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Abbreviations

ABCALI ATP-binding cassette Al

ABCG1 ATP-binding cassette G1
ApoA-1 Apoprotein A-1

ApoA-4  Apoprotein A-4

ApoE Apoprotein E

CE Cholesteryl ester

CETP Colesteryl ester transfer protein
CHO Cholesterol

HDL High density lipoprotein

FA Fatty acid

FFA Free fatty acid

LCAT Lecithin:cholesterol acyl transferase
LDL Low density lipoprotein

LP Lipoprotein

LRP-1 LDL-receptor related protein 1
LRP-2 LDL-receptor related protein 2
NPCIL1  Niemann-Pick Cl-likel

PTP Phospholipid transfer protein
SPC-X/2  Sterol carrier protein X and 2
SR-B1 Scavenger receptor class B

TG Triglyceride

VLDL Very low density lipoprotein
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Introduction

Lipids including cholesterol (CHO) and fatty
acids (FAs) are main constituents of human body
cells and actors in physiological functions thus
representing a critical requirement for the embry-
onic and fetal development.

CHO and FAs attain multiples functions:
CHO is a cellular membrane constituent, a ste-
roid hormone, bile acids and oxysterol precur-
sor and it is essential for activation of various
signalling pathway [1, 2]. CHO plays an impor-
tant role before implantation, as a precursor of
progesterone synthesis, and helps in maintain-
ing the early pregnancy [3—7]. When the embryo
is implanted in the uterine wall, CHO is deter-
minant for the embryogenesis and morphogen-
esis and patterning of the central nervous system
[8]. As well FAs and triglycerides (TGs) are
cellular membrane constituents, represent an
energy source and take part in neuronal and
visual development [9].

The embrio and fetus do not come in direct
contact with the maternal circulation thus are
dependent upon tissues surrounding them to
receive the nutritional support. These tissues are
represented by the yolk sac and trophoblasts,
early in the first trimester, then the placenta since
the end of the first trimester and the second tri-
mester [5]. The placenta is an hemochorial vil-
lous organ with multiple functions: oxygen and
CO, exchange, nutrient absorbption and immune
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barrier. It represents a bridge connecting mother
and fetus through the maternal-placental (utero-
placental) blood circulation and the fetal-
placental (fetoplacental) blood circulation. The
functional unit of the placenta is the chorionic
villus which contains syncytiotrophoblast/cyto-
trophoblast, villous stroma and fetal vascular
endothelium, layers that separate the maternal
blood from the fetal circulation [10]. The yolk
sac and the placenta provide an adequate nutrient
supply by transporting a wide variety of maternal
molecules to the embrio and fetus, including lip-
ids, so promoting the intrauterine development.
The transfer of some nutrients is regulated by the
placenta itself through specific enzymes, recep-
tors and transport proteins; others nutrients are
directly metabolized by the placenta.

During gestation metabolic changes intervene
with a shift from carbohydrates to lipids for
maternal energy production in order to make
nutrients available for the fetus [11]. Glucose is
the main substrate that crosses the placenta but
other factors may also contribute to the fetal
growth. The fetus requires a substantial amount
of lipids throughout its development, the lack of
CHO affecting growth disorders [12]. To satisfy
these needs maternal physiological hyperlipid-
emia is manifest in pregnancy; CHO, TGs and
FAs concentrations increase in both maternal
plasma and erythrocytes thus allowing the fetus
to rapidly receive and store fat, which exceeds by
far that of any other nutrient [13]. Maternal
plasma CHO may increase through the 12th week
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of gestation while TGs reach the 150-300 % of
increase in the third trimester of pregnancy [6,
14, 15]. The two lipoproteins (LPs) classes
involved in supporting the placental CHO need
are low density lipoprotein (LDL) and high den-
sity lipoprotein (HDL) [16-18]. A supply of
CHO requirement as a precursor for the produc-
tion of steroid hormones in the placenta is further
critical [19]. Fetal steroid precursors of estrogens
regulate the uptake of maternal LPs to promote
the placental progesterone synthesis. Both estro-
gen and progesterone are thus key determinants
in pregnancy maintenance and fetal growth so
being evident the basic role of fetal and maternal
LPs [20, 21] (Fig. 12.1).

