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Summary

Uniparental disomy (UPD) -the inheritance of two ho-
mologous chromosomes from a single parent-may be
unmasked in humans by the unexpected appearance of
developmental abnormalities, genetic disorders resulting
from genomic imprinting, or recessive traits. Here we
report a female patient with familial chylomicronemia
resulting from complete lipoprotein-lipase (LPL) defi-
ciency due to homozygosity for a frameshift mutation
in exon 2 of the LPL gene. She was the normal term
product of an unremarkable pregnancy and had shown
normal development until her current age of 5.5 years.
The father (age 33 years) and the mother (age 24 years)
were unrelated and healthy, with no family history of
stillbirths or malformations. The father was a heterozy-
gous carrier of the mutation, whereas no mutation in
the LPL gene was detected in the mother. Southern blot-
ting did not reveal any LPL gene rearrangement in the
proband or her parents. The proband was homozygous
for 17 informative markers spanning both arms of chro-
mosome 8 and specifically for the haplotype containing
the paternally derived LPL gene. This shows that homo-
zygosity for the defective mutation in the LPL gene re-
sulted from a complete paternal isodisomy for chromo-
some 8. This is the first report of UPD for chromosome
8 unmasked by LPL deficiency and suggests that normal
development can occur with two paternally derived cop-
ies of human chromosome 8.

Introduction

Uniparental disomy (UPD), defined as the inheritance
of chromosome homologues from only one parent, has
become increasingly recognized, as a result of the use of
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DNA polymorphisms in family analyses (Engel 1995).
This genetic phenomenon results from meiotic nondis-
junction events or from postzygotic trisomy or mono-
somy "rescue" i.e., the elimination of a supplementary
chromosome or the duplication of a univalent chromo-
some. Depending on the timing of nondisjunction, the
two chromosomes observed in offspring may be identi-
cal over the entire length (isodisomy), indicative of a
postzygotic error, or may show partial or complete het-
erozygosity (heterodisomy), indicative of a meiotic
origin.
UPD has been documented in humans for 15 au-

tosomes, as well as the XY chromosomes (Ledbetter and
Engel 1995), and may be identified in association with
various chromosome abnormalities, genetic syndromes
related to genomic imprinting, or autosomal recessive
disorders. However, UPD does not always manifest with
a phenotype. For example, some cases of UPD, which
have been ascertained through an isochromosome, have
been associated with a completely normal phenotype.
On the other hand, uniparental inheritance of imprinted
genes at specific loci may lead to well-defined syn-
dromes, such as the Beckwith-Wiedemann syndrome
(chromosome 11) (Junien 1992) or the Angelman and
Prader Willi syndromes (chromosome 15) (Robinson et
al. 1993), or to an isolated growth retardation such
as seen in the Russell Silver syndrome (chromosome 7)
(Kotzot et al. 1995). UPD may also result in the reduc-
tion to homozygosity of an autosomal recessive muta-
tion or the father-to-son transmission of an X-linked
disease. UPD for chromosome 8 has not been reported,
and nothing is known concerning the developmental
consequences of inheriting both chromosomes 8 from a
single parent.
The gene encoding lipoprotein lipase (LPL) maps to

human chromosome 8p22 (Sparkes et al. 1987). More
than 50 mutations have been reported as a cause of LPL
deficiency in different populations (Hayden et al. 1991).
LPL hydrolyzes triglycerides from circulating chylomi-
crons and very-low-density lipoproteins, which release
fatty acids that are taken up by muscle cells for energy
consumption or by adipocytes for storage (Brunzell
1995). Patients with mutations on both LPL genes usu-
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ally manifest with abdominal pain associated with fast-
ing chylomicronemia during childhood. During episodes
of severe hypertriglyceridemia (plasma triglycerides
>1,000 mg/dl) eruptive xanthomatosis, hepatospleno-
megaly, and lipemia retinalis may be observed, some-
times complicated by acute pancreatitis. However,
growth and morphological, neurological, and mental de-
velopment are entirely normal in these patients.
Here we describe a patient with LPL deficiency due

to paternal isodisomy for chromosome 8 containing a
mutation in the LPL gene. The finding that this patient
was developmentally normal suggests that paternal cop-
ies of chromosome 8 may be sufficient for normal
growth and development.

