
INTRODUCTION

Leptin, an 16 kDa primarily adipose tissue- derived
hormone, encoded by ob gene in humans, has been suggested to
act as an endocrine signal of energy balance, mainly by
inhibiting hypothalamic neuropeptide Y secretion, thus
regulating satiety and energy homeostasis in humans (1-3). It has
been shown that leptin acts as a peripheral signal for
reproduction and fetal growth in pregnancy complicated by
T1DM (4). Moreover, leptin level increases in the course of
pregnancy, before any increase in maternal body weight occur,
probably due to factors different than adiposity, influencing
leptin concentration (5). Leptin concentrations rise until the mid-
trimester, then rapidly decrease after delivery, suggesting
placental contribution to secretion of this hormone (6). Serum
leptinemia correlates with maternal body weight (7). Several
studies revealed leptin expression in placenta, stomach,
endometrium, liver, spleen, lungs, heart and ovaries (8).
Gestational leptin secretion increases under hypoxic conditions,
i.e. diabetes and preeclampsia (9). Both endo- and exogenous
insulin modulates leptin expression in human placenta in
diabetic pregnancy (10).

Leptin acts via its receptors located in the hypothalamus,
placenta, stomach, endometrium, liver, spleen, lungs, heart and
ovaries (8). These receptors were also found in placenta, making
it not only a source of the hormone but also a possible target
tissue for leptin (11). This discovery has made leptin a possible

new factor involved in fetal development that still remains
unclear and need to be clarified by further studies.

The objective of the study was to investigate the placental
leptin gene (LEP) and its receptor (LEPR) expression in
pregnancies complicated by T1DM. Furthermore, we analyzed
the placental expression of studied genes in T1DM placentas
from under-, normal- and overweight fetuses and compared with
ones from uncomplicated pregnancies.

MATERIAL AND METHODS

Patients

Our study group consisted of 49 T1DM subjects, hospitalized
in tertiary level perinatal care unit in the Department of Obstetrics
and Women's Diseases between the 2006 and 2012. All participants
gave an informed consent and study protocol obtained approval
from the Ethics Committee of Poznan University of Medical
Sciences No. 1219/06. We also affirm that original studies have
been carried out in accordance with the Declaration of Helsinki.

All women were offered a follow-up including at least three
admissions to the Department and regular check-ups in our
outpatient clinic, according to Polish Gynecological Society -
Section of Diabetes, Obesity and Other Metabolic Disturbances
in Pregnancy standards of medical care in management of
women with diabetes (12). First visit in the Department included
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estimation of the gestational age and number of fetuses on
vaginal/abdominal ultrasound, according to the Polish
Gynecological Society - Ultrasound Section Guidelines on
Ultrasound Screening in Uncomplicated Pregnancy (13).
Morover, training on intensive insulin therapy, optimal diet and
blood glucose control was introduced. In all subjects, we
collected data from general, obstetrical and diabetic history,
including age at onset, duration of diabetes and the presence of
the vascular complications before pregnancy. During each visit
in the Department or in the outpatient clinic (at least every two
weeks), we collected data on glycemic profile, and blood
pressure. HbA1C concentration was estimated every 6 weeks.
Once a trimester, all subjects had a retinal examination done and
renal function checked. Subjects with BMI of 25 kg/m2 or more
prior the pregnancy were defined as overweight. Fetuses with
estimated weight exceeding 95 percentile were defined as large
for gestational age (LGA), under 5 percentile as small for
gestational age (SGA).

All participants were treated with human insulins and/or
rapid acting analogues following a basal-bolus protocol. We
adjusted doses according to glucose levels measured by self-
control. Target glucose values were set at 3.34–5.0 mmol/l for
fasting glycemia and less than 6.67 mmol/l for 2 hours
postprandial glucose level. All biochemical parameters were
analyzed in Central Laboratory of the University Hospital.

Experimental procedures

We examined 49 placentas from T1DM subjects and 15 from
healthy controls. Placental tissue from 49 T1DM women (age

18–36 years old; at 37–40 weeks of gestation) were compared
with placentas from 15 healthy controls (age 23–40 years old;
37–40 weeks of gestation). Samples were obtained immediately
after delivery from placenta, cleaned from amniotic membranes
and maternal deciduae, rinsed in saline, snap frozen in liquid
nitrogen and stored in –80°C until assayed.

