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Juvenile hemochromatosis locus maps to
chromosome 1q in a French Canadian population
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Juvenile hemochromatosis (JH) is a rare autosomal recessive disorder that causes iron overload. In the
French Canadian region of Saguenay Lac-Saint-Jean the worldwide largest cohort of JH cases has been
identified. Here, we report the mapping of this large cohort of cases to the HFE2 locus on chromosome 1q.
A maximum multipoint location score of 7.02 was observed with marker D152344. A common ancestral
haplotype, showing the presence of a founder effect, was identified. The analysis of recombinants allowed

us to confirm the JH candidate region.
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Introduction
Juvenile hemochromatosis, or hemochromatosis type II
(JH; MIM 602390), is an inborn error of iron metabolism,
which leads to severe iron loading and organ failure at age
before 30 years. First symptoms include heart failure,
cardiac arrhythmia and hypogonadotropic hypogonad-
ism.' =3 JH is a rare disorder, characterized by an autosomal
recessive inheritance, distinct from classic-type hemochro-
matosis or HFE (MIM 235200).%°

JH patients do not show linkage to chromosome 6p and
do not have mutations in the HFE gene that lead to the
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common hereditary hemochromatosis."®” Although the
gene associated with this disorder has not been identified,
the locus maps to chromosome 1q, in a 4cM interval
between the markers D1S442 and D152347.%

Further studies showed the presence of genetic hetero-
geneity in other population specific groups of patients.'%1

Very recently, two mutations in the antimicrobial
peptide Hamp gene, which maps to chromosome 19, have
been found in affected members from two JH families. This
result increases the genetic heterogeneity of iron-overload
diseases and, moreover, identifies a new form of juvenile
hemochromatosis.

At the beginning of the 1990s, we conducted a clinical,
biochemical and genetic study on 30 families with
hereditary hemochromatosis in the Saguenay Lac-Saint-
Jean region of Quebec.'*~'® In 2000, 32 probands were
genotyped for mutations in the HFE gene. A high
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proportion (28.1%) of hemochromatosis chromosomes
carried no known or new mutations.!”8 In fact, most of
these patients fulfilled the JH criteria (17 patients dis-
tributed in 12 families).

Here, we report a linkage analysis study performed on a
cohort of JH patients from the Saguenay Lac-Saint-Jean
region. Data obtained allowed us to confirm linkage to the
JH locus on chromosome 1q.

Materials and methods

JH patients

A total of 17 JH patients (seven females and 10 males)
belonging to 12 families were included in the study
(Figure 1). The average age at diagnosis was 24.1 years.
The diagnosis was made on the basis of clinical history,
physical examination and persistently raised iron indices
(% transferrin saturation and serum ferritin). Liver biopsy
was performed in at least one affected patient of each
sibship. The clinical, biochemical, and genetic character-
istics were as previously described.

Molecular studies

EDTA blood samples of 97 individuals were collected for
genetic studies after informed consent was obtained. DNA
was extracted according to standard protocols. Classical
PCR reactions were carried out on 100ng DNA. PCR
fragments were analysed on ABI PRISM 3100 and results
processed by GENESCAN and GENOTYPER version 2.5
softwares from ABI PRISM. According to available maps
(GDB and CELERA databases), we selected 13 microsatel-
lites of chromosome 1q. The following polymorphic
markers were used: D1S2875, D1S2863, D1S514, D1S185,
D1S2696, D1S442, D1S2344, D1S1156, D1S2222, GA-
TA13CO08, D1S498, D1S2347 and D1S2343.
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Linkage analysis

Statistical analysis was carried out on the assumption of
autosomal recessive disorder with complete penetrance.
The disease-gene frequency was set to 0.001, and all marker
alleles were considered to be equally frequent. Two-point
linkage analyses were performed with ILINK and MLINK
programs, version 5.1, from the LINKAGE software pack-
age.'”?° The input data files for the multipoint analysis
were created using MEGA 2 program.?' The multipoint
and haplotype analyses were performed using SIMWALK
2 v.2.82 that calculates the Maximum Location Score
(directly comparable with multipoint LOD score) using
simulated annealing and MCMC (Monte Carlo Markov
Chain) algorithm.??> We assigned a specific allele number
for each marker within each family to reduce the time for
the analysis.

Results
Linkage analysis of JH locus

After a linkage study using microsatellite markers from the
HFE2 show significant pairwise lod scores in our French
Canadian cohort have been detected, as shown in Table 1.
In particular, a maximum LOD score of 4.07 at 0,x=0.0
was obtained with markers D152344 and D1S1156 (Table 1).
Multipoint linkage analysis performed with markers
D1S514, D1S185, D1S2696, D1S442, D1S2344, D1S1156,
GATA13C08, D1S498 and D1S2347 showed a maximum
location score of 7.02 with markers D1S2344 and D1S1156.

