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Abstract
Introduction—The fetus is dependent on the placenta for its supply of long chain
polyunsaturated fatty acids (LCPUFA), which are essential in fetal growth and development.
Previous work suggests that high maternal body mass index (BMI) inhibits fetal LCPUFA
delivery and males have greater fatty acid requirements than females during development. We
hypothesized that male placental fatty acid uptake would be more sensitive to maternal BMI
compared to females.

Methods—Term placental samples were collected from healthy women receiving Cesarean
section (n=38). Placental fatty acid transporter and binding protein gene expression and uptake of
oleic acid (OA), arachidonic acid, (AA) and docosahexanoic acid (DHA) was measured. Two-way
ANOVA was used to assess the effects of fetal sex and maternal overweight/obesity (BMI>26 kg/
m2).

Results—Placental fatty acid uptake of OA was 43% lower in male offspring and 73% higher in
female offspring of obese compared to normal BMI women (p<0.05). The interaction between
fetal sex and maternal BMI had a significant effect on both OA (P=0.002) and AA uptake
(P=0.01). DHA uptake was not affected by fetal sex or maternal obesity. Placental fatty acid
transporter CD36 and binding protein FABP5 gene expression levels were lower in male offspring
of obese mothers but were not affected by BMI among females.

Conclusion—Maternal obesity and fetal sex significantly affect the placental uptake of oleate
and arachidonate. Placental fatty acid uptake in both male and female fetuses is sensitive to
maternal BMI, but males may have inadequate acquisition of the unsaturated fatty acid OA, when
exposed to maternal obesity.

Keywords
placenta; fatty acid uptake; fatty acid transporter; fetal sex; obesity

© 2013 Elsevier Ltd. All rights reserved.

Correspondence: Perrie O’Tierney-Ginn, MetroHealth Medical Center, Cleveland, OH, 44109, 1-216-778-8983,
poginn@metrohealth.org.

Disclosures: Nothing to disclose

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Placenta. Author manuscript; available in PMC 2014 June 01.

Published in final edited form as:
Placenta. 2013 June ; 34(6): 503–509. doi:10.1016/j.placenta.2013.03.009.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Maternal or fetal deficiencies in long chain polyunsaturated fatty acids (LCPUFA) -
particularly docosahexanoic acid (DHA) - during pregnancy result in decreased visual
acuity, behavioral abnormalities and cognitive impairment in infants along with
hypertension in adult offspring (1–3). The fetus depends on both a rich maternal fatty acid
reservoir, and efficient placental transfer to meet its high demands for LCPUFA as its
capacity for LCPUFA synthesis is not sufficient to meet its developmental requirements
(4;5). Thus alterations in maternal supply or placental transport of LCPUFA affect fetal
delivery and, potentially, developmental pathways.

Fatty acid levels in maternal plasma reflect her diet, metabolism and nutrient stores (6;7). In
non-obese women, pre-pregnancy BMI is negatively associated with circulating maternal
and fetal LCPUFA levels (7;8). Whether this relationship holds true for obese women (BMI
> 30 kg/m2) is not known. However, it is known that the placentas of obese women have
above normal levels of inflammation and oxidative stress (9;10), which may alter placental
metabolism and transport pathways for fatty acids.

Considering the established effect of maternal BMI on other placental pathways (9;10), we
suspect that obesity-induced suppression of fatty acid transport by the placenta would
exacerbate the effects of low maternal LCPUFA supply and worsen fetal LCPUFA delivery.
Consistent with this, a recent study showed that maternal obesity was associated with
changes in placental fatty acid transport proteins and lower uptake of linoleic acid – the
essential precursor of arachidonic acid (AA) - by the trophoblast (11). However, as the fetus
has a limited ability to generate AA and DHA from their precursors (4;5) and depends
largely on placental transport for its LCPUFA supply, the placental uptake of AA and DHA
is of particular importance. Thus, there remains a significant gap in our understanding of
maternal factors that regulate the uptake and transport of unsaturated fatty acids.

Tamimi et al, reported that women who are pregnant with boys consume more nutrients -
11% more animal-based lipids and 15% more vegetable-based lipids – as compared to those
carrying girls (12). Furthermore, mouse studies have shown that inducing essential fatty acid
deficiency during pregnancy, via a low-fat diet, led to a significant decrease in litter size due
to increased male stillbirths, while the number of female pups was unchanged (13). Together
these studies provide evidence that males either have higher nutritional requirements than
females during development or that their transport system is inadequate when fatty acids are
in short supply. If true, maternal body composition may have a powerful influence on
lifelong health outcomes of offspring with boys being most sensitive.