RNA was isolated from the samples in Institute of Natural
Fibers and Medicinal Plants in Poznan, using TriPure Isolation
Reagent (Roche, Germany) according to the manufacturer's
protocol. The RNA pellets were washed with 70% ethanol,
dissolved in DEPC water and stored at –80°C. RNA concentration
and purity was determined by measuring the absorbance at 260
and 280 nm in a spectrophotometer (Eppendorf, USA). cDNA was
synthesized from 2 µg of total RNA in a total volume of 20 µl
using the SuperScriptTM III First-Strand Synthesis System
(Invitrogen, USA) and stored at -20°C or used directly for the real-
time quantitative PCR (RT-PCR).

Real time-PCR was performed using a LightCycler TM
Instrument (Roche, Germany) and Fast Start DNA Master SYBR
Green I kit (Roche, Germany) according to the instructions of
the manufacturer. We used Oligo 5.0 software to design the
following sequences of the primers for LEP, LEPR and GAPDH:
LEP; forward 5'-TTG GCC CTA TCT TTT CTA TG-3' reverse
5'-GCA TAC TGG TGA GGA TCT GT-3', LEPR; forward 5'-
CAA GAA TTG TTC CTG GGC ACA-3', reverse 5'-TCA GGC
TCC AAAAGAAGA GGA-3', GAPDH; forward: 5'- CAA GTG
GGG CGA TGC TGG -3', reverse 5'- GCA GAG GGG GCA
GAG ATG A -3'. Real time-PCR was carried out in a total
volume of 10 µl using Hot Start Tag DNA polymerase. Reaction
mixture for quantification of ADM mRNA contained 1 µl
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Parameter Overall  
T1DM subjects 

N=49 

Overweight 
T1DM subjects 

N=31A

Normal weight 
T1DM subjects 

N=18B
P1

Maternal age (years) 27.5 ± 4.5 26  ± 2,7 26 ± 4 NS
T1DM duration (years) 14 ± 4 14 ± 6 16 ± 4 NS 
Maternal age at onset of 
the T1DM (years) 

15 ± 8 16 ± 7 14 ± 4 NS 

BMI at booking (kg/m2) 21 ± 9.1 26 ± 5 22 ± 5 <0.05 
BMI at delivery (kg/m2) 28 ± 7.3 31 ± 5 25 ± 5 <0.05 
Mean diurnal glycemia at 
booking (mmol/l) 

5.27 ± 2.05 6.32 ± 0.38 3.71 ± 0.35 <0.05 

Mean diurnal glycemia at 
delivery (mmol/l) 

5.16 ± 0.94 6.10 ± 0.35 4.82 ± 0.35 <0.05 

HbA1C at booking (%) 7.8 ± 2.3 7.7 ± 2.2 6.7 ± 2.3 <0.05
HbA1C at delivery (%) 6.5 ± 0.9 7.5 ± 2.1 6.4 ± 1.2 <0.05 
Total cholesterol at 
booking (mmol/l) 

4.49 ± 1.21 6.05 ± 1.16 4.31 ± 0.74 NS 

Total triglycerides at 
booking (mmol/l) 

0.80 ± 0.34 1.77 ± 0.38 1.28 ±0.49 <0.05 

HDL at booking (mmol/l) 1.89 ±0.54 1.69 ± 0.31 1.43 ± 0.33 NS 
LDL at booking (mmol/l) 2.26 ± 0.75 2.31 ± 0.59 1.74 ± 0.23 NS 
GFR at booking 
(mL/min) 

120 ± 63 140 ± 45 100 ± 50 <0.05 

GFR at delivery 
(mL/min) 

109 ± 46 100 ± 30 90 ± 40 NS 

Gestational age at 
delivery (weeks) 

37 ± 2 38 ± 4 40 ± 1 NS 

Neonatal birth weight (g) 3205 ± 890 3780 ±  780 3090 ± 200 <0.05 
pH umbilical artery 7.22 ± 0.10 7.33 ± 0.9 7.33 ± 1.3 NS 
pH umbilical vein 7.26 ± 0.10 7.23 ± 1.2 7.32 ± 2.3 NS 
1 – t-student test for A and B

