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Assessment of French patients with LPL
deficiency for French Canadian mutations
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Jean Philippe Girardet, Michael R Hayden, Pascale Benlian

Abstract
Mutations in the LPL gene show high lev-
els of allelic heterogeneity between and
within different populations. Complete
LPL deficiency has a very high prevalence
in French Canadians, where only three
missense mutations account for >97% of
cases, most consistent with founder muta-
tions introduced early in Quebec by
French immigrants. In order to determine
whether these mutations were present in
France, 12 unrelated French families with
defined LPL deficiency were investigated
for the presence of the mutations found in
French Canadians. Of the 24 expected
alleles, six (25%) represented mutations in
French Canadians (Glyl88Glu four alle-
les, Asp25OAsn and Pro2O7Leu one allele
each). Comparison of French Canadian
and French alleles identified the same
haplotype in all carriers of the Glyl88Glu
and of the Asp25OAsn, suggesting a com-
mon origin. In contrast, the Pro2O7Leu
occurred on different haplotypes in
France and Quebec, compatible with a
different ancestral origin.
(JMed Genet 1997;34:672-675)
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Lipoprotein lipase (LPL) is the rate limiting
enzyme for the hydrolysis of triacylglycerols of
plasma very low density lipoproteins and
chylomicrons.' Defective lipolysis in plasma
results in familial chylomicronaemia, a reces-
sive disorder usually manifesting early in life.2
Following the cloning of the LPL gene,' more
than 60 mutations have been identified as a
cause for this disorder in Asians, blacks, and
whites.4 5 Allelic heterogeneity for LPL muta-
tions underlies most cases of LPL deficiency,
with most patients being compound heterozy-
gotes usually for two missense mutations. In
addition, recurrent mutations that result in the
same nucleotide or codon substitution have
been observed in patients of different
ancestries.6 7
LPL deficiency has a general prevalence of

1/500 in many populations.2 In contrast, the
carrier frequency is increased to 1/40 in French
Canadians of the Saguenay-Lac Saint Jean
region in the province of Quebec in Canada.89
Moreover, only three mutations (Glyl88Glu
and Pro207Leu in exon 5 and Asp250Asn in
exon 6) account for more than 97% of cases in
French Canadians with LPL deficiency.'-l 1

The high disease prevalence, its relative genetic
homogeneity, and the fact that distinct haplo-
types segregate with each of these mutations,
have been postulated as evidence for a founder
effect for these mutations in French
Canadians.'2

If these are founder mutations introduced by
French settlers, then these mutations should be
present in France. Here, we have investigated
the presence of LPL mutations observed in
French Canadians in 12 unrelated families of
French ancestry with defined LPL deficiency.
All three mutations were found in five families.
The Asp250Asn and the Glyl88Glu were
associated with the French Canadian haplo-
type in one and four subjects respectively,
whereas the one carrier of the Pro207Leu had
a different haplotype suggesting a distinct
genetic origin.

Subjects and methods
FAMILES OF FRENCH ANCESTRY WITH LPL
DEFICIENCY
A total of 12 unrelated French families
were ascertained through probands with LPL
deficiency. All families had lived in France for
at least three generations. A record was taken of
the region of origin of members of the
oldest generations. LPL deficiency was
defined in probands as follows: (1) fasting
chylomicronaemia2; (2) recurrent episodes of
abdominal pain, lipaemia retinalis, eruptive
xanthomata, hepatosplenomegaly, and acute
pancreatitis; and (3) a plasma LPL activity
below 10% of normal" and a lowered LPL
dimeric mass.'4 Members of the families have
given informed consent for these studies which
were approved by the board of ethics at Pitie
Salpetriere Hospital, Paris.

DNA ANALYSIS
Genomic DNA was extracted from blood leu-
cocytes by a phenol chloroform method. In all
probands, individual exons of the LPL gene
were amplified by PCR as previously
described.'5 French Canadian mutations were
detected in probands and their relatives by
enzymatic restriction of PCR products. The
Glyl88Glu mutation was detected by AvaII
restriction of exon 5. The Pro2O7Leu was
detected by DdeI restriction of a mismatch
PCR product of exon 5."6 The Asp25OAsn was
detected by TaqI enzymatic restriction of exon
6. An SSCP analysis of the nine exons coding
for LPL was performed in all probands. '7
When a gene variant was detected, the
mutation was identified by DNA sequencing. 15
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French Canadian LPL mutations in France

