in massive obesity and diabetekices obesity (Stanleyf al, 1986). In addition, intracerebro-
have been described in rodents (Bray and York, 1997, reentricular infusions of NPY in rats increase the expression of
view). Leptin acts by binding to a specific receptor which wakeptin mRNA in adipose tissue and can result in obesity
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(Rohner-Jeanrenaud, 1995). Furthermore, the concentratidoager starvation, leptin values are markedly reduced (Maffei
of NPY in the hypothalamus afb/ob mice are high and et al, 1995; Kolaczynsket al, 1996). It is possible that if
decrease after treatment with leptin (Halaasal, 1995; leptin is the link between peripheral fat and the brain, it acts as
Peyllemounteet al, 1995; Stepheret al, 1995). Therefore, a starvation signal rather than as a signal of increased body fat
NPY could mediate the reducing effect of leptin on food in{Ahima et al, 1996).

take in these animals. The fact, however, thatin mice deficient Apart from food, leptin secretion can be also affected by
in NPY food intake is normal, but decreases after the adminigarious hormonal factors. Although an inverse relationship

tration of leptin, contradicts this assumption (Ericksbal,  petween the activity of the hypothalamic—pituitary—adrenal
1996). Other mechanisms, mediating the actions of leptin Qfkis and leptin concentrations has been reported (Korkainits
food intake, may involve the products of pro-opiomelanocorg|,, 1997; Licinioet al, 1997), results regarding the effects of
tin gene (Cheungt al, 1997a; Thorntoet al, 1997). Apart  exogenous glucocorticoids on the secretion of leptin are con-
from the effects on the hypothalamus, leptin may also ex&ficting, with most studies demonstrating a stimulatory effect
effects on other sites, as leptin receptor variants have be@%rsson and Ahren, 1996; Dagogo-Jatkal, 1997; Pa-
identified in various peripheral t?ssues incI_uding the hepatiﬁaspyrou—Ra@t al, 1997; Tataranmit al, 1997). Insulin is
cells. When these cells are exposedtro to high concentra-  »noiher substance that stimulates the secretion of leptin in
tions of leptin, several insulin-induced activities are attenus ,mans bothn vitro (Wabitschet al, 1996) andn vivo

ated (Coheet al, 1996). Furthermore, leptin is able to inhibit |, /o tha in-vivo effect is not evident when short-term
insulin binding in isolated rat adipocytes and this suggests ﬂ\ﬁgulin im:usion, i.e. for <6 h, is applied (Kolaczynskial,

leptin may play a role in obesity-related insulin resistancEg%_ Claphanet al, 1997). In contrast, induction of long-

(Walderet al, 1997). . : S . : .
term hyperinsulinaemia in humans stimulates leptin secretion
from isolated abdominal adipocytes and increases the con-
centrations of leptin in the circulation (Kolaczyngiial,

Control of leptin production 1996).

) ) ) _ In-vitro data have shown that leptin secretion can be re-

The mechanism which controls the secretion of leptin frorg,ced after an increase in intracellular cAMP (Slieskteat,

the adipocytes is not clear. In humans, leptin is secreted jlygg) and this possibly mediates the reducing effect of iso-

frequent pulses with an average of about 32 pulses in & 24sfterenol administration on leptin secretion in humans
period (Licinioet al, 1997). Significant negative correlatlons(Donahooet al, 1997). Somatostatin also reduces leptin

between rapid leptin fluctuations and those of adrenocorticg—ecre,[ion in humaris vivo, probably via a direct effect on

trophin (ACTH) a_nd_ cortisol have been found, and th'%dipocytes (Donahoet al, 1997), while the effect of growth
suggests that leptin in the central nervous system may SYR5rmone (GH) on leptin secretion has not been clarified.

press the activity of the hypothalamic-pituitary—adrenal aX'RlevertheIess, GH deficiency in adults with hypopituitarism is

(Licinio et al, 1997). A diurnal pattern of leptin secretion has . . . .
. : . ao%companled by increased concentrations of leptin, but the
been observed recently in humans, with a nocturnal rise th

resembles that of prolactin and thyroid-stimulating hormongggig g}f cl)gc(:erseig/]E(zztl-ghgtjeri:aetratlhig;g?t Ai)s(gei(;[endo:rrrcw)g the