Lipids Synthesis and Transport

The fetus has two potential sources of CHO and
FAs that include the endogenous and exogenous
metabolic supply. The endogenous pathway is
represented by lipids synthesized by the embrio
and fetus themself, the exogenous pathway con-
cerns lipids provided by the maternal and placen-
tal circulation. Fetal CHO and FAs are thus either
taken up from the maternal circulation or synthe-
sized “de novo”.

In humans very low density LP (VLDL) car-
ries CHO and TG from the liver where origi-
nates to peripheral cells, LDL carries mainly
CHO. HDL represents the reverse CHO path-
way deputed to carry out free CHO from
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Fig.12.1 Feto-maternal CHO intake and steroid hormonal synthesis regulation
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peripheral cells, to promote CHO esterification
to cholesteryl ester (CE), to provide exchange
of CE and TG between circulating LPs and to
bring up CE to the liver (Fig. 12.2). The deliv-
ery of lipids to the fetus is made available by
the physiological maternal LPs increase which
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allow VLDL, LDL, HDL to be taken up by the
placenta [6] (Fig. 12.3). Lipid metabolism
undergoes particular changes during pregnancy,
despite the fact that the placenta is practically
impermeable to TGs, except for FAs. Through
the early two third of pregnancy the mother
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accumulates fat stores thus providing nutrients
sources to the fetus in the third part of preg-
nancy by the placenta transfer [22].

Fetal Cholesterol

Most of CHO required for the fetal growth is
“de novo” synthesized by the fetus itself, thus
making him autonomous from maternal or pla-
cental cholesterol supply [23]. The fetal CHO
synthesis amount has been demonstrated to be
higher than in adults and the endogenous pro-
duction of CHO has been confirmed a manda-
tory need for fetal development [24]. The
requirement of CHO is particularly high in brain
and liver tissues, the synthesis by the liver being
postulated to support other tissues requirement
as demonstrated in animals [25]. Sterols mark-
ers of the CHO synthesis which include lanos-
terol, dihydrolanosterol, and lathosterol increase
strongly since the 19th week of gestation while
low till that period [26].

A maternal contribution to fetal CHO levels
is anyway sustained by evidences supporting the
postulate that up to 20 % of the sterol used by
the fetus in the first trimester origins from
maternal CHO and that an even greater percent-
age could be derived from the placenta with
higher CHO concentrations [5]. More recently it
was demonstrated that this figures grow up to
around 22-40 % in the last trimester of preg-
nancy with a peak in the 2nd trimester [27]
(Fig. 12.3).

Data, demonstrating that fetuses affected by
CHO synthesis defect show at birth or later
detectable CHO in tissues and plasma, support
the hypothesis of a maternal supply to the fetal
CHO pool [28, 29]. Furthermore comparing the
LDL levels flux through the umbilical artery,
which transports blood to the fetus via the pla-
centa and that of the cord vein, which translates
blood in the opposite direction (via the placenta
to the fetus), it appears that LDL concentrations
are higher in the umbilical artery [30]. CHO
maternal LPs uptake can be also influenced by
maternal, but not paternal, apolipoproteinE
(APOE) phenotype thus adding a subject to
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exogenous CHO transfer to the fetus from mater-
nal blood [31]. A further marker for maternal-
fetal CHO transport consists of beta-sitosterol
levels detectable in the amniotic fluid [26]. The
maternal CHO availability in early pregnancy
seems relevant to placental and embryonic devel-
opment in humans [32-37] thus on the basis of
the above demonstrations it has been hypothe-
sized that the fetus can acquire maternal CHO
whenever this hypothesis it is not definitively
accepted and needs further confirmations.

CHO Transport

Maternal CHO has to cross the barriers between
maternal and fetal tissues: the yolk sac in early
pregnancy and, from approximately the fourth
gestational week, the placenta (Fig. 12.4). Since
the 10—12 weeks of gestational age the placental
syncytiotrophoblast layer plug maternal blood on
their apical side and fetal microvessels at its
basolateral side. In-vitro studies suggest that the
yolk sac is able to transfer externally derived
CHO by receptor-independent processes such as
aqueous diffusion [5, 38]. Most evidences come
from studies conducted in animals that strongly
suggest a transport over the yolk sac membrane
during pregnancy [24].

