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Homozygosity for the predominant Cys282Tyr
mutation and absence of disease expression in
hereditary haemochromatosis

D A Rhodes, R Raha-Chowdhury, T M Cox, J Trowsdale

Abstract
A candidate gene for hereditary haemo-
chromatosis, HLA-H, has recently been
presented. Two missense mutations in the
HLA-H gene sequence are predicted to
account for nearly 90% of all cases of the
disease. The aim of this study was to cor-
relate the presence of these missense
mutations with the expressivity ofthe dis-
ease, as assessed by standard biochemical
evaluation of serum iron parameters.
Detection of the known mutations in
haemochromatosis, Cys282Tyr and
His63Asp, was undertaken in a large pedi-
gree showing variable expression of the
disease in successive generations. In three
sibs with overt disease (one male, two
female, aged 50 to 53 years), homozygosity
for the predominant G to A transition
(Cys282Tyr) in HLA-H was detected.
However, homozygosity for this mutation
was also detected in an asymptomatic
male sib, aged 50, harbouring an identical
genotype. The finding ofan asymptomatic
homozygous Cys282Tyr subject, haplo-
identical to affected sibs, indicates that
clinical expression of symptomatic dis-
ease is variable, even in middle aged
Cys282Tyr homozygotes. This has pro-
found implications for the future use of
genetic screening for haemochromatosis.
(3Med Genet 1997;34:761-764)
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Hereditary haemochromatosis is a prevalent,
inborn error of iron metabolism. Homozygos-
ity for the predisposing gene impairs regulation
of iron balance by the intestine, leading to
widespread deposition of iron and tissue injury.
This may manifest as arthritis, liver disease,
diabetes mellitus, and cardiomyopathy. Cirrho-
sis of the liver is common and the disease is
associated with an increased risk of hepatocel-
lular carcinoma, which accounts for about 30%
of the deaths in affected homozygotes.' Typi-
cally, haemochromatosis is associated with
non-specific symptoms including weakness,
malaise, and decreased libido in middle life.
This lack of specificity probably results in
underdiagnosis of this disease, which is pre-
dicted to affect 1 in 300 people of northern
European origin.2 3

Recently, a convincing candidate gene for
haemochromatosis has been presented.4 The

cloned gene lies within a region of extensive
linkage disequilibrium extending 5 Mb telo-
merically from the major histocompatibility
gene complex on the short arm ofchromosome
6. It represents a new HLA class 1 related gene
and has been named HLA-H. Analysis of the
gene sequence from patients identified two
missense mutations which are predicted to
affect significantly the tertiary structure and
therefore the function of the cognate protein. A
single, homozygous G to A transition, causing a
cysteine to tyrosine amino acid change at posi-
tion 282 of the protein, was detected in 83% of
haemochromatosis patients. This observation
fits well with the previous genetic studies,
which predicted that a single mutation would
predominate in this disease. 6A second C to G
mutation, resulting in a change from histidine
to aspartic acid at position 63, accounted for a
further 4% of haemochromatosis patients.4
We have investigated an extensive pedigree

affected by haemochromatosis using HLA typ-
ing, microsatellite polymorphisms, by bio-
chemical testing of serum iron parameters, and
by liver biopsy (table 1). The diagnosis of
haemochromatosis was based on these investi-
gations and the results are shown, together with
the pedigree structure, in fig 1. Of particular
interest were the results of the biochemical
evaluation of subject II.6, which were appar-
ently anomalous with the results of the genetic
analysis. He showed no signs of iron overload,
with a wide discrepancy between his transferrin
saturation, which on two occasions touched the
upper limits ofthe normal range, and his serum
ferritin, the results of which remained very low
on all three occasions. He nevertheless carried
an identical genotype in the HLA region to his
symptomatic sibs, all of whom had overt
disease diagnosed at a similar age. Since no
recombined chromosomes were detected, we
concluded that he was a non-expressing
homozygote. He is accordingly represented by
a grey symbol in fig 1, indicating that he is phe-
notypically negative, yet homozygous for the
predisposing disease allele. In addition, the
transferrin saturation level of his son, III.3,
aged 21 years, was just above the normal range
at 61 %, together with serum iron and ferritin
levels within the normal range. This may reflect
partial heterozygous expression.
We analysed members of this family for the

presence of the recently described missense
mutations in the HLA-H gene, predicted to
account for 87% of all cases of
haemochromatosis.4 From the haplotype
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Table 1 Results of the biochemical investigation ofserum iron parameters in a three
generation family with hereditary haemochromatosis

