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Protein losing enteropathy-hepatic fibrosis syndrome in
Saguenay-Lac St-Jean, Quebec is a congenital disorder
of glycosylation type Ib
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Congenital disorders of glycosylation (CDG) are newly

described inborn errors of metabolism involving glycan

moiety synthesis. CDG Ib is caused by a deficiency of

cellular phosphomannose isomerase (EC 5.4.2.28)1–4 resulting

from the presence of mutations in the corresponding gene,

MPI,5 6 on chromosome 15 (mutation database: http://

www.med.kuleuven.ac.be/cdg/). CDG Ib differs clinically from

the other CDGs. It has no neurological symptoms, presenting

mainly with hepatic and gastrointestinal symptoms2 3 7 8 and is

thought to be underdiagnosed. Fewer than 20 CDG Ib patients

have been reported. Importantly, CDG Ib is treatable by oral

mannose supplementation, in contrast with other CDGs.3 9

The syndrome of intractable diarrhoea of infancy was first

defined in 1968 by Avery et al.10 In 1986, a syndrome of intrac-

table diarrhoea associated with severe protein losing enter-

opathy, hypoglycaemia, and congenital hepatic fibrosis, was

described in four infants from the Saguenay-Lac St-Jean

(SLSJ) region of north eastern Quebec, Canada. All died

before 21 months of age.11

In retrospect, their symptoms resembled those of CDG Ib. In

this article we describe the testing of parents of these children

and report on a new French family with CDG Ib. The French-

Canadian parents were all heterozygous for the same deleteri-

ous MPI mutation as found in the new French patient, proving

that the SLSJ patients in fact suffered from CDG 1b.

PATIENTS AND METHODS
Patients
The clinical presentation of the SLSJ infants was previously

described by Pelletier et al.11

The new French patient with CDG Ib, whose family

originates from Nantes (Brittany, France) and whose parents

have no known consanguinity, presented with diarrhoea

related to protein losing enteropathy with oedema, hypoalbu-

minaemia, hyponatraemia, and recurrent hypoglycaemia. No

liver cytolysis was noted. Hypocholesterolaemia was found

and clotting tests showed thrombocytosis. Coagulation factor

XI was decreased, resulting in an increased prothrombin time.

The patient had a typical CDG I profile on western blotting of

serum glycoproteins.12 Blood leucocyte PMI activity was defi-

cient (0.5 U/g total protein).

Methods
DNA samples were not available from the affected SLSJ chil-

dren, of whom all known cases have died; no new cases have

been identified since the initial publication.11 EDTA blood

samples were obtained from three parents of SLSJ patients,

both parents of one affected child, and the mother of a second

patient; the father of the second patient, who was not

sampled, was distantly related to the mother (consanguinity

1/64). All originated from the SLSJ region. Control blood sam-

ples were simultaneously obtained from two unrelated

healthy adults, to control for possible loss of activity during

transport. Samples were also obtained from the French CDG

Ib patient and his parents.
Cytosolic PMI activity was assayed in blood mononuclear

cells, according to van Schaftingen and Jaeken.13

DNA was isolated from fresh blood. The eight MPI exons
were sequenced from genomic DNA after PCR with intronic
primers designed from published DNA sequences6 (GenBank
AF227216, AF227217, AF227218). Primer sequences are avail-
able on request. Sequencing was performed on an ABI PRISM
(Perkin Elmer). The R295H (G884A) mutation creates a NlaIII
restriction site, which conveniently allowed confirmation of
R295H by restriction digestion of the exon 7 amplicon and
separation by electrophoresis in a 10% bis-acrylamide gel (fig 1).

Haplotype analysis was performed on the Canadian parents
and the French CDG Ib family. All were typed for the extragenic
microsatellite markers D15S984, D15S1026, D15S114, and
D15S818. Primer sequences were obtained from the Genome
DataBase. The PCR products were analysed on an ABI PRISM
(Perkin Elmer). Three intragenic single nucleotide poly-
morphisms, IVS3 +15A/G, IVS5 +9G/A, and A1131G (V377V),
were screened by sequencing of exons 3, 5, and 8, respectively.

Key points

• Congenital disorder of glycosylation with hereditary
phosphomannose isomerase (PMI) deficiency (CDG Ib)
is a very rare disease, probably underdiagnosed. A
fatal syndrome of protein losing enteropathy and
congenital hepatic fibrosis described in 1986 in the
Saguenay-Lac St-Jean (SLJS) region of Quebec,
Canada, clinically resembles CDG Ib, with intractable
diarrhoea, hypoglycaemia, hepatomegaly, vomiting,
and malnutrition.

• This prompted us to study PMI activity and the PMI
encoding gene, MPI, in blood samples from three
parents of two of the affected Canadian children. All the
parents had partial deficiency of leucocyte PMI activity.
MPI gene sequencing showed that all three were
heterozygous for the same mutation in exon 7, R295H
(G884A).

• Meanwhile, a newly diagnosed French CDG Ib patient
was found to be homozygous for R295H and also for
nearby polymorphic markers. Interestingly, an identical
variant was also found for each marker on at least one
chromosome of each of the SLSJ parents.