Table 1 Mutations observed in unrelated French patients with LPL deficiency

Mutation Amino acid change DNA change Location Reference

Frameshift Glu35 -Stop62 * Ins A'83 Exon 2 21
Frameshift Val69 -Stopl 19 A 286GT287 Exon 3 22
Frameshift Ala7O -Stopi 19 A 290CCGC Exon 3 23
Missense ThrlOl.-Ala ACC-GCC Exon 3 23
Frameshift Asnl2O0 -Stopl42 A 614ACTA6'1 Exon 4 22
Missense Aspl56-His * GAT-*CAT Exon 5 t
Missense GlyI88-.Glu * GGG-'GAG Exon 5 23t
Missense Glyl88-.Arg * GGG-'AGG Exon 5 23
Missense Pro207-.Leu CCG-CTG Exon 5 t
Missense Arg243-.Cys CGC-.TGC Exon 6 7
Missense Asp250-.Asn GAC-'AAC Exon 6 23t
Duplication - 2 kb Exon 6 24
Deletion - * 2.1 kb Exon 9 25

*Mutations observed on more than one allele.
tThis report.

Table 2 Haplotypes observed in French families and in French Canadians with French
Canadian mutations. Aleles ofRFLPs are numbered according to decreasing band size.
Alleles ofSSRs are designated according to the number of repeats. Alleles that do not match
the French Canadian haplotype are underlined

Polymorphic markers of the LPL gene

Mutation Subjects 5'(GT)n 1PvuII (77TA)n HindIII MnlI

Glyl88-Glu French Canadians 16 1 10 2 1
(GGG-.GAG)

French family 1 16 1 10 2 1
French family 2 16 1 10 2 1
French family 3 16 1 10 2 1
French family 4 16 1 10 2 1

Asp250-.Asn French Canadians 16 2 11 2 1
(GACG-AAC)

French subject 16 2 11 2 1
Pro2O7-'Leu French Canadians 16 2 11 2 1
(CCG-*CTG)

French family 1 20 2 10 2 2

A total of five LPL gene polymorphisms
were used for haplotyping in French families
and in two French Canadians identified as het-
erozygous or homozygous for either of the
three founder mutations. The 5'GT microsatel-
lite upstream of the LPL gene and the VNTR
in intron 6 were detected after radiolabelling of
PCR products.'2 18 Intragenic RFLPs (PvuII in
intron 6, HindIII in intron 8, MnlI in exon 9)

Family 1

were detected after enzymatic cleavage ofPCR
products.'9 20

Results
Of the 24 expected mutant alleles, six (25%)
were identified as the mutations found in
French Canadians by enzymatic restriction and
DNA sequencing. The Glyl88Glu mutation in
exon 5 was found in four unrelated probands
who were compound heterozygotes. One of
these probands also carried the Pro2O7Leu
mutation in exon 5. One proband with no
living relatives was heterozygous for the
Asp25OAsn mutation in exon 6. In addition to
these three mutations, other mutations were
identified in the LPL gene accounting for all
expected mutant alleles in probands with LPL
deficiency (table 1).
DNA haplotypes were constructed in fami-

lies (fig 1) using three RFLPs and two short
sequence repeats (SSRs). The same markers
were simultaneously analysed in pairs of unre-
lated French Canadians (table 2). Of the 560
theoretically possible haplotypes, only the
French Canadian haplotype was found in all of
the four carriers of the Glyl88Glu mutation.
The carrier of the Asp25OAsn was homozygous
for the haplotype observed in French Canadi-
ans. Surprisingly, the haplotype associated with
the Pro2O7Leu mutation differed from the
French Canadian haplotype for the two SSRs
and for the MnlI RFLP, suggesting in this case
a distinct genetic origin. Families with the
Glyl 88Glu and the Pro2O7Leu mutation
originated from Paris, Champagne, Burgundy,
and Lyon. The patient with the Asp25OAsn
mutation originated from Provence.

Discussion
A founder effect for three point mutations has
been suggested as a cause for allelic homogene-
ity of LPL deficiency in French Canadians.
Pro2O7Leu accounts for about 73% of muta-

Family 2
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Figure 1 Haplotypes of the LPL gene segregating with mutations Glyl88Glu and Pro2O7Leu in families 1 and 2. G=5'(GT)J, PPvuII, T=(TTA),
H=HindIII, M=MnlI. Alleles ofRFLPs are numbered according to decreasing band size. Aleles of short sequence repeats (SSRs) are numbered according
to the number of repeats. Haplotypes segregating with a mutation are boxed.
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tions, Glyl88Glu for 24%, while the
Asp25OAsn mutation is infrequent (2%).
Genealogical studies have suggested that
French Canadians comprise two major sub-
groups: the first group from the Perche region
in France, which established in the Saguenay-
Lac Saint Jean region in eastern Quebec during
the late 17th century, where the Pro2O7Leu
mutation is most prevalent,26 and a second
group which emigrated more recently, mainly
from the western part of France and settled
along the Saint Lawrence river in western

Quebec, where the Glyl88Glu mutation is
most frequent.27 In contrast, allelic heterogene-
ity characterises LPL deficiency in France,
with mutations found in French Canadians
representing only 1/4 of the mutations.