Ferritin Transferrin Serun iron
Subject Age-, (4gll) saturation (UmollJ) Liver

I.1 63 97% +
I.2 80 225 27%
II.1 62 192 70%
II.2 53 670 40% +
II.3* 52 4700 77% 40.5 +
II.4 50 640 60% 42 +
II.5 48 157/258 76/57%
II.6t 42/44/50 23/28/28 58/36/52% 23
II.7
II.8 45 7 12% 10.5
III.1
III.2 79
III.3 21 138 61% 29.2
Normal ranges§
Male 15-235 16-60% 14-32
Female 12-150 16-50% 10-28

*Proband results at diagnosis. tIron values of asymptomatic subject II.6 remained within the nor-
mal range over a seven year period (1988-1995). :Age at time of testing. §Edwards and Kushner."'

analysis, it was predicted that all second
generation subjects with overt disease would be
homozygous for the predominant Cys282Tyr
mutation (G to A transition). The result of sin-
gle nucleotide primer extension analysis (fig
2A)7 confirmed this prediction and showed
that the standard biochemical procedures had
accurately discriminated the disease state in
most cases shown in fig 1. This was not the case
for the asymptomatic subject I.6, who was also
homozygous for the disease allele. He is indeed
a non-expressing homozygote who must be
considered to be at risk for the development of
overt haemochromatosis.

Before testing for the disease related alleles
ofHLA-H, the raised serum transferrin satura-
tion level of III.3, the son of the non-expressing
homozygote II.6, could not be readily ex-
plained. We screened the family for the
His63Asp mutation and this result (fig 2B)
showed that both I.8, the wife of I.6, and
III.3, their son, were heterozygotes for this
allele. III.3 was thus a compound heterozygote
for haemochromatosis and carries both mis-
sense mutations so far associated with the dis-
ease. This genotyping at the HLA-H locus
accounted for his raised serum transferrin

saturation level and showed that this subject, in
the third generation, is also at risk for the
development of overt haemochromatosis.
The serum iron parameters of the asympto-

matic subject II.6 remained consistently nor-
mal over a seven year period to the age of 50.
His brother, II.3, was referred at the age of 49
with malaise and abnormal serum liver related
enzymes and liver biopsy showed cirrhosis with
grade 4 iron deposits indicating haemo-
chromatosis.' Subsequent investigations
showed that two sisters, aged 53 and 50, both
of whom had borne children, had abnormal
serum parameters of iron metabolism and liver
biopsy confirmed grade 3 siderosis. They each
required >25 venesections to remove excess
iron stores.

In the pedigree reported, haplotype analysis
had alerted us to the possibility that II.6 was a
non-expressing homozygote who was at risk of
haemochromatosis in the future. Our findings
are consistent with the hypothesis of Feder et
at that the Cys282Tyr mutation in HLA-H is
the causative mutation responsible for most
cases of haemochromatosis, but they also indi-
cate that expression of the disease is strikingly
variable. This variability in expression might be
related to age,9 sex,2 10 or nutritional factors
such as meat intake or alcohol consumption."
Women are regarded as being less prone to iron
overload because of iron loss during menstrua-
tion and childbirth2 10; however, the two
multiparous sisters ofI.6 both developed overt
disease. Although classical haemochromatosis
shows marked sex limited expression of the
disease, variation induced by gender cannot
account for differences in expressivity in this
pedigree. II.6 is not known to have any dietary
idiosyncrasies and had not been a regular blood
donor. It is interesting to note that of the two
members of the family reported previously who
were unavailable for further study, the HLA
identical older sister (II.5) was iron deficient
and had coeliac disease, a malabsorption
syndrome associated with sensitivity to gluten.
The presence of these symptoms was investi-

Figure 1 Pedigree structure and summary ofgenetic analysis using HLA class I serological markers and polymorphic
microsatellites. Dark symbols signify a diagnosis of hereditary haemochromatosis based on the results shown in table 1 and
haplotype analysis, except in the case of II. 6 who is represented in grey, as discussed in the text. Genotyping results at the
HLA-H gene locus are presented below the haplotypes. + indicates the presence of the mutant allele and - the presence of the
wild type allele. The HLA-H gene is located between D6S1260 and D6S276.4
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Haemochromatosis: intrafamilial variability in disease expression

Figure 2 Single nucleotide primer

analysis to detect nucleic acid base si

Detection of the G to A transition., re

Cys282Tyr amino acid change in tho

Incorporation of labelled dGTP indig
normal allele, while incorporation of
mutant allele. Subject 1.2 is shown t4

all second generation subjects with di
haemochromatosis have the homozy,

subject

change. (B) SNuPE analysis forth-

change. Incorporation of labelld dC

allele and incorporation ofdGTP de

Subjects 1l.8 and 3 are heterozyw
all other members of the pedigree are

normal allele.