We hypothesized that placental fatty acid uptake in both sexes would be suppressed with
increasing maternal BMI but that males would be more severely affected. In order to test the
hypothesis we measured placental uptake of monounsaturated oleic acid and the LCPUFA
arachidonic acid and docosahexanoic acid in placentas of overweight and obese women
(BMI >26 kg/m2) compared to placentas from women with a normal BMI (18.5–26 kg/m2).

Materials and Methods
Study subjects

Thirty-eight women at term (>37 weeks gestation) who were scheduled for Cesarean section
were recruited at OHSU Labor & Delivery. Written, informed consent for tissue collection
was obtained prior to surgery and approved by the Institutional Review Board. Exclusion
criteria included multiple gestations; fetuses with chromosomal or structural anomalies
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including cardiac defects; diabetes (gestational or pre-existing); preeclampsia; maternal
hypertension; and any other significant co-morbidity.

Maternal data obtained from the medical records included age, parity, race, gestational age
at delivery, height and weight (pre-pregnancy, 1st/2nd/3rd trimester); neonatal data included
birth weight, head circumference, crown-heel length and fetal sex. Maternal BMI was
calculated from clinical measurements with the exception of pre-pregnancy weight which
was self reported. Groups were stratified by early 1st trimester BMI because pre-pregnancy
values were not available in every case. Pre-pregnancy and 1st trimester weight correlated
well in the women where both were reported (R=0.99, P<0.0001, n=22). Placental tissue
was collected at the time of Cesarean section for molecular analysis by sampling from four
different cotyledons, removing maternal decidua and immediately snap freezing in liquid
nitrogen. Tissue was stored at −80°C prior to analysis.

Tissue collection and fatty acid uptake experiments
In a subset of women (n=13), fresh placental tissue was collected at time of Cesarean section
for explant studies following the method of Siman et al. with some modifications (14).
Immediately following delivery, four 1cm × 1cm pieces of placenta were collected from
different cotyledons avoiding areas that were necrosed or calcified, followed by removal of
the chorionic plate and decidua. Tissue was placed in Dulbecco’s phosphate buffered saline
(with magnesium and calcium, HyClone®, Logan, UT) warmed to 37°C. Small (<2mm 3)
fragments of villous tissue were dissected. Placental fragments (four per well, each from a
different cotyledon) were transferred to Netwell culture dishes containing 1.5 ml of uptake
buffer (Hank’s balanced salt solution [HBSS] supplemented with 10mM HEPES, pH 7.4)
and incubated at 37°C for 20 minutes for equilibration.

Fatty acid uptake experiments followed the method of Xu et al., modified for explants (15).
Albumin-bound fatty acids (ratio of 1:1 fatty acid:BSA) were prepared by adding radio-
labeled 1-14C-oleic acid, 1-14C-arachidonic acid or 1-14C–DHA (Moravek Biochemicals,
Brea, CA) and corresponding non-labeled fatty acids (oleic acid [OA] (Acros Organics, NJ,
USA), arachidonic acid [AA; Sigma, St. Louis, MO] and docosahexanoic acid [DHA;
Cayman Chem, Ann Arbor, MI] for a total fatty acid concentration of 200 μM in uptake
buffer. Explants were incubated with the radio-labeled fatty acids for multiple time points
(0, 15, 30, 45, 60 min) at 37°C. To stop the reaction, ice cold “stop buffer” was added to
each well (uptake buffer with 0.1% BSA and 200μM phloretin (MP Biomedicals, Solon,
OH). Explants were washed three times with cold stop buffer and once with cold PBS.
Explants were solubilized in 500 μl of Biosol™ (National Diagnostics, Atlanta, GA) at 50°C
for 2 hours. A 100 μL aliquot was counted on a Beckman LS3801 Liquid Scintillation
Counter (Beckman Coulter, Brea, CA). An additional aliquot was used to determine total
protein concentration and counts/nmol fatty acid was determined by counting 100 μl of the
uptake solution added to each well for each fatty acid (total counts). Uptake was calculated
for each well by dividing counts/well by counts/nmol and normalized by protein
concentration. Placental fatty acid uptake (nmol/mg/min) was calculated by plotting the
slope of the line of uptake over time of incubation (0–60 min). This relationship was
determined to be linear within the time period analyzed using a runs test. There was no
degradation of the syncytiotrophoblast membrane during this time period based on
histological analysis using hematoxylin and eosin staining of sections of explants (data not
shown).