Recombinantional events and haplotype analysis

In order to restrict the HFE2 candidate region we tried to
place additional microsatellites and SNP markers in the
region defined by D1S442 and GATA13CO08 markers. Only
marker D1S2222 located within this interval but, unfortu-
nately, it was not informative with Z;,x=0.00 at

Table 1 Two points analysis of LOD score between JH and the markers of choromosome 1q
Z at 0=

Markers 0.00 0.01 0.05 0.10 0.20 0.30 0.40 Zinax Ormax
D1S2875 0.66 0.68 0.69 0.65 0.45 0.22 0.06 0.70 0.039
D152863 —inf -1.82 —0.65 —0.11 -0.18 0.15 0.05 0.19 0.774
D1S514 —inf -10.52 -5.10 —-2.93 -1.09 —0.34 —0.06 0.00 0.501
D1S185 —Inf 3.00 3.1 2.69 1.64 0.73 0.18 3.19 0.030
D152696 —inf 3.79 4.38 3.96 2.60 1.25 0.32 4.39 0.043
D15442 —Inf 1.54 2.02 1.93 1.32 0.66 0.18 2.03 0.059
D152344 4.07 3.98 3.58 3.04 1.94 0.95 0.25 4.07 0.000
D1s1156 4.07 3.96 3.53 2.97 1.86 0.87 0.22 4.07 0.000
D1S2222 —0.09 —0.09 —0.07 —0.05 -0.02 —0.01 0.00 0.00 0.503
GATA13C08 1.99 1.96 1.82 1.61 1.11 0.58 0.17 1.99 0.001
D15498 1.07 1.06 1.01 0.89 0.60 0.31 0.08 1.07 0.001
D1S2347 —inf 0.14 213 2.34 1.66 0.79 0.20 2.36 0.088
D152343 —inf 1.87 2.15 1.93 1.24 0.59 0.15 2.16 0.042
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D1S2875 22 24 22
D1S2863 33 33 33
D1S514 23 34 31
D1S185 41 14 14
D1S2696 79 97 99
D1S442 21 14 11
D1S2344 13 34 33
D1S1156 14 43 44
D1S2222 22 22 22
GATA13C08 21 11 13
D1S498 44 42 45
D1S2347 35 58 53
D1S2343 65 56 56

2104 2021 2014 2108 2051 2020 2086 2089 2060 2063
D1S2875 22 24 22 2 2 22 22 22 24 42 22
D1S2863 33 33 ;133 3 4 ;33 33 33 33 33 31
D1S514 23 34 ;123 4 2 7123 2 23 34 23 35
D1S185 41 14 11 4 4 11 41 41 14 11 14
D1S2696 79 97 99 55 99 719 79 97 89 96
D1S442 21 14 21 4 1 11 2|1 21 14 11 12
D1S2344 13 34 33 33 33 18 13 34 43 33
D1S1156 14 43 I44I 3 4 I44I /14 14 43 44 44
D1S82222 22 22 22 2 2 220 —» 2 22 22 22 22
GATA13C08 2 1 11 11 4 2 11 11 21 11 31 13
D1S498 44 42 44 2 2 44 44 44 42 44 42
D1S2347 35 58 55 19 55 55 35 58 35 57
D1S2343 65 56 55 ND ND 55 55 65 56 55 52

2015 2016 2061 2065 2064 2066

D1S2875 2 2 2 2 42 2 42 42
D1S2863 3 4 3 3 33 3 31 31
D1S514 3 2 3 4 23 3 25 25
D1S185 14 14 11 1 14 14
D1S2696 9 5 9 5 89 9 86 86
D1S442 11 1 4 11 —py 1 12 12
D1S2344 3 3 33 43 33 43 43
D1S1156 4 4 4 3 44 I44I 44 44
D1S2222 2 2 2 2 22 22 22 22
GATA13C08 12 1 4 31 11 33 33
D1S498 4 2 4 2 44 44 42 42
D182347 59 51 35 55 37 37
D182343 ND ND ND ND 55 55 52 52

Squares indicate the common ancestral haplotype; the arrows indicate upper and lower limits of the region where the recombination

is included ;ND: not determined.

Figure 2 Pedigrees of some selected families (Fam) with JH.

Omax =0.503 (Table 1). A common haplotype in all patients
was obtained as shown in Figure 2. A recombinantional
event was found in individual 2020 in family 27 with
markers D1S514, D1S185, D1S2696, D1S442, D1S2344 and
D1S1156. A heterogeneous genotype for D15442 was found
in patient 2014 of the same family and another one in
patient 2065 of family 48 with the markers D1S2875,
D1S2863, D1S514, D1S185, D1S2696 and D1S442
(Figure 2). These recombinational events confirm both
the centromeric limit of JH region at marker D15442
and the telomeric one at marker GATA13COS8. The
same telomeric limit was observed in family 58 (data not
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shown). This critical region spans within a 4 cM interval
between markers D1S442 and GATA13COS.

Discussion

Several hereditary disorders have been shown to have a
high frequency in the French Canadian population of
Saguenay Lac-Saint-Jean, a geographically isolated region
located 200 km north-east of Quebec City and surrounded
by tracts of unsettled land and forest.!*!® The values of
the mean inbreeding and kinship coefficients were much



higher among patients with hemochromatosis than those
with other autosomal recessive disorders in Saguenay Lac-
Saint-Jean.!® Therefore, combined with the clinical picture,
it became very quickly evident, that a different locus than
HFE1 was involved in this population. Here, we demon-
strate that a large cohort of patients fulfilling the
diagnostic criteria of Juvenile Hemochromatosis and
coming from Saguenay Lac-Saint-Jean region confirm and
better define the HFE2 locus on chromosome 1. In
addition, we were able to demonstrate the presence of a
common ancestral haplotype which should be the con-
sequence of a strong founder effect. This finding clearly
suggests the presence of a unique mutation in our
Saguenay Lac-Saint-Jean population with JH.

Unfortunately, no candidate gene is included in the
HFE2 region. Nevertheless, 10 genes have been so far
selected and analyzed by DHPLC. Negative data have been
obtained in all cases. Additional work is now in progress to
select more genes using both standard and new ap-
proaches, such as microarrays.

In conclusion, the present data demonstrate that the
largest worldwide cohort of JH families maps to HFE2.
This cohort is the result of a strong founder effect and is
useful to further refine the HFE2 candidate region and we
confirm the juvenile hemochromatosis locus maps on
chromosome 1q.
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