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I. OBJECTIVES

Genetic hemochromatosis (GH} is a common disorder, with a prevalence of about 0.1% and
reaching 0.5% in some countries. After a long asymptomatic phase, it has the potential to cause
substantial morbidity and mortality during adulthood. Its diagnosis relies upon non-invasive,
simple, sensitive, and widely available phenotypic and genotypic tools. Its treatment (regular
phiebotomies) is cheap, safe and efficient. When instituted early in the course of the disease
(i.c., before the onset of arthritis and visceral complications), venesection therapy prevents the
development of symptoms and restores normal quality of life and life-expectancy. Therefore, GH
is an excellent candidate for general and familial screening.

The definition of GH must be clarified before discussing the objectives of GH screening
and elaborating a screening policy. Indeed, subjects to be screened, screening tools, therapeutic
management, and general cost differ widely according to the definition of the disease.

. Until recently, GH was defined as an autosomal recessive disorder whose gene was located
on chromosome 6 close to the HLLA-A gene. Before the discovery of a specific molecular
marker, the diagnosis was made:

- in probands; by (i) the demonstration of hepatic iron overload with a liver iron
concentration o age ratio greater than 1.9 in the absence of any other known cause
of iron overload, and (ii), when possible, by finding an HLA-identical sibling with
iron overload fulfilling the above criteria;

- in siblings: by HLA identity to the proband, regardless of the level of body iron
stores.

. The recent discovery of the HFE gene and of its related mutations (C282Y and H63D)
modifies the diagnosis criteria of GH because most patients considered to be putative GH
homozygotes on the basis of phenotypic criteria are C282Y homozygotes. However, (i) all
homozygotes do not express the disease, (