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Confined placental mosaicism and intrauterine
fetal growth

Valia S Lestou, Dagmar K Kalousek

Fetal growth is a complex and dynamic process
regulated by a large number of interactive fac-
tors of fetal, maternal, and placental origin. As
a result, any abnormality of fetal growth has a
complex multifactorial pathogenesis. It has
been estimated that about 50% of intrauterine
fetal growth is determined by fetal genes.1

Maternal disease, her nutritional intake and
behaviours, such as smoking, also influence
fetal growth. The placenta develops to its full
size during the second trimester, to facilitate
the fetal growth acceleration after 20 weeks of
gestation. An abnormal pattern of placental
growth earlier in gestation may result in abnor-
mal fetal growth in the late second or third tri-
mesters.

A recently described genetic condition, con-
fined placental mosaicism (CPM), has been
shown to cause clinically significant intrauter-
ine growth restriction (IUGR) or even intrau-
terine fetal death. CPM is the most common
form of constitutional chromosomal mosai-
cism which is defined as at least two cell lines
with diVerent chromosomal complements in a
fetoplacental unit derived from a single zygote.
In CPM only the placenta is aVected unlike in
generalised chromosomal mosaicism where
both the fetus and the placenta are involved.
Since the first report associating CPM with
idiopathic IUGR in 1983, our understanding
of its prevalence and origin, as well as its
specific eVect on fetal growth, has increased
exponentially.2

Intrauterine growth restriction (IUGR)
Abnormal fetal growth represents a major
cause of perinatal morbidity and mortality.
IUGR is defined as a pathological process that
aVects normal fetal growth and results in an
infant whose growth is less than its genetic
potential. In contrast, the small for gestational
age (SGA) infant is one whose birthweight is
less than a specific cutoV point, based on aver-
age weight for a specific gestational age, usually
between the 10th and 5th percentile.3–5 It is
obvious that for prognostic, counselling, and
management purposes it is essential to dis-
criminate between an infant for whom intrau-
terine growth has been restricted and that for
whom being small is normal. Given the existing
diYculty in accurate diVerentiation between
IUGR and SGA, it is important to identify the

specific causes of reduced intrauterine fetal
growth to understand the long term implica-
tions of the newborn’s condition.6 7 For the
purposes of this article the terms IUGR and
SGA follow those in cited references; a number
of SGA infants are included in some IUGR
studies.

SGA or IUGR neonates have comparatively
high levels of perinatal morbidity and
mortality.6 7 Recent epidemiological studies
suggest a link between reduced fetal growth
and the subsequent development of diseases
such as diabetes, coronary heart disease, and
hypertension.8 9 Fetal adaptation to adverse
placental function, of which low birthweight is
the most obvious marker, may “imprint” an
individual in such a way that internal organs
become permanently defective in their struc-
ture and function in adult life.

In spite of high quality prenatal care and
postnatal morphological examination of the
placenta, the cause of abnormal fetal growth in
most infants with IUGR remains undeter-
mined. Various environmental and genetic fac-
tors, however, have been associated with
IUGR. These can be divided into maternal—
alcohol, smoking, illegal drugs, malnutrition,
essential hypertension, diabetes—fetal—infec-
tion, chromosomal abnormalities, multifetal
pregnancy, specific genetic disorders—and
placental—abruption, abnormal implantation,
confined placental mosaicism—risk factors.3 10

To understand better the dynamics of abnor-
mal fetal growth, it is important to determine
whether there are identifiable subgroups, such
as confined placental mosaicism, within idio-
pathic IUGR, and whether a specific long term
prognosis can be assigned to them.