(Sinhaet al, 1996). The reason for the nocturnal increase o biect i lation betw lenti dGH
leptin is not clear, but it may represent a delayed response% JECIS a negalive correlation between feptin an secre-

the last meal of the day and may be important for the su on has_ been found, an_d th_e possibility that Ie_ptin may pro-
pression of appetite during sleeping (Siehal, 1996). ide a link petween adiposity and GH secretion cannot be
The secretion of leptin can be affected by various factorXcluded (Gillet al, 1997). Recent data have shown that not

including food intake. In rats, fasting decreased the expressi8RlY the increased fat mass, but also the decreased lean mass
of MRNA of leptin, while food intake restored it within 4 h to CONtributes to the increase in serum leptin values in normal
concentrations comparable to those of fed controls and in?d GH-deficientindividuals (Giét al, 1997). Itis possible,
way similar to that of insulin administration (Salaeinal, therefore, that leptin mediates the reducing effect of body
1995). The latter may suggest that in these animals the effé@mposition on GH secretion in elderly subjects (&ilél,

of food intake orb gene expression is exerted through insul997). Finally, interleukin-1, given to women and men suffer-
lin. In normal or obese human subjects, food intake did nd#g from cancer, induces a temporal increase in leptin con-
result in any acute changes in serum leptin concentratioggntrations (Janikt al, 1997). A relationship between leptin
during the first 3 h of the experimental period (Korbogits concentrations and insulin as well as between leptin and the
al., 1997). On the other hand, fasting decreased leptin cogeluble form R55 of the receptor of tumour necrosis faetor-
centrations only in the last 4 h of a 20 h fasting period (KorbdTNFa) has been found in normal subjects and in patients
nitset al, 1997). These delayed responses of leptin values wjth non-insulin-dependent diabetes mellitus, suggesting that
changes in food intake indicate that a feedback-type relatiothe TNFx system may play a role in the control of leptin
ship between the two parameters is rather obscure. Wislecretion in humans (Mantzoresal, 1997a).
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Obesity 200 ~

Mutations of theob gene ¢b/ob) in mice that lead to leptin
deficiency result in hyperphagia and profound obesity as well 150 =
as in diabetes, insulin resistance and infertility (Hatdad,
1995; Pelleymountest al, 1995; Chehabt al, 1996). Treat-
ment with leptin reduces food intake and body weight and
restores fertility in both male and femal&ob animals (Ha-
laaset al, 1995; Pelleymountest al, 1995; Mounzitet al,
1997). Another form of recessively inherited obesity and dia- 50 -
betes @k/db) that occurs in mice (Coleman, 1978) is char-
acterized by abnormalities in leptin receptor, related to an

100

Leptin {ug/)

abnormal splice variant, that result in a defect in intracellular ok ] , 1 [ ‘ !
. . . . 1

signal transduction (Leet al, 1996). This makedtydb mice 15 20 25 30 35 40 a5

unresponsive to exogenous administration of leptin, indica- BMI (kg/m?)

tive of leptin resistance (Stepheatal, 1995; Leeet al,
1996). In contrast tdb/db mice, the fatty ratfd/fa) carry a
mutation in the extracellular domain of the receptor, but theyigure 1.Relationship between leptin concentration and body mass
respond to exogenous leptin given intracerebroventricularlyndex (BMI) in normally cycling non-pregnant women. The shaded
(Cusinet al, 1996). Apart from mutations in leptin receptor, ré2 denotes the 95% confidence interval about the linear regression
hyperleptinaemia and leptin resistance can be related to dj> ~140-5 + 7.8 1=0.982 < 0.001). Adapted from Harda al.

- . . . .. (1997) with the permission of Blackwell Science Ltd.
fects distal from the leptin receptor, possibly associated wit
the transport of leptin into the central nervous system, as
seems to be the case in the New Zealand obese mouse (Igel

et al, 1997). . . . . .
. . Although in obese subjects leptin concentrations in serum
In humans, measurement of leptin in serum can be easg¥

. e . e much higher than in lean counterparts, in cerebrospinal
done_ with the use OT specific IMMUNOAassays, gnd t.hls h.ﬁaid they are only slightly higher (Caret al, 1996). It is
pravided an apportunity to study leptin concenirations in Varsossible that a defect in the transport mechanism of leptin into

ous conditions. It has been shown that serum leptin valug.?e cerebrospinal fluid may exist in some cases of human

correlate significantly with bod_y mass index (BMI) (Figu.re. 1)obesity, thus providing a mechanism for leptin resistance
and percentage body fat both in women and men (Con&itling -4 et al, 1996; Schwartet al, 1996b). Alternatively, lep-