Humans studies indicate that maternal CHO
markedly contributes to the fetal CHO pool at
early stages of gestation, both resulting signifi-
cantly correlated [39]. The placental layer over-
come by lipids could be more difficult. CHO
uptake by syncytiotrophoblast cells is the result
of receptor mediated as well as receptor-
independent processes [24]. This step is allowed
by means of different mechanisms, already dem-
onstrated in animals, but still questionable in
humans. These involve:

(a) LPs receptor mediated mechanisms involv-
ing LDL and VLDL receptors. LPs bound to
the receptor undergo endocytosis to lyso-
somes/endosomes where CHO esters are
degraded. The free CHO is transported across
the cells via sterol carrier proteins, as
Niemann-Pick C1-Like 1 (NPC1L1) and ste-
rol carrier protein X and 2. The receptor is
then recycled to the membrane [40].
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Fig.12.4 Placental uptake and efflux of maternal LPs

(b) Receptors that transfer the CHO across the
plasma membrane without internalization of
the receptor. These include:

1. The scavenger receptor class B (SR-B1)
that transports CHO mainly from HDL
and with less affinity from LDL;

2. LDL receptor-related protein 1 (LRP-1)
that binds apoE-containing particles such
as VLDL. An increase in maternal blood
CHO was demonstrated to reduce LDL
receptor protein in trophoblasts and this
result was considered a regulatory effect
of maternal CHO on these receptor
expression [41].

3. LDL receptor-related protein 2 (LRP-2),
also named megalin, binds LDL and
apoB, while cubilin binds HDL, apoE and
apoA-1.

The efflux of CHO across cellular membranes
is promoted by HDL through the ATP-binding
cassette (ABC) transporters ABCG1, but con-
trasting data are available about ABCA1 [27,
42]. Moreover the efflux can be sustained by
aqueous diffusion or apoE and phospholipid
complex [24].

The placenta contains several LP receptors
supporting its ability in taking up CHO from
maternal blood but this subject is still uncer-
tain as are the procedures that need to be
explained [30].

Fetal Fatty Acids and Triglycerides

FAs can be synthesized “de novo” by the fetus,
including some satured FAs and monounsatured
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FAs originating from glucose. This appears par-
ticularly in advanced gestation when there is a
gradual shift from embryonic to fetal lipids
maternally derived [43]. The relevance of FAs in
the fetal development is suggested by their mater-
nal circulation increase during gestation [44, 45]
and were shown to correlate with fetal lipid con-
centrations and fetal growth [46—48].

Fetal Fatty Acids and Triglycerides
Transport

The energy provided by FAs is available from the
maternal circulation in two different forms: FAs
in their free form bound to albumin, or TGs trans-
ported as LPs (Fig. 12.4).

FAs are hydrolized by lipase activity that pro-
duces free fatty acids (FFAs). FFAs can also be
directly uptaken from the maternal circulation
then enter the placenta and trophoblasts cells
through passive diffusion or by membrane carrier
proteins to reach the fetus [13, 49-51]. When
taken up by trophoblast cells FFAs are either
transported transcellulary to the basolateral
membrane, via an undefined mechanism, or uti-
lized by the placenta itself for energy or as mem-
brane substrates [6, 52].

Whenever LPs cross the placenta with diffi-
culty [53], TGs could anyway be available to the
fetus [6]. Maternal TGs carried by plasma LPs
can be taken up intact by the placenta or undergo
enzymatic lipase activity as shown in the pla-
centa. Two lipases achieve FFAs from maternal
circulating LPs containing TGs: the lipoprotein
lipase (LPL) and the endothelial lipase. LPL
shows the main relevant TGs lipase activity, is
abundant in the human placenta and ensures that
TGs are hydrolyzed into FFAs; the endothelial
lipase is a phospholipase with little triacylglyc-
erol lipase activity. FAs are then re-esterified to
synthesize glycerolipids thus providing an energy
reservoir in the placenta [52]. Glycerolipids
undergo a further hydrolysis to allow FAs to be
released into the fetal blood bounded to the alfa—
fetoprotein to be rapidly transported to the fetal
liver.