Remarkably, the Glyl88Glu mutation was

relatively common, accounting for 16.7% of
French cases, in a proportion similar to French
Canadians with LPL deficiency. The
Glyl88Glu mutation was associated with the
same chromosome haplotype as the French
Canadian mutation. This haplotype is not,

however, specific to French Canadians with
this mutation, also being reported in other
populations of European origin, such as

Austria,28 Denmark, Great Britain,'5
Germany,29 Holland,'0 Poland,'5 Spain," and
the USA.'2 "3 Moreover, patients from India or

Malaysia emigrating to South Africa are also
carriers of this mutation."' Thus, the
Glyl88Glu mutation represents a cause of
LPL deficiency, apparently as common in
France as in other countries. Therefore, this
suggests that French Canadian founders who
established in the western part of Quebec were

carriers of a mutation that was quite common
and perhaps widespread in France before they
had emigrated to Canada.

In contrast to the Glyl 88Glu
(GGG- 'GAG) mutation, the French
Canadian Pro2O7Leu (CCG-.CTG) and
Asp25OAsn (GAC-.AAC) mutations involve a

CpG dinucleotide, a type of mutation giving
rise to recurrent mutations in different genetic
backgrounds.'5 Here, the Asp25OAsn mutation
found in France shared a common chromo-
somal haplotype with French Canadians and
with a Dutch patient who was also a carrier of
this mutation,"' suggesting a common origin.
Although no mention was made about the
associated haplotype, this mutation has also
been described in subjects originating from
Italy and France,'6 suggesting that this muta-

tion may also be relatively common in Europe.
Here, the patient originated from Provence, a

region known to have historical and geographi-
cal relationships with Italy. Therefore, the data
are at present insufficient to determine conclu-
sively from which part of Europe the actual
Canadian founders for the Asp25OAsn muta-

tion originate.
An unexpected finding of this study was that

the most frequent Pro2O7Leu mutation in
French Canadians was found in France but on
a different chromosomal haplotype. Several
hypotheses may be proposed to account for
these findings. First, neutral polymorphisms,
especially SSRs used above for haplotyping,

have a higher rate of mutagenesis than
functional mutations resulting from nucleotide
substitutions."7 However, although allelic dif-
ferences could result from a variation at one
locus through this mechanism, it is very
unlikely that they result from independent
mutagenic events at three different loci while
the Pro207Leu mutation remains stable.
The second hypothesis would be that the

French Canadian Pro2O7Leu mutation may
have originated from a very specific group in
France, which we have not detected. Similarly
to LPL deficiency, a mutation (MetlVal) ofthe
phenylalanine hydroxylase gene is highly preva-
lent in French Canadians of the Saguenay-Lac
Saint Jean region in Quebec, and is associated
with a unique haplotype (haplotype 1). French
founders with phenylketonuria have been
identified in the region of Mortagne au Perche
in France."8 Indeed, none of the 12 families
analysed here originated from Perche. There-
fore, screening for this mutation in patients
with LPL deficiency from Perche could still
identify this particular mutation.

Finally, the Pro2O7Leu mutation has also
been reported in a German patient7 and in a
patient studied in the USA for whom the ethnic
origin was not specified." '9 Interestingly, the
haplotype found in the German patient
matched the French Canadian haplotype for
the four markers analysed (PvuII, VNTR
intron 6, HindIII, BamHI).7 " Another unex-
pected genetic origin has been observed in
French Canadians with phenylketonuria.Y'
Founders with the Arg4O8Trp mutation in the
phenylalanine hydroxylase gene and haplotype
2 had a Celtic origin, their contemporary
descendants at present residing in Ireland and
western Scotland. Therefore, another intrigu-
ing possibility is that the Pro2O7Leu mutation,
which is highly prevalent in French Canadians
of the eastern region of Quebec, may in fact
have another origin through early admixture
with another population.

In conclusion, the three mutations found to
cause LPL deficiency in French Canadians
were identified in French patients with LPL
deficiency. The Glyl88Glu and Asp25OAsn
mutations occur on common chromosomal
haplotypes seen in France and in other parts of
Europe. However, the French Canadian
Pro2O7Leu was not identified, suggesting that
this mutation may be localised to a very specific
region in France, presumably the Perche
region, an area from which many French
Canadians originated. Alternately, this muta-
tion may also originate from another popula-
tion through early admixture with French
Canadian settlers.
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