Placental gene expression analysis by qPCR
Total RNA was isolated following homogenization of ~50 mg of tissue (representing four
different cotyledons) in TriReagent (Sigma) following the manufacturer’s protocol. RNA
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was not treated with DNase as we have previously found this can compromise the integrity
of the RNA. RNA integrity was assessed for each sample by visualizing ribosomal RNA via
gel electrophoresis. We have previously assessed RNA integrity via Agilent BioAnalysis
(details) and found sample RIN 8.4–9.3 for placental RNA extracted using this
methodology. Reverse transcription of 2 μg RNA to cDNA was performed using
MultiScribe Reverse Transcriptase (50U/μl) with random primers following manufacturer’s
guidelines and cycling conditions (Applied Biosystems High-capacity cDNA RT kit
(4368814), Carlsbad, CA). cDNA was stored at −20°C. GAPDH, a gene that was not altered
in the placenta by BMI, was used as a reference gene. Gene-specific primers were designed
for fatty acid transport proteins (FATP)-4, (FATP)-2; fatty acid translocase (CD36); fatty
acid binding proteins (FABP)-3, (FABP)-4, (FABP)-5, (FABPpm) and lipoprotein lipase
(LPL) using primer design software (Clone Manager Professional Suite, v.8). Primers were
designed to span multiple intron-exon boundaries. Primer sequences and gene information
are shown in Table 1. qPCR was performed as described previously (16). PCR amplicons
were detected by fluorescent detection of SYBR Green following manufacturer’s
instructions (Applied Biosystems Power SYBR® Green Master Mix (4368708)) and cycling
conditions, using the Stratagene Mx3005P Thermocycler (Agilent Technologies, Santa
Clara, CA). Cycling conditions were the same for all primer pairs: 95°C 10 min (for enzyme
activation) followed by 40 cycles of 95°C 20s, 55°C for 30s, 72 °C 30s. For each primer
pair, a standard curve, no template controls and unknowns were run in triplicate. Following
cycling, the melt curve of the resulting amplicon was analyzed to ensure that a single
product was detected for every replicate (95°C 1 mi n; 55°C 30s ramping to 95°C 30s, and
collecting fluorescence data at every degree increase). Efficiency of each primer set was
calculated using the slope of the respective standard curves with manufacturer’s software
(MxPro v4.10; Stratagene) (see Table 1). The quantification cycle (Cq) was calculated for
each replicate using MxPro software for detecting the amplification-based threshold.
Replicates were not used if >1 SD of the Cq. NTCs were not detectable ≤ 40 cycles.
Comparative quantification corrected for the efficiency of the respective standard curve was
used to generate values for each replicate based on the Cq using MxPro software. The same
sample was used as the “calibrator” in all assays. Values were expressed as a ratio of the
gene of interest:reference gene in each sample.

Statistical analysis
Two-way repeated measures analysis of variance followed by Bonferroni post-test was used
to examine differences between groups in time-dependent experiments (GraphPad Prism
4.03). Two-way ANOVA was used to examine the effect of offspring gender and maternal
obesity on placental fatty acid uptake and gene expression. Bonferroni post-test was used to
assess differences in rates of uptake between normal and obese groups for both sexes. Data
are presented as mean ± SEM unless noted otherwise. P value <0.05 was considered
statistically significant.

Results
Male (n=19) and female (n=19) neonates were stratified by maternal 1st trimester BMI into
normal weight (BMI<26 kg/m2) and overweight/obese (BMI>26 kg/m2) groups (Table 2).
Maternal obesity was associated with a higher birth weight and ponderal index in male and
female offspring compared to offspring of lean women. Obese women carrying male
offspring had lower gestational weight gain compared to lean women. Male neonates had
higher birth weights (P=0.002), crown-heel lengths (P=0.004), head circumferences
(P=0.002) and gestational ages (P=0.035) compared to females regardless of maternal BMI.
Maternal age and nulliparous status were not different between groups. Maternal ethnicity
information was available from the medical charts for 28 women. Thirteen women were
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Hispanic. The proportion of Hispanic women in each group was as follows: lean women
with male offspring – 20%; lean women with female offspring – 11%; obese women with
male offspring – 33%; obese women with female offspring – 70%. The proportion of
Hispanic women was highest among obese women with female offspring, although the
difference was not statistically significant between groups (Chi-squared: P=0.25; Fisher’s
exact: P=0.51).