al., 1996; Hardieet al, 1997; Shimizvet al, 1997). The 4, registance in obesity may be related to the abnormal
correlation between serum leptin concentrations and BMI {$,ythmicity of plasma leptin, with suppressed diurnal ampli-
also significant in pat|e_n_ts W|th anorexia nervosa, buhmwmde& which has been reported in obese as compared to lean
nervosa and non-specific eating disorders (Fembrl, g piects (Saaet al, 1998). Furthermore, gender may influ-
1997). In these cases, changes in leptin values only reflegt e the ‘leptin—obesity axis’, since serum leptin concentra-
body weight and cannot provide a specific index for the progions have been found to be higher in women than in men
nosis of the disease (Ferrenal, 1997). In general, signifi- (Havelet al, 1996; Rosenbaut al, 1996; Shimiziet al,
cantly higher serum leptin concentrations have been found 1997). Also, in cases with progressive obesity, leptin con-
obese subjects than in lean controls (Setre, 1996). Loss  centrations increased three times more rapidly in women than
of weight in obese subjects for 8—12 weeks results in a signifiy men (Kennedet al, 1997), while relative diurnal ampli-
cant reduction both of leptin concentrations and the expresgmes of plasma leptin were higher in men than in women
ion of ob mMRNA content of adipocytes, but leptin values(Saadet al, 1998). Testosterone may be responsible for the
increase again during the period of maintenance of the lowRjiver concentrations of leptin in men (Bekteal, 1997), but
weight (Maffeiet al, 1995; Considinet al, 1996). A de- the higher values in women may be also the result of a kind of
crease in body weight of only 10% can result in ~53% redugeptin resistance (Saad al, 1997).

tion in serum leptin concentrations, suggesting that, apart Despite the fact that leptin values are higher in obese than in
from fat, other factors, such as caloric intake and energy ekan subjects and that a relationship between leptin and adi-
penditure, may regulate the secretion of leptin (Consieline pose tissue mass has been demonstrated in several studies, th:
al., 1996). However, changes in leptin values for a longa#xtend to which leptin regulates body weight through a feed-
period, i.e. for ~40 weeks, are more strongly related tback mechanism has not been clarified. Such a role for leptin
changes in body weight and fat mass than to caloric intak®uld have practical implications in terms of treatment with
(Waddenet al, 1998). recombinant leptin to maintain weight loss after dieting, pro-
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vided that severe leptin resistance does not exist. In animals, 50
mutations of the leptin gene or of the cytoplasmic domain of
the leptin receptor result in obesity, but in humans obesity has
not been linked to mutations of the leptin gene (Considine
et al, 1995), although a mutation involving the deletion of a
single nucleotide of the gene for leptin was recently found in
two severely obese children with very low serum leptin con-
centrations (Montaguet al, 1997). Nonetheless, leptin resis-
tance may be a characteristic of human obesity. It is evident
that further studies are required to clarify the role of leptin in
human obesity and the potential use of this substance for
therapeutic purposes.
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Controls PCO Treated
Polycystic ovary syndrome (PCOS) is one of the most com- PCO
mon abnormalities in premenopausal women, and is char- (Trog)
acterized by menstrual irregularities, chronic anovulation,
hirsutism and increased luteinizing hormone (LH) and/or an-
drogen secretion (Franks, 1989). Insulin resistance and hypérigure 2. Leptin concentrations in normally cycling women (con-
insulinaemia are frequently found in women with PCOS, androls) and in women with polycystic ovary (PCO) syndrome before
some of them are obese. and after treatment with troglitazone (200 mg or 400 mg for 3
. . . onths). Adapted from Mantzoresal.(1997) with the permission
Evidence has been provided since the early 1970s that f The Endocrine Society.
mass may directly affect ovulation and fertility (Frisch, 1990).
It has been known for years that the adipose tissue is an extra-
gonadal source of oestrogen and that metabolism of these serum leptin values higher than controls, while a positive
roids is affected by fatness. In particular, lean women producerrelation was found between leptin concentrations and insu-
more 2-hydroxylated forms of oestrogen, while obese womedim sensitivity (Brzechffaet al, 1996). Since insulin is known
produce relatively more 16-hydroxylated forms (Schnegtler to increase leptin mMRNA in adipocytes (Salagtial, 1995),
al., 1983; Snovet al, 1989). Also in obese women, free serumit is possible that insulin may stimulate the secretion of leptin
oestradiol is elevated due to decreased capacity for oestrogeatal, therefore, leptin may participate in certain cases of PCOS
bind to sex hormone-binding globulin (SHBG) (Siiteri, 1981)(Brzechffaet al, 1996).
It is well known that in weight-related amenorrhoea there is a Subsequent studies, however, have not confirmed these
disturbance in the secretion of gonadotrophins. In particulasiata. In these studies, serum leptin concentrations did not
anorectic women demonstrate a decreased response of LHiffer significantly between women with PCOS and normal
gonadotrophin-releasing hormone (GnRH) and, as in prepubentrols (Figure 2) (Laughliet al, 1997; Mantzorogt al,
ertal women, follicle stimulating hormone (FSH) response i4997b; Rourtet al, 1997). In addition, conflicting data exist
greater than that of LH (Nillius and Wide, 1977). Howeverconcerning the relationships between leptin and insulin in
when weight is rapidly gained, LH responsiveness returns prarvomen with PCOS. Most of the studies, including ours (Kras-
gressively to normal (Nillius and Wide, 1977). Furthermore, aaset al, 1998), have shown that BMI is the most important
critical body weight is required for an individual girl at me-variable responsible for all the correlations seen between lep-
narche (Frisch, 1990). All of these observations, together witin and other parameters in women with PCOS (Chaprhan
the recent isolation of leptin, support the hypothesis that leptad., 1997; Mantzorost al, 1997b; Rourwet al, 1997). One
is probably the missing link between body fat and reproductiozennot exclude, however, the possibility that some variables,
(Conway and Jacobs, 1997, review). such as insulin, may affect leptin concentrations independent-
Some women with PCOS are obese. With the possible ity of BMI.
volvement of leptin in the development of human obesity, as Existing data regarding the influence of various hormonal
in animals, several investigators have attempted to examiparameters on leptin secretion in women with PCOS are not
the role of this protein in the pathophysiology of PCOS. Theonsistent. For instance, although in one study a significant
first study, in which serum leptin concentrations wergositive correlation was found between serum leptin and free
measured in women with PCOS, was published in 199@stosterone concentrations (Roatwal, 1997), this was not
(Brzechffaet al, 1996). In that study, 29% of the women withfound in other studies (Brzech#al, 1996; Chapmaet al,
PCOS had serum leptin values above the 99% prediction ih997; Mantzoro®t al, 1997b). Also, no significant correla-
terval for their BMI. Those women with insulin resistance hadions were found between leptin and other parameters, such as