A relatively high placental transfer of lipids is
related to the fetal requirement of some essential
FAs to satisfy their increased request during
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gestation, as the fetus cannot synthesize them by
itself. These are recognized as linoleic acid
(LA), a-linolenic acid (ALA) and long chain
polyunsatured fatty acids (LC-PUFA), in partic-
ular docosahexaeoic acid (DHA). LC-PUFA are
mainly transported associated with plasma
TG-rich lipoproteins as TGs rather than as FFAs,
as demonstrated in humans [54]. DHA is partic-
ularly enriched in maternal plasma phospholip-
ids (especially phosphatidylcholine) while ALA
is present in TGs but not in phospholipids [55].
The correlation between maternal and late gesta-
tion fetal levels supports the mother to fetus
transport of essential fatty acids with origins
from the maternal diet and metabolism. An
adequate availability of LC-PUFA to the fetus is
clearly needed to preserve the normal fetal
growth and this mechanism is preserved by the
development of maternal hyperlipidaemia
through pregnancy [6].

Fetal Lipoproteins and Molecular
Mechanisms

Fetal LP levels in plasma were quantified during
normal human gestation showing marked fluctu-
ations (Table 12.1). The latter should be referred
to the gestational age influence on fetal CHO lev-
els with a strong inverse correlation. Early in the
gestation Johnson [56] found that total plasma
CHO levels were high thus suggesting a rapid
biosynthesis rate of lipoprotein containing CHO
occurring in the fetal liver (Table 12.2). As well
CHO levels resulted significantly and directly
correlated with maternal concentrations in fetuses
younger than 6 months [6].

Table 12.1 Change in LP levels and gestational age

Week of CHO LDL CHO | HDL CHO
gestation | (mg/dl) (mg/dl) (mg/dl)
31-32 68.0+7.0 44.0+5.0 24.0+2.0
33-34 73.0+7.0 49.0£6.0 24.0+2.0
35-36 65.0+7.0 35.0+3.0 22.0+4.0
37-38 64.0+4.0 37.0+3.0 23.0+2.0
3940 56.0+2.0 30.0+2.0 22.0+1.0
41-42 53.0+£3.0 28.0+£2.0 22.0+1.0
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Human fetal adrenal glands make use of LPs
containing CHO, and in particular LDL, as a sub-
strate for steroid hormones production. Further
LDL levels are inversely related to plasma con-
centrations of the major fetal adrenal secreted
hormone: the dehydroepiandrosterone sulfate.
The early CHO decrease in plasma fetal levels is
concurrent with the adrenal gland size increase as
happens through the 12-20 weeks of the gesta-
tion so providing a putative cause [57].

Some major variations characterize fetal and
maternal LPs (Fig. 12.5). LDL and VLDL are
poorly represented in fetal blood [58] while HDL
represents the main lipoprotein class in cord blood
[59, 60]. The fetal transport of CHO by HDL
accounts at least the 50 % of the whole fetal pool,