Developmental aspects of confined
placental mosaicism (CPM)
One of the prevailing beliefs dominating the
interpretation of the pathogenesis of abnormal
intrauterine development has been based on
the assumption of a genetic identity between
the fetus and its placenta. However, in around
1–2% of viable pregnancies studied by chori-
onic villus sampling at 10–12 weeks of
gestation, a cytogenetic abnormality, most
often trisomy, is confined to the placenta and is
absent in the fetus.11 12 This genetic diversity in
the conceptus is known as CPM. Pregnancies
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with CPM and a non-mosaic diploid fetus
show normal diploid cytogenetic results in
amniotic fluid cell cultures in the second
trimester. Prenatally diagnosed CPM usually
persists throughout gestation and can be dem-
onstrated in the term placenta.13

Based on the origin of the trisomic chromo-
some in the placenta, CPM can be designated
as either mitotic or meiotic (fig 1). In mitotic
CPM the trisomic cell line arises from postzy-
gotic mitotic duplication of one chromosome
in the progenitors of a placental cell lineage
(either trophoblast or extra embryonic mesen-
chyme) in the developing normal diploid
conceptus. In meiotic CPM a trisomic zygote is
rescued at the blastocyst developmental stage
by loss of the extra chromosome during mitotic
cell division in the embryonic progenitor cells,
while the progenitors of the placenta remain
trisomic.14 Meiotic CPM may be associated
with uniparental disomy, which is defined as
the derivation of a pair of homologous
chromosomes from one parent. In theory, one
third of the trisomic zygote rescues are
expected to result in fetal uniparental disomy

for the chromosomal pair which is trisomic in
the placenta (fig 2). In association with CPM,
uniparental disomy may also negatively aVect
intrauterine growth of the fetus.15 The eVect of
uniparental disomy on prenatal fetal develop-
ment may be related to either the presence of
specific imprinted genes or homozygous gene
mutations. Maternal upd2, maternal upd7,
maternal upd9, maternal upd15 and maternal
upd16 in pregnancies with CPM 2, 7, 9, 15 and
16, respectively, have been reported and related
to trisomy zygote rescue.16–20

Categorised according to the specific placen-
tal cell lineage exhibiting the abnormal cell
line, three types of CPM exist. Placental
mosaicism can be confined either to trophob-
last (type I), chorionic stroma (type II), or both
cell lineages (type III).11 Types I and II are
mostly mitotic in origin and type III is mainly
meiotic.

Data from two published collaborative stud-
ies show that chromosomes are not randomly
involved in the diVerent types of CPM (fig
3).12 21 In type I CPM certain chromosomal tri-
somies, such as 3, 7, 13, 18, 20 and 21, occur
more frequently, while 8, 9, and 15 are less
common and others are absent. Monosomy in
complete or mosaic form is the most frequent
finding for the X chromosome. Type II CPM
involving the chorionic villus stroma is less
common than type I. Frequently seen are triso-
mies for chromosomes 2, 7, and 18 while triso-
mies 5, 8, 9, 10 12, 13, 21 and 22 are more
rarely associated with this type of CPM. Type
III CPM represents trisomic zygote rescue. It
has been described many times for trisomies
15, 16, 18, rarely for chromosomes 7, 13, 20
and 22, and not at all for others. In some of the
pregnancies with type III CPM, abnormal
serum profile (alpha fetoprotein, human chori-
onic gonadotrophin, uE) in the second trimes-
ter has been observed.22

IUGR and CPM
To what extent does the genetically abnormal
placenta influence intrauterine fetal growth
and pregnancy outcome? There are two types
of pregnancy outcome studies describing either
detection of CPM at chorionic villus sampling
(10 to 12 weeks of gestation) or in the term
placenta of pregnancies associated with SGA
and IUGR. Both the timing of placental analy-
sis (CVS vs term placenta) and its complete-
ness (both trophoblast and chorionic stroma
analysed) should be considered before corre-
lating CPM with pregnancy outcome.