Time-dependent fatty acid uptake results are presented in Figure 1. Oleic acid (OA) uptake
was lower in male offspring of obese women as compared to lean (mean ± SD: 2.45 ± 0.67
vs 4.09 ± 0.63 nmol/mg/45 min and 3.15 ± 0.28 vs 5.19 ± 0.78 nmol/mg/60 min; P<0.05),
and was lower in male offspring than in female offspring of obese women (2.45 ± 0.67 vs
4.97 ± 0.84 nmol/mg/45 min and 3.15 ± 0.28 vs 6.38 ± 0.75 nmol/mg/60 min; P<0.001) at
both 45 and 60 min (Fig. 1A). Placental uptake of both OA and arachidonic acid (AA) was
higher in female offspring of obese women as compared to lean (OA: 4.97 ± 0.84 vs 3.21 ±
1.28 nmol/mg/45 min and 6.38 ± 0.75 vs 3.93 ± 0.97 nmol/mg/60 min; AA: 4.41 ± 1.89 vs
2.74 ± 1.23 nmol/mg/45 min and 5.26 ± 1.50 vs 3.51 ± 1.44 nmol/mg/60 min P<0.05) at 45
and 60 min (Fig. 1A & 1B). Time-dependent DHA uptake did not differ between groups
(Fig. 1C).

The rate (nmol/mg/min) of uptake of OA (Figure 2A) in placentas from males born to obese
women was 43% lower than in male placentas from normal BMI women (0.043 ± 0.003 vs
0.075 ± 0.01; P=0.03). In contrast, placental oleic acid uptake was 73% higher in female
offspring of obese compared to leaner women (0.095 ± 0.010 vs 0.055 ± 0.013; P=0.02) (Fig
2A). Placenta uptake of AA followed the same trends as oleic acid, but was not statistically
significant (0.036 ± 0.021 vs 0.062 ± 0.006; P=0.08 in male placentas between maternal
BMI groups; 0.084 ± 0.021 vs 0.049 ± 0.017; P=0.06 in female placentas) (Fig 2B). There
was a significant interaction between offspring gender and maternal obesity for placental
OA (P=0.001) and AA (P=0.01) uptake. Placental DHA uptake was not affected by gender
or obesity (Fig. 2C). The overall rates of uptake did not differ between the different fatty
acids (OA: 0.068 ± 0.022; AA: 0.058 ± 0.023; DHA: 0.068 ± 0.023) nor did the rates within
lean/obese male/female groups.

We measured mRNA levels of fatty acid transporters and binding proteins to determine the
effect of maternal obesity on their expression levels. Placental CD36 (Figure 3A) and
FABP5 (Fig. 3B) were decreased among males in the obese group (p<0.05). Among
females, gene expression levels were unchanged with maternal obesity. There was a
significant interaction between offspring gender and maternal obesity for placental CD36
(P=0.026) and FABP5 (P=0.009) expression. Placental FABP3 expression was higher in
male offspring than female offspring (P=0.001) regardless of maternal BMI (Fig. 3C). A
trend for an interaction between offspring gender and maternal obesity was seen for
placental FATP2 expression, but this was not statistically significant (P=0.07). There were
no significant detectable differences in placental gene expression of LPL, FATP4, FABP4,
and FABPpm between groups.

Discussion
The primary finding of this study is that placental villous tissue takes up unsaturated fatty
acids at different rates according to fetal sex and maternal body phenotype. We found that
placental uptake of oleic acid was suppressed among male offspring of obese women, but
increased in female offspring. Placental uptake of the omega-3 LCPUFA DHA was not
affected by maternal obesity in either males or females while uptake of the omega-6
LCPUFA AA was higher in female than male offspring of obese women. The decreased
fatty acid uptake in male offspring of obese mothers was associated with a decrease in fatty
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acid binding protein-5 and fatty acid translocase (FAT/CD36), suggesting that these
molecules are involved in the regulation of placental oleic acid uptake. These findings
support our hypothesis that maternal obesity alters placental fatty acid transport systems in a
sex-dependent manner.