Table 12.2 Fetal cholesterol levels through the gesta-
tional period

Week of gestation CHO (mg/dl)
10-16 (n=68) 85.4+30.7
16.5-20 (n=19) 39.9+21.0
26.5-32 (n=17) 67.8+5.8
32.5-36 (n=16) 58.8+13.6
36.5-40 (n=44) 51.4+11.5
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while LDL is the mainly transporter in the mother
[61]. Fetal HDL differs from adult ones for phys-
ical-chemical properties. First the HDL, sub-frac-
tion is mainly represented in fetal blood whereas
HDL; sub-fraction is more prevalent in adults
[62]. Second the fetal HDL apoprotein composi-
tion shows high apoE contents [62] and apoA-4
enrichment. ApoE is a relevant player in LP
metabolism as interacts with cell surface recep-
tors [63] and is mainly carried by HDL than TG
rich LPs [61] so it is likely that the main role of
apoE is to participate to the HDL metabolism. For
instance apoE may facilitate the uptake of HDL
by the fetal liver. ApoA-4 shows great structural
similarities with apoA-1, which does not efflux
CHO from the trophoblast [51], thus being postu-
lated apoA-1 and apoA-4 to be exchangeable in
the fetus [64]. The fetal HDL apoproteins profile
gives an explanation for changes in their functions
including an increased atheroprotective effect in
the feto-placental vasculature. This effect could
be explained by the role of apoA-4 and apoE in
promoting lecithin:cholesterol acyl transferase
(LCAT) activation [65]. To the antiatherogenic
effect contributes the lower fetal colesteryl ester
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Fig.12.5 LPs, apoprotein and enzyme activity variation in fetal plasma compared to maternal plasma
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transfer protein (CETP) activity accounting for
larger HDL subfraction [66] and the phospholipid
transfer protein that increases particle’s efflux
capacity [67]. Fetuses exhibit major modifications
of their HDL proteome in addition to the quantita-
tive decrease of HDL-TGs and increase of HDL
CHO levels [65].

FA transfer proteins expressed by the placenta
include FA transport proteins (FATP1-4, FATP6),
FA translocase protein (FAT/CD36), and plasma
membrane fatty-acid-binding protein (FABPpm)
[68, 69] which are devoted to secrete into the
fetal blood the maternally derived FFAs [70].
FABPpm shows a selective action addressed to
LC-PUFA transport to the fetus whenever in
smaller quantity with respect to TGs.

Fetal genome and in particular APOE and
LPL genes were demonstrated to modulate the
maternal LP phenotype when particular polymor-
phisms change related are considered. In the
presence of APOE2 isoforms the fetal liver
uptake of HDL may be reduced [71]. Following
metabolic changes include the depletion of intra-
hepatic CHO content and the reduction of LDL
CHO concentration as occurs in postnatal life.
Otherwise fetal genetic polymorphisms produce
lipid phenotypes that are contrary to those
observed in adults as the case of APOC3
(APOC3*S2 lowers LDL in fetus while increase
LDL in adults). Furthermore the effects of fetal
polymorphisms are strongly modulated by mater-
nal polymorphisms suggesting that LP effects of
these polymorphisms may differ before and after
birth [33]. These data confirm a fetal contribution
to maternal LP metabolism through the preg-
nancy [72]. Furthermore maternal genetic poly-
morphisms seems to impact on fetal LP levels,
independently of maternal LPs and of fetal
genome.

Fetal Consequences of Maternal
and Fetal Disorders

The altered feto-maternal LP metabolism and
exchanges exit in different degree disorders rang-
ing from inability to the embrio implantation,
leading to heavy malformations and abortion or
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Table 12.3 Fetal outcome related to fetal and/or mater-
nal lipoprotein metabolism disorders

Maternal disorders Fetal consequences

Familial High LDL CHO
hypercholesterolemia Preterm birth
Pre-eclampsia Altered placental
transfer of lipids
High TGs
Gestational diabetes mellitus | LGA
High FFAs
Low TGs
Diabetes Malformation and
macrosomia
High VLDL and LDL
Fetal disorder
IUGR Low CHO, LDL
CHO, HDL CHO
High TGs
SLOS Central nervous

system anomalies
Deficient CHO

minor disorders which impact on the future life.
Disorders related are both of maternal or fetal ori-
gin (Table 12.3): the former include the Familial
Hypercholesterolemia (FH), Pre-eclampsia and
Diabetes; the latter the Intrauterine Growth
Restriction (IUGR) and defects of CHO biosyn-
thetic pathway.