Polycystic ovary syndrome
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SHBG, androgens or oestradiol in the majority of the studieshether leptin could play a physiological role during the nor-
(Chapmaret al, 1997; Mantzorost al, 1997b; Rouretal, = mal menstrual cycle. The fact that serum leptin values are
1997). However, significant positive correlations betweeibwer in men than in women and lower in postmenopausal
leptin values and the ratios of oestradiol/SHBG, oestrongtan in premenopausal women indicates that leptin produc-
SHBG and testosterone/SHBG have been reported in womgiin may be affected by gonadal steroids (Rosenbetuath
with PCOS (Laughliret al, 1997). Regarding the concentra-1996; Shimiztet al, 1997). It is possible that gender differ-
tions of gonadotrophins, the results are also conflicting. Aances are related to testosterone, which in men shows an in-
inverse relationship between leptin and 24_1-h mean LH CORerse relationship with leptin values (Beleeal, 1997).
centrations and 24-h mean LH pulse amplitude was found fowever, the possibility that oestrogen may also participate is
one study (Laughliet al, 1997), while another study showed ot excluded.
no significant correlations (Rouet al, 1997). _ A recent study measured leptin concentrations in blood
The fact that leptin concentrations are normal in a larggamples taken every 3 days during the follicular and the luteal
proportion of women with PCOS does not exclude the posgjnases of the normal menstrual cycle and every day from
b||_|ty that this protein is involved in the pathophysmlo_gy of cyele days 11-17 (Hardigt al, 1997). No clear pattern of
this syndrome. Nevertheless, several questions are raised. fil,qe4'in leptin values was found; however, when the values
tholugh Igptm values d?] noégf;er ?'Qn'f'ca”tLy betwgflcgn\'/vere grouped according to the functional stage of the cycle, it
trols an_t_ women f\let ¢ |P i’ 1S tnc;'t novc\;n tlh Otﬁ/ was found that leptin concentrations increased significantly
;:]om dpciSI It(? ncan a ?C d 1eptin ?ontglen ra |ons(.j thf‘ r? OI d fom the follicular to the preovulatory stage, reaching peak
and, leplin IS secreled in a puisatiie way, and this Snould &, ¢ during the luteal phase. At that stage, leptin concentra-
taken into account for comparison purposes. Furthermore, |tt|s o . . )
. : . .tions were significantly higher than in the follicular phase
not known if the normal pattern of pulsatile secretion of lepti . . "
. . ) . . Hardieet al, 1997). During the transition from the luteal to
is altered in PCOS. Finally, it may be possible to approach t te

question of the role of leptin in PCOS by ways other than tHoe follicular phase, serum leptin concentrations declined to
simple measurement of circulating leptin values values similar to those in the follicular phase. In that study

Leptin may act not only on the hypothalamus, but also Of—(ardie et al, 1997), significant positive correlations were

other tissues, such as at the level of the ovary. A possible dirddn"d between leptin and progesterone concentrations, par-