An increase in pregnancy complications as
well as completely normal pregnancy outcomes
have been documented in clinical follow up
studies of CPM diagnosed at CVS.23 24 The
clinical significance of CPM detection is deter-
mined by the type of CPM and specific
chromosome involvement. Type I CPM is
reported to result in spontaneous abortion,
IUGR, intrauterine death or perinatal morbid-
ity in 22% of aVected pregnancies.23 Type II
CPM is mostly found in pregnancies with a
normal outcome and rarely with fetal IUGR or
intrauterine fetal death.23 In type III CPM,

Figure 1 Mechanisms of origin of mitotic and meiotic CPM. (A) Mitotic CPM arises
from a diploid zygote when a postzygotic error occurs in one of the placental cell lineages
(trophoblast or mesenchymal stroma). Usually, the placentas with mitotic CPM will have
localised trisomic regions and low levels of mosaicism. (B) Meiotic CPM is a result of a
trisomic zygote rescue. Fetal karyotype is diploid due to the loss of trisomic chromosome
from embryonic progenitors during early embryonic development. At term, placentas with
meiotic CPM have high levels of mosaicism or even 100% anueploidy.

Figure 2 Principle of origin of fetal uniparental disomy during trisomic zygote rescue.
Note that, in theory, a third of all cases of meiotic CPM develop this.
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intrauterine death or IUGR are common and
most reported cases with intrauterine fetal
death are associated with CPM 16.16 25

An abnormal outcome of pregnancy out-
come with CPM diagnosed at chorionic villus
sampling is usually determined by persistence
of high levels of the placental aneuploidy
(mostly trisomy) throughout gestation.13 The
analysis of term placentas from pregnancies
with prenatally diagnosed CPM revealed a
35% prevalence of IUGR when high levels of
aneuploid clone were present, while low levels
or absence of mosaicism at term correlated
with a normal fetal weight.13 26

The prevalence of CPM detected at term in
IUGR pregnancies without prenatal CVS
diagnosis is reported to be between 8% and
60%.2 25 27 28 The studies including non-
idiopathic IUGR pregnancies, such as those
with history of heavy maternal smoking,
usually detect a low prevalence of CPM.25 On
the other hand, when placentas from idiopathic
IUGR pregnancies with birthweights below or
equal to the 5th percentile are selected, CPM
has been detected in 20% or more.2 27 28 There-
fore, for greater eYciency of CPM detection in
IUGR pregnancies, only placentas from idio-
pathic IUGR pregnancies without obvious
maternal, fetal, and placental causes should be
included. Additionally, both placental cell line-
ages, trophoblast as well as chorionic stroma,
should be analysed before excluding a diagno-
sis of CPM.

The exact mechanism by which abnormal
cells in the placenta aVect fetal growth and
even lead to fetal intrauterine death remains
unknown. Although pregnancies with fetal
uniparental disomy are often complicated by
IUGR, abnormal fetal growth is probably
caused by a highly trisomic placenta rather
than just uniparental disomy in the fetus. For
example, severe IUGR has been reported for
placentas with high level CPM 16 in associ-
ation with both biparental disomy (16) and
uniparental disomy (16) fetuses. The same
study reported a low level of CPM 16 in a pla-
centa with a normal birthweight infant with
upd16.16 As CPM and uniparental disomy
often occur in association with one another, the
eVects of each are diYcult to discern when only
small numbers of aVected pregnancies are
reported.

Detection of CPM
To make an accurate diagnosis of CPM all
three embryonic cell lineages (trophoecto-
derm, extra embryonic mesenchyme, embryo

proper) should be cytogenetically evaluated.
The trophoectoderm lineage is represented by
the trophoblast (cytotrophoblast or syncytio-
trophoblast). Fibroblasts of chorionic stroma
and chorionic plate represent extra embryonic
mesenchyme lineage. All fetal cells and the
amniotic epithelium are derived from the
embryonic progenitors.11