Our study did not measure transplacental transport. Nevertheless, placental uptake is a
necessary step in the materno-fetal transport process. The considerable sex-specific effect of
maternal obesity on placental oleic acid uptake suggests that the delivery of more fatty acids
than LCPUFA is closely regulated by the placenta. Oleic acid is the primary
monounsaturated fatty acid in the fetal circulation and though its role in fetal development
has not been as well studied as the LCPUFA, it has well-established cardiovascular effects
with important anti-inflammatory and anti-oxidant activity in adults (17). Altered
availability of oleate to the developing fetus may alter the composition of cellular
membranes, affecting their ability to combat oxidants and alter their permeability. Our data
suggest that male offspring of obese women may be at particular risk for these outcomes due
to their suppressed placental uptake of oleate.

The finding that the interaction between maternal obesity and fetal sex is responsible for
nearly 50% of the variability in the uptake of the LCPUFA arachidonic acid (AA) is also
noteworthy because of the well established role of LCPUFA in neurological and
cardiovascular development. In the US, 1 in 5 women of reproductive age are obese (18) and
adverse pregnancy and neonatal complications associated with obesity during pregnancy are
well known (recently reviewed by 19). Neonates born to obese mothers have increased risk
for macrosomia, growth restriction, stillbirth/mortality, and adult-onset obesity, diabetes,
and cardiovascular diseases (19–23). It is possible that some of these poor long-term
outcomes in offspring of obese women may be related to alterations in LCPUFA or
monounsaturated fatty acid supply during development (2;3), and that risk for these diseases
depends upon the sex of the offspring. Perhaps not surprisingly, the placental uptake of
DHA – the most preferentially transported fatty acid – was relatively protected from the
effects of maternal obesity in both sexes. This is likely a well-protected mechanism not
easily influenced in the uncomplicated pregnancies we studied.

The high rates of placental OA and AA uptake in female offspring of obese women suggests
that female fetuses may be better able to compensate for variations in fatty acid delivery
across the range of maternal BMI. This is consistent with a conservative growth strategy
where females maintain a greater placental reserve than males and are better equipped for
variations in maternal diet (24–26). Conversely, the male growth strategy is characterized by
the development of a highly efficient placenta, which sacrifices its placental reserve in order
to promote rapid fetal growth (25). This dangerous growth strategy for male fetuses imparts
vulnerability during shortages in nutrient supply. Indeed, males have been shown to do more
poorly in high-risk pregnancies than female offspring (27–29). Our data support the idea of a
perilous male-specific growth strategy whereby placentas are less able to maintain
unsaturated fatty acid uptake in association with maternal obesity.

The uptake and transplacental trafficking of fatty acids from maternal blood into the fetal
circulation involves several families of proteins. Fatty acid transporter proteins 2, 4, and 6
(FATPs), fatty acid translocase (CD36), plasma membrane fatty acid binding protein
(FABPpm) and the cytosolic binding proteins (FABP3, 4, 5) are highly expressed in
trophoblasts and modulate fatty acid uptake in the human placenta (11;30–32). AA and
DHA appear to be preferentially transferred across the placenta and maintain relatively
higher concentrations in cord plasma than other fatty acids (33–35). It is not well-understood
what transporters are responsible for this preferential uptake and delivery of the LCPUFA,
though CD36 and FABPpm are believed to be non-specific for fatty acid type, while other
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transporters may have high specificity for LCPUFA (30;31). These proteins bind and
transport non-esterified fatty acids that are either found in the circulation bound to albumin,
or released from maternal triglycerides and phospholipids via the action of lipases (i.e. LPL)
(30). We used albumin-bound fatty acids in our uptake experiments which would not take
into account any alterations in lipase activity that may be present between lean and obese
women. Consistent with previous findings, we did not observe any differences in LPL
mRNA expression between groups, however this does not preclude alterations in LPL
activity (11).

In our study, uptake of DHA was maintained in placentas of obese women while OA and
AA were not. These results support the notion that there are fatty acid-specific mechanisms
underlying placental uptake, allowing for differential regulation of individual fatty acid
handling by the placenta in a sex-specific manner. Similar to DHA uptake, placental FATP4
expression was not affected by maternal obesity. Placental FATP4 mRNA expression has
previously been demonstrated to be positively correlated with relative DHA levels in the
cord blood (31), and is a potential mechanism underlying the maintenance of DHA uptake.
It has recently been suggested that the acyl-CoA synthetase activity of FATP4 is responsible
for regulating fatty acid uptake in adipocytes (36), though this has not been thoroughly
investigated in the trophoblast.