Table 1. Basic characteristics of study group (mean ± S.D).



cDNA, 0.4 µl MgCl2 (final concentration 2 mM), 0.25 µl of each
primer (final concentration 0.5 µM), 1 µl SYBR Green master
mix and 7.1 µl water. Reaction mixture for amplification of
GAPDH gene contained 1 µl cDNA, 0.6 µl MgCl2 (final
concentration 2.5 mM), 0.25 µl of each primer (final
concentration 0.5 µM), 1 µl SYBR Green master mix and 6.9 µl
water. The quantitative PCR we monitored by measuring the
increase in fluorescence by the binding of SYBR Green I dye to
the generated double-stranded cDNA. Complementary DNA
was quantified by comparison of the number of cycles required
for amplification of unknown samples with those of series of
cDNA standard dilutions. The data was evaluated with the
Roche Light Cycler Run 5.32 software.

The amount of transcript was evaluated against a standard
curve generated by serial dilutions of complementary DNA
(cDNA) obtained after reverse transcription of mRNA. The
results were standardized against the reference (housekeeping)
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene. We
used agarose gel electrophoresis and analysis of a melting curve
analysis to confirm amplicon size and reaction specificity.

Statistical analysis

We performed statistical analysis using Statistica 10.0 for
Windows. All data are presented as mean ± standard error of
mean (S.E.M.). Lillefors and Shapiro-Wilk test checked
normality of analyzed parameters. As the distribution of
variables met criteria for normal distribution, we compared the
leptin gene and its receptor expression using analysis of variance
(ANOVA) for more than two groups and post hoc tests: least
significant difference (LSD) test and Scheffe test to specify the
groups in whom the differences are significant. We used the t-
student test for comparisons between two groups. To analyze
association between leptin/leptin receptor gene expression and
fetal birth weight we used the Pearson rank correlation
coefficient. Multiple regression analysis was performed to
evaluate maternal lipid concentration influence on neonatal
birthweight. Statistical significance was accepted at p<0.05 for
all comparisons.

RESULTS

Characteristics of the study group is presented in the Table 1
and 2. The levels of maternal mean daily glycaemia and
percentage of HbA1C both at booking and at delivery were
significantly higher in overweight subjects as well as the
neonatal birthweight. Overweight T1DM subjects were also
characterized by the higher serum leptin at delivery than normal
weight subjects. Also maternal serum leptin was higher at
delivery in women in whom fetal birthweight was estimated as
LGA/AGA as compared to SGA and controls.

In Table 3, we present placental LEP expression that was
significantly higher in the T1DM compared to the controls,
whereas no significant differences in placental LEPR expression
were found between these groups.

We also assessed the expression of studied genes in relation
to newborns birthweight. Placentas of T1DM LGA fetuses
presented the highest LEP expression. T1DM AGA and LGA
fetuses were characterized by the highest placental LEPR
expression as compared to controls and SGA fetuses (Table 4).
The below data reflect elevated serum leptin level in T1DM
subjects, as serum leptin concentration remains in concordance
with placental LEP gene expression.

In the next step, we analyzed the possible correlation
between placental LEP and LEPR expression and neonatal
birthweight in overweight T1DM subjects with pre-pregnancy
BMI ≥ 25kg/m2. We found significant positive correlation
between neonatal birthweight and placental LEP and LEPR
expression (Pearson r=0.81, p<0.05 for LEP and r=0.57, p<0.05
for LEPR respectively in T1DM subjects). The above data is
presented in Fig. 1 and 2. No such correlations were found in
normal weight T1DM subjects.