For postnatal investigation of placentas from
pregnancies complicated by idiopathic IUGR
and fetal death, the most eVective approach
currently available is comparative genomic
hybridisation (CGH). CGH is a technique
which oVers a molecular approach to cyto-
genetic analysis and allows the entire genome
to be screened for chromosomal imbalances in
a single experiment, thus avoiding tissue
culture artifacts and culture failures.29 CGH
involves co-hybridisation of diVerentially
fluorochrome labelled placental DNA (such as
FICT, green) and normal control DNA
(TRITC, red) to normal metaphase chromo-
some preparations. The ratio of the two fluoro-

Figure 3 Reported chromosomal involvement for CPM, types I, II, and III, as detected by direct preparation (trophoblast)
and long term culture (chorionic stroma) from prenatal chorionic villus sampling. Data were compiled from two major
collaborative studies.12 21 Black squares indicate trisomies that have been found in > 10% of the total of analysed cases of
each individual type of CPM. Grey squares indicate trisomies that have been found in >3% but < 10% of the total of
analysed cases of each individual type of CPM.

Key Messages
+ IUGR and SGA occur in about 10% of

pregnancies and both are associated
with an increased risk for perinatal
morbidity and mortality.

+ Environmental and genetic factors are
known to be associated with IUGR,
although the aetiology of most IUGR
remains unexplained.

+ In over 20% of pregnancies with
idiopathic IUGR, chromosomal mosai-
cism confined to extra embryonic tis-
sues (CPM) has been observed. The
type of CPM (I–III), the particular
chromosomal involvement and the ori-
gin of trisomy (mitotic/meiotic) in the
aneuploid clone correlate with specific
pregnancy outcomes. When meiotic
CPM involving trisomy is detected in
the placenta, the fetus/neonate has a
high risk of having uniparental disomy
for that chromosomal pair which is
trisomic in the placenta.

+ It is important to study placentas from
pregnancies with idiopathic IUGR for
the presence of CPM using molecular
cytogenetic methods.

+ Detection of CPM not only explains the
pathogenesis of fetal IUGR but also
provides important information for
postnatal follow up.
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chromes (green to red) is calculated for each
chromosome to determine if there is a
chromosomal abnormality in the placenta
(trisomy).30 It should be noted that CGH can-
not detect balanced chromosomal structural
rearrangements and polyploidies and is not
reliable for detection of low level mosaicism.
However, these limitations are not essential as
only high levels of mosaicism seem to be clini-
cally relevant for IUGR. Using CGH accurate
data on each placental lineage, IUGR pregnan-
cies of unexplained aetiology can be easily
obtained.

When CPM is diagnosed after delivery of an
IUGR neonate, DNA analysis of parents,
infant, and placenta can determine the origin
of placental trisomy and fetal disomy. While a
mitotic origin excludes the possibility of fetal
uniparental disomy, a meiotic origin of placen-
tal trisomy indicates high risk of fetal uniparen-
tal disomy for the involved chromosome. It is
important for both obstetricians and pediatri-
cians to request appropriate genetic diagnostic
tests for neonates and stillborns with idiopathic
IUGR to provide the crucial information
required for management of IUGR infants and
genetic counselling in case of intrauterine
death.

Conclusion
The incidence and the phenotypic eVects of
CPM in human pregnancies with idiopathic
IUGR has been underestimated for a long
time. To date, both the research and clinical
findings show that idiopathic IUGR is probably
associated with type III CPM. As the common
chromosomal defect in type III CPM is trisomy
of meiotic origin, the fetus/newborn carries a
risk of uniparental disomy for that chromo-
somal pair which is trisomic in the placenta.
The possibility of clinical detection of unipa-
rental disomy and evaluation of its eVect on the
postnatal development of the IUGR neonate
represents the greatest advantage of saving the
placental sample at the time of delivery of a
neonate with idiopathic IUGR. Complete pla-
cental studies in pregnancies with idiopathic
IUGR can unveil the contribution of CPM to
fetal growth restriction and teach us about the
role of specific chromosomal mosaicism in the
regulation of placental and fetal growth.
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