Maternal Disorders

Familial Hypercholesterolemia

Pregnant women affected by FH show higher
CHO levels [73] than non-FH pregnant women
whenever both show a similar percentage rise
[15]. As well LDL CHO levels in the cord blood
of FH newborns are higher if compared with non-
FH newborn ones. On the contrary cord blood
TGs and HDL CHO levels were similar to those
of controls [74]. FH women gave birth to normal
weight infants so indicating the good nutritional
status of mothers and no impact on the fetal
growth [75]. Furthermore epidemiological data
indicate that maternal hyperlipidemia in pregnant
FH women is associated with a more procoagu-
lant profile and changes in fetal-uteroplacental
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circulation, suggesting the fetus being at risk of
preterm birth [76]. A study on over 2000 indi-
viduals showed that FH patients born from an FH
mother present with higher LDL CHO levels than
those who inherited FH from their father [77].
This observation open the discussion toward the
atherogenic LPs profile of FH pregnant women,
on deleterious effects on their offspring consider-
ing the risk of CVD later in life, and on the need
of a treatment while on pregnancy of FH woman.

Pre-eclampsia

Pre-eclampsia (PE) is a multiple system disorder
that affects the mother and can adversely influ-
ence the feto-placental unit. PE is associated with
placental dysfunction, oxidative stress [78],
endothelial cell activation [79], and it is a cause
of maternal and fetal morbidity. PE affected
women demonstrate marked dyslipidaemia,
hypertension and an increased systemic inflam-
matory condition potentially triggered by wide-
spread endothelial dysfunction.

PE pregnancy is characterized by a pro-
atherogenic lipid profile with increased TGs
levels, HDL reduction and increased small
dense LDL particles [80]. This altered LP
metabolism is involved in the pathogenesis
playing a role in the development of the disor-
der. The placental vascular bed of PE pregnant
women shows acute atherosis and atheroscle-
rotic placental lesions characterized by the
accumulation of foam cells and perivascular cell
infiltration. These abnormalities reduce the pla-
cental perfusion and placental/fetal hypoxia
may develop [78]. Fetal lipid metabolism can be
affected due to an altered placental lipid transfer
but contrasting data are described. Rodie et al.
[81] observed that CHO levels were higher in
the umbilical cord blood from pre-eclamptic
pregnant women (with respect to controls) while
HDL values were unchanged, supposing that
placental transport mechanisms could be up-
regulated. These results were not confirmed by
Catarino et al. [5S0] who showed lower CHO and
HDL values in the umbilical cord blood of PE
pregnant women. This hypothesis is sustained
by the evidence that LP receptor expression is
decreased in the placenta of women with PE
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[82]. Moreover higher values of fetal TGs were
observed in the umbilical cord blood associated
with a significant increase in maternal blood
TGs as a compensatory way to face the utero-
placental hypoperfusion [83].

Diabetes

Gestational diabetes mellitus (GDM) and mater-
nal diabetes mellitus type 1 or 2 are characterized
by high incidence of fetal macrosomia and neo-
nates that are large for gestational age (LGA)
[84]. Poor metabolic control of diabetes early in
pregnancy is associated with an increased risk of
fetal malformations [85]. Poorly controlled dia-
betes in the second half of pregnancy could exit
in neonatal macrosomia. Fetus from mother
under poor metabolic control shows an LP cord
blood level increase when compared with fetuses
from non-diabetic mothers. This case frequently
occurs in diabetic mothers.

Maternal hypertriglyceridaemia and hypergly-
caemia are a consequence of the augmented insu-
lin resistant condition, these changes enhancing
the substrate availability to the fetus. In GDM
pregnancies, maternal lipids correlate with fetal
lipids and fetal growth; the increase of mother LP
concentrations could have effects on lipids trans-
ferred to the fetus by their intensified passage
[85]. This process enhances the risk for oxidative
stress and lipid peroxidation [86]. Also in preg-
nancies under well-controlled GDM, both mater-
nal TGs and FFAs levels have been shown to
correlate positively with neonatal weight and fat
mass, indicating that maternal hyperlipidaemia in
GDM actively enhances the availability of lipids
to the fetus, contributing to his fat depot accumu-
lation. Maternal FFAs and TGs levels predict also
LGA birth weight and these values are linked
with those measured in cord blood serum [48].