gated in II.6, who had no 1

and showed no abnormaliti(
tests or evidence of gastr
bance. Furthermore, IgA ai

antibodies were not raised a:
cific antiendomyseal IgA, v

stricted diet, was only weakli
cluded that coeliac disease
and the variability in the cli:
haemochromatosis could no

by the presence of this or ar
may be of considerable imj
mine the reasons for this i

etrance.
The raised serum transfer

of III.3, the son of II.6,
Although this level is only
normal range, we initially co
heterozygous with partia
haemochromatosis." It is no
is a compound heterozygo
serum transferrin saturatior
years. II.8, the mother of
His63Asp variant (associat
A24, HLA-B 18 class I h;
serum iron parameters art
range (table 1). These data E

the His63Asp variant ha
effects on iron metabolism
with the Cys282Tyr allele
that compound heterozyg(

prevalent mutations in HLA-H are more
'''_ , !. ;susceptible to iron overload than homozygotes.

It is noted that Feder et al4 observed a relative
** risk of 0.0057 for compound heterozygotes

versus Cys282Tyr homozygotes, based on their
population data. Beutler et al'3 also recorded a
reduced penetrance for compound heterozy-
gotes and similarly suggested that the
His63Asp variant may only be a deleterious

* ~_ mutation when inherited in trans with the
Cys282Tyr allele.
The question of variability in disease expres-

sion of haemochromatosis by evaluation of
serum iron parameters has been addressed
previously. Family studies and HLA typing
have been used to assign non-expression to
putative homozygotes and partial expression to

* *-* * -* putative heterozygotes.12 14 Evidence for ge-
netic heterogeneity in the genetic factors
underlying disease expression has also been
discussed.'6 Added to this confusing picture is
the detection of sex2 " and age9 related
variability in disease expression and the
possibility of genetic recombination account-
ing for discordant results in HLA identical

extension (SNuPE) sibs."4 In addition, both concordant expression
ubstitutions.7 (A) of iron storage between sibs17 and intrafamilial
esulting in the 18
e HLA-H protein. variation in expression of haemochromatosis
cates the presence of the have been presented.
IdATP indicates the In this report, we have correlated the
o be heterozygous while
'iagnosed presence of the specific missense mutations
gous mutant allele. The described by Feder et al' with clinical expres-
es this homozygous base sion of iron overload in a single three
e His63Asp amino acid
'TP denotes the normal generation family. We have shown for the first
,notes the mutant allele. time that in the absence of genetic recombina-
gous at this locus, while tion and of any known environmental factors
homozygous for the which may influence iron metabolism, clinical

expression of the symptoms of iron overload
are extremely variable. The results are consist-

history of anaemia ent with intrafamilial variation in disease
es in liver function expression and are not consistent with the
ointestinal distur- hypotheses regarding sex and age limitations in
nd IgG antigliadin disease expression. These results may also shed
nd the coeliac spe- some light on the role of the His63Asp variant
while on an unre- in haemochromatosis.
y positive. We con- Despite the formidable genetic analysis pre-
was absent in II.6 sented by Feder et al,4 it remains a formal
nical expression of possibility that the haemochromatosis gene lies
)t be accounted for elsewhere within the extensive region of linkage
ay other disease. It disequilibrium.'9 This extensive linkage dis-
portance to deter- equilibrium could also underlie a complex
variability in pen- relationship of the region with the disease,

involving loci in addition to HLA-H.20 There
rin saturation level has been extensive duplication of class I-like
was unexplained. sequences in the telomeric part of the MHC
slightly above the and functional degeneracy of these related
,nsidered him to be genes may be manifest as coinheritance with
1 expression of particular haplotypes. In order to account for
iteworthy that III.3 the genetic heterogeneity detected in their
ite with abnormal analysis, Feder et at suggested that another
at the age of 21 locus, not necessarily MHC linked, is involved
III.3, carries the in the disease.
ed with an HLA- Although the results presented here are fully
aplotype) yet her consistent with the candidacy of HLA-H, they
e in the anaemic document that homozygosity for the predispos-
are consistent with ing allele, Cys282Tyr, may occur in the
ving pathological complete absence of clinical disease, even
when coinherited within members of an extensive pedigree with
and may indicate multiple affected subjects. The identification of
)tes for the two a homozygous male, now aged 50, with no sign
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of iron overload, challenges the utility of popu-
lation or presymptomatic screening by genetic
testing for haemochromatosis.
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grateful to all the family members for their cooperation, to Dr
Mark Worwood and to Dr Val Joycey for HLA typing, and to
Joan Grantham for expert secretarial help.
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