intra-ovarian effect of leptin was recently noted in a study ificularty during the luteal phase. That leptin values are higher
rats in which the synergistic action of insulin-like groWthdurlng_the luteal than the folllcular.phase of the cycle was also
factor (IGF)-1 and FSH on oestradiol production by granulod@und in another recent study (Shimetal, 1997) in which,
cells in culture was attenuated by the addition of |epti|lilowever, no further measurements of leptin during the rest of
(Zachow and Magoffin, 1997). Also, leptin inhibited the cycle were reported.
insulin-induced oestradiol and progesterone production by The reason for the higher values of leptin during the luteal
bovine granulosa cells (Spicer and Francisco, 1997). Howhan the follicular phase of the normal menstrual cycle is not
ever, itis not known whether leptin can exert similar effects inown. It is possible that progesterone stimulates the secre-
human ovary and particularly in women with PCOS, althoughon of leptin from the adipocytes which have already been
it was recently shown that leptin inhibited LH-stimulated oesprimed by oestradiol (Hard&t al, 1997). This assumption is
tradiol production by human granulosa cells in culture (Karlssupported by our recent study in normally cycling women
son et al, 1997). Furthermore, recent studies havavho were investigated during a spontaneous menstrual cycle
demonstrated the presence of leptin receptors in humand a cycle superovulated with purified FSH (Messhi,
granulosa cells and, therefore, a direct action of leptin at t4998). In that study, leptin was measured in blood samples
ovarian level is possible (Cioffit al, 1997). It is evident that taken every day during the follicular phase and in a single
further studies are required to clarify the effects of leptin in thielood sample in the luteal phase (Figure 3). During the natural
ovary and its possible physiological role, as well as the role afienstrual cycle, leptin values showed great variations. How-
this protein in the pathophysiology of PCOS. ever, leptin concentrations declined gradually but significant-
ly from the early to midfollicular phase and then increased
gradually up to midcycle to values similar to those in the early
Human menstrual cycle follicular phase (Messinist al, 1998). The declining pattern
of leptin during the first half of the follicular phase is difficult
to explain. Although a negative correlation between leptin and
The importance of leptin for normal fertility has been demonserum oestradiol values was found at that stage, oestradiol
strated irob/ob mice lacking leptin. In these animals, admin-may exert a stimulating rather than a suppressing effect on
istration of leptin induces an increase both in LHleptin production (Shimizet al, 1997). In the same study
concentrations and in ovarian and uterine weights (Baraghlessiniset al, 1998), a significant positive correlation was
etal, 1996). A question, however, has been raised as tound between serum leptin and oestradiol values during the

Natural cycle
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167 L - to midfollicular phase (Figure 3) and a significant positive
141 * correlation between leptin and oestradiol concentrations were
z 121 found. In these cycles, leptin values from the midfollicular
g 10r phase to midcycle did not increase further despite the continu-
£ 8r ing rise in oestradiol values (Messirgs al, 1998). This
§ 6 suggests that serum concentrations of leptin do not reflect the
4 degree of ovarian hyperstimulation induced by FSH. In the
(2) L luteal phase of the FSH-treated cycles, serum leptin values
were also significantly higher than in the follicular phase, but
161 similar to those in the spontaneous control cycles (Messinis
14r al., 1998).
121 Itis somewhat possible from these results to infer that either
s or oestradiol stimulates the production of leptin from the adipo-
z : cytes or that leptin is produced by the ovary. The former is
b al supported by findings in rats demonstrating that ovariectomy
2L leads to a significant reduction both in the expression okthe
ol gene in the white adipose tissue and in serum leptin concentra-
tions, but these effects can be prevented if the animals are
eT pretreated with oestradiol (Shimigtal, 1997). On the other
hand, 1B-oestradiol directly stimulatesh mRNA after 10 h
at of in-vitro incubation (Murakamet al, 1995). Also, in nor-
> mal women, synchronous ultradian fluctuations in leptin and
z oestradiol concentrations have been found during the follicu-
21 axn mnn lar phase (Licinicet al, 1998). The possibility that leptin is
; oy produced by the ovary in women is supported by recent data
o——t—t—— demonstrating that leptin mRNA is expressed by granulosa
6000 - and cumulus cells (Antczael al, 1997; Cioffiet al, 1997),
- although this has not been confirmed by others (Karlsson
g seeor al., 1997). Despite these conflicting results, our preliminary
g 4000 - data (unpublished) demonstrate a significant reduction in
S 3000} serum leptin concentrations in normal women following bilat-
7 eral ovariectomy.
8 2000
1000
Physiological role of leptin

2 3 4 5 6 7 8 9 10
Cycle days Given these results, the question arises as to whether leptin
plays a physiological role during the normal menstrual cycle.
Figure 3.Serum leptin, follicle stimulating hormone (FSH), luteiniz- The fact that leptin receptors have been detected in human
ing hormone (LH) and oestradiol (E2) values (m¢zBEM) during  ovary (Karlssoret al, 1997) indicates that leptin may act
the follicular phase of (O) spontaneous and (I) FSH-treated cycles igjthin the ovary to affect steroidogenesis. In cattle, leptin is
nine normally ovulating womenPx 0.05, **P <0.01, *™*P<0.001  apq 44 attenuate insulin-induced steroidogenesis from granu-
ggggared with the spontaneous cycles). Adapted from Messilis losa cellsn vitro, without affecting proliferation of the cells
' (Spicer and Francisco, 1997). The same is true for insulin-
stimulated progesterone and androstenedione production by
late follicular phase, indicating that oestradiol may stimulat8°Vine thecal cells, aithough leptin increases insulin-induced
the production of leptin from the adipocytes. prohfera’qon of these cells (Sp|c¢r 'and Franmsco, 1998). In
rats, leptin attenuates the synergistic action of FSH and IGF-1
on the production of oestradiol from granulosa cells in culture
(Zachow and Magoffin, 1997). If, therefore, leptin is pro-
In cycles in which women were treated with purified FSHduced by the ovary, it may act as a paracrine factor in the
multiple follicles were developed and the decline in leptirovary. Alternatively, leptin produced by the adipocytes may
values that occurred during the early follicular phase of thiee transferred to exert endocrine effects within the ovary. In
spontaneous cycles was not seen (Messirgd, 1998). On  any case, leptin may play a role in ovarian physiology, and this
the contrary, a gradual increase in leptin values from the easdfould be further elucidated.

Cycles superovulated with FSH
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Leptin has also been detected in follicular fluid of womerdemonstrated that female animals injected with leptin showed
undergoing in-vitro fertilization treatment for infertility, and an earlier onset of the classic pubertal signs compared with
the values were similar to those in serum (Karlssbal, controls (Ahimaet al, 1997). That study suggested that leptin
1997). Although no association between leptin values in thie the signal which transmits the information to the brain that
follicular fluid and embryo development has been found, inthere is adequate fat in stores to cover the energy requirements
creasing concentrations in serum following ovulation havef reproduction. Leptin, therefore, may participate in the tim-
been associated with implantation potential (Cieffial, ing of puberty. Another recent study in female rats showed
1997). Nevertheless, in-vitro experiments have recentlhat leptin is able to reverse the delayed onset of puberty in
shown a variable distribution of leptin along the surface ofnimals receiving less than normal quantities of food (Cheung
mouse and human embryos, with the inner cells in blastonet al, 1997b). This suggested that leptin is not the signal that
eres found to contain little if any leptin as compared with theriggers the onset of puberty, but rather it plays a permissive
outer cell mass, suggesting thus that leptin may have a criticale, acting as a metabolic gate for puberty to progress
role in early development of mammalian embryos before imCheunggt al, 1997b). The latter results are in agreement with
plantation (Antczak and Van Blerkom, 1997). recent data in male monkeys demonstrating that leptin values

In-vitro data have shown the ability of leptin to stimulatedid not change before the onset of puberty, i.e. before the
the secretion of GnRH from hypothalamic explants and thigcrease in serum testosterone values, an indicator of puberty
release of LH and FSH from the anterior pituitary, effectsnitiation (Plant and Durrant, 1997).
which are mediated by nitric oxide (™t al, 1997a,b). Dur- In humans, there are only a few studies which have ad-
ing the follicular phase of the natural cycle, no clear relatiordressed this issue. In one of them (Claytbal, 1997), leptin
ship between basal leptin and gonadotrophin concentratiopsncentrations were found to be similar in boys and girls
has been found (Messirgs al, 1998). Despite these limita- before the onset of puberty and to increase significantly at
tions, the possibility that leptin may play a physiological rolgtage 2 of puberty. Then, in boys leptin concentrations de-
in gonadotrophin secretion cannot be excluded, since sygtined to a nadir in late puberty, while in girls leptin values,
chronous pulses of leptin and LH have been found at nightter remaining stable in mid puberty, increased significantly
during the mid- to late follicular phase of the cycle in healthyuring late puberty. At all stages, leptin concentrations corre-
women (Licinioet al, 1998). lated significantly with BMI, expressed as standard deviation

Arecent study has investigated the importance of low leptiscore. Although these results do not support the notion that
concentrations, a condition called hypoleptinaemia, ifeptin acts as a signal for the onset of puberty, they demon-
women athletes (Laughlin and Yen, 1997). A normal patterirate that leptin may facilitate human pubertal development.
of diurnal secretion of leptin was found in the control womenanother study (Mantzoraet al, 1997c¢) investigated changes
while in the athletes who had amenorrhoea the nocturngy |eptin values in eight boys during puberty. The study started
secretion of leptin was abolished. The reason for this is N@then puberty was in stage 1 or early stage 2 and the boys were
clear; however, the significant correlation of leptin changefpllowed for 2.5-5.1 years. Serum leptin values increased by
with hypoinsulinaemia and hypercortisolaemia indicates 809, before the initiation of puberty, i.e. before testosterone
link between fat, nutritional status and integrity of the reprostarted to increase, while after the onset of puberty leptin
ductive function in women (Laughlin and Yen, 1997). Alter~/ajues decreased to prepubertal levels. The authors of that
natively, an increase in corticotrophin-releasing hormongtudy (Mantzorost al, 1997¢) concluded that in boys as in
(CRH) in the central nervous system of athletes could, byjce, leptin acts as a signal for the onset of puberty. Although
stimulating central adrenergic activity and spe@8cadren-  these data are interesting, the number of boys investigated was
ergic receptors in adipocytes, inhibit leptin gene expressiainall and therefore further studies are required.
and secretion (Gettyst al, 1996; Mantzoro®t al, 1996; In females, a recent study investigated the relationship be-
Sliekeret al, 1996). In contrast to athletes, leptin concentragyeen fat mass and the age at menarche by measuring change:
tions and the diurnal pattern in women with functional hypogp, leptin concentrations during puberty (Matkowt al,
thalamic amenorrhoea were similar to those in normajgg7). The study included 343 prepubertal girls who were
controls (Laughliret al, 1998). followed over a period of 4 years. It was found that rising
leptin values during puberty were associated with a decline of
the age at menarche up to a leptin value of 12 ng/ml. In par-
ticular, an increase in serum leptin value by 1 ng/ml decreased
It has already been mentioned that a critical body weight the age at menarche by 1 month. Also, an increase in body fat
required for menarche to occur (Frisch, 1990). On the othby 1 kg lowered the time of menarche by 13 days. These
hand, leptin is a candidate for the missing link between faiesults suggest that there is a critical concentration of leptin
tissue and the brain and, therefore, a possible role for thisat acts as a threshold for the timing of menarche. Although
protein in the onset of puberty has been examined. So far, détase studies confirm that fat is an important contributor to
are conflicting both in animals and humans. A study in micaormal reproductive function, it still remains to investigate

Puberty
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further whether leptin plays a primary role in the onset of
puberty in humans or whether it has only a permissive role,
like other metabolic factors.

200
150 -

100 -
Pregnancy

Leptin (pg/l)

During pregnancy, various metabolic changes resulting in in- 50 -
creased body weight and fat mass as well as changes in the
secretion of various hormones take place. Therefore, preg-
nancy can be considered to be a state of relative obesity where
leptin might play a role. Several studies have measured leptin )
values during pregnancy. In one of them (Bettal, 1997),
serum leptin was measured in 65 women at 36 weeks of preg-
nancy as well as 3 and 6 months after delivery. Leptin con-
centrations per unit fat mass were significantly higher at 36
weeks than at 3 and 6 months postpartum and the values were
higher in women who gained more weight during pregnancy.
Significant positive correlations were found between leptin
and the following parameters: body weight, BMI, fat mass,

percentage fat mass and fasting insulin. After delivery, 100 a
changes in leptin values correlated significantly with changes 80
in body weight and fat mass and the women who failed to lose
weight postpartum had higher leptin values. In the same study
(Butteet al, 1997), no differences in leptin values were found
between lactating and nonlactating women, although a nega- a0l
tive effect of leptin on 24-h milk production was seen, which abc
could be explained by a suppressing effect of this hormone on 0~
prolactin secretion. Overall, the results of that study supported . : | !

the lipostatic role of leptin; however, since a slight decrease in NP n T2 3 PP

fat mass postpartum was associated with a great decrease in Stage of pregnancy

leptin, it is possible that factors other than fat mass may also

regulate leptin in pregnant women. Leptin has been also de- o _ _

tected in breast milk of lactating mothers (Casalietl, Figure 4. Changes in circulating oestradiol (I),progesterone (O),

. . ) human chorionic gonadotrophin (HCG; n) and lepdinit normally
1997). Experiments in rats have shown #atlabelled lep cling women prior to, during and in the month after a normal

L . . C
tin injected into mothers was detected in the stomach and t@égleton pregnancyn(= 5). The data is shown grouped into

circulation of suckling neonates (Casabétlil, 1997). Al-  pre_partum (NP), by trimester (T1, T2, T3) and post-partum (PP, a
though similar experiments have not been performed in hisingle blood sample collected 4-6 weeks after parturition) stages of
mans, it is possible that leptin contained in the milk isthe pregnancy. Values sharing common superscripts (a,b,c) were
absorbed by the gastrointestinal tract of the suckling infanfound to be significantly different to each other (analysis of variance,
and thus may play a role in the regulation of infant's appetit& < 0-05), while values which do not share common superscripts
and adipose tissue. were not significantly different f_ror_n each other. Adgpted from
Changes in serum leptin concentrations throughout thgardleet al.(1997) with the permission of Blackwell Science Ltd.
whole pregnancy have been reported so far in only one study,
which included five women with singleton pregnancy
(Figure 4). Leptin values increased significantly from the firsbestradiol, which could stimulate leptin production from the
to the second trimester, decreased slightly in the third trinadipocytes (Shimizat al, 1997), leptin concentrations in the
ester and declined markedly 4-6 weeks after delivery (Hadribkird trimester showed a plateau while oestradiol continued to
et al, 1997). Apart from a significant correlation with BMI, rise (Hardieet al, 1997). Cortisol and insulin concentrations,
leptin concentrations correlated significantly with oestradiolvhich increase during pregnancy (Kuhl, 1991; Chaal,
concentrations, particularly during the first trimester and post993), may also stimulate the production of leptin from the
partum. A significant correlation was also found between ledipocytes. The possibility, however, exists that leptin is pro-
tin and human chorionic gonadotrophin values. The factoduced by the placenta, since there is evidence that human
that cause the increase in leptin values during pregnancy hauacenta expressebgene (Luotet al, 1997; Masuzalet al,
not been determined. Despite the significant correlation with997; Senarist al, 1997).
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. . ) . L Figure 6.Leptin concentrations in small for gestational age (SGA),
Figure 5. Relationship between serum leptin concentration in um- average for gestational age (AGAY € 0.001 compared with
bilical vein and birth weight in 27 healthy newborns at delivery SGA) and large for gestational age (LGR)(0.005 compared with
(r= 0'57’_P <0.01y= _0'0_08(_ L.7). Adapteq from S_chubrmag al. AGA) newborn infants at delivery. Adapted from Koistinetnal.
(1997) with the permission of The Endocrine Society. (1997) with the permission of The Endocrine Society.

The purpose of the increase in leptin concentrations during
pregnancy is not clear. Certainly, the correlation of leptin witkveight (Hellancet al, 1998). It is also possible that, at least in
the increase in body fat indicates that leptin may play a role part, leptin in the fetus is derived from the placenta. One
the control of maternal weight and metabolism. However, theannot, however, exclude the possibility that leptin values in
gradual increase in leptin concentrations during pregnandle newborn infant reflect the nutritional status.
and the decrease postpartum indicates that a situation of leptirRegarding leptin values in umbilical cord blood, no sex
resistance may exist in pregnant women. A recent studiifference was found in one study (Schubraigl, 1997),
(Schubringet al, 1997) has shown that leptin values in masuggesting that hormonal control of leptin production in the
ternal serum at delivery correlate positively with leptin valuegetus may differ from that in adults. However, other recent
in amniotic fluid and negatively with placental weight. Thestudies have found lower concentrations of leptin in umbilical
values of leptin in maternal serum in that study were significord blood of male than of female babies (Matsetal,
cantly higher than in arterial or vein cord blood and did nct997; Tomeet al, 1997; Hellanet al, 1998). These conflict-
correlate with them. A close positive correlation between lepng data are difficult to explain, however, since both oestradiol
tin values in umbilical vein and artery was found with ncand testosterone values were similar in male and female new-
marked difference between the two vessels. Also, leptin vaorns, genetic differences may play a role (Matsetdal,
lues in cord vessels correlated significantly with birth weigh1997).
and placental weight (Figure 5). Several possibilities are like- Preterm newborns seem to have similar concentrations of
ly (Schubringet al, 1997), such as that leptin in amniotic fluid leptin in cord blood to those of full-term infants, but preterm
is probably derived from the maternal circulation, while leptirbabies with smoking mothers have lower leptin values
in cord blood comes from the fetus and/or the placenta. Ti{antzoroset al, 1997d). Leptin values in both preterm and
positive correlation between fetal leptin and birth weight indifull-term babies delivered from smoking mothers are lower
cates the importance of this protein for the regulation of erthan in those delivered from non-smoking mothers (Mantzo-
ergy in the fetus and that leptin in the fetus may act as a sigmaket al, 1997d). Also, a significant negative correlation be-
between fat stores and the brain. tween leptin values in cord blood and the number of cigarettes

When babies are small or large for gestational age, leptsmoked per day by mothers has been found. The mechanism
concentrations in cord blood are lower or higher respectiveiirough which smoking can reduce leptin is not known.
than in neonates of normal weight (Figure 6) (Harigetydl, = Smoking per se may adversely affect uteroplacental and fetal
1997; Koistineret al, 1997). However, within the first 24 h blood flow, which may reduce fat stores in adipose tissue.
after delivery, leptin values in the blood of large and averagénother explanation could be through an increase in catecho-
for-gestational-age neonates decline to levels similar to thokenines induced by smoking which, by increasing lipolysis,
in small-for-gestational-age babies (Harigataal, 1997; decrease leptin concentrations (Gedysal, 1996).
Koistinenet al, 1997). The rapid decrease in leptin values in The ability of human placenta to produce leptin was shown
these infants regardless of birth weight suggests that the precently (Senarist al, 1997). Cytotrophoblast cells but not
duction of this protein in the fetus may be also controlled bghe core of villi are able to synthesize leftimitro. The extent
mechanisms other than changes in body fat mass. Howeverwhich placental leptin contributes to circulating leptin in the
following the first 4 weeks of life, an increase in serum leptidietus is difficult to estimate. The fact that no marked arteriove-
values occurs which is probably related to the increase in bodgus difference has been found in cord blood vessels at term
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