• This indicates that the SLSJ syndrome is a variant of
CDG Ib. Since CDG Ib is treatable by oral mannose
supplementation, awareness of this condition is impera-
tive to allow early diagnosis and treatment.
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RESULTS AND DISCUSSION
We report on a new French patient with CDG Ib and show that

the SLSJ patients suffered from CDG Ib. To date, all reported

CDG Ib patients have had similar clinical presentations with

protein losing enteropathy, recurrent hypoglycaemia, and liver

symptoms.7 We confirm in this report the clinical homogene-

ity of CDG Ib.

Blood leucocyte PMI activity of the three Canadian parents

was reduced (2.7, 2.0, and 1.6 U/g total protein), compared to

the Canadian (5.5 and 6.0 U/g total protein) and local (8.2 ±
3.3 U/g total protein) adult controls.

Sequencing of the PMI encoding MPI cDNA of the Canadian

parents showed that all were heterozygous for a single muta-

tion in exon 7, R295H (G884A). This mutation had not been

previously reported. During this period, we found that the

French patient was homozygous for R295H and that his par-

ents were heterozygous. No other sequence changes were

detected in the coding regions of the samples tested, aside

from a previously reported synonymous polymorphism at

residue 377 (see below). The R295H mutation screened by

restriction analysis was not found in 50 French controls and

the two Canadian controls, indicating that it is not a polymor-

phism.

Haplotype analysis of the MPI locus indicated that the

Canadian parents are identical for at least one allele for the

extragenic microsatellite markers D15S984, D15S1026,

D15S114, and D15S818 and three intragenic single nucleotide

polymorphisms IVS3 +15A/G, IVS5 +9G/A, and A1131G

(table 1). However, all three Canadian parents originate from

the north eastern part of Quebec11 and our data suggest that

the parents share the same ancestral chromosome showing a

founder effect in the SLSJ region. Of note, the French CDG Ib

patient, a R295H homozygote, was also homozygous for the

same variant at each of the markers tested that was shared by

all the SLSJ parents. It is tempting to speculate that the SLSJ

patients may have inherited the same ancestral CDG Ib chro-

mosome as the French patient. To pursue this hypothesis, it

would be necessary to perform extensive segregation analysis

to determine whether variants exist in cis on the SLSJ CDG Ib

chromosomes (table 1). These studies would be of interest

because identity by descent has rarely been documented for

mutations found in France and the SLSJ population, even

though the SLSJ population is of French descent.

The arginine residue at position 295 is conserved in all spe-

cies studied to date (S typhimurium, E coli, Candida albicans, Sac-
charomyces cervisiae, A nidulans, and human MPI) consistent

with the notion of a functional effect of the mutation.5

Together, these data indicate that at least two of the SLSJ

patients reported by Pelletier et al11 suffered from CDG Ib.

Given the clinical similarity of the patients, and their common

geographical origin from the SLSJ region that is known to

have a strong founder effect, shown, for instance, for hepato-

renal tyrosinaemia14 and cystic fibrosis,15 it is likely that the

great majority of CDG 1b patients from the SLSJ will be R295H

homozygotes. Identification of the R295H mutation as the

cause of the enteropathy-hepatic fibrosis syndrome in SLSJ

children will allow for other studies to assess the frequency of

this mutation in the SLSJ and surrounding regions. The lack

of new cases after the report of the first cluster over 15 years

ago raises questions about the frequency and distribution of

the mutant allele and about disease expressivity. These ques-

tions can now be explored directly. They are particularly

important because CDG 1b is treatable but can be fatal if

untreated, and awareness of this disease is imperative to allow

early diagnosis and therapy. CDG Ib should be considered in

the differential diagnosis of patients with unexplained

hypoglycaemia, chronic diarrhoea, liver disease, or coagulopa-

thy, particularly in patients of SLSJ origin.
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Figure 1 RFLP analysis of exon 7. The R295H mutation creates a
NlaIII restriction site. CDG Ib parents (P4 and P5) and a SLSJ parent
(P1) are heterozygous R295H/N. The French CDG Ib patient is a
R295H homozygote. The amplicon contains a constant NlaIII site
that serves as a control for completeness of digestion.
ND=non-digested fragment.

Table 1 Haplotypes of SLSJ parents (P1, P2, and P3) and the French CDG Ib parents (P4 and P5) and patient. Alleles
in bold represent the alleles consistent with linkage desequilibrium with R295H. The five parents share at least one
polymorphic variant at each tested site, the same as that found in the homozygous state in the French CDG Ib patient

Mutation D15S818 D15S1026 IVS3 +15 A→G IVS5 +9 G→A A1131G (V377) D15S114 D15S984

P1 R295H/N 148–156 199–199 GA GA GA 180–182 129–147
P2 R295H/N 148–166 199–209 GA GA GA 180–182 129–139
P3 R295H/N 148–148 199–209 GA GA GA 180–182 129–139

P4 R295H/N 148–148 199–199 AA GG GG 178–182 129–141
P5 R295H/N 148–148 199–211 AA GG GG 182–182 129–135

Patient R295H/R295H 148–148 199–199 AA GG GG 182–182 129–129
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