Fetal Disorders

Intrauterine Growth Restriction (IUGR)

Small for gestational age (SGA) newborns could
be divided into two groups, depending on the
causes of low birth weight. SGA neonates include
those who are genetically small and IUGR. In this
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latter pathologic condition the fetus does not reach
its genetically growth potential, with a growth
velocity reduction and related fetal disorders. The
current hypothesis about pathogenesis include the
insufficient trophoblast development that may lead
to atheroclerotic placental lesions. Thus IUGR has
similar placental pathology as PE [87].

Authors evidenced lower maternal LDL and
CHO concentrations in pregnancies complicated
by IUGR but few data are available about fetal
LPs in IUGR condition. Pecks et al. [88] showed
a significant decrease of HDL and LDL CHO
levels in the umbilical cord blood of IUGR preg-
nant women. Furthermore authors underlined
the current increase of oxLDL/LDL ratio which
was negatively correlated to HDL concentra-
tions. On the contrary TG levels were signifi-
cantly increased.

IUGR fetuses show a proatherogenic profile.
Based on Baker’s hypothesis, change in lipid
concentrations may represent one of the patho-
genic links between low birth weight for gesta-
tional age and subsequent cardiovascular events
in adulthood. This suggests a metabolic program-
ming in intrauterine environment resulting from
placental insufficiency [88].

Defects in the Cholesterol Biosynthetic
Pathway

Seven known disorders involving enzyme
defects in post-squalene cholesterol biosynthesis
have been identified: desmosterolosis, X-linked
dominant chondrodysplasia punctata, CHILD
syndrome, lathosterolosis, hydrops-ectopic cal-
cification-moth-eaten skeletal dysplasia, Antley—
Bixler syndrome, Smith—Lemli—Opitz syndrome.
The most common is the Smith-Leimli-Opitz
syndrome (SLOS), while the other six syndrome
are extremely rare and often lethal.

SLOS is a congenital multiple anomaly/intel-
lectual disability syndrome caused by a deficiency
of CHO synthesis resulting from an inherited defi-
ciency of 7-dehydrocholesterol (7DHC)-
reductase, encoded by DHCR7 gene. The enzyme
catalyses the last step of CHO biosynthesis, the
conversion of 7DHC to CHO. As a result deficient
CHO levels are produced while the precursor
7DHC and derivatives accumulate both during
embryonic development and after birth. Tissues
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(especially brain) deprived of CHO, or because of
sterol precursors and derivatives deposit, develop
abnormally and function poorly. Substitution of
7DHC for CHO alters the lipid raft stability, pro-
tein compositions and decreases membrane bend-
ing rigidity. The precocious altered sterol
composition in SLOS affects the physical and
chemical properties as well as the function of cel-
lular membranes. These changes are causative of
signal transduction [89]. IUGR is the most fre-
quent ultrasound finding, detected in 67-100 % of
affected fetuses [90, 91]. SLOS affected new-
borns have a distinctive appearance with specific
facial dysmorphism and suffer from multiple con-
genital anomalies including cleft palate, congeni-
tal heart disease, genitourinary abnormalities, and
malformed limbs. They often manifest mentally
retardation with significant central nervous sys-
tem anomalies [92, 93].

Conclusion

Lipoprotein metabolism in human fetus is
uncompletely understood but it is finally
clear that a strict relationship between mother
and fetus LP phenotypes effect pregnancy
outcome and mother and fetus well-being.
This correlation is related to the genetic fetal
and maternal background and LP polymor-
phisms associated, besides environmental
conditions.

Main key points concern the relevance of
fetus CHO pool and FAs that are critical to the
growth rate, the fetus as auxotrophic human
being for CHO and lipid synthesis and the LP
transport as feasible from maternal blood
through the placenta. CHO transport in the
fetus is mainly supported by HDL subclass
and among FAs LC-PUFA uptake by the pla-
centa is preferential. The transport is made
available by transporters or by acqueous diffu-
sion including both CHO and FAs. Considering
the CHO efflux from the placenta to the fetus
this is mainly provided by HDL or by simple
diffusion while mechanisms regarding FFAs
efflux are not finally established. Further stud-
ies aimed to ascertain actually unrecognized
physio-pathological mechanisms are
requested whenever ethical issues should
not be neglected.
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