Subjects and Methods

Case Report
The proband was a female child of healthy parents of

French and Spanish ancestry, aged 33 years (father) and
24 years (mother), respectively. There was no history of
stillbirth or malformations in either side of the family.
In the mother, this first pregnancy was uneventful. At
26 wk gestation, ultrasound analysis revealed normal
fetal morphology, activity, and dimensions (biparietal
and abdominal diameters of 65 mm and 60 mm, respec-
tively; femur length of 48 mm) and normal placental
position and size. The mother went into preterm labor
at 35 wk gestation. A breech presentation necessitated
a cesarean section resulting in the birth of a developmen-
tally normal child (weight = 3,250 g; height = 49 cm;
APGAR score = 3 at 1 min, 10 at 5 min, 10 at 10 min).

Chylomicronemia was discovered at 1 mo of age, after
an episode of acute pancreatitis. The child was treated
with a low-fat diet (<15% fat of daily energy intake)
complemented with medium-chain fatty acids. This has
resulted in relief from abdominal pain or acute pancre-
atitis, until her current age of 5.5 years. Fasting plasma
triglycerides, analyzed yearly, have ranged between 610
and 2,200 mg/dl (N < 150). Her height and weight
growth curves have been normal: height (H) = 0.73 m,
weight (W) = 8.6 kg (25th percentile) at age 1 year; H
= 0.86 m, W = 11.4 kg (25th percentile) at age 2.5
years; H = 0.95 m, W = 13 kg (25th percentile) at age
3.5 years; H = 0.98 m, W = 14 kg (25th percentile) at
age 4.5 years; and H = 1.03 m, W = 15.5 kg (25th-
50th percentile) at age 5.5 years. In addition, she has
had normal intellectual, social, and developmental mile-
stones.

Biochemical Studies
Fasting plasma cholesterol and triglyceride concentra-

tions were determined enzymatically (Buccolo and Da-
vid 1973; Allain et al. 1974), and HDL cholesterol was
measured by heparin-manganese precipitation (Warnick

and Albers 1978). Blood samples were collected for LPL
functional assays after an overnight fast, before and 10
min after an intravenous injection of heparin (50 IU/
kg body mass). LPL activity was measured on 100-fold
diluted plasma by a radiolabeled glycerol tri[3H]oleate
emulsion as described by Babirak et al. (1989). LPL
mass in pre- and post-heparin plasma was measured
by an enzyme-linked immunoabsorbant assay method
using the monoclonal antibodies 5D2 and SF9 as de-
scribed by Iverius et al. (1985).

DNA Analysis
Genomic DNA was extracted from blood leukocytes

by a phenol-chloroform method, in the proband and in
her relatives. PCR amplification of individual exons of
the LPL gene was followed by SSCP (Gagne et al. 1994).
When a gene variant was detected, the corresponding
PCR product was sequenced directly and after subclon-
ing by use of previously reported procedures (Monsalve
et al. 1990). Southern blots were performed on genomic
DNA by use of three different enzymes (EcoRI, PstI,
and Sad) and LPL gene cDNA probe HLPL26 (Langlois
et al. 1989). Nine LPL gene polymorphisms were ana-
lyzed. The VNTR (Zuliani and Hobbs 1990) was de-
tected on 8% acrylamide minigels stained with ethidium
bromide. RFLPs (BstNI, HaeIII exon 3 and exon 8, Hin-
dIII, MnlI, and PvuII) were analyzed after enzymatic
cleavage of PCR products (Hata et al 1990; Gotoda et
al. 1992; Gagne et al. 1994; Benlian et al. 1995); 5' and
3' microsatellites were analyzed after autoradiography
of labeled PCR products run on denaturing sequencing
acrylamide gels (Wood et al. 1993).
A panel of 15 microsatellites of chromosome 8 with

a PIC >.75 and located outside the LPL locus (Cox
Matise et al. 1994) were analyzed by PCR and revealed
by silver staining of nondenaturing acrylamide gels. In
addition, 11 polymorphisms of the apo B gene on chro-
mosome 2p (Ludwig and Mac Carthy 1990), the CAG
triplet repeat region of the HD gene on 4p (Goldberg et
al. 1993), 8 polymorphisms of the LDL-receptor gene
on chromosome 19p (Pereira et al. 1995), and apo E
isoforms on chromosome 19q (Hixson and Vernier
1990) were analyzed.