Since we discovered that overweight and obesity may affect
both LEP/LEPR and neonatal birthweight, in the next step we
attempted to analyze the possible maternal biochemical factors
related to nutritional status, affecting LEP expression in T1DM
placenta in overweight subjects. As we identified possible
maternal factors that could potentially mediate the effect of BMI
on LEP expression and birthweight, we performed multiple
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Group/Parameter Overall 
T1DM 

subjects 
N=49 

Overweight 
T1DM subjects 

N=31 

Normal weight 
T1DM  

subjects 
N=18 

Control 

Maternal serum 
leptin at delivery1

27.70 ± 12.10 33.20 ± 5.63 24.53 ± 3.41 25.11 ± 2.72 

Group/Parameter T1DM + 
LGA 

T1DM +  
SGA 

T1DM +  
AGA 

Control 

Maternal serum 
leptin at delivery 
(ng/ml)2

45.71 ± 9.84 26.33 ± 3.44 30.15 ± 12.14 25.15 ± 2.76 

1 – ANOVA and post-hoc tests  
Overall T1DM vs. Control   p=NS (LSD, Scheffe)   
Overweight T1DM vs. Normal T1DM p=0.041 (LSD, Scheffe)  
Overweight T1DM vs. Control  p=0.042 (LSD, Scheffe)  

2 – ANOVA, post-hoc tests  
T1DM+LGA vs. Control   p=0.034 (LSD, Scheffe)  
T1DM+LGA vs. T1DM+SGA  p=0.041 (LSD, Scheffe)  
T1DM+LGA vs. T1DM+AGA  p=0.032 (LSD, Scheffe)  
T1DM+SGA vs. T1DM+AGA  p=NS (LSD, Scheffe)  
T1DM+SGA vs. Control      p=NS (LSD, Scheffe)  
T1DM+AGA vs. Control   p=NS (LSD, Scheffe)  

Table 2. Maternal serum leptin at delivery.



regression analyses where lipid concentration were used as
explanatory variables.

In the best-fitted model (R - 0.55 for the model), we found an
influence of first trimester total triglycerides (positive correlation,
B - 0.62, p-value 0.008), first trimester total cholesterol (negative
correlation, B - –2.96, p-value 0.004), first trimester LDL and

HDL (positive correlation, B - 1.76, p-value 0.009 and B - 1.34,
p-value 0.004). Different models, including first and third
trimester metabolic parameters (adjusted to HbA1C level at
booking and delivery, mean diurnal glycemia at booking and at
delivery, GFR at booking), shown no influence on LEP/LEPR
expression. The above data are presented in the Table 5.
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Placental LEP Group Mean%  SEM% P1

Control (N=15) 100 6.47 
T1DM + AGA (N=20) 146.63 16.12 <0.001  

T1DM + LGA (N=13) 173.17 20.04  
<0.0012

T1DM + SGA (N=16) 139.33 13.24   <0.0015

Placental LEPR Group Mean%  SEM% P1

Control (N=15) 100 8.90 
T1DM + AGA (N=20) 124.38 8.18 <0.001 

T1DM + LGA (N=13) 121.81 9.26  
<0.0013

T1DM + SGA (N=16) 111.51 8.51   

NS4

1 – ANOVA, post-hoc tests  
2 - T1DM+AGA, T1DM+LGA, T1DM+SGA vs. Control (LSD, Scheffe)  
3 – T1DM+AGA, T1DM+LGA vs. Control (LSD, Scheffe)  
4 – Between T1DM, T1DM vs. Control (LSD, Scheffe)  
5  - T1DM+LGA vs. T1DM+SGA (LSD, Scheffe)  

Table 4. Placental LEP and LEPR expression in studied groups in relation to newborns birthweight.

Placental LEP Group Mean(%) SEM% p1

Control (N=15) 100 6.47 
T1DM (N=49) 150.10 9.30 <0.05 

Placental LEPR Group Mean(%) SEM% p1

Control (N=15) 100 8.90 
T1DM (N=49) 119.01 4.89 NS 
1 – t-student test  

Table 3. LEP and LEPR expression in studied groups.

Fig. 1. Placental LEP expression in
overweight T1DM subjects in relation to
neonatal birthweight (correlation r=0.81,
p<0.05).



DISCUSSION

Despite a significant improvement in the management of
diabetes, it still constitutes a serious therapeutic problem for
women health (14). Diabetes-related complications like
microangiopathy or hypertension remains major risk factors for
poor perinatal outcome and morbidity (15). Over the last
decades we noted tremendous development in diagnostic and
therapeutic approaches, but mechanisms underlying the fetal
growth and development still needs further studies. In diabetic
pregnancy, several factors influencing fetal birthweight have
been discovered - glycemic control and lipid profile, maternal
nutritional status, weight gain, energy intake and the presence of
concomitant disorders influencing placental function like
hypertension or preeclampsia (31-33).

In the last decade, much data emerged on leptin in pregnant
women population. Many studies generated a common
observation that maternal leptinaemia increases in the majority
of pregnancy complications, like diabetes, hypertension or
preeclampsia (16, 17). There is of note, that all these
complications impair placental function. They are also
associated with increased maternal insulin resistance.

Confusing data is available on mechanism underlying
regulation of placental leptin synthesis and gene expression. In
this paper, we attempted to analyze the possible link between
several feto-maternal factors affecting placental LEP and LEPR
expression - type 1 diabetes, maternal overweight, fetal growth
and maternal metabolic disturbances.

Exogenous insulin administered to our patients should also
be considered as a possible factor affecting the augmented level
of placental LEP expression in diabetic population. This was
previously reported by Lepercq, who found 3-5-fold higher
placental level of LEP correlating with cord serum leptin (18). In
our study, both placental LEP/LEPR expression and serum leptin
was higher in T1DM group as compared to controls but also
inside T1DM group these differences were significant and
dependent of feto-maternal features. This can be considered as an
indirect proof for feto-placental leptin synthesis and its
contribution to fetal development. Later studies demonstrated
higher cord hyperleptinemia in LGA fetuses and lower leptinemia
in SGA fetuses. Moreover, significant discrepancies between
placental and cord leptin in diabetic pregnancies were also found
(19, 20). Latest study of Misra et al. demonstrated that maternal
overweight and obesity influences fetal growth (21).

We found increased placental LEPR expression in diabetic
placentas as compared to healthy subjects, but the results did not
reach statistical significance. We observed the disproportion
between LEP and LEPR expression in diabetic subjects what we
have not seen in healthy women. Uzelac et al. (22), in terms of
insulin, leptin and androgen receptors in diabetic placenta,
previously reported this specific dysregulation - receptor "down-
regulation" as the response for increased ligand concentration. In
our study, elevated serum leptin in diabetic subjects support this
observation.

We also analyzed the possible link between placental
LEP/LEPR expression and fetal birthweight. Manderson et al.
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Parameter* R B P 
Total triglycerides at 
booking (mg/dl) 0.61631 0.008 

Total cholesterol at 
booking (mg/dl) –2.95776 0.004 

LDL at booking (mg/dl) 1.76571 0.009 
HDL at booking (mg/dl) 

0.
55

57
77

45
 

1.33808 0.004 
* - adjusted to maternal BMI.

Table 5. Maternal first trimester lipid profile and the LEP expression in T1DM placenta.

Fig. 2. Placental LEPR expression in
overweight T1DM subjects in relation to
neonatal weight (correlation r=0.57,
p<0.05).



documented that newborns of both type 1 and gestational
diabetic mothers have an increased adiposity, what can influence
their birthweight and is correlated with increased cord leptin
(23). This led to indirect conclusion that leptin controls fetal
growth, although factors which affect adipose tissue in the fetus
remain unclear and further investigations into feto-maternal
leptinemia are necessary (23-25). In our study, we observed
higher LEP expression in placentas of T1DM AGA and LGA
fetuses as compared to SGA and controls. Furthermore,
increased serum leptin was found in subjects of these groups,
even though the SGA diabetic fetuses were characterized by
higher LEP expression than controls. This can be the evidence
that diabetes per se affects placental LEP expression. Moreover,
we also found dysregulation of LEPR, mainly in placentas of
T1DM LGA fetuses, what supports Uzelac's hypothesis on
"down-regulation" of receptors in response to increased serum
leptin (22). It remains unclear, whether lower placental LEPR
expression constitutes a compensatory mechanism protecting
fetus from macrosomia (26).

LGA infants are characterized by 3-12-fold higher cord
leptin concentration than normal and AGA fetuses, therefore
leptin was stated as fat-mass content marker in those fetuses.
There is also a correlation between cord blood leptin and
birthweight in LGA and IUGR fetuses, but no such correlation
was found in AGA infants (27, 28).

Interestingly, we observed that overweight diabetic subjects
had significantly poorer metabolic control expressed as HbA1C

value and mean daily glycemia, both at booking and at delivery.
Moreover, overweight diabetic women delivered bigger infants
than normal weight subjects. We documented that in overweight
diabetic subjects, there was a strong linear correlation between
neonatal birthweight and placental LEP expression, what was
also documented by elevated serum leptin in this group. In
detail, in diabetic placentas of fetuses that exceeded 4000 g, the
highest LEP expression was observed. The same linear, yet
weaker correlation was found in terms of placental LEPR
expression. Studies by Yamashita et al. (29), demonstrated that
augmentation of placental leptin may have a contribution to fetal
growth, independently of maternal glucose control. These results
were not confirmed in our study, since obese women with poor
metabolic control who delivered bigger infants, were
characterized by higher LEP/LEPR expression. It was also
widely reported that pregnancy remains leptin-resistance state,
despite gestational increase in serum leptin (30).

Since our overweight diabetic women were characterized by
the higher lipid concentration in the first trimester (significant
only for first trimester triglycerides) and linear correlation was
found between LEP/LEPR and birth weight, we proceeded by
carrying out a multiple regression model analysis, which
revealed that first-trimester triglycerides, LDL, HDL serum
concentrations were positively correlated with LEP placental
expression. What is interesting, no such relationship was
observed in terms of total first trimester cholesterol, which was
inversely (B - 2.95) associated with LEP placental expression.
What is also interesting, these correlations were independent of
maternal first trimester glycemia and BMI. Stepwise multiple
regression revealed no changes in B-parameter, while adding
these variables to our model. No such relationship was found in
terms of LEPR. There is one study by White et al. (34),
demonstrating that in streptozotocin-induced diabetic rats,
augmentation of leptin causes the increase in the level of lipids
in the first trimester of pregnancy. The same results were
reported by Nelson et al., who found positive association with
HDL cholesterol and positive with triglycerides (35). We
conclude, that positive correlation between placental LEP
expression and first trimester lipid concentration (HDL, LDL
and triglycerides) could be the reflection of the response for

increased demand for developing fetus. One aspect, which is
difficult to explain, is the negative correlation of the maternal
first trimester total cholesterol with placental LEP expression.
When removing this variable from multiple regression model, it
still demonstrates similar, but weaker correlation. On the other
hand, the same model in the overall diabetic group, revealed
weak positive correlation of all regressors with placental LEP
expression (B - 0.63). We conclude, that overweight/obese
diabetic group should be increased at least to equal number as in
overall group, and re-analyzed.

Leptin is a well-known growth factor for placenta, since the
trophic effect of leptin stimulating protein synthesis may be an
important factor to support the fetal macrosomia. Leptin
stimulates protein synthesis-activating translation in human
trophoblastic cells and placenta, working as an autocrine
hormone, angiogenesis, growth and immunomodulation
mediator. These effects are supported by activation of MAPK
and PIK3 pathways promoting the phosphorylation of different
proteins i.e. RPS6KB1, EIF4E and EIF4EBP1 (36). It was found
that MAPK and PI3K activities are required for leptin
stimulation of protein synthesis in human trophoblastic cells,
since inhibition of both by transfection negative constructs
prevented this effect (37).

Recently, it was found that leptin stimulation promotes the
over-expression and tyrosine phosphorylation of Sam68 (Src
associated in mitosis, 68 kDa) in human trophoblastic JEG-3
cells, suggesting a role for Sam68 in leptin signaling and action
in these cells, since down-regulation of Sam68 decreased leptin-
stimulated protein synthesis in these cells (38).

Apart from maternal metabolic parameters assessed in the
study, there are several pregnancy molecules and hormones,
commonly increased in the course of pregnancy, involved in
leptin up-regualtion in the placenta. Human HCG and cyclic
cAMP enhance leptin by MAPK signaling pathway activation,
wheras 17β-estradiol acts via MAPK and PI3K signal
transduction pathways (39).

To conclude, our data show that feto-maternal factors may
influence LEP/LEPR placental expression in T1DM pregnancy,
particularly in T1DM + LGA placentas, and these effects are
mediated by leptin-stimulated protein synthesis.
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