Consistent with previous findings (11;37), our results show that alterations in fatty acid
transporter expression are associated with changes in fatty acid uptake. We observed that the
expression of the placental fatty acid transporter CD36 and the cytosolic binding protein
FABP5 mirror placental OA uptake in males. CD36 expression has previously been shown
to be necessary for OA uptake in cultured rat aortic smooth muscle cells (38). FABP5 may
assist uptake by binding to the newly transported fatty acid once it enters the trophoblast,
preventing it from leaving the cell, and trafficking lipids throughout the trophoblast (30;39).
In females, the gene expression of fatty acid transporters was un-affected by maternal
obesity suggesting that fatty acid uptake rates in female placentas may be regulated by post-
transcriptional mechanisms, such as transporter protein trafficking to the membrane as seen
in other tissues (40). These findings differ slightly from those of Dube et al. who found that
maternal obesity was associated with higher placental CD36 levels (11). The differences
between the findings of the two studies may be due to differences in study populations and/
or that we analyzed male and female neonates separately, though we did not show
differences between normal and obese groups if males and females were pooled (data not
shown). Our finding of lower placental FABP5 expression in offspring of obese women was
consistent with previous results (11). We also observed a strong effect of fetal gender on the
expression of placental FABP3 regardless of maternal obesity, which may contribute to
differential handling of fatty acids between male and female placentas at baseline. Though
we did not find an overall difference in fatty acid uptake between male and female
placentas, we cannot discount the possibility of sex-differences in placental lipid metabolism
related to FABP3 expression, ultimately affecting fatty acid delivery to the fetus (37).

Limitations of our study should be considered. Despite a relatively small sample size, we
saw highly significant effects of maternal obesity and fetal sex on placental fatty acid uptake
and transporter expression. Secondly, fatty acid levels in the maternal and umbilical cord
blood were not obtained. We do not expect to observe a direct correlation between placental
fatty acid uptake and corresponding neonatal fatty acid levels because of the complexities
surrounding placental lipid metabolism and transport (37). As we did not collect maternal
blood, we are currently unable to ascertain what maternal metabolic factors related to
obesity (i.e. insulin resistance, leptin, inflammation) may be associated with placental fatty
acid uptake. We are currently designing follow-up studies to investigate these associations.
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In summary, the study reported here shows that maternal early pregnancy BMI interacts
with fetal sex to alter placental uptake of the LCPUFA AA and monounsaturated oleate
along with fatty acid transporter expression. Consistent with our hypothesis, maternal
obesity is associated with lower oleic acid uptake, but only in placentas of male offspring.
These data suggest that male fetuses born to obese mothers pay a higher developmental
price than do females with compromised uptake of a fatty acid important in the adult for
normal cellular function. These findings point to the presence of important maternal signals,
determined by maternal phenotype, that regulate the formation of the placenta and its
function differently depending upon the sex of the offspring.
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Figure 1. Time-dependent placental fatty acid uptake in male and female offspring of normal
and overweight/obese women
Oleic acid (A) and arachidonic acid (B) placental uptake differed between groups at 45 and
60 min. Placental DHA uptake did not differ between groups at any time point studied (C).
N=3–4 in each group. aP<0.05 male offspring of obese (▲) vs normal (■) women; bP<0.05
female offspring of obese (△) vs normal (□) women; c P<0.05 male vs female offspring of
obese women by Bonferroni’s post-test.
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Figure 2. Placental fatty acid uptake rates in male and female offspring of normal and
overweight/obese women
Oleic acid (OA) placental uptake decreased in males and increased in female offspring of
obese mothers (A). Arachidonic acid uptake was not statistically significantly different
between groups. Placental DHA uptake was unaffected by maternal obesity in either sex (C).
N=3–4 in each group. * P<0.05 vs. normal placenta by Bonferroni’s post-test. &P<0.05 for
interaction between obesity and offspring gender.
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Figure 3. Placental fatty acid transporter and binding protein gene expression in male and
female offspring of normal and overweight/obese women
Placental CD36 (A) and FABP5 (B) expression decreased in male offspring of obese
mothers but was unaffected in female offspring. Placental FABP3 expression was higher in
males than females (C). Units are arbitrary. N=6–7 in each group * P<0.05 vs. normal
placenta by Bonferroni’s post-test. &P<0.05 for interaction between obesity and offspring
gender. #P<0.05 for effect of offspring gender.
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