Cytogenetic Analysis
Karyotypes were performed on cultured blood lym-

phocytes in the proband and her parents. A total of 13-
19 metaphases were analyzed.

Results

Homozygosity for a Mutation of the LPL Gene
Undetectable plasma LPL mass and activity resulted

in significant hypertriglyceridemia in the proband (table
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Table 1

Plasma Lipids and LPL Functional Assays of the Proband

Measure Value

Plasma Lipids:
Total cholesterol (mg/dl) (N < 200) 150-550
Triglycerides (mg/dl) (N < 150) 610-1120
HDL cholesterol (mg/dl) (N > 45) 14

LPL Assays:
Mass (ng/liter) 0
Activity (IU/ml) 0

1) No gross gene rearrangement of the LPL gene was
evident (not shown). SSCP analysis revealed a band shift
and an absence of the normal bands in exon 2 (fig.
1A). DNA sequencing identified a frameshift mutation
resulting from an insertion of an "A" at nucleotide 183
(codon Glu35), leading to a downstream premature stop
codon at residue 62 (fig. 1B). The putative protein prod-
uct would lack all of the highly conserved domains nec-
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essary for lipid binding and for catalytic activity of the
normal enzyme. This mutation was detected on both
alleles in the proband. Moreover, each of the nine ge-
netic polymorphisms analyzed within the LPL gene (fig.
2) revealed homozygosity for a single LPL gene haplo-
type.

Analysis of the Parents
No gross rearrangements were detected in either par-

ent (not shown). SSCP analysis of exon 2 revealed that
the homozygous variant in the proband was present in
a heterozygous fashion in the father and was not found
in the mother (fig. 1A). Sequence analysis revealed that
the father was heterozygous for the frameshift mutation,
whereas the mother had a normal LPL gene (fig. 1B).
Segregation analysis using LPL gene polymorphisms
spanning the entire locus revealed that the homozygous
haplotype present in proband was inherited from the
father, who was heterozygous for this haplotype (fig.
2). In contrast, this haplotype was not observed in the
mother. Moreover, analysis of the family over three gen-
erations revealed that the mutation and the haplotype
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Figure 1 Mutation of the LPL gene in the proband and her parents. A, SSCP analysis of exon 2 on 10% polyacrylamide gels, at 4°C
(left) and at room temperature (right). C = control subject; F = father; M = mother; P = proband; ds = double-strand DNA; WT = wild-
type allele; and MT = mutant allele. B, DNA sequence obtained after subcloning of PCR products of exon 2 from the proband and his parents.
The mother was homozygous and the father was heterozygous for the normal allele (left). The proband was homozygous and the father was
heterozygous for the mutant allele (right). The mutation (arrow) at residue Glu35 leads to a frameshift with a stop codon at residue 62.
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Figure 2 Segregation analysis of polymorphisms at the LPL lo-
cus. Only markers informative in the family are shown. Alleles are

numbered according to decreasing band size. Haplotypes are con-

structed on the assumption of no recombination within the 30-kb
region spanned by the markers. 5' GT = 5' flanking microsatellite;
PvuII = RFLP in intron 6; VNTR = tetranucleotide repeat in intron
6; BstNI = RFLP in intron 8; and Fs Glu35 = frameshift mutation
at residue Glu35.

present in the father were inherited from the paternal
grandfather, whereas these alleles were absent in the
maternal branch of the family. Therefore, paternal dis-
omy for chromosome 8 was suspected as a mechanism
for LPL deficiency in this child.

Complete Paternal Isodisomy for Chromosome 8
In an effort to determine whether this involved all or

part of chromosome 8, a series of 15 highly informative
chromosome 8 microsatellites located outside of the LPL
locus were analyzed (table 2). The proband was homo-
zygous for all these alleles. The father was either hetero-
zygous or homozygous for these polymorphisms. This
analysis revealed that there was an absence of a maternal
contribution to the child's pair of chromosomes 8 for
markers D8S264 (8p23.2-pter), PvuII (LPL, 8p22),
D8S260 (8q21.1), D8S279 (8q21.1-q22), D8S270
(8q21.3-22.1), D8S256 (8q24), and D8S558 (8q24).
Furthermore, a normal segregation of informative mark-
ers was observed from both parents on chromosomes
2p, 4p, 19p, and 19q. Finally, no chromosomal abnor-
mality was observed on the karyotype analyzed on blood
lymphocytes from the proband or from her parents.
Therefore, a complete paternal isodisomy for chromo-

some 8 was identified as the cause of a reduction to

homozygosity of a frameshift mutation in exon 2 of the
LPL gene, leading to LPL deficiency in a developmentally
normal child.

Discussion

While exploring the molecular basis for LPL defi-
ciency, we made the unusual observation of a homozy-
gous mutation inherited only from the father and identi-
fied an example of complete paternal isodisomy for
chromosome 8. This is the first example of LPL defi-
ciency caused by this mechanism, and, in addition, this
is the first example of UPD for chromosome 8.

Several mechanisms leading to UPD are possible.
Complete homozygosity, as in the present case, is gener-
ally assumed to be indicative of a postzygotic chromo-
somal duplication event and has been observed to ac-

count for a small proportion of UPD(15) (Robinson et

al. 1993) and of trisomies 8, 13, 18, and 21 (Antonar-
akis et al. 1993; Fisher et al. 1995; Robinson et al.
1995, 1996). However, lack of meiotic I recombination
followed by a meiotic II error is also a theoretical possi-
bility that cannot be excluded without analysis of grand-
parental markers. Trisomy 8 mosaicism is a well-known
clinical entity that can lead to dysmorphic features and
developmental delay (Grouchy and Turleau 1983). In
this proband, however, there were no developmental
abnormalities, the karyotype was normal, and no faint
maternal bands were evident on DNA analysis, which
makes mosaicism for trisomy 8 unlikely.
UPD provides an opportunity to identify those regions

of the human genome that are imprinted, i.e., that ex-

Table 2

Genotypes Observed for Chromosome 8 Polymorphic Markers in
the Proband and Her Parents

Marker Location Mother Propositus Father

D8S264 8 p23.2-pter 1-4 2-2 2-3
D8S265 8 p22.2 1-2 1-1 1-1
D8S261 8 p22 1-2 2-2 2-3
LPL (PvuII) 8 p22 1-1 2-2 2-2
LPL (VNTR) 8 p22 1-2 2-2 2-2
D8S258 8 pl2-p2l.3 1-1 1-1 1-1
D8S255 8 ql2-ql3 1-3 1-1 1-2
D8S166 8 ql3-q21.1 1-1 1-1 1-1
D8S260 8 q21.1 2-2 3-3 3-1
D8S279 8 q21-q22 3-3 1-1 1-2
D8S286 8 q21-q22 ... 1-1 1-2
D8S528 8 q21.3 ... 2-2 2-1
D8S270 8 q21.3-22.1 1-3 2-2 2-1
D8S256 8 q24 2-2 1-1 1-1
D8S284 8 q24 1-2 1-1 1-2
D8S558 8 q24 3-3 2-2 2-1
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hibit a parental specific pattern of expression (Ledbetter
and Engel 1995). In fact, many of the documented UPD
cases refer to regions that lead to specific syndromes or
to growth retardation as a result of imprinted genes or
loci. Genes reported as imprinted in humans or other
mammals play a regulatory role in growth or during
early development (Hall 1990). Many loci encoding
growth factors, oncogenes, peptidic hormones, or nu-
clear factors are located on human chromosome 8
(McKusick 1995). However, syntenic regions of the
mouse genome do not seem to be imprinted (Cattanach
and Jones 1994). Moreover, that the proband had LPL
deficiency as the only abnormality associated with nor-
mal growth and development until age 5.5 years strongly
supports the contention that genes located on human
chromosome 8 are not paternally imprinted.

Because no cases of maternal UPD have yet been re-
ported, we have not excluded that some regions of chro-
mosome 8 may be maternally inactivated. However, we
suggest that paternal copies of chromosome 8 may be
sufficient for normal development in humans.
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