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Adiponectin promotes syncytialisation of BeWo cell line and primary trophoblast 
cells. 
 
Benaitreau D, Dos Santos E, Leneveu MC, De Mazancourt P, Pecquery R, Dieudonne 
MN. 
 
ABSTRACT: BACKGROUND: In human pregnancy, a correct placentation depends on 
trophoblast proliferation, differentiation, migration and invasion. These 
processes are highly regulated by placental hormones, growth factors and 
cytokines. Recently, we have shown that adiponectin, an adipokine, has 
anti-proliferative effects on trophoblastic cells. Here, we complete this study 
by demonstrating that adiponectin modulates BeWo and human villous 
cytotrophoblast cell differentiation. RESULTS: We showed that hCG secretion was 
up-regulated by adiponectin treatment in both BeWo cells and human 
cytotrophoblasts from very early placentas (5-6 weeks). The expression of two 
trophoblast differentiation markers, leptin and syncytin 2, was also up-regulated 
by adiponectin in BeWo cells. Moreover, adiponectin treatment induced a loss of 
E-cadherin staining in these cells. In parallel, we demonstrated that AdipoR1 and 
AdipoR2 are up-regulated during forskolin induced BeWo cell differentiation, 
reinforcing the role of adiponectin in trophoblast syncytialization. SiRNA 
mediated downregulation of AdipoR1 and AdipoR2 was used to demonstrate that 
adiponectin effects on differentiation were essentially mediated by these 
receptors. Finally, using a specific inhibitor, we demonstrated that the PKA 
signalling pathway could be one pathway involved in adiponectin effects on 
trophoblast differentiation. CONCLUSION: Adiponectin enhances the differentiation 
process of trophoblast cells and could thus be involved in functional 
syncytiotrophoblast formation. 
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Preovulatory follicle dynamics and ovulatory efficiency in sows with thrifty 
genotype and leptin resistance due to leptin receptor gene polymorphisms (Iberian 
pig). 
 
Gonzalez-Añover P, Encinas T, Sanz E, Letelier CA, Torres-Rovira L, de Mercado E, 
Pallares P, Sanchez-Sanchez R, Gonzalez-Bulnes A. 
 



NUTEGA, Marconi, 9, 28823 Coslada, Madrid, Spain. 
 
This study compares follicular function and ovulatory efficiency in 20 sows with  
obesity/leptin resistance genotype (Iberian pig) and 20 females of lean 
commercial crosses (Large White×Landrace; LW×L). Estrous cycle was synchronized 
with progestagens; ovulation was induced with eCG and hCG, in half of the females 
of each group, to determine its effect. In females of both breeds not treated 
with gonadotropins, the number of follicles larger than 4.9mm and the estradiol 
secretion increased throughout the follicular phase (P<0.05); estradiol values 
were similar at estrus detection (22.5±1.2 vs. 26.5±0.6pg/ml respectively, for 
Iberian and LW×L sows). Moreover, ovulation rate was higher in Iberian pigs 
(15.3±1.3 CLs) than in LW×L (10.2±1.3 CLs; P<0.05), with mean progesterone values 
being 18.1±0.7ng/ml in Iberian and 16.8±0.6ng/ml in LW×L pigs. Thus, the 
preovulatory follicular growth and the ovulatory efficiency seem not to be the 
main limiting factors for reproductive efficiency in Iberian swine. The 
gonadotropins induced a significant increase, when compared to untreated females  
(P<0.05), in the number of follicles larger than 4.9mm growing throughout the 
follicular phase; however, estradiol values at estrus were lower (P<0.05) in both 
breeds (9.2±0.7pg/ml in Iberian vs. 8.6±0.8pg/ml in LW×L), when compared with the 
nontreated animals, which suggests defective follicular function after 
gonadotropin stimulation. There were also no differences between genotypes in 
ovulation rate (15.2±1.3 vs. 12.7±1.8) and progesterone secretion (21.2±0.8ng/ml  
in Iberian and 20.9±0.7ng/ml in LW×L sows) in the treated animals. In conclusion, 
the current findings indicate that preovulatory follicular growth and ovulatory 
efficiency are not main limiting factors for prolificacy in a pig model of leptin 
resistance and obesity. 
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Relationships between leptin, HCG, cortisol, and psychosocial stress and nausea 
and vomiting throughout pregnancy. 
 
Kuo SH, Yang YH, Wang RH, Chan TF, Chou FH. 
 
College of Medical and Health Science, Fooyin University, Kaohsiung, Taiwan. 
 
The purposes of this prospective, longitudinal study were to examine the 
relationships between leptin, human chorionic gonadotropin (hCG), cortisol, and 
psychosocial stress and nausea and vomiting (NV) in women with mild-to-moderate 
NV throughout pregnancy. Participants comprised 91 pregnant women recruited from  
prenatal clinics in southern Taiwan. Data analysis using one-way analysis of 
variance (ANOVA) indicated that leptin, hCG, cortisol levels, and Index of 



Nausea, Vomiting, and Retching (INVR) scores, but not stress (measured with the 
Visual Analog Scale, VAS) scores, were significantly different among the three 
trimesters. The average INVR score and hCG level decreased from the first to 
third trimesters (p < .0001 for both). The average leptin and cortisol levels 
increased from the first to third trimesters (p = .001 and p < .0001, 
respectively). Analysis using mixed models indicated that the INVR scores 
decreased significantly in a progressive manner through the stages of pregnancy 
and were significantly lower in the second and third trimesters. Findings reveal  
that stress/VAS and hCG may both be significantly and independently associated 
with INVR scores. Future research should examine psychosocial reactions in 
addition to exploring other biochemical markers related to NV and stress. 
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Role of leptin in improvement of oocyte quality by regulation of ovarian 
angiogenesis. 
 
Joo JK, Joo BS, Kim SC, Choi JR, Park SH, Lee KS. 
 
Department of Obstetrics and Gynecology, Medical Research Institute, Pusan 
National University School of Medicine, 1-10 Amidong, Seuku, Busan, Republic of 
Korea. 
 
Ovarian angiogenesis plays an important role in folliculogenesis. An active blood 
supply via ovarian angiogenesis seems to be essential for the induction of 
oocytes with good quality. Leptin is an angiogenic factor which regulates VEGF 
expression. This study was aimed to investigate whether leptin administration 
during superovulation influences ovarian response, oocyte quality and VEGF 
expression in the ovary using different aged mice model. C57BL inbred female mice 
of two age groups (18-21, and 29-31 weeks) were superovulated by intraperitoneal  
co-injection with 5IU of pregnant mare's serum gonadotropin (PMSG) supplemented 
with recombinant mouse leptin at various doses (0.01, 0.1, 1 microg), followed by 
injection with 5IU of human chorionic gonadotropin (hCG) approximately 48 h 
later. Then, the mice were immediately paired with an individual male. The 
control group was superovulated with PMSG and hCG without leptin. After 18 h, 
one-cell embryos were flushed and cultured for 4 days. Proteins were extracted 
from ovaries removed just after the retrieval of one-cell embryos and VEGF 
expression was examined by Western blot. Treatment of 0.1 microg and 1 microg 
leptin significantly increased the number and embryo development rate of one-cell 
embryos retrieved compared to the control group. This positive effect of leptin 
was more significant with advancing female age. Ovarian VEGF expression was also  
significantly increased in 0.1 and 1 microg leptin-treated groups compared to the 



control group in both age groups (P<0.05). Our present study showed that leptin 
administration with gonadotropins during superovulation in aged mice increased 
the ovarian response, developmental competence of oocytes and ovarian VEGF 
expression. This research may have potential clinical implications in the 
treatment of age-related decline of fertility. 
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Leptin and ObRa/MEK signalling in mouse oocyte maturation and preimplantation 
embryo development. 
 
Ye Y, Kawamura K, Sasaki M, Kawamura N, Groenen P, Sollewijn Gelpke MD, 
Kumagai 
J, Fukuda J, Tanaka T. 
 
Department of Obstetrics and Gynecology, Akita University School of Medicine, 
Akita, Japan. yeyh1999@hotmail.com 
 
Recent studies indicate that LH stimulates production of ovarian paracrine 
factors that induce meiosis of the oocyte. DNA microarray analyses of ovarian 
transcripts were performed in mice and major increases of a short isoform of 
leptin receptor, ObRa, were identified by the preovulatory LH/human chorionic 
gonadotrophin (HCG) surge. In oocytes, the level of ObRa transcripts was 
increased shortly after HCG stimulation, whereas the level of ObRb transcripts 
was not changed. Leptin was produced by cumulus, granulosa, theca and 
interstitial cells of ovaries and its transcript level was not regulated during 
gonadotrophin treatment. Treatment with leptin promoted germinal vesicle 
breakdown (GVBD) in oocytes within preovulatory follicles, and enhance first 
polar body extrusion in both cumulus-oocyte complexes and denuded oocytes. The 
leptin-promoted GVBD and first polar body extrusion were blocked by a 
mitogen-activated protein kinase extracellular signal regulated kinase kinases 
(MEK)1/2 inhibitor, U0126, but not its inactive analogue U0124. Furthermore, 
leptin promoted fertilization of oocytes and the in-vitro development of zygotes  
to preimplantation embryos. These findings suggest paracrine roles of leptin in 
the enhancement of nuclear maturation of oocytes through MEK1/2 signalling, and 
in the promotion of cytoplasmic maturation essential for successful oocyte 
development to the preimplantation embryos. 
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The impact of cocaine and heroin on the placental transfer of methadone. 
 
Malek A, Obrist C, Wenzinger S, von Mandach U. 
 
Department of Obstetrics, Zurich University Hospital, Frauenklinikstr, 10, 8091 
Zurich, Switzerland. antoine.malek1@gmail.com 
 
BACKGROUND: Methadone is the therapeutic agent of choice for the treatment of 
opiate addiction in pregnancy. The co-consumption (heroin, cocaine) which may 
influence the effects of methadone is frequent. Therefore, the impact of cocaine  
and heroin on the placental transfer of methadone and the placental tissue was 
investigated under in vitro conditions. METHODS: Placentae (n = 24) were ex-vivo  
perfused with medium (m) (control, n = 6), m plus methadone (n = 6), m plus 
methadone and cocaine (n = 6) or m plus methadone and heroin (n = 6). Placental 
functionality parameters like antipyrine permeability, glucose consumption, 
lactate production, hormone production (hCG and leptin), microparticles release 
and the expression of P-glycoprotein were analysed. RESULTS: Methadone 
accumulated in placental tissue. Methadone alone decreased the transfer of 
antipyrine from 0.60 +/- 0.07 to 0.50 +/- 0.06 (fetal/maternal ratio, mean +/- 
SD, P < 0.01), whereas the combination with cocaine or heroin increased it (0.56  
+/- 0.08 to 0.68 +/- 0.13, P = 0.03 and 0.58 +/- 0.21 to 0.71 +/- 0.24; P = 
0.18). Microparticles (MPs) released from syncytiotrophoblast into maternal 
circuit increased by 30% after cocaine or heroin (P < 0.05) and the expression of 
P-glycoprotein in the tissue increased by >or= 49% after any drug (P < 0.05). All 
other measured parameters did not show any significant effect when methadone was  
combined with cocaine or heroine. CONCLUSION: The combination of cocaine or 
heroin with methadone increase antipyrine permeability. Changes of MPs resemble 
findings seen in oxidative stress of syncytiotrophoblast. 
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Differential placental gene expression in severe preeclampsia. 
 
Sitras V, Paulssen RH, Grønaas H, Leirvik J, Hanssen TA, Vårtun A, Acharya G. 
 
Department of Obstetrics and Gynecology, University Hospital of Northern Norway,  
University of Tromsø, Tromsø, Norway. vasilis.sitras@unn.no 
 
We investigated the global placental gene expression profile in severe 



preeclampsia. Twenty-one women were randomly selected from 50 participants with 
uncomplicated pregnancies to match 21 patients with severe preeclampsia. A 30K 
Human Genome Survey Microarray v.2.0 (Applied Biosystems) was used to evaluate 
the gene expression profile. After RNA isolation, five preeclamptic placentas 
were excluded due to poor RNA quality. The series composed of 37 hybridizations 
in a one-channel detection system of chemiluminescence emitted by the 
microarrays. An empirical Bayes analysis was applied to find differentially 
expressed genes. In preeclamptic placentas 213 genes were significantly 
(fold-change>or=2 and p<or=0.01) up-regulated and 82 were down-regulated, 
compared with normal placentas. Leptin (40 fold), laeverin (10 fold), different 
isoforms of beta-hCG (3-6 fold), endoglin (4 fold), FLT1 (3 fold) and FLT4 (2 
fold) were up-regulated. PDGFD was down-regulated (2 fold). Several 
differentially expressed genes were associated with Alzheimer disease, 
angiogenesis, Notch-, TGFbeta- and VEGF-signalling pathways. Sixteen genes best 
discriminated preeclamptic from normal placentas. Comparison between early- (<34  
weeks) and late-onset preeclampsia showed 168 differentially expressed genes with 
oxidative stress, inflammation, and endothelin signalling pathways mainly 
involved in early-onset disease. Validation of the microarray results was 
performed by RT-PCR, quantitative urine hCG measurement and placental 
histopathologic examination. In summary, placental gene expression is altered in  
preeclampsia and we provide a comprehensive list of the differentially expressed  
genes. Placental gene expression is different between early- and late-onset 
preeclampsia, suggesting differences in pathophysiology. 
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Up-regulation of placental leptin by human chorionic gonadotropin. 
 
Maymó JL, Pérez Pérez A, Sánchez-Margalet V, Dueñas JL, Calvo JC, Varone CL. 
 
Departamento de Química Biológica, Facultad de Ciencias Exactas y Naturales, 
Universidas de Buenos Aires, Buenos Aires, Argentina. 
 
Leptin, the 16,000 molecular weight protein product of the obese gene, was 
originally considered as an adipocyte-derived signaling molecule for the central  
control of metabolism. However, leptin has been suggested to be involved in other 
functions during pregnancy, particularly in placenta, in which it was found to be 
expressed. In the present work, we have found that recombinant human chorionic 
gonadotropin (hCG) added to BeWo choriocarcinoma cell line showed a stimulatory 
effect on endogenous leptin expression, when analyzed by Western blot. This 
effect was time and dose dependent. Maximal effect was achieved at hCG 100 IU/ml. 
Moreover, hCG treatment enhanced leptin promoter activity up to 12.9 times, 



evaluated by transient transfection with a plasmid construction containing 
different promoter regions and the reporter gene luciferase. This effect was dose 
dependent and evidenced with all the promoter regions analyzed, regardless of 
length. Similar results were obtained with placental explants, thus indicating 
physiological relevance. Because hCG signal transduction usually involves cAMP 
signaling, this pathway was analyzed. Contrarily, we found that dibutyryl cAMP 
counteracted hCG effect on leptin expression. Furthermore, cotransfection with 
the catalytic subunit of PKA and/or the transcription factor cAMP response 
element binding protein repressed leptin expression. Thereafter we determined 
that hCG effect could be partially blocked by pharmacologic inhibition of MAPK 
pathway with 50 microM PD98059 but not by the inhibition of the 
phosphatidylinositol 3-kinase pathway with 0.1 microm wortmannin. Moreover, hCG 
treatment promoted MAPK kinase and ERK1/ERK2 phosphorylation in placental cells.  
Finally, cotransfection with a dominant-negative mutant of MAPK blocked the 
hCG-mediated activation of leptin expression. In conclusion, we provide some 
evidence suggesting that hCG induces leptin expression in trophoblastic cells 
probably involving the MAPK signal transduction pathway. 
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Leptin modulates the expression of its receptors in the 
hypothalamic-pituitary-ovarian axis in a differential way. 
 
Di Yorio MP, Bilbao MG, Pustovrh MC, Prestifilippo JP, Faletti AG. 
 
Centro de Estudios Farmacológicos y Botánicos (CEFYBO), Consejo Nacional de 
Investigaciones Científicas y Técnicas (CONICET)-Facultad de Medicina, UBA, 
Paraguay 2155, 16 degrees P, C1121ABG Buenos Aires, Argentina. 
 
To investigate the expression of leptin receptors (Ob-R) in the rat 
hypothalamus-pituitary-ovarian axis, immature rats were treated with eCG/hCG and  
Ob-R expression was evaluated by western blot analysis. The Ob-R expression 
increased 24 h after eCG administration in all the tissues assayed. In the 
hypothalamus, these levels immediately decreased to those obtained without 
treatment. In the pituitary, the Ob-R expression continued to be elevated 48 h 
after eCG administration, whereas the hCG injection did not modify these levels.  
Similar results were obtained with the ovarian long isoform. To assess the effect 
of leptin on its receptors, Ob-R was assessed in hypothalamus, pituitary and 
ovarian explants cultured in the presence or absence of leptin (0.3-500 ng/ml). 
In the hypothalamus, we found a biphasic effect: the Ob-R expression was either 
reduced or increased at low or high concentrations of leptin respectively. 
LH-releasing hormone secretion increased at 1 ng/ml. In the pituitary, Ob-R 



increased at 10 or 30 ng/ml of leptin for the long and short isoforms 
respectively. Leptin also induced an increase in LH release at 30 ng/ml. In the 
ovarian culture, the presence of leptin produced an increase in Ob-R expression 
at different ranges of concentrations and a dose-dependent biphasic effect on the 
progesterone production. In conclusion, all these results clearly suggest that 
leptin is able to modulate the expression of its own receptors in the 
reproductive axis in a differential way. Moreover, the positive or negative 
effect that leptin exerts on the ovulatory process may be dependent on this 
regulation. 
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In vitro effects of chorionic gonadotropin hormone on human adipose development. 
 
Dos Santos E, Dieudonné MN, Leneveu MC, Pecquery R, Serazin V, Giudicelli Y. 
 
Service de Biochimie et Biologie Moléculaire, UPRES EA 2493, Faculté de Médecine  
Paris-Ile de France Ouest, Centre hospitalier de Poissy, Université Versailles St 
Quentin, 78303 Poissy Cedex, France. 
 
It is well known that pregnancy is associated with fat weight gain. However, the  
mechanisms whereby fat mass accumulation is controlled during this period are 
poorly understood. Therefore, we attempted to determine whether human chorionic 
gonadotropin (HCG), in vitro, influences human adipose tissue development and/or  
metabolism. For the first time, HCG/LH receptor was characterized in human 
adipose cells. We also demonstrated that physiological concentrations of HCG, 
while unaltering both lipolysis and expression of two markers of lipogenesis (FAS 
and ADD1) in human mature adipocytes, stimulate human preadipocyte growth via the 
activation of a protein kinase A-independent mitogen-activated protein 
kinase/c-fos signaling pathway. HCG also moderately increases the preadipocyte 
differentiation capacity as reflected by enhanced glycerophosphate dehydrogenase  
activity and expression of key adipogenic transcriptional factors 
(C/enhancer-binding protein alpha and peroxisome proliferator-activated receptor  
gamma 2). Finally, HCG significantly stimulates the secretion of the 
pro-adipogenic factor, leptin, from human adipose tissue. Taken altogether, these 
data suggest that the pro-adipogenic effect of HCG in human preadipocytes 
contributes to explain why increased fat storage occurs during the first 
trimester of pregnancy. 
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Predicting transformation from gestational hypertension to preeclampsia in 
clinical practice: a possible role for 24 hour ambulatory blood pressure 
monitoring. 
 
Davis GK, Mackenzie C, Brown MA, Homer CS, Holt J, McHugh L, Mangos G. 
 
Department of Women's Health, St George Hospital and University of New South 
Wales, Kogarah, Sydney, NSW, Australia. davisg@sesiahs.health.nsw.gov.au 
 
OBJECTIVE: To identify parameters that may assist clinicians in predicting which  
women will develop preeclampsia (PE) after initially presenting with gestational  
hypertension (GH). METHODS: 118 women were recruited to the study with GH or PE.  
They were divided into three groups based on their diagnosis at delivery- (1) GH, 
(2) PE from the time of presentation, (3) those with an initial diagnosis of GH 
who progressed to PE. Women underwent 24 hour ambulatory blood pressure 
monitoring (ABPM) and had serum estrogen, progesterone, beta-HCG, leptin and 
adiponectin measured as possible predictors of transformation of GH to PE. 
RESULTS: Women who presented with GH, and progressed to PE, presented four 
weeks  
earlier (33 vs 37 weeks, p < 0.001) than those who did not progress. Women with 
PE, either as their initial diagnosis or after progression from GH, were 
delivered earlier (p < 0.001) and had more small for gestational age (SGA) babies 
than women with GH at delivery (p < 0.05). Those who developed PE after 
presenting with GH generally had higher blood pressures than those who remained 
as GH, significant for awake and 24 hour systolic blood pressures (p < 0.05). 
beta-HCG, estrogen, progesterone or leptin values were similar across the groups. 
Adiponectin was higher in women with established PE at presentation compared to 
women with GH (p = 0.02) but adiponectin failed to discriminate those women with  
an initial diagnosis of GH who progressed to PE. CONCLUSION: 24 hr ABPM may 
provide a non-invasive method of identifying this 'at risk' GH population, 
particularly in the case of early presentation. 
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Cytokine profile in cases with premature elevation of progesterone serum 
concentrations during ovarian stimulation. 
 
Nikolettos N, Asimakopoulos B, Köster F, Schöpper B, Schulz Ch, Caglar GS, 
Efthimiadou A, Pagonopoulou O, Diedrich K, Al-Hasani S. 



 
School of Medicine, Democritus University of Thrace, Alexandroupolis, Greece. 
basima@med.duth.gr 
 
The aim of this study was to investigate the concentrations of vascular 
endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), leptin,  
tumor necrosis factor-alpha, interleukin (IL)-1beta and IL-6, in cycles with a 
premature rise of serum progesterone. 25 intracytoplasmic sperm injection (ICSI)  
cycles with (Group 1) and 25 ICSI cycles without a premature progesterone 
elevation (Group 2) were included. The cut-off value of serum progesterone on the 
day of human chorionic gonadotropin (hCG) administration was 0.9 ng/ml. The 
indication for ICSI was male factor infertility exclusively. On the day of hCG 
injection, serum IL-6, VEGF and bFGF were significantly higher in Group 1 
(7.7+/-24.5 pg/ml, 290.2+/-161.4 pg/ml and 15.7+/-8.2 ng/ml respectively) than in 
Group 2 (1.7+/-0.7 pg/ml, 175.2+/-92.1 pg/ml, and 9+/-1.6 ng/ml respectively). On 
the day of follicular puncture, serum cytokine concentrations were similar in the 
two groups. IL-6 intrafollicular concentrations were higher in Group 1 
(14.7+/-20.7 pg/ml) than in Group 2 (9+/-9.3 pg/ml, p=0.031). There were no 
differences regarding the ICSI outcome. Patients with serum progesterone above 
0.9 ng/ml, have elevated serum concentrations of IL-6, VEGF, and bFGF, as well as 
elevated intrafollicular concentrations of IL-6. The outcome of ICSI cycles is 
not associated with premature elevation of progesterone when the cut-off value is 
set at 0.9 ng/ml. 
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Effect of leptin on the regulation of placental hormone secretion in cultured 
human placental cells. 
 
Coya R, Martul P, Algorta J, Aniel-Quiroga MA, Busturia MA, Señarís R. 
 
Hormone Laboratory, Hospital de Cruces, Barakaldo, Spain. hegazkin@euskalnet.net 
 
Placenta is an important source of leptin during pregnancy that contributes to 
the high plasma leptin levels in pregnant women. Leptin and its functional 
receptors are synthesized in trophoblast cells that, in turn, secrete gestational 
hormones supporting a paracrine or autocrine role for leptin in the endocrine 
activity of the placenta. In the present study we examined the effect of leptin 
on in vitro release of gestational hormones (human chorionic gonadotropin (hCG),  
human placental lactogen (hPL), progesterone, estrogens and testosterone) by 
human term placental cells in culture. Placentas at term were obtained 
immediately after delivery from mothers with uncomplicated pregnancies. 



Progesterone, hCG, hPL, estradiol, estrone, estriol and testosterone levels were  
measured by different assays in culture media of cells maintained in monolayer 
culture after incubation for 12, 24, 48 or 72 h with leptin or placebo. 
Incubation with leptin did not modify hCG, hPL, progesterone, estriol and estrone 
secretion for any of the doses and times assayed. However, leptin led to a 
dose-dependent decrease in estradiol release. This effect was observed when 
treatment with recombinant human leptin spanned from 12 to 72 h. At this time an  
increase in testosterone levels was observed in leptin-treated cells versus 
placebo. These results indicate that leptin can be considered a gestational 
hormone implied in the endocrine function of the placenta, with an important role 
in control of the production of steroid reproductive hormones in placental cells  
in vitro. 
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Leptin suppresses human chorionic gonadotropin-induced cyclooxygenase-2 
expression and prostaglandin production in cultured human granulose luteal cells. 
 
Tsai EM, Chan TF, Chang Y, Chiang PH, Chuang CY, Long CY, Chai CY, Lee JN. 
 
Department of Obstetrics and Gynecology, Graduate Institute of Medicine, College  
of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan, ROC. 
 
OBJECTIVE: In a previous study, we demonstrated that high leptin levels at the 
time of human chorionic gonadotropin (hCG) injection impaired the pregnancy rate  
for women undergoing in vitro fertilization. In this study we examine leptin's 
effect on prostaglandin formation and cyclooxygenase (COX) expression induced by  
hCG in human granulose luteal (GL) cells. METHODS: Human GL cells were obtained 
from women undergoing ovarian hyperstimulation. COX expression and microsomal 
prostaglandin E synthase (mPGES) expression, as well as prostaglandin E(2) 
(PGE(2)) and prostaglandin F(2alpha) (PGF(2alpha)) production were studied. This  
was done in both the presence and absence of leptin following hCG stimulation. 
PGE(2) and PGF(2alpha) were determined by enzyme-linked immunosorbent assay 
(ELISA). The expressions of COX and mPGES were investigated by using 
immunocytochemical techniques in addition to Western blotting and reverse 
transcriptase-polymerase chain reaction (RT-PCR) analysis. RESULTS: HCG and 
leptin do not affect COX-1 expression. However, leptin blocked COX-2 and mPGES 
expression induced by hCG. Moreover, while leptin, in various concentrations, did 
not affect PGE(2) and PGF(2alpha) levels, it inhibited the elevation of PGE(2) 
and PGF(2alpha) concentrations in response to hCG. CONCLUSIONS: The study 
confirms that the expression of COX-2 is up-regulated by hCG in human GL cells. 
Leptin suppresses hCG-induced PGE(2) formation through the inhibition of COX-2 



and mPGES expression. The preliminary results suggest a potential inhibiting 
effect of leptin on human GL cells induced by hCG. 
 
 
PMID: 17097894 [PubMed - indexed for MEDLINE] 
 
 
15. Reproduction. 2006 Nov;132(5):771-80. 
 
Inhibitory effect of leptin on the rat ovary during the ovulatory process. 
 
Ricci AG, Di Yorio MP, Faletti AG. 
 
Dpto de Química Biológica, Facultad de Ciencias Exactas y Naturales (FCEyN), 
Universidad de Buenos Aires (UBA), Buenos Aires, Argentina. 
 
The aims of this study were to investigate the negative action of leptin on some  
intraovarian ovulatory mediators during the ovulatory process and to assess 
whether leptin is able to alter the expression of its ovarian receptors. Immature 
rats primed with gonadotrophins were used to induce ovulation. Serum leptin 
concentration was diminished 4 h after human chorionic gonadotrophin (hCG) 
administration, whereas the ovarian expression of leptin receptors, measured by 
western blot, was increased by the gonadotrophin treatment. Serum progesterone 
level, ovulation rate and ovarian prostaglandin E (PGE) content were reduced in 
rats primed with equine chorionic gonadotrophin (eCG)/hCG and treated with acute  
doses of leptin (five doses of 5 mug each). These inhibitory effects were 
confirmed by in vitro studies, where the presence of leptin reduced the 
concentrations of progesterone, PGE and nitrites in the media of both ovarian 
explants and preovulatory follicle cultures. We also investigated whether these 
negative effects were mediated by changes in the expression of the ovarian leptin 
receptors. Since leptin treatment did not alter the expression of ovarian leptin  
receptor, the inhibitory effect of leptin on the ovulatory process may not be 
mediated by changes in the expression of its receptors at ovarian level, at least 
at the concentrations assayed. In summary, the ovulatory process was 
significantly inhibited in response to an acute treatment with leptin, and this 
effect may be due, at least in part, to the direct or indirect impairment of some 
ovarian factors, such as prostaglandins and nitric oxide. 
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Leptin and leptin receptor levels in pregnant women with hyperemesis gravidarum. 
 



Aka N, Atalay S, Sayharman S, Kiliç D, Köse G, Küçüközkan T. 
 
Department of Gynecology and Obstetrics, Haydarpaşa Numune Training and 
Research  
Hospital, Istanbul, Turkey. nurettinaka@hotmail.com 
 
OBJECTIVE: To investigate the association between the leptin, leptin receptor and 
hormone levels and hyperemesis gravidarum, and to determine whether these two 
parameters may be early markers for hyperemesis gravidarum. METHODS: The study 
group consisted of 18 pregnant women with hyperemesis gravidarum and the control  
group consisted of 18 healthy pregnant women. Demographic characteristics were 
recorded and body mass index (BMI) values were calculated for all the pregnant 
women. Serum leptin, leptin receptor, insulin, cortisol, thyroid hormone and 
human chorionic gonadotrophin (hCG) levels were measured. RESULTS: When the two 
groups were compared with respect to leptin levels, the group with hyperemesis 
gravidarum was found to have significantly higher leptin levels (P = 0.037). No 
intergroup differences were observed in serum cortisol, insulin, hCG, thyroid 
hormone levels or BMI values. In the group with hyperemesis gravidarum, an 
inverse correlation was detected between cortisol and leptin (r = -0.762, P < 
0.01), and hCG and thyroid-stimulating hormone (r = -0.503, P < 0.05), whereas a  
significant correlation was detected between insulin and leptin (r = 0.538, P < 
0.05), leptin and BMI (r = 0.711, P < 0.01), and between TT3 and hCG (r = 0.605,  
P < 0.01). CONCLUSION: It was concluded that leptin could play a role in, and be  
defined as, a marker of hyperemesis gravidarum. 
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hCG-dependent regulation of angiogenic factors in human granulosa lutein cells. 
 
Phan B, Rakenius A, Pietrowski D, Bettendorf H, Keck C, Herr D. 
 
Department of Obstetrics and Gynecology, Freiburg University Medical Center, 
Freiburg, Germany. 
 
As prerequisite for development and maintenance of many diseases angiogenesis is  
of particular interest in medicine. Pathologic angiogenesis takes place in 
chronic arthritis, collagen diseases, arteriosclerosis, retinopathy associated 
with diabetes, and particularly in cancers. However, angiogenesis as a 
physiological process regularly occurs in the ovary. After ovulation the corpus 
luteum is formed by rapid vascularization of initially avascular granulosa lutein 
cell tissue. This process is regulated by gonadotropic hormones. In order to gain 
further insights in the regulatory mechanisms of angiogenesis in the ovary, we 



investigated these mechanisms in cell culture of human granulosa lutein cells. In 
particular, we determined the expression and production of several angiogenic 
factors including tissue inhibitor of matrix metalloproteinases-1 (TIMP-1), 
Leptin, connective tissue growth factor (CTGF), meningioma-associated 
complimentary DNA (Mac25), basic fibroblast growth factor (bFGF), and Midkine. In 
addition, we showed that human chorionic gonadotropin (hCG) has distinct effects  
on their expression and production. hCG enhances the expression and production of 
TIMP-1, whereas it downregulates the expression of CTGF and Mac25. Furthermore it 
decreases the expression of Leptin. Our results provide evidence that hCG 
determines growth and development of the corpus luteum by mediating angiogenic 
pathways in human granulosa lutein cells. Hence we describe a further approach to 
understand the regulation of angiogenesis in the ovary. 
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Progesterone and human placental lactogen inhibit leptin secretion on cultured 
trophoblast cells from human placentas at term. 
 
Coya R, Martul P, Algorta J, Aniel-Quiroga MA, Busturia MA, Señarís R. 
 
Section of Pediatric Endocrinology, Hospital de Cruces, Barakaldo, Bizkaia, 
Spain. hegazkin@euskalnet.net 
 
The placenta is an important source of leptin production that contributes to the  
state of hyperleptinemia observed in pregnant women. Moreover, the synthesis of 
leptin and its receptors by syncytiotrophoblast cells suggests a potential 
paracrine or autocrine action of leptin in the placenta. In the present study we  
examined the effect of gestational hormones, human chorionic gonadotropin (hCG),  
human placental lactogen (hPL), progesterone and estradiol, on in vitro leptin 
release by human term trophoblast cells in culture. Placentas at term were 
obtained immediately after delivery from mothers with uncomplicated pregnancies.  
Leptin levels were measured by enzyme-linked immunosorbent assay in culture media 
of trophoblasts maintained in monolayer culture for 24, 48 and 72 h with 
different hormonal treatments or placebo. Treatment with hPL and progesterone led 
to a time- and dose-dependent decrease in leptin release that was statistically 
significant after 24 h, with a maximal effect after 72 h of incubation. In 
contrast, incubation with estradiol and hCG did not have exhibit any effect on 
leptin secretion at any of the doses and times assayed in this work. The results  
obtained in this study support that leptin can be considered a gestational 
hormone implied in the endocrine function of the placenta and that its secretion  
is at least partially regulated by steroid and peptidic reproductive hormones in  
trophoblast cells in vitro. 



 
 
PMID: 16048798 [PubMed - indexed for MEDLINE] 
 
 
19. Placenta. 2006 Jun-Jul;27(6-7):619-25. Epub 2005 Jul 18. 
 
C-reactive protein production in term human placental tissue. 
 
Malek A, Bersinger NA, Di Santo S, Mueller MD, Sager R, Schneider H, Ghezzi F, 
Karousou E, Passi A, De Luca G, Raio L. 
 
Department of Obstetrics and Gynecology, University of Berne, Inselspital, KKL 
G3-825, 3010 Berne, BE, Switzerland. antoine.malek@dkf.unibe.ch 
 
OBJECTIVE: C-reactive protein (CRP) is a marker of systemic inflammation. 
Recently, it has been shown that CRP is present in amniotic fluid and fetal 
urine, and that elevated levels are associated with adverse pregnancy outcome. 
However, the precise source of amniotic fluid CRP, its regulation, and function 
during pregnancy is still a matter of debate. The present in vivo and in vitro 
studies were designed to investigate the production of CRP in human placental 
tissues. MATERIAL AND METHODS: Ten paired blood samples from peripheral 
maternal  
vein (MV), umbilical cord artery (UA) and umbilical vein (UV) were collected from 
women with elective caesarean sections at term. The placental protein 
accumulation capacity of hCG, hPL, leptin and CRP was compared with the dual in 
vitro perfusion method of an isolated cotyledon of human term placentae and 
quantified by ELISA. Values for accumulation (release) were calculated as total 
accumulation of maternal and fetal circuits normalized for tissue weight and 
duration of perfusion. For gene expression, RNA was extracted from placental 
tissue and reverse transcribed. RT-PCR and real-time PCR were performed using 
specific primers. RESULTS: The median (range) CRP level was significantly 
different between UA and UV [50.1 ng/ml (12.1-684.6) vs. 61 ng/ml (16.9-708.1)].  
The median (range) difference between UV and UA was 9.3 ng/ml (2.2-31.6). A 
significant correlation was found between MV CRP and both UA and UV CRP levels. 
Median (range) MV CRP levels [2649 ng/ml (260.1-8299)] were 61.2 (6.5-96.8) fold  
higher than in the fetus. In vitro, the total accumulation rates (mean+/-SD) were 
31+/-13 (mU/g/min, hCG), 1.16+/-0.19 (microg/g/min, hPL), 4.71+/-1.91 (ng/g/min,  
CRP), and 259+/-118 (pg/g/min, leptin). mRNA for hCG, hPL and leptin was 
detectable using conventional RT-PCR, while CRP mRNA could only be demonstrated 
by applying real-time RT-PCR. In the perfused tissue the transcript levels for 
the four proteins were comparable to those detected in the native control tissue. 
CONCLUSIONS: Our results demonstrate that the human placenta produces and 
releases CRP mainly into the maternal circulation similarly to other analyzed 
placental proteins under in vitro conditions. Further studies are needed to 
explore the exact role of placental CRP during pregnancy. 
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Aberrant expression of hormone receptors in adrenal Cushing's syndrome. 
 
Christopoulos S, Bourdeau I, Lacroix A. 
 
Division of Endocrinology, Department of Medicine, Centre hospitalier de 
l'Université de Montréal, Montréal, Québec, Canada. 
 
In recent years, a novel understanding of the pathophysiology of adrenal 
Cushing's syndrome has emerged. The ectopic or aberrant expression of 
G-protein-coupled hormone receptors in the adrenal cortex was found to play a 
central role in the regulation of cortisol secretion in ACTH-independent 
macronodular adrenal hyperplasia (AIMAH) and in some unilateral adrenal adenomas. 
Various aberrant receptors, functionally coupled to steroidogenesis, have been 
reported: GIP, vasopressin, beta-adrenergic, LH/hCG, and serotonin receptors have 
been best characterized, but angiotensin, leptin, glucagon, IL-1 and TSH 
receptors have also been described. The molecular mechanisms responsible for the  
aberrant expression of these receptors are currently unknown. One or many of 
these aberrant receptors are present in most cases of AIMAH and in some cases of  
adrenal adenomas with overt or sub-clinical secretion of cortisol. Clinical 
protocols to screen for such aberrant receptors have been developed and should be 
performed in all patients with AIMAH. The identification of such aberrant 
regulation of steroidogenesis in AIMAH provides the novel opportunity to treat 
some of these patients with pharmacological agents that either suppress the 
endogenous ligand or block the aberrant receptor, thus avoiding bilateral 
adrenalectomy. 
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Hyperemesis gravidarum, a literature review. 
 
Verberg MF, Gillott DJ, Al-Fardan N, Grudzinskas JG. 
 
Academic Unit of Reproductive Physiology, Obstetrics and Gynaecology, St. 
Bartholomew's Hospital, West Smithfield, London, UK. 
 



Erratum in: 
    Hum Reprod Update. 2007 Mar-Apr;13(2):207. 
 
Hyperemesis gravidarum (HG) is a condition causing severe nausea and vomiting in  
early pregnancy often resulting in hospital admission. The incidence of HG is 
approximately 0.5% of live births, said to be higher in multiple pregnancies, 
hydatidiform mole and other conditions associated with increased pregnancy 
hormone levels. Both the aetiology and pathogenesis of HG remain unknown. We 
conducted a literature review (1966-now) to summarize the current evidence on the 
aetiology and pathogenesis of HG. The potential role of pregnancy-related 
hormones such as progesterone, estrogen and HCG has been widely studied; however, 
various other hormones such as leptin, placental growth hormone, prolactin, 
thyroid and adrenal cortical hormones have been implicated in the aetiology of 
HG. In addition to endocrinological hypotheses, the rationale and evidence 
considering infectious, immunological, psychological, metabolic and anatomical 
causes for HG have been analysed here. Many studies suffer from the low number of 
patients included, the variable definition used for HG and varying assay 
methodology used in studies of hormone measurement. This review highlights the 
need for more extensive studies addressing the pathogenesis and aetiology of HG. 
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Fetal sex and leptin concentrations in pregnant females. 
 
Al Atawi F, Warsy A, Babay Z, Addar M. 
 
College of Science, King Saud University. 
 
BACKGROUND: Adult females have significantly more leptin than males. We 
investigated the effect of fetal sex on levels of leptin and other pregnancy 
hormones (progesterone, estradiol, FSH, LH and beta hCG) in pregnant females 
during different stages of pregnancy. PATIENTS AND METHODS: Serum leptin levels 
in pregnant females followed at King Khaled University Hospital, Riyadh, Saudi 
Arabia in the year 2001 were estimated at the first, second, and third trimester  
of pregnancy as well as after delivery. Progesterone, estradiol, FSH, LH and beta 
hCG levels were also measured. RESULTS: Leptin levels were significantly higher 
during all three trimesters in the pregnant females carrying female fetuses 
compared with those with male fetuses, while other hormones did not differ 
between the two groups. After delivery, the leptin levels decreased in both 
groups, and were still higher in the females who delivered baby girls, but the 
results were not statistically significant. CONCLUSION: These finding suggests 
that leptin might play a role in sex regulation during embryonic development. 
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Association of leptin with poor ovarian stimulation during in vitro 
fertilization. 
 
Robins JC, Srivastava R, Mershon JL, Thomas MA. 
 
Department of Obstetrics and Gynecology, University of Cincinnati Medical Center, 
Cincinnati, OH 45267-0526, USA. jared.robins@uc.edu 
 
OBJECTIVE: To evaluate whether serum leptin levels are predictive of in 
vitrofertilization (IVF) outcome. STUDY DESIGN: A nested, case-control study was  
performed on patients undergo-formed on patients undergoing IVF. Ovarian 
stimulation was performed with a set protocol. At the conclusion of the 
stimulation, patients were divided into 2 groups, poor stimulator (PS) and high 
stimulator (HS), based on the number of follicles seen on ultrasound. The PS 
group contained patients with < 12 follicles > 13 mm in diameter; the HS group 
contained patients with > or = 12 follicles > 13 mm. Blood from the start of the  
cycle in which human chorionic gonadotropin (hCG) was administered was assayed 
for leptin and estradiol. The number of follicles obtained, number of oocytes 
retrieved, quality of the oocytes and quality of the embryos were calculated. 
Mean leptin and estradiol levels were compared using Student's t test. Pearson 
correlation coefficients were calculated to assess the relationship between 
leptin and the other outcome variables. RESULTS: Mean leptin levels (+/- SEM) at  
the start of the cycle (21.5 +/- 2.9 ng/dL for PS and 34.6 +/- 14.0 ng/dL for HS) 
and on the day of hCG (53.2 +/- 5.37 ng/dL for PS and 50.4 +/- 9.1 ng/dL for HS)  
were not significantly different. CONCLUSION: Leptin levels obtained at the start 
of stimulation or on the day of hCG administration are not predictive of IVF 
outcome. 
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Concentrations of leptin and C-reactive protein in serum and follicular fluid 
during assisted reproductive cycles. 
 
Wunder DM, Kretschmer R, Bersinger NA. 
 



Department of Obstetrics and Gynaecology, University of Berne, Switzerland. 
dorothea.wunder@insel.ch 
 
BACKGROUND: There are only a few studies that have investigated inflammatory 
processes during ovarian hyperstimulation, with contradictory results especially  
concerning outcome. The aim of the study was to investigate the inflammatory 
markers C-reactive protein and leptin in serum and follicular fluid and to 
correlate these with the outcome. METHODS: One hundred and sixty-two 
gonadotrophin stimulated cycles were evaluated. Serum concentrations of leptin 
and C-reactive protein were measured at the initiation of stimulation, on the day 
of hCG administration or the day before, and on the day of oocyte retrieval. They 
were also determined in the follicular fluid. RESULTS: Serum leptin and 
C-reactive protein levels increased significantly during stimulation until the 
day of oocyte pick up, but following different patterns. After stimulation, they  
correlated with each other in serum and follicular fluid, but not with estradiol  
or progesterone concentration, embryo quality, or the pregnancy rate. 
CONCLUSIONS: Leptin and C-reactive protein levels change significantly during 
assisted reproductive treatment. In contrast to estradiol they are, however, not  
a marker of success. 
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Increasing insulin resistance is associated with a decrease in Leydig cell 
testosterone secretion in men. 
 
Pitteloud N, Hardin M, Dwyer AA, Valassi E, Yialamas M, Elahi D, Hayes FJ. 
 
Reproductive Endocrine Unit, BHX 511, Massachusetts General Hospital, 55 Fruit 
Street, Boston, Massachusetts 02114, USA. 
 
Insulin resistance is associated with low testosterone (T) levels in men, the 
mechanism of which is unclear. Thus, the aim of this study was to evaluate the 
hypothalamic-pituitary-gonadal axis in men with a spectrum of insulin 
sensitivity. Twenty-one men (aged 25-65 yr) had a glucose tolerance test and 
assessment of insulin sensitivity using a hyperinsulinemic-euglycemic clamp. 
Insulin sensitivity, expressed as the M value (milligrams per kilograms(-1) per 
minute(-1)), was calculated from the glucose disposal rate during the final 30 
min of the clamp. Eighteen subjects had blood sampling every 10 min for 12 h to 
assess LH pulsatility. Hypogonadism was then induced with a GnRH antagonist, 
followed by sequential stimulation testing with GnRH (750 ng/kg, iv) and human 
chorionic gonadotropin (hCG; 1000 IU, im) to assess pituitary and testicular 
responsiveness, respectively. Nine subjects had normal glucose tolerance, nine 



had impaired glucose tolerance, and three had diabetes mellitus. There was a 
positive relationship between M and T levels (r = 0.46; P < 0.05). No 
relationship was seen between M and parameters of LH secretion, including mean LH 
levels, LH pulse amplitude, LH pulse frequency, and LH response to exogenous GnRH 
administration. In contrast, a strong correlation was observed between M and the  
T response to hCG (r = 0.73; P < 0.005). Baseline T levels correlated with the 
increase in T after hCG administration (r = 0.47; P < 0.05). During the clamp, T  
levels increased from a baseline level of 367 +/- 30 to 419 +/- 38 ng/dl during 
the last 30 min (P < 0.05). From these data we conclude that insulin resistance 
is associated with a decrease in Leydig cell T secretion in men. Additional 
studies are required to determine the mechanism of this effect. 
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Effect of antiprogesterone mifepristone followed by misoprostol on circulating 
leptin in early pregnancy. 
 
Honkanen H, Ranta S, Ylikorkala O, Heikinheimo O. 
 
Department of Obstetrics and Gynecology, University of Helsinki, SF-00029 HUS, 
Helsinki, Finland. 
 
BACKGROUND: To study the role of progesterone (P4) in the regulation of 
circulating leptin in early human pregnancy, we measured the levels of leptin 
before and after administration of the antiprogestin mifepristone, followed by 
misoprostol in early pregnancy. METHODS: Thirty-four women requesting termination 
of pregnancy, with < or =63 days of amenorrhea, received 200 mg of mifepristone 
on day 0, followed by either oral or vaginal administration of 0.8 mg of 
misoprostol on day 2. Five serial serum samples were assayed for leptin, human 
chorionic gonadotrophin (hCG), P4, estradiol (E2), cortisol, and mifepristone. 
RESULTS: Circulating leptin concentrations decreased by 8.7 +/- 29.7% (mean +/- 
standard deviation) (p < 0.05) following the ingestion of mifepristone. After 
misoprostol administration on day 2, a decrease of 12.6 +/- 17.0% (p < 0.05) was  
followed by a rebound on day 3 to 87.6 +/- 25.7% of the pretreatment values. Two  
weeks after mifepristone, leptin levels had declined by 25.4 +/- 30.4%. In 
contrast, E2, P4, and hCG concentrations continued to increase following 
mifepristone, followed by rapid declines from day 2 to day 3. Serum cortisol 
concentrations increased by 89.7% +/- 82.7% in response to mifepristone, but this 
increase did not correlate with the decrease in leptin. The decrease in leptin 
levels on day 2 correlated with the decreases in P4 (r = 0.37, p < 0.05) and in 
E2 (r = 0.44, p < 0.05) levels. CONCLUSIONS: The fall in leptin levels following  
mifepristone implies a role for P4 in the regulation of leptin in early 



pregnancy. Moreover, the significant correlation between the changes in leptin 
and those of P4 and E2 at the time of luteolysis suggests that corpus luteum may  
also play a role in the regulation of circulating leptin in early pregnancy. 
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Serum leptin concentrations in patients with severe ovarian hyperstimulation 
syndrome during in vitro fertilization-embryo transfer treatment. 
 
Ayustawati, Shibahara H, Hirano Y, Suzuki T, Takamizawa S, Suzuki M. 
 
Department of Obstetrics and Gynecology, Jichi Medical School, 3311-1 Yakushiji,  
Minamikawachi-machi, Kawachi-gun, Tochigi 329-0498, Japan. 
 
OBJECTIVE: To investigate the changes in serum leptin concentration in the 
conception cycle of severe ovarian hyperstimulation syndrome (OHSS). DESIGN: 
Prospective longitudinal study of 66 IVF-ET cycles between May 2000 and June 
2002. SETTING: Infertility outpatient clinic at a Japanese medical school. 
PATIENT(S): Infertile patients undergoing IVF-ET cycles at the infertility 
outpatient clinic were divided into three groups consisting of group 1 
(conception-cycle patients with severe OHSS, n = 9), and group 2 (conception 
cycle, non-OHSS, n = 28), and group 3 (nonconception cycle, non-OHSS, n = 29). 
INTERVENTION(S): Blood samples were collected at five different periods. Period 
I, on the first day of ovarian stimulation with FSH; period II, at hCG 
administration before oocyte retrieval; period III, 7 days after oocyte 
retrieval; period IV, 14 days after oocyte retrieval; and period V, 21 days after 
oocyte retrieval. MAIN OUTCOME MEASURE(S): Serum leptin concentration. 
RESULT(S): 
The serum leptin concentration was low in the OHSS group compared with that of 
the non-OHSS groups in all serum samples, with significant levels at periods III  
(vs. groups 2 and 3; P<.05) and IV (vs. group 3; P<.01). A twofold increase of 
leptin concentration from period I to period II (P<.05) was observed in all 
groups. CONCLUSION(S): The change pattern in serum leptin concentration might 
provide a great contribution to the pathophysiology development of OHSS patients  
during assisted reproductive treatment. 
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Serum and follicular fluid leptin levels in patients undergoing controlled 
ovarian hyperstimulation for in vitro fertilization cycle. 
 
Chen R, Fisch B, Ben-Haroush A, Kaplan B, Hod M, Orvieto R. 
 
Department of Obstetrics and Gynecology, Rabin Medical Center, Petah Tiqva, 
Israel. 
 
OBJECTIVE: To determine serum and follicular fluid leptin levels in patients 
undergoing controlled ovarian hyperstimulation (COH) for an in vitro 
fertilization-embryo transfer (IVF-ET) cycle and their possible correlation to 
COH variables. Setting: Large university-based IVF unit. Patients: 16 consecutive 
patients undergoing our routine IVF long gonadotrophin-releasing hormone-analog 
protocol. INTERVENTIONS AIND MAIN OUTCOME MEASURES: Blood was drawn 
three times 
during the COH cycle: 1) day on which adequate suppression was obtained (Day-S);  
2) day of or prior to human chorionic gonadotrophin (hCG) administration 
(Day-hCG); and 3) day of ovum pick-up (Day-OPU). Levels of sex steroids and serum 
and follicular fluid leptin were compared among the three time points. Serum 
leptin was measured with a commercial two-site immunoradiometric assay. RESULTS:  
Results showed significantly higher levels of serum leptin on Day-OPU and Day-hCG 
than on Day-S, and significantly higher follicular than serum leptin levels on 
Day-OPU. Though a significant correlation was observed between serum leptin and 
body mass index (BMI), no correlations were found between serum or follicular 
fluid leptin and serum sex-steroid levels or IVF treatment variables. CONCLUSION: 
While serum leptin increases during COH for IVF, there is apparently no 
correlation of serum and follicular leptin levels with sex-steroid levels or IVF  
outcome. 
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Dose of GnRH agonist (nafarelin acetate) affects intrafollicular PAPP-A 
expression in controlled ovarian hyperstimulation cycle. 
 
Suh J, Lee E, Hwang S, Yoon S, Yoon BK, Bae D, Choi D. 
 
Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 50 Ilwon-Dong Kangnam-Ku, Seoul 135-710, South 
Korea. 
 
OBJECTIVE: To determine the effect of dose of GnRH agonist on the follicular 
environment in controlled ovarian hyperstimulation (COH) cycles. STUDY DESIGN: 



Twenty-eight IVF patients with normal ovarian function were divided into three 
groups: group I received GnRHa (nafarelin acetate/Synarel) intranasally at 200 
microg daily, group II received 400 microg daily until hCG injection, and group 
III was given 400 microg daily before the initiation of ovarian stimulation, then 
200 microg daily before the day of hCG injection. Serum estradiol, progesterone,  
and leptin levels were measured on the day of hCG injection. After aspiration, 
expression of pregnancy-associated alpha-plasma protein (PAPP)-A in the 
follicular fluid of dominant follicles (>20 mm) was determined by Western blot 
analysis. RESULTS: No significant difference was noted in serum estradiol, 
progesterone, and leptin levels. But intrafollicular PAPP-A expression was 
significantly higher in group II compared to other groups (P<0.05). CONCLUSION: 
The dose of GnRHa may have an impact on the intrafollicular environment of 
dominant follicles in COH cycles. 
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Modulatory effects of leptin on leydig cell function of normal and 
hyperleptinemic rats. 
 
Giovambattista A, Suescun MO, Nessralla CC, França LR, Spinedi E, Calandra RS. 
 
Instituto Multidisciplinario de Biología Celular, La Plata, Argentina. 
 
Neonatal L-monosodium glutamate (MSG) administration in rats induces several 
neuroendocrine and metabolic disruptions. Leptin, the adipocyte product, 
modulates several neuroendocrine systems including the 
hypothalamic-pituitary-gonadal (HPG) axis in mammals. The aim of the present 
study was to determine whether MSG-induced chronic hyperleptinemia could play any 
relevant role in the hypogonadism developed by male rats when examined in 
adulthood. We found that 120-day-old MSG male rats displayed significant 
hyperleptinemia, hypogonadism, and undisturbed basic testis structure and 
spermatogenesis. In vitro studies in purified Leydig cells from normal (CTR) and  
MSG-damaged rats revealed that basal and human chorionic gonadotropin 
(hCG)-stimulated 17-hydroxy-progesterone (17-HO-P(4)), Delta(4)-androstenedione 
(Delta(4)A) and testosterone (T) secretions were significantly lower in MSG than  
in CTR cells. Exposure to murine leptin (Mleptin, 10(-8)M) significantly 
inhibited hCG-elicited T secretion by CTR cells after 180 min incubation. While 
Mleptin significantly inhibited hCG-stimulated Delta(4)A output and the 
Delta(4)A:17-OH-P(4) ratio of secretion, conversely, it failed to modify the 
ratio T:Delta(4)A release by CTR Leydig cells. Interestingly, the effects of 
Mleptin found on CTR Leydig cells were absent in MSG Leydig cells. Finally, 
endogenous hyperleptinemia was associated with a significant decrease in Leydig 



cell expression of Ob-Rb mRNA in MSG rats. In summary, this study demonstrates 
that: (1) Mleptin inhibited testicular steroidogenesis in CTR rats; (2) 
MSG-treated rats showed lower in vitro 17-OH-P(4), Delta(4)A and T production 
under basal and post-hCG stimulation conditions; (3) purified Leydig cells from 
MSG-treated rats displayed resistance to the inhibitory action of Mleptin on T 
release, and (4) endogenous leptin exerts a modulatory effect on Leydig cell 
Ob-Rb mRNA expression. The inhibitory effect of leptin on testicular function is  
thus abrogated in MSG-damaged rats. The testicular leptin-resistance developed by 
MSG rats seems to be due to early chronic exposure of Leydig cells to high leptin 
circulating levels, which in turn down-regulate testicular Ob-Rb expression. It 
remains to be determined whether the testicular dysfunction of MSG rats can be 
reversed after correction of hyperleptinemia or whether it is an irreversible 
effect of the hypothalamic lesion. 
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Effect of insulin on rat ovarian leptin expression by immunohistochemical 
staining. 
 
Kuscu NK, Ozbilgin K, Inan S, Giray G, Ceylan E, Koyuncu F. 
 
Department of Obstetrics and Gynaecology, School of Medicine, Celal Bayar 
University, Manisa, Turkey. kemal.kuscu@bayar.edu.tr 
 
AIM: Leptin and insulin may interact in regulating ovarian steroid synthesis. The 
objective of this study was to investigate immunohistochemical staining of leptin 
in normal rat ovarian tissues and in rats treated with insulin and insulin plus 
human chorinoic gonadotropin (hCG). METHODS: Paraffin blocks of rat ovarian 
tissues from a previous study, in which 18 adult, female Wistar rats with an 
average weight of 250 g were divided into three groups to receive either saline 
solution, human insulin (2 U/day) or human insulin (2 U/day) plus hCG (4 U/day) 
for 4 weeks, were used in this study to compare the effects on leptin staining. 
The results were analysed using a semiquantitative scoring system, such as mild,  
moderate and strong. RESULTS: No staining was observed in granulosa cells and 
theca interna cells of normal ovarian tissues. Theca externa cells had mild 
staining intensity (+), corpus luteum had moderate (+ +) and stroma had mild (+)  
staining intensity. Histological structure was impaired in the insulin group, 
luteinized cells had mild staining, there was no difference in other cell groups. 
Only theca externa cells of the developing follicles were stained in insulin plus 
hCG group, luteinized cells again had mild staining. CONCLUSIONS: Besides 
damaging the rat ovarian structure, insulin reduced staining intensity of leptin  
in luteinized cells. Insulin may stimulate ovarian steroid synthesis not only 



through its own receptors, but also by acting on the leptin expression of these 
cells. 
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Trophoblast viability in perfused term placental tissue and explant cultures 
limited to 7-24 hours. 
 
Di Santo S, Malek A, Sager R, Andres AC, Schneider H. 
 
Universitäts-Frauenklinik Inselspital, Effingerstrasse 102, CH-3010 Berne, 
Switzerland. 
 
Human term-placental culture techniques such as villous explant or dual perfusion 
are commonly used to study trophoblast function under control and experimentally  
manipulated conditions. We have compared trophoblast viability during perfusion 
and in explants cultured under various conditions by monitoring glucose 
consumption, protein synthesis and secretion, expression of 
differentiation-specific genes, induction of stress proteins and apoptotic cell 
death. The tissue was obtained from term-placentae of uncomplicated pregnancies 
after elective Caesarean delivery. We observed a severe loss of trophoblast 
viability in explants irrespective of the culture conditions used. Over 7 h of 
culture the amount of the differentiation specific placental hormones hCG, hPL 
and leptin accumulated in the medium dropped significantly. Analysis of their 
expression by semi-quantitative and real-time RT-PCR revealed that the 
down-regulation of expression occurred at the transcriptional level. This 
transcriptional repression was accompanied by induction of the stress-proteins 
RTP and BiP/GRP78. Analysis of apoptotic cell death by TUNEL assay and 
immunohistochemical detection of the caspase-3-specific degradation product of 
cytokeratin 18 revealed prominent cell death after 7 h of culture. These results  
are in contrast to the findings obtained in perfused placental tissue where, 
after 7 h of culture, hormone secretion, expression of stress proteins and cell 
death were similar as in native tissue. This difference between villous explant 
incubation and dual perfusion is also reflected by a significantly higher 
consumption of glucose in perfused tissue. 
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Possible interactions between leptin, gonadotrophin-releasing hormone (GnRH-I and 
II) and human chorionic gonadotrophin (hCG). 
 
Islami D, Bischof P, Chardonnens D. 
 
Department of Obstetrics and Gynaecology, Clinic of Infertility and 
Gynaecological Endocrinology, WHO Collaborating Centre in Human Reproduction, 
University Hospital of Geneva, 32 Boulevard de la Cluse, 1211, Geneva, 
Switzerland. dorina.islami@hcuge.ch 
 
Leptin is a metabolic signal to the reproductive axis, where it increases the 
plasma levels of luteinising hormone (LH) and follicle stimulating hormone (FSH). 
Since the placental regulation of human chorionic gonadotrophin (hCG) mimics that 
of the pituitary LH, we undertook this study to see if leptin could be involved 
in the secretion and synthesis of hCG in first-trimester trophoblast. We 
incubated cytotrophoblastic cells (CTB) with GnRH-I or GnRH-II, for 4 or 48 h and 
collected the media at different times thereafter. GnRH-II was more potent than 
GnRH-I when incubated for 4 h with CTB. Leptin secretion, as measured at 4 h, was 
significantly stimulated by GnRH-II. When measured at 24 h leptin values were 
also increased as compared to controls. Neither GnRH-I, nor GnRH-II had any 
effect on leptin secretion when incubated for 48 h with CTB. Leptin was also 
added to perifused placental explants, and samples (in which hCG was measured) 
were collected every 3 min. Leptin significantly stimulated hCG secretion by 
explants and induced a pulse of hCG immediately (within 6 min) after its 
injection, increasing significantly the area under the curve (P=0.04) and the 
amplitude (P=0.02) of hCG pulses. We conclude that GnRH-II is more effective than 
GnRH-I in stimulating leptin secretion. This difference could be explained by the 
existence of two different types of placental GnRH receptors or two different 
pathways of GnRH degradation. Furthermore, we observe that leptin has a 
significant stimulatory effect on hCG pulsatility. 
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Modulation of placental vascular endothelial growth factor by leptin and hCG. 
 
Islami D, Bischof P, Chardonnens D. 
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University Hospital of Geneva, 32 Boulevard de la Cluse, 1211 Geneva, 
Switzerland. 
 



Vascular endothelial growth factor (VEGF) has been identified as an 
endothelium-specific mitogen and inducer of angiogenesis and endothelial cell 
survival. Leptin and hCG have also been suggested as possible regulators of 
angiogenesis in various models. In-vivo and in-vitro assays revealed that leptin  
has an angiogenic activity and that the vascular endothelium is a target for 
leptin. Thus, we hypothesized that products of cytotrophoblastic cells may play a 
role in placental angiogenesis and we therefore investigated the effects of 
leptin and hCG on cytotrophoblast VEGF secretion. We incubated cytotrophoblastic  
cells (CTB) with recombinant human leptin (rhLept) (0-4 pg/ml) or hCG (0-30000 
IU/ml) for 4 h. rhLept significantly stimulated hCG (P = 0.0045) and decreased 
VEGF release (P = 0.0008) by CTB in a concentration-dependent manner. On the 
other hand, increasing concentrations of hCG (0-30000 IU/ml), induced a 
significant inhibition of leptin secretion (P = 0.0028) and a marked 
dose-dependent stimulation of VEGF(165) secretion (P < 0.0001). We observed an 
increase of >1000-fold in basal trophoblastic VEGF secretion with physiological 
concentrations of hCG in vitro. An inhibitory effect of hCG on trophoblastic 
leptin secretion was also observed, suggesting that hCG might exert a possible 
negative feedback on trophoblastic release of leptin. We hypothesize that 
trophoblastic products such as hCG and leptin are probably involved in the 
control of VEGF secretion at the maternal-fetal interface. 
 
 
PMID: 12802046 [PubMed - in process] 
 
 
35. Biol Reprod. 2003 Apr;68(4):1199-207. Epub 2002 Oct 30. 
 
Ontogenesis of leptin receptor in rat Leydig cells. 
 
Caprio M, Fabbrini E, Ricci G, Basciani S, Gnessi L, Arizzi M, Carta AR, De 
Martino MU, Isidori AM, Frajese GV, Fabbri A. 
 
Cattedra di Endocrinologia, Dipartimento di Medicina Interna, Università "Tor 
Vergata," 00133 Rome, Italy. 
 
There are still many controversies about the role of leptin in reproductive 
function and sexual development. We recently demonstrated that leptin receptors 
are expressed in rodent Leydig cells and that leptin has inhibitory effects on 
hCG-stimulated testosterone production by adult rat Leydig cells in culture. In 
this study, we evaluated the expression of leptin receptor (Ob-R) in rat testes 
from gestational to adult age in comparison with the pattern of expression of 
relaxin-like factor (RLF), a specific marker of Leydig cell differentiation 
status. Immunohistochemical analysis showed that, in prenatal life, Ob-R 
immunoreactivity was absent at early embryonic ages (E14.5) and appeared at a 
late embryonic age (E19.5); in postnatal life, immunoreactivity was evident only  
after sexual maturation (35-, 60-, and 90-days old), whereas it was absent in 



testes from sexually immature rats (7-, 14-, and 21-days old). Immunoreaction was 
always confined to Leydig cells and no signal of Ob-R was detected within the 
tubules. The pattern of expression of Ob-R during testicular development was 
similar with that of RLF immunoreactivity, which was present in mature fetal as 
well as adult-type Leydig cells. In contrast with the findings in the testis, in  
the hypothalamus, the immunohistochemical pattern of Ob-R was very similar 
between pre- and postpubertal life. Reverse transcription-polymerase chain 
reaction studies showed that Ob-R expression was present in embryonic, 
prepubertal, and adult rat testes; semiquantitative analysis showed that mRNA 
levels were much higher in late versus early embryonic testes, as well as in 
mature adults versus sexually immature testes, with a gradual increase from 
younger to older ages. Functional studies showed that, while leptin (150 ng/ml) 
significantly inhibited hCG-stimulated testosterone production in adult rat 
Leydig cells (46% reduction; P > 0.01), it did not modify prepubertal rat Leydig  
cells steroidogenic function in vitro. In conclusion, we showed that, in rat 
testis, Ob-R expression is characteristic of mature Leydig cells (fetal and adult 
type) and it is functional in adult but not prepubertal life. 
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[Impact of leptin levels on outcome of in vitro fertilization-embryo transfer] 
 
[Article in Chinese] 
 
Yang XF, Huang HF. 
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Zhejiang University, Hangzhou 310006, China. 
 
OBJECTIVE: To investigate the impact of ovarian stimulation on leptin levels and  
their effect on in vitro fertilization-embryo transfer (IVF-ET). METHODS: In 39 
women who underwent IVF-ET, serum and follicular fluid leptin and E(2) levels 
were measured by enzyme-linked immunosorbent assay and radioimmunoassay. Blood 
samples were collected just prior to FSH and HCG injection and follicles 
puncture. Follicular fluid was collected at the time of oocyte retrieval. 
RESULTS: The serum leptin levels before HCG administration (26.1+/-2.3)&mgr;g/L 
were significantly higher than before FSH administration (9.3+/-1.0)&mgr;g/L and  
oocyte retrieval (15.8+/-2.3)&mgr;g/L(P<0.001). On the day of oocyte retrieval, 
there was no significant difference between the serum 
leptin(15.8+/-2.3)&mgr;g/L.and the follicular fluid leptin (18.5+/-2.2)&mgr;g/L.  
Serum and follicular leptin levels in successful pregnancies were significantly 
lower(P<0.05) than in women with failed conception. CONCLUSION: It could indicate 



that high leptin levels may interfere with the developing of dominant follicles. 
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Do reproductive hormones modify insulin sensitivity and metabolism in older men?  
A randomized, placebo-controlled clinical trial of recombinant human chorionic 
gonadotropin. 
 
Liu PY, Wishart SM, Celermajer DS, Jimenez M, Pierro ID, Conway AJ, Handelsman 
DJ. 
 
Department of Andrology, Concord Hospital and ANZAC Research Institute, Concord,  
New South Wales 2139, Australia. 
 
OBJECTIVE: In order to assess the hormonal determinants of insulin sensitivity 
and related components of the metabolic syndrome, we evaluated the effect of 
subcutaneous recombinant human chorionic gonadotropin (r-hCG; Ovidrel) on insulin 
sensitivity, vascular reactivity, leptin, insulin-like growth factor-I (IGF-I) 
and lipids in ambulant, community dwelling men >60 Years of age with serum 
testosterone <or= 15 nmol/l on two occasions. DESIGN: Forty eligible men were 
randomized to receive 250 microg (5000 IU) r-hCG subcutaneously twice each week 
(n=20) or placebo (n=20) injections for 3 Months, and all subjects (mean age 67 
(range 60-85) Years) completed the study. METHODS AND RESULTS: Groups were 
well 
matched for height, weight, anthropometry and insulin sensitivity. Insulin 
sensitivity was assessed by homeostasis model (HOMA) and euglycemic 
hyperinsulinemic clamp at baseline and at the end of the treatment period in the  
first 30 men who did not have diabetes mellitus. Insulin sensitivity (HOMA and 
euglycemic clamp) or beta cell function (HOMA) were not significantly changed by  
r-hCG despite a significant increase in lean body mass (approximately 2 kg, 
P<0.001) and reduced fat mass (approximately 1 kg, P<0.05). Subcutaneous fat 
(skinfold measurements), abdominal girth and serum leptin all decreased and IGF-I 
tended to increase, but these changes were not significant. Recombinant hCG 
significantly reduced total and low density lipoprotein cholesterol, and 
triglycerides, but did not significantly alter high density lipoprotein 
cholesterol. Endothelial function (vascular reactivity) was not significantly 
worsened. We conclude that three-Months of treatment with r-hCG demonstrates 
expected hormonal effects, improved lipids and did not worsen vascular 
endothelial function. Insulin sensitivity was not altered despite suggestive 
changes in body composition. CONCLUSIONS: These findings suggest short-term 
metabolic and cardiovascular safety and argue against an important role for 
androgens in the hormonal control of insulin sensitivity in older men. 
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Effect of leptin on progesterone, human chorionic gonadotropin, and interleukin-6 
secretion by human term trophoblast cells in culture. 
 
Cameo P, Bischof P, Calvo JC. 
 
Instituto de Biología y Medicina Experimental Department of Biological Chemistry, 
Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Buenos 
Aires, Argentina. paucameo@fibertel.com.ar 
 
Leptin, the 16-kDa protein product of the obese gene, was originally seen as an 
adipocyte-derived signaling molecule. Recently, it has been suggested to be 
involved in some functions during pregnancy, particularly in the placenta. In the 
present study, we investigated the role of leptin in the secretion of hCG, 
progesterone, and interleukin-6 (IL-6) by human term trophoblast cells in 
culture. Placentae were obtained from cesarean sections following uncomplicated 
pregnancies and used immediately after delivery. Leptin, hCG, progesterone, and 
IL-6 were measured by ELISA, RIA, and immunoradiometric assay in the cultured 
media of trophoblast cells cultured for 48 and 96 h. Leptin mRNA expression in 
these cultures was determined by reverse transcription-polymerase chain reaction. 
Recombinant human leptin added to primary cultures of human term placental 
trophoblast cells showed a stimulatory effect on hCG and IL-6 secretion and an 
inhibitory effect on progesterone secretion. Primary cultures of term trophoblast 
cells expressed leptin mRNA. All these findings suggest a role for leptin in 
human placental endocrine function. 
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Leptin levels in the obese African parturient. 
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Prolactin, HCG and oestrogen are reported to have a role in regulating serum 
leptin levels and therefore adiposity in pregnancy. The aim of this study was to  
determine serum leptin levels during pregnancy in African women, and was 
conducted in the Antenatal Clinic, King Edward VIII Hospital, Durban, South 
Africa. Eighty-two obese and non-obese women were studied. Demographic details 
and anthropometric measurements were recorded, and serum leptin levels determined 
by radio-immunoassay in all women. Age, parity and gestational age showed a weak  
correlation with leptin levels. Weight (4=0.6); body mass index (r=0.5), and the  
circumference of midarm (r=0.4), waist (4-0.6, hip (5=0.5) and thigh correlated 
positively with leptin values. Serum leptin values in African pregnant women are  
not dissimilar to that of studies in other racial groups. 
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Leptin affects pregnancy outcome of in vitro fertilization and steroidogenesis of 
human granulosa cells. 
 
Tsai EM, Yang CH, Chen SC, Liu YH, Chen HS, Hsu SC, Lee JN. 
 
Department of Obstetrics and Gynaecology, Kaohsiung Medical University Hospital,  
Taiwan. 
 
PURPOSE: This study was to examine the serum leptin levels in the prediction of 
pregnancy outcomes in women receiving ovarian hyperstimulation. Effect of leptin  
on the steroidogenesis was evaluated for granulosa cell (GC) culture in vitro. 
METHOD: Serum levels of leptin and estradiol were measured on Day 2, the time of  
hCG administration and oocyte retrieval in 50 women undergoing long-course GnRH 
agonist ovarian hyperstimulation. The production of estrogen and progesterone in  
granulosa cell culture were detected after administration of leptin at the 
absence or presence of FSH 1 mIU. RESULTS: Leptin levels at the time of hCG 
injection were significantly lower in the pregnant women than in those without 
pregnancy. Estradiol concentrations were not correlated with leptin levels during 
the time of hCG injection and oocyte retrieval. High leptin concentration 
suppressed both basal estradiol and progesterone productions in GC. Leptin in 
high doses suppressed estradiol production, but did not alter progesterone 
production of GC in the presence of FSH. CONCLUSIONS: Serum leptin levels may be  
predictive of IVF pregnancy outcome with the effect on intraovarian 
progesterone/estradiol ratio during the follicular phase. Significantly low serum 
leptin levels were noted in the pregnant women than in the nonpregnant women. 
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Maternal serum leptin concentration during the second trimester of pregnancy: 
association with fetal chromosomal abnormalities. 
 
Rizos D, Hassiakos D, Grigori-Kostaraki P, Sarandakou A, Botsis D, Salamalekis E. 
 
Hormone Laboratory, Aretaieion Hospital, Athens, Greece. drizos@aretaieio.uoa.gr 
 
Recent studies suggest that leptin, the product of the obese gene, is produced by 
the placenta during pregnancy. The present study addressed the question whether 
second trimester maternal serum leptin could be altered by fetal Down syndrome or 
Edwards syndrome. Maternal serum leptin concentrations were measured in 18 
pregnancies complicated with Down syndrome, six pregnancies complicated with 
Edwards syndrome and 183 uncomplicated pregnancies during the second trimester of 
pregnancy. The present results demonstrate that leptin concentrations in 
uncomplicated pregnancies slightly decrease from the 16th week of pregnancy, 
reaching a minimum of 18.8 ng/ml around the 20th week, and then rapidly increase  
to 28.2 ng/ml by the 24th week. Leptin correlation with maternal body weight 
decreases from r=0.695 at 16-17 week of gestation to r=0.544 at >22 weeks of 
gestation. There was no significant difference between the mean MoMs of Down 
syndrome- (0.926) or Edwards syndrome- (0.960) affected pregnancies and normal 
pregnancies (1.002). A weak correlation (r=0.18, p<0.02) was observed between 
corrected leptin MoMs and human chorionic gonadotrophin (hCG) MoMs in normal 
pregnancies. It is assumed that around the 20th week of pregnancy placental 
leptin production is activated or at least is accelerated and it is added to the  
amount of leptin produced by maternal adipose tissue. Fetal Down syndrome or 
Edwards syndrome does not seem to alter maternal leptin concentration and 
therefore leptin cannot be used as a marker for these chromosomal abnormalities 
in the early second trimester of pregnancy. 
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Short-term human chorionic gonadotropin-induced testosterone rise does not modify 
leptin levels in eugonadal men. 
 
Panidis D, Koliakos G, Kourtis A, Rousso D, Mavromatidis G, Triantos A, Kalahanis 
I. 
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and Gynecology, Aristotle University of Thessaloniki, Thessaloniki, Greece. 
 
The aim of this study was to monitor serum leptin concentrations after altering 
the levels of testosterone, by intramuscular administration of human chorionic 
gonadotropin (hCG), in eugonadal men. A 7-day monitoring of hCG, testosterone and 
leptin levels was performed after intramuscular administration of a dose of 5000  
IU hCG in these men. Thirty fertile men aged 23-38 years were studied. In 
addition, 30 women aged 18-34 years with normal ovulatory cycles were studied, to 
verify reports of sexual dimorphism in serum leptin levels. These 60 individuals  
were divided into four groups, according to their sex and body mass index (BMI) 
values. In men, blood samples were collected at 09.00, after an overnight fast, 
for the determination of hCG, testosterone and leptin levels, and, immediately 
thereafter, a dose of 5000 IU hCG was administered intramuscularly. Further blood 
samples were collected at 24-h intervals for a period of 7 days for determination 
of the same hormones. In women, blood samples were collected only once, at 09.00, 
after an overnight fast between the 3rd and the 6th day of the menstrual cycle, 
for determination of serum estradiol and leptin levels. Our results showed that 
the mean value of leptin in thin men and women was significantly lower than that  
in obese men and women, respectively. The mean value of leptin in thin women was  
significantly higher than that in obese men. Serum leptin concentrations 
decreased significantly, 168 h after short-term hCG administration. There was a 
significant positive correlation between BMI values and serum leptin 
concentrations, in both men and women. Our results support the view that hCG 
administration in eugonadal men does not influence serum leptin levels. Moreover, 
a short-term increase of serum testosterone levels, after one dose of hCG, is not 
sufficient to affect and modify leptin secretion mechanisms in vivo. 
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Leptin: a possible metabolic signal affecting reproduction. 
 
Spicer LJ. 
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Since its discovery in 1994, leptin, a protein hormone synthesized and secreted 
by adipose tissue, has been shown to regulate feed intake in several species 
including sheep and pigs. Although a nimiety of information exists regarding the  
physiological role of leptin in rodents and humans, the regulation and action of  
leptin in domestic animals is less certain. Emerging evidence in several species  
indicates that leptin may also affect the hypothalamo-pituitary-gonadal axis. 



Leptin receptor mRNA is present in the anterior pituitary and hypothalamus of 
several species, including sheep. In rats, effects of leptin on GnRH, LH and FSH  
secretion have been inconsistent, with leptin exhibiting both stimulatory and 
inhibitory action in vivo and in vitro. Evidence to support direct action of 
leptin at the level of the gonad indicates that the leptin receptor and its mRNA  
are present in ovarian tissue of several species, including cattle. These leptin  
receptors are functional, since leptin inhibits insulin-induced steroidogenesis 
of both granulosa and thecal cells of cattle in vitro. Leptin receptor mRNA is 
also found in the testes of rodents. As with the ovary, these receptors are 
functional, at least in rats, since leptin inhibits hCG-induced testosterone 
secretion by Leydig cells in vitro. During pregnancy, placental production of 
leptin may be a major contributor to the increase in maternal leptin in primates  
but not rodents. However, in both primates and rodents, leptin receptors exist in 
placental tissues and may regulate metabolism of the fetal-placental unit. As 
specific leptin immunoassays are developed for domestic animals, in vivo 
associations may then be made among leptin, body energy stores, dietary energy 
intake and reproductive function. This may lead to a more definitive role of 
leptin in domestic animal reproduction. 
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Endocrine, paracrine and autocrine regulation of trophoblastic 
metalloproteinases. 
 
Bischof P. 
 
Department Obstetrics & Gynaecology, University of Geneva, Switzerland. 
 
Gelatinase A and B (MMP-2 and MMP-9) are secreted by cytotrophoblast (CTB); these 
enzymes digest the major constituents of the endometrial extracellular matrices 
(ECM). Direct evidence links the expression of MMPs to the metastatic phenotype 
of tumour cells and tissue inhibitor of metalloproteinases (TIMP) to the 
inhibition of metastatisation. Gelatinase B (MMP-9, and no other MMP) has been 
shown in vitro to mediate CTB invasion. ECM components are known to influence 
adhesion, spreading, migration and differentiation of cells through specific cell 
surface receptors called integrins. While CTB migrate from the villous into the 
decidua they modulate their integrin repertoire, secrete MMP-9 and acquire the 
capacity to digest their environment. Although CTB behave like metastatic cells,  
in vivo they are only transiently invasive (first trimester) and their invasion 
is essentially limited to the endometrium and to the proximal myometrium. This 
temporal and spatial regulation seems to be mediated in a paracrine way by 
uterine factors and in an autocrine way by trophoblastic factors. We investigated 



the effects of endometrial regulators such as leukaemia inhibitory factor (LIF),  
tumour necrosis factor (TNF), transforming growth factor beta (TGFb), 
interleukin-1 and 6 (IL-1, IL-6) and insulin-like growth factor binding protein-1 
(IGFBP-1) as well as trophoblastic factors such as hCG and leptin. All these 
factors markedly influenced the secretion and/or activation of MMP-2 and MMP-9. 
Most cytokines influence cell behaviour by modulating phosphorylation of 
transcription factors. Among these we identified two oncogene products (Jun and 
Fos) which were activated by TNF or phorbol esters and which promoted the 
synthesis of MMP-9. We conclude that decidual and trophoblastic products are 
autocrine or paracrine regulators of trophoblastic invasion of the endometrium 
and that some of these products act by activating the transcription of early 
response genes such as transcription factors. 
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Molecular mechanisms of leptin action in adult rat testis: potential targets for  
leptin-induced inhibition of steroidogenesis and pattern of leptin receptor 
messenger ribonucleic acid expression. 
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Leptin, the product of the ob gene, is a pivotal signal in the regulation of 
neuroendocrine function and fertility. Although much of the action of leptin in 
the control of the reproductive axis is exerted at the hypothalamic level, some 
direct effects of leptin on male and female gonads have also been reported. 
Indeed, recent evidence demonstrated that leptin is able to inhibit testosterone  
secretion at the testicular level. However, the molecular mechanisms behind this  
effect remain unclear. The focus of this study was twofold: (1) to identify 
potential targets for leptin-induced inhibition of steroidogenesis, and (2) to 
characterize in detail the pattern of expression and cellular distribution of 
leptin receptor (Ob-R) mRNA in adult rat testis. In pursuit of the first goal, 
slices of testicular tissue from adult rats were incubated with increasing 
concentrations of recombinant leptin (10(-9)--10(-7 )M) in the presence of human  
chorionic gonadotropin (hCG; 10 IU/ml). In this setting, testosterone secretion 
in vitro was monitored, and expression levels of mRNAs encoding steroidogenic 
factor 1 (SF-1), steroidogenic acute regulatory protein (StAR), cytochrome P450 
cholesterol side-chain cleavage enzyme (P450 scc) and 17 beta-hydroxysteroid 



dehydrogenase type III (17 beta-HSD) were assessed by Northern hybridization. In  
pursuit of the second goal, the pattern of cellular expression of the Ob-R gene 
in adult rat testis was evaluated by in situ hybridization using a riboprobe 
complementary to all Ob-R isoforms. In addition, testicular expression levels of  
the different Ob-R isoforms, previously identified in the hypothalamus, were 
analyzed by means of semi-quantitative RT-PCR. In keeping with our previous data, 
recombinant leptin significantly inhibited hCG-stimulated testosterone secretion. 
In this context, leptin, in a dose-dependent manner, was able to co-ordinately 
decrease the hCG-stimulated expression levels of SF-1, StAR and P450 scc mRNAs, 
but it did not affect those of 17 beta-HSD type III. In situ hybridization 
analysis showed a scattered pattern of cellular expression of the Ob-R gene 
within the adult rat testis, including Leydig and Sertoli cells. In addition, 
assessment of the pattern of expression of Ob-R subtypes revealed that the long 
Ob-Rb isoform was abundantly expressed in adult rat testis. However, variable 
levels of expression of Ob-Ra, Ob-Re, and Ob-Rf mRNAs were also detected, whereas 
those of the Ob-Rc variant were nearly negligible. In conclusion, our results 
indicate that decreased expression of mRNAs encoding several up-stream elements 
in the steroidogenic pathway may contribute, at least partially, to 
leptin-induced inhibition of testicular steroidogenesis. In addition, our data on 
the pattern of testicular expression of Ob-R isoforms and cellular distribution 
of Ob-R mRNA may help to further elucidate the molecular mechanisms of leptin 
action in rat testis. 
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Capacity for hormone production of cultured trophoblast cells obtained from 
placentae at term and in early pregnancy. 
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PROBLEM: There is an increased doubt about the identity of isolated 
cytotrophoblast cells at term. Therefore, we compared pregnancy serum levels of 
three hormones [human placental lactogen (hPL), human chorionic gonadotropin 
(hCG), and leptin] with the capacity for hormone production of early placentae 
[EP; 8-13 weeks of gestation (WG)] and term placentae (TP; 38-42 WG). METHODS: 
Serum levels of these hormones were determined in 15 paired maternal (7-41 WG) 
and fetal (37-41 WG) samples. Cytotrophoblast cells were isolated from term (TP;  
38-42 weeks) and early (EP; 8-13 weeks) placentae by enzymatic digestion and 



subsequent purification on a Percoll gradient. These cells were cultured for 6 
days. The production of the hormones hPL, hCG, and leptin was determined as 
release during culture + cell content after culture - cell content before 
culture. RESULTS: Serum levels (mean +/- SD; n = 15) at 7-12 and 37-41 WG were 
89,652 +/- 21,431 and 13,620 +/- 5854 mIU/ml for hCG, 400 +/- 182 and 7088 +/- 
2030 ng/ml for hPL, and 12,675 +/- 4266 and 32,236 +/- 10,961 pg/ml for leptin, 
respectively. For cultured cells from EP and TP, hCG and hPL showed different 
patterns of release during the first 2-3 days. While the release of these two 
hormones by EP cytotrophoblast cells continued during 6 days in culture, their 
concentrations reached a plateau for TP cytotrophoblasts between 4 and 6 days. 
Leptin was undetectable (< 15 pg/ml) in TP cell cultured media, while for EP all  
three hormones showed the same release profiles. Production calculated for 30,000 
TP trophoblast cells cultured for 6 days (n = 8) was 2-31 mIU for hCG and 0.5-2 
ng for hPL. For EP (n = 11), it was 50-1070 mIU for hCG, 15-323 ng for hPL, and 
137-580 pg for leptin. Net synthesis of hCG and hPL for TP was > 10-fold and < 
1-fold, respectively. In contrast, the production of all three hormones for EP 
was at least 100 times the initial cell content. CONCLUSIONS: These results 
demonstrate that trophoblasts from early pregnancy show much higher production 
rates of hCG, hPL, and leptin than at term. However, the in vitro findings are 
difficult to be reconciled with the different serum concentrations of the two 
hormones hPL and leptin observed during the course of pregnancy. 
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Leptin inhibits steroid biosynthesis by human granulosa-lutein cells. 
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Absence of leptin secretion compromises reproductive function and fertility in 
the ob/ob mouse which, when given leptin, shows a rise in serum LH levels and 
becomes fertile. Recently, the long and active isoform of the leptin receptor was 
detected in the ovary, indicating that leptin may also show direct gonad-related  
activity. To examine this, we studied the effect of graded doses of human leptin  
on estradiol (E2) and progesterone (P4) concentrations in the culture media of 
human granulosa-lutein cells obtained from follicular fluid of women undergoing 
in vitro fertilization. We also evaluated the mRNA expression of steroidogenic 
acute regulatory protein (StAR), aromatase, and cytochrome P450 17alpha (CYP17) 
in these cells at baseline and after exposure to leptin. Estradiol levels were 
significantly decreased in the media 24 hours after incubation of the cells with  



increasing hLeptin concentrations (10(-11) - 10(-7) mol/l). The maximal 30% 
decrease in E2 production was caused by the 10(-9) mol/l hLeptin concentration; 
however, P4 levels in the media were not influenced by leptin. Exposure of 
granulosa-lutein cells to 10(-9) mol/l hLeptin did not produce any measurable 
changes on StAR, aromatase, or CYP17 mRNA expression. When hLeptin (10(-9) mol/l) 
was co-incubated with increasing concentrations of hCG (1.25 - 10 mlU/ml), IGF-II 
(15-60 ng/ml) or 1-6 desaminated IGF-II (deslGF-II; 15-60 ng/ml), it did not 
modify the elevation of E2 concentrations caused by each of the different 
stimuli. We conclude that leptin suppresses E2 secretion by human 
granulosa-lutein cells but does not impair the stimulatory effects of hCG and 
IGFs on these cells. Leptin may play a minor, but direct regulatory role on 
unstimulated human ovarian steroidogenesis by interfering with either the 
translational or post-translational steps of the baseline CYP17 and/or aromatase  
synthesis and/or the activation of the enzymes. 
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Ectopic and abnormal hormone receptors in adrenal Cushing's syndrome. 
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The mechanism by which cortisol is produced in adrenal Cushing's syndrome, when 
ACTH is suppressed, was previously unknown and was referred to as being 
"autonomous." More recently, several investigators have shown that some cortisol  
and other steroid-producing adrenal tumors or hyperplasias are under the control  
of ectopic (or aberrant, illicit, inappropriate) membrane hormone receptors. 
These include ectopic receptors for gastric inhibitory polypeptide (GIP), 
beta-adrenergic agonists, or LH/hCG; a similar outcome can result from altered 
activity of eutopic receptors, such as those for vasopressin (V1-AVPR), serotonin 
(5-HT4), or possibly leptin. The presence of aberrant receptors places adrenal 
cells under stimulation by a trophic factor not negatively regulated by 
glucocorticoids, leading to increased steroidogenesis and possibly to the 
proliferative phenotype. The molecular mechanisms responsible for the abnormal 
expression and function of membrane hormone receptors are still largely unknown.  
Identification of the presence of these illicit receptors can eventually lead to  
new pharmacological therapies as alternatives to adrenalectomy, now demonstrated  
by the long-term control of ectopic P-AR- and LH/hCGR-dependent Cushing's 
syndrome by propanolol and leuprolide acetate. Further studies will potentially 
identify a larger diversity of hormone receptors capable of coupling to G 



proteins, adenylyl cyclase, and steroidogenesis in functional adrenal tumors and  
probably in other endocrine and nonendocrine tumors. 
 
 
PMID: 11159817 [PubMed - indexed for MEDLINE] 
 
 
49. Biol Reprod. 2001 Feb;64(2):634-43. 
 
Developmental and hormonal regulation of leptin receptor (Ob-R) messenger 
ribonucleic acid expression in rat testis. 
 
Tena-Sempere M, Pinilla L, Zhang FP, González LC, Huhtaniemi I, Casanueva FF, 
Dieguez C, Aguilar E. 
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In target tissues, leptin receptor (Ob-R) gene expression results in an array of  
alternatively spliced isoforms (Ob-Ra to Ob-Rf) with different functional 
features. Recent evidence has pointed to a direct role of leptin in the control 
of testicular function. However, complete elucidation of the pattern of Ob-R gene 
expression in the male gonad is still pending. The focus of this study was to 
characterize in detail the developmental pattern of expression and hormonal 
regulation of Ob-R gene in rat testis. To this end, the overall expression of 
Ob-R mRNA was compared to that of the fully functional, long Ob-Rb isoform in 
different experimental settings, using semiquantitative reverse 
transcription-polymerase chain reaction. Expression of Ob-R mRNA was detected in  
testes from 15-, 30-, 45-, and 75-day-old rats at rather constant relative 
levels. In contrast, testicular expression of Ob-Rb mRNA was higher in pubertal 
testes (15- to 30-day-old rats) and declined in adulthood. In testes from 
30-day-old animals, analysis of isoform distribution revealed that, in addition 
to abundant Ob-Rb mRNA levels, expression of Ob-Ra, Ob-Rf, and, to a lesser 
extent, Ob-Rc and Ob-Re messages is detected. Testicular Ob-R mRNA expression 
appeared sensitive to neonatal imprinting as neonatal treatment with estradiol 
benzoate (500 microg/rat; Day 1 postpartum) resulted in a persistent increase (P: 
< 0.01) in the relative expression level of Ob-R mRNA, a phenomenon only 
partially mimicked by neonatal suppression of serum gonadotropins by means of 
LHRH-antagonist administration. In addition, neonatal estrogenization 
differentially altered the pattern of expression of Ob-R isoforms in adult rat 
testis, as expression of Ob-Rb mRNA was decreased to undetectable levels, whereas 
that of Ob-Rc remained unaltered, and Ob-Ra, Ob-Rf, and, to a lesser extent, 
Ob-Re mRNA levels were significantly increased (P: < 0.01) by neonatal exposure 
to estrogen. Finally, down-regulation of testicular Ob-R gene expression by 
homologous and heterologous signals was demonstrated as relative levels of Ob-R 
and Ob-Rb mRNAs were significantly decreased (P: < 0.01), in a coordinate manner, 



in rat testis after exposure to human recombinant leptin in vitro, and after 
stimulation with hCG and FSH in vivo. In conclusion, our results indicate that 
testicular Ob-R gene expression is developmentally regulated, imprinted by the 
neonatal endocrine milieu, and sensitive to regulation by leptin and 
gonadotropins. The ability of pivotal signals in testicular function to regulate  
Ob-R gene expression further supports the contention of a direct role of leptin 
in functional control of the rat testis. 
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Leptin production and release in the dually in vitro perfused human placenta. 
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There is clear evidence that the placenta produces leptin. However, it is still 
unclear to what extent leptin is released into the maternal and the fetal 
circulation. The aim of our study was to determine placental leptin release rates 
into these 2 compartments. In 10 term placentas, using dual in vitro perfusion of 
an isolated cotyledon, concentrations of leptin, hCG, and human placental 
lactogen (hPL) were determined in perfusates and in the tissue before and after 
perfusion. With perfusions lasting 270-840 min, total leptin production was 225 
pg/g x min [median; interquartile range (IQR), 76-334 pg/g x min]. The release 
into the fetal circulation was very low (median, 2.5; IQR, 1.1-5.9 pg/g x min) 
compared with the release into the maternal circulation (median, 203; IQR, 79-373 
pg/g x min) corresponding to 1.6% and 98.4% of net release. Only 0.05% of hPL and 
hCG were released into the fetal circulation and 99.95% into the maternal 
circulation, confirming previous results. Release into the fetal circulation 
correlated significantly with release into the maternal circulation for leptin (r 
= 0.648; P < 0.05) and hPL (r = 0.721; P < 0.05). Furthermore, release of leptin  
into the fetal circulation was positively correlated with release of fetal hCG (r 
= 0.661; P < 0.05). Most of the leptin produced by the placenta is released into  
the maternal circulation, but compared with other placental hormones (hCG and 
hPL), a considerably higher proportion of leptin is released into the fetal 
circulation. These findings may at least partially explain the marked increase in 
maternal serum leptin levels in pregnancy. The rapid postnatal decrease in leptin 
levels in both the mother and the neonate is also consistent with the concept of  
placental origin. 
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Defect of villous cytotrophoblast differentiation into syncytiotrophoblast in 
Down's syndrome. 
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The syncytiotrophoblast (ST) is one of the major components of the human 
placenta, as it is involved in feto-maternal exchanges and the secretion of 
pregnancy-specific hormones. The aim of this study was to elucidate the formation 
and function of the ST in trisomy 21 (Down's syndrome). We first used the in 
vitro model of cytotrophoblast differentiation into ST. Cytotrophoblasts were 
isolated from 15 trisomy 21-affected placentas (12-35 weeks gestation) and 10 
gestational age-matched control placentas. In vitro cytotrophoblasts isolated 
from normal placenta fused to form the ST. This was associated with an increase 
in transcript levels and in the secretion of hCG, human placental lactogen, 
placental GH, and leptin. In trisomy 21-affected placentas, we observed a defect  
(or a delay) in ST formation and a dramatic decrease in the synthesis and 
secretion of these hormones compared to those in cultured cells isolated from 
control age-matched placentas. These results were confirmed by a significant (P < 
0.001) decrease in gene expression in total homogenates of trisomy 21-affected 
placentas compared to controls. These results will be of help in understanding 
the maternal hormonal markers of fetal trisomy 21 and the consequences of 
placental defects for fetal development. 
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In vitro pituitary and testicular effects of the leptin-related synthetic peptide 
leptin(116-130) amide involve actions both similar to and distinct from those of  
the native leptin molecule in the adult rat. 
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The obese gene (ob) product, leptin, has recently emerged as a key element in 
body weight homeostasis, neuroendocrine function and fertility. Identification of 
biologically active, readily synthesized fragments of the leptin molecule has 
drawn considerable attention, as they may provide a powerful tool for detailed 
characterization of the biological actions of leptin in different experimental 
settings. Recently, a fragment of mouse leptin protein comprising amino acids 
116-130, termed leptin(116-130) amide, was shown to mimic the effects of the 
native molecule in terms of body weight gain and food intake, and to elicit LH 
and prolactin (PRL) secretion in vivo. As a continuation of our previous 
experimental work, the present study reports on the effects of leptin(116-130) 
amide on basal and stimulated testosterone secretion by adult rat testis in 
vitro. In addition, a comparison of the effects of human recombinant leptin and 
leptin(116-130) amide at the pituitary level on the patterns of LH, FSH, PRL and  
GH secretion is presented. As reported previously by our group, human recombinant 
leptin(10(-9)-10(-7)M) significantly inhibited both basal and human chorionic 
gonadotrophin (hCG)-stimulated testosterone secretion in vitro. Similarly, 
incubation of testicular tissue in the presence of increasing concentrations of 
leptin(116-130) amide (10(-9)-10(-5)M) resulted in a dose-dependent inhibition of 
basal and hCG-stimulated testosterone secretion; a reduction that was significant 
from a dose of 10(-7)M upwards. In addition, leptin(116-130) amide, at all doses  
tested (10(-9)-10(-5)M), significantly decreased LH and FSH secretion by 
incubated hemi-pituitaries from adult male rats. In contrast, in the same 
experimental protocol, recombinant leptin(10(-9)-10(-7)M) was ineffective in 
modulating LH and FSH release. Finally, neither recombinant leptin nor 
leptin(116-130) amide were able to change basal PRL and GH secretion in vitro. 
Our results confirm the ability of leptin, acting at the testicular level, to 
inhibit testosterone secretion, and map the effect to a domain of the leptin 
molecule that lies between amino acid residues 116 and 130. In addition, we 
provide evidence for a direct inhibitory action of leptin(116-130) amide on 
pituitary LH and FSH secretion, a phenomenon not observed for the native leptin 
molecule, in the adult male rat. 
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Modulation of human cytotrophoblastic leptin secretion by interleukin-1alpha and  
17beta-oestradiol and its effect on HCG secretion. 
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To investigate the role of leptin during pregnancy, we assessed leptin production 
by pure cultured human cytotrophoblastic cells (CTB), its regulation by cytokines 
and 17beta-oestradiol and its effects on human chorionic gonadotrophin (HCG) 
secretion. Purified CTB from first trimester placenta were incubated in 
duplicates in the presence or absence of cytokines or 17beta-oestradiol. Medium 
was harvested on day 2 and the culture stopped on day 4. Results were corrected 
for protein content of each individual well and expressed as percent of controls  
per day (mean +/- SEM). Basal CTB leptin production was 25.2 +/- 2.6 (ng/mg 
prot). In comparison with controls, leptin production was stimulated to 320 +/- 
16% (P < 0.0001) and 195 +/- 3.2% (P < 0.0004) by 3 and 10 ng/ml of 
interleukin-1alpha respectively. 17beta-oestradiol 10(-6) to 10(-9) mol/l 
increased basal leptin production 5-9-fold, while 10(-5) mol/l had no such 
effect. Basal CTB HCG secretion was 5722 +/- 1055 (mIU/mg prot). There was a 
dose-dependent leptin-induced increase in HCG secretion (P = 0.0039) reaching a 
5-fold increase with a leptin concentration of 1 microg/ml (P < 0.006). 
Gonadotrophin-releasing hormone (GnRH) 8.5 x 10(-8) mol/l significantly increased 
HCG secretion to 140 +/- 21% of controls (P = 0.031). Cetrorelix (0.1 microg/ml)  
inhibited leptin-induced HCG secretion (P = 0.0028). 
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Effects of interleukin-6 (IL-6) on cytotrophoblastic cells. 
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Tumour invasion and trophoblastic invasion share the same biochemical mediators:  
the matrix metalloproteinases (MMP) and their inhibitors. In contrast to tumour 
invasion of a host tissue, trophoblastic invasion during implantation and 
placentation is stringently controlled both in tissue localization and 
developmental stage. The factors responsible for these important regulatory 
processes are unknown, but in-vitro studies point to endometrial cytokines and 
growth factors as possible candidates. Here we examined the possibility that 
interleukin-6 (IL-6), a trophoblastic and endometrial cytokine, represents such a 
regulatory factor. Purified first trimester cytotrophoblastic cells (CTB) were 
cultured for 4 days in presence or absence of increasing concentrations of IL-6.  



MMP-2 and MMP-9 bioactivity (zymography) and immunoactivity were measured in the  
culture supernatants together with total human chorionic gonadotrophin (HCG), 
fetal fibronectin (FFN) and leptin. IL-6 did not change the cytotrophoblastic 
secretion of FFN or total HCG. In contrast, this cytokine induced a 
dose-dependent stimulation of the leptin secretion and increased the activity, 
but not the immunoreactivity, of MMP-9 and MMP-2. These results indicate that 
IL-6 could be considered as an endometrio-trophoblastic regulator of 
cytotrophoblastic gelatinases. 
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Expression of functional leptin receptors in rodent Leydig cells. 
 
Caprio M, Isidori AM, Carta AR, Moretti C, Dufau ML, Fabbri A. 
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Several studies indicate that the size of body fat stores and the circulating 
levels of the adipocyte-derived hormone leptin are able to influence the activity 
of the hypothalamic-pituitary-gonadal axis. The 
leptin-hypothalamic-pituitary-gonadal interactions have been mainly studied at 
the level of the central nervous system. In this study, we investigated the 
possibility that leptin may have direct effects on the rodent Leydig cell 
function. To probe this hypothesis, we first analyzed the expression of leptin 
receptors (OB-R) in rodent Leydig cells in culture. RT-PCR studies showed that 
rat Leydig cells express both the long (OB-Rb) and short isoform (OB-Ra) of 
leptin receptor, whereas MLTC-1 cells (a murine Leydig tumor cell line) express 
only the long isoform. Short-term (30-90 min) incubation of rat Leydig cells with 
increasing concentrations ofleptin (2-500 ng/ml) led to a significant and 
dose-dependent inhibition of human (h)CG-stimulated testosterone (T) production 
(approximately 60% reduction, IC50 = 20 ng/ml) but no change in basal androgen 
release. Also, leptin (150 ng/ml) amplified hCG-induced intracellular cAMP 
formation (1- to 2-fold) without modifying basal cAMP levels. Subsequent 
experiments showed that leptin inhibited 8Br-cAMP-stimulated T production, 
indicating that leptin's effect is exerted beyond cAMP. The inhibitory effect of  
leptin on hCG-induced T secretion was accompanied by a significant reduction of 
androstenedione and a concomitant rise of the precursor metabolites pregnenolone, 
progesterone, and 17-OH-progesterone, conceivable with a leptin-induced lesion of 
17,20 lyase activity. Separate experiments performed with the MLTC-1 cells (not 
expressing cytochrome P450-17alpha) showed that leptin, though amplifying 
hCG-stimulated cAMP production, did not modify hCG-stimulated pregnenolone and 



progesterone release. These results further indicate that leptin action on 
steroidogenesis occurs downstream of progesterone synthesis. Northern Blot 
experiments showed no acute effect of leptin on cytochrome P450-17alpha messenger 
RNA accumulation in rat Leydig cells in basal and hCG-stimulated conditions, 
excluding that the rapid changes observed were caused by messenger RNA 
degradation. In conclusion, these findings, for the first time, show that leptin  
has direct, receptor-mediated actions on rodent Leydig cells in culture, at 
concentrations within the range of obese men. 
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Leptin and androgens in male obesity: evidence for leptin contribution to reduced 
androgen levels. 
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Leptin circulates in plasma at concentrations that parallel the amount of fat 
reserves. In obese males, androgen levels decline in proportion to the degree of  
obesity. Recently, we have shown that in rodent Leydig cells leptin inhibits 
hCG-stimulated testosterone (T) production via a functional leptin receptor 
isoform; others have found that leptin inhibits basal and hCG-induced T secretion 
by testis from adult rats. In this study, we further investigated the 
relationship linking leptin and androgens in men. Basal and hCG-stimulated leptin 
and sex hormone levels were studied in a large group of men ranging from normal 
weight to very obese (body mass index, 21.8-55.7). Initial cross-sectional 
studies showed that circulating leptin and fat mass (FM) were inversely related 
with total and free T (r = -0.51 and r = -0.38, P < 0.01 and P < 0.05, 
respectively). Multiple regression analysis indicated that the correlation 
between leptin or FM and T was not lost after controlling for SHBG and/or LH 
and/or estradiol (E2) levels and that leptin was the best hormonal predictor of 
the lower androgen levels in obesity. Dynamic studies showed that in obese men 
the area under the curve of T and free T to LH/hCG stimulation (5000 IU i.m.) was 
30-40% lower than in controls and inversely correlated with leptin levels (r = 
-0.45 and r = -0.40, P < 0.01 and P < 0.05, respectively). Also, 
LH/hCG-stimulation caused higher increases in 17-OH-progesterone to T ratio in 
obese men than in controls, whereas no differences were observed between groups 
either in stimulated E2 levels or in the E2/T ratio. In all subjects, the 
percentage increases from baseline in the 17-OH-progesterone to T ratio were 
directly correlated with leptin levels or FM (r = 0.40 and r = 0.45, P < 0.01), 



but not with E2 or other hormonal variables. In conclusion, our studies, together 
with previous in vitro findings, indicate that excess of circulating leptin may 
be an important contributor to the development of reduced androgens in male 
obesity. 
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Leptin concentrations in maternal serum and amniotic fluid during the second 
trimenon: differential relation to fetal gender and maternal morphometry. 
 
Schubring C, Prohaska F, Prohaska A, Englaro P, Blum W, Siebler T, Kratzsch J, 
Kiess W. 
 
Evangelisches Krankenhaus, Giessen, Germany. 
 
Leptin, a hormone produced by adipocytes, provides information on the 
availability of fat stores to the hypothalamus and acts as an afferent satiety 
signal regulating appetite and energy expenditure in both rodents and humans 
[Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional 
cloning of the mouse obese gene and its human homologue. Nature 1994;372:425-432; 
Sinha MK. Human leptin: the hormone of adipose tissue. Eur J Endocrinol 
1997;136:461-4; Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P. Recombinant 
mouse ob protein: evidence for a peripheral signal linking adiposity and central  
neural networks. Science 1995;269:546-9; Halaas JL, Gajiwala KS, Maffei M, Cohen  
SL, Chait BT, Rabinowitz D, Lallone RL, Burley SK, Friedman JM. Weight-reducing 
effects of the plasma protein encoded by the obese gene. Science 1995;269:543-6;  
Saladin R, De Vos P, Guerre-Millo M, Leturque A, Girard J, Staels B, Auwern J. 
Transient increase in obese gene expression after food intake or insulin 
administration. Nature 1995;377:527-9; Campfield LA, Smith FJ, Burn P. The OB 
protein (leptin) pathway - a link between adipose tissue mass and central neural  
networks. Horm Metab Res 1996;28:619-632; Blum WF, Kiess W, Rascher W, editors. 
Leptin - the voice of the adipose tissue. J&J Edition, JA Barth Verlag, 
Heidelberg, 1997]. In addition, leptin is thought to play an important role for 
reproduction and during gestation [Kiess W, Blum WF, Aubert ML. Leptin, puberty 
and reproductive function: lessons from animal studies and observations in 
humans. Eur J Endocrinol 1997;138:1-4; Barash IA, Cheung CC, Wigle DS, Ren H, 
Kabitting EB, Kuijer JL, Clifton DK, Steiner RA. Leptin is a metabolic signal to  
the reproductive system. Endocrinology 1996;133:3144-47; Chehab F, Lim M, Lu R. 
Correction of the sterility defect in homozygous obese female mice by treatment 
with the human recombinant leptin. Nature Genetics 1996;12:318-20; Kiess W, 
Schubring C, Prohaska F, Englaro P, Rascher W, Attanasio A, Blum WF. Leptin in 
amniotic fluid at term and at midgestation. In: Blum WF, Kiess W, Rascher W, 



editors. Leptin - the voice of the adipose tissue. J&J Edition, JA Barth Verlag,  
Heidelberg, 1997]. The purpose of this study was to gain more insight into a 
putative role of leptin during midgestation. Therefore we have measured leptin 
concentrations in maternal serum and amniotic fluid using a specific 
radioimmunoassay (RIA) employing human recombinant leptin for tracer and standard 
preparation [Blum WF, Kiess W, Rascher W, editors, Leptin - The voice of the 
adipose tissue. J&J Edition, JA Barth Verlag, Heidelberg, 1997; Blum WF, Englaro  
P, Heiman M, Attanasio Am, Kiess W, Rascher W. Clinical studies of serum leptin.  
In: Blum WF, Kiess W, Rascher W. Leptin - The voice of the adipose tissue. J&J 
Edition, JA Barth Verlag, Heidelberg, 1997; Blum WF, Englaro P, Heiman M, 
Attanasio AM, Kiess W, Rascher W. Plasma leptin levels in healthy children and 
adolescents: dependence on body mass index, body fat mass, gender, pubertal stage 
and testosterone. J Clin Endocrinol Metab 1997;82:2904-2910]. In addition, 
estriol, hCG and alphafetoprotein were measured in maternal serum. (ABSTRACT 
TRUNCATED) 
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Diabetes insipidus and increased serum levels of leptin and lactate-dehydrogenase 
(LDH) in an adolescent boy with a primary intracranial germinoma. Case report and 
an endocrinological revaluation of literature. 
 
Carella C, Rotondi M, Del Buono A, Sinisi AM, Del Basso De Caro ML, Mone CM, 
Vizioli L, Sorvillo F, Mazziotti G, Bellastella A. 
 
Istituto di Endocrinologia, II University of Napoli, Italy. 
 
A 16-year-old boy presented with a four-month history of polyuria-polydipsia and  
a diplopia which had reverted after treatment. The neuroimaging studies performed 
had been strongly suggestive of an optic nerve glioma, while endocrinological 
investigation (beta-hCG 420 IU/L) has lead to the correct diagnosis later 
confirmed at the immunohystochemical analysis performed at biopsy. The high serum 
level of hCG was unaffected by bromocriptine nor octreotide, while the PRL level  
(80.0 microg/L) was reduced only by bromocriptine. Among the several tumor 
markers which may be secreted by such lesions, ours is the first reported case of 
an elevation of serum LDH for a primary intracranial germinoma. Moreover, the 
elevated value of serum leptin reported by us might be due to the insensitivity 
of the hypothalamic structures to endogenous leptin. 
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[Serum leptin in women during the third trimester of pregnancy] 
 
[Article in Czech] 
 
Stejskal D, Růzicka V, Novák J, Jedelský L, Bartek J, Horalík D. 
 
Metabolická a diabetologická jednotka Nemocnice, Sternberk. 
 
Leptin is a small protein produced mainly by adipocytes. Recently, its 
relationship to obesity has been studied extensively. It was proved that obese 
individuals have either relative or absolute leptin deficiency. Several years 
ago, leptin was found to be produced also by the placenta. This stimulated us to  
study relationship between leptinemia and placental hormones in 85 women in the 
second gravidity trimester. Within the prenatal screening, these pregnant women 
were subjected to analysis of AFP, hCG, SP-1 glycoprotein and leptin and the 
results obtained were processed statistically. The control group consisted of 20  
nonpregnant women with tetany. Women in the second gravidity trimester were found 
to have a significantly higher leptinemia than nongravid women (even with respect 
to body weight). This may be due to a larger amount of adipose tissue during 
gravidity and also leptin-resistance. Moreover, we recorded a negative 
correlation between leptinemia related to body weight and concentration of SP-1 
glycoprotein. This finding supports the presumption that mother's leptinemia 
correlated negatively in the second gravidity trimester with quality and quantity 
of the placental syncytiotrophoblast. Our findings can be explained as follows: 
the biological effect of leptin is metabolically unfavourable for the growth of 
the foetus and the placenta. An increased leptinemia with advancing gravidity can 
be caused by a larger fatty mass and an increased activity of adipocytes when 
leptin presence increases in system circulation but the organism begins to be 
leptin-resistant and an "unfavourable" metabolic effect fort the gravid woman and 
the foetus is not distinct. These findings thus support the hypothesis 
postulating the nonsignificance of leptin production in human placenta and on the 
contrary the necessity of leptin-resistance for foetus development from the 
metabolic point of view. Thus, a decreased leptinemia immediately before and 
after the delivery could be caused by the still unclear regulators of leptin 
sensitivity. This is again a metabolically highly favourable state (reduced 
appetite, decreased body weight, increased energy output and others). 
 
 
PMID: 10422493 [PubMed - indexed for MEDLINE] 
 
 
60. Hum Reprod. 1999 Jun;14(6):1445-8. 
 



Leptin inhibits gonadotrophin-stimulated granulosa cell progesterone production 
by antagonizing insulin action. 
 
Brannian JD, Zhao Y, McElroy M. 
 
Department of Obstetrics and Gynecology, University of South Dakota School of 
Medicine, 1400 West 22nd Street, Sioux Falls, SD 57105-1570, USA. 
 
Recent evidence has demonstrated that expression of leptin and leptin receptors 
is expected in the human ovary, and that leptin alters ovarian steroidogenesis in 
animal models. This study was designed to determine whether leptin modulates 
basal, gonadotrophin-, and insulin-stimulated progesterone production by human 
luteinized granulosa cells (GC). GC were recovered from follicular aspirates 
obtained during transvaginal ultrasound-guided oocyte retrieval for in-vitro 
fertilization-embryo transfer, and cultured in defined medium with various 
combinations of chorionic gonadotrophin (HCG; 0 or 100 ng/ml), insulin (0-30 
microg/ml), and leptin (0-100 ng/ml). Progesterone concentrations in media were 
determined at various time points (2 h to 6 days). Leptin time- and 
dose-dependently inhibited (P < 0.05) HCG-stimulated progesterone production by 
human luteinized GC, but did not alter basal steroidogenesis. Moreover, the 
inhibitory effect of leptin on gonadotrophin-stimulated progesterone production 
was only manifested in the presence of insulin. Leptin suppression of 
insulin-supported steroidogenesis was also time- and dose-dependent. We conclude  
that leptin inhibits gonadotrophin-stimulated GC progesterone production 
apparently by antagonizing insulin action. Leptin suppression of progesterone 
production by human luteinized GC is consistent with recent data from animal 
models, and supports the possible role of leptin as a regulator of human ovarian  
function. 
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Leptin inhibits testosterone secretion from adult rat testis in vitro. 
 
Tena-Sempere M, Pinilla L, González LC, Diéguez C, Casanueva FF, Aguilar E. 
 
Department of Physiology, Faculty of Medicine, University of Córdoba, Córdoba, 
Spain. 
 
Leptin, the product of the ob gene, has emerged recently as a pivotal signal in 
the regulation of fertility. Although the actions of leptin in the control of 
reproductive function are thought to be exerted mainly at the hypothalamic level, 
the potential direct effects of leptin at the pituitary and gonadal level have 



been poorly characterised. In the present study, we first assessed the ability of 
leptin to regulate testicular testosterone secretion in vitro. Secondly, we aimed 
to evaluate whether leptin can modulate basal gonadotrophin and prolactin (PRL) 
release by incubated hemi-pituitaries from fasted male rats. To attain the first  
goal, testicular slices from prepubertal and adult rats were incubated with 
increasing concentrations (10(-9)-10(-7) M) of recombinant leptin. Assuming that  
in vitro testicular responsiveness to leptin may be dependent on the background 
leptin levels, testicular tissue from both food-deprived and normally-fed animals 
was used. Furthermore, leptin modulation of stimulated testosterone secretion was 
evaluated by incubation of testicular samples with different doses of leptin in 
the presence of 10 IU human chorionic gonadotrophin (hCG). In addition, analysis  
of leptin actions on pituitary function was carried out using hemi-pituitaries 
from fasted adult male rats incubated in the presence of increasing 
concentrations (10(-9)-10(-7) M) of recombinant leptin. Serum testosterone 
levels, and basal and hCG-stimulated testosterone secretion by incubated 
testicular tissue were significantly decreased by fasting in prepubertal and 
adult male rats. However, a significant reduction in circulating LH levels was 
only evident in adult fasted rats. Doses of 10(-9)-10(-7) M leptin had no effect  
on basal or hCG-stimulated testosterone secretion by testes from prepubertal 
rats, regardless of the nutritional state of the donor animal. In contrast, 
leptin significantly decreased basal and hCG-induced testosterone secretion by 
testes from fasted and fed adult rats. In addition, 10(-9) M leptin inhibited LH  
and FSH secretion by incubated hemi-pituitaries from fasted adult males, whereas, 
at all doses tested, it was ineffective in modulating PRL release. Our results 
show that leptin, depending on the state of sexual maturation, is able to inhibit 
testosterone secretion acting at the testicular level. Furthermore, the present 
data suggest that the actions of leptin on the reproductive system are complex 
and are probably carried out at different levels of the 
hypothalamic-pituitary-gonadal axis. 
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Effects of gonadotropin and testosterone treatments on plasma leptin levels in 
male patients with idiopathic hypogonadotropic hypogonadism and Klinefelter's 
syndrome. 
 
Ozata M, Ozisik G, Caglayan S, Yesilova Z, Bingöl N, Saglam M, Turan M, Beyhan Z. 
 
Department of Endocrinology, Gulhane School of Medicine Etik, Ankara, Turkey. 
 
Since little is known about the effects of gonadotropin and testosterone 
treatment on leptin levels in male hypogonadism, we determined fasting plasma 



leptin levels before and 3 months after treatment in 21 patients with idiopathic  
hypogonadotropic hypogonadism (IHH), 16 patients with Klinefelter's syndrome and  
20 male controls. Patients with IHH were treated with hCG/human menopausal 
gonadotropin, whereas patients with Klinefelter's syndrome received T treatment.  
Plasma leptin levels were measured by an RIA with a sensitivity of 0.5 microg/L.  
Mean leptin levels in patients with IHH before treatment (9.23+/-4.09 microg/L) 
were not significantly different from those in patients with Klinefelter's 
syndrome (7.29+/-5.05 microg/L; z=-1.41; P=0.15). Leptin levels in both IHH and 
Klinefelter's syndrome groups were, however, significantly higher than in the 
normal men (3.91+/-1.67 microg/L) (P<0.001 and P<0.01, respectively). Mean leptin 
levels did not change significantly 3 months after the initiation of gonadotropin 
(11.6+/-6.44 microg/L) or T (8.32+/-5.17 microg/L) treatment in either IHH or 
Klinefelter's syndrome. Our study demonstrated that mean plasma leptin levels are 
not influenced by short-term gonadotropin or T treatment in male hypogonadism. 
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Leptin concentrations in the follicular phase of spontaneous cycles and cycles 
superovulated with follicle stimulating hormone. 
 
Messinis IE, Milingos S, Zikopoulos K, Kollios G, Seferiadis K, Lolis D. 
 
Department of Obstetrics and Gynaecology, University of Thessalia, Larissa, 
Greece. 
 
Comment in: 
    Hum Reprod. 1998 Nov;13(11):3281-2. 
 
It has been reported that oestradiol may play a role in the production of leptin  
from adipocytes. To investigate this relationship further, nine normally 
ovulating women were studied during two menstrual cycles, i.e. an untreated 
spontaneous cycle and a cycle treated with follicle stimulating hormone (FSH) 
from cycle day 2 until the day of human chorionic gonadotrophin (HCG) injection.  
Serum leptin values on cycle day 2 did not differ significantly between the 
spontaneous and the FSH cycles. In the spontaneous cycles, leptin values declined 
gradually and significantly up to day 7 and then increased progressively up to 
the day of luteinizing hormone (LH) surge onset, at which point they achieved the 
highest values. In the FSH cycles, serum leptin values increased gradually and 
significantly up to day 6, remaining stable thereafter, and were in the 
midfollicular phase significantly higher than in the spontaneous cycles. 
Significant positive correlations were found between mean values of leptin and 
mean values of oestradiol during the second half of the follicular phase in the 



spontaneous cycles and during the first half in the FSH cycles. A significant 
negative correlation was found between these two parameters in the spontaneous 
cycles during the first half of the follicular phase. Serum leptin levels were 
significantly higher in the midluteal than in the follicular phase in both 
cycles. These results demonstrate for the first time significant changes in 
leptin values during the follicular phase of the human menstrual cycle and a 
significant increase during superovulation induction with FSH. It is suggested 
that oestradiol may be involved in the regulation of leptin production in women. 
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Circulating leptin in women: a longitudinal study in the menstrual cycle and 
during pregnancy. 
 
Hardie L, Trayhurn P, Abramovich D, Fowler P. 
 
Molecular Physiology Group, Rowett Research Institute, Bucksburn, Aberdeen, UK. 
 
OBJECTIVE: To investigate whether leptin is linked to reproduction, circulating 
levels were measured longitudinally throughout spontaneous menstrual cycles and 
during pregnancy in normal women. DESIGN: Longitudinal blood samples were 
collected from normal volunteers, either during regular menstrual cycles or 
during successful singleton pregnancies. PATIENTS: Six healthy, regularly 
cycling, women volunteers (31.5 +/- 3.0 years old, BMI = 21.6 +/- 0.5) were 
recruited for serial venous blood sampling throughout one complete menstrual 
cycle. In addition, five healthy, women (31.8 +/- 1.2 years old, pregnant BMI = 
30.0 +/- 3.1) provided serial venous blood samples throughout one complete 
singleton pregnancy. MEASUREMENTS: Circulating venous oestradiol, progesterone, 
luteinizing hormone (LH), follicle-stimulating hormone (FSH), leptin and 
(pregnant group only) human chorionic gonadotrophin (hCG). RESULTS: In 
spontaneously cycling women, changes in circulating leptin levels were associated 
with menstrual phase (P < 0.001) and correlated with progesterone levels (P < 
0.05). Peak leptin concentrations were recorded during the luteal phase (P < 
0.01), coincident with maximal progesterone levels (P < 0.05). Leptin 
concentrations were elevated throughout gestation (P < 0.05), and especially 
during the second trimester (P < 0.05). Post-partum, circulating leptin levels 
fell sharply to below pregnant values. Leptin correlated with oestradiol (P < 
0.05) and human chorionic gonadotrophin (hCG, P < 0.01) levels during pregnancy.  
First trimester (P < 0.05) and postpartum (P < 0.05) oestradiol concentrations 
and post-partum hCG levels exhibited the greatest correlation with circulating 
leptin. CONCLUSIONS: We conclude that the relationship between body mass index 
and circulating leptin varies during the course of spontaneous cycles in women, 



the best correlation occurring during the luteal phase when progesterone and 
leptin concentrations are highest. This, together with the correlation between 
circulating oestradiol, hCG and leptin levels during pregnancy, strongly suggests 
a dynamic relationship between leptin and reproductive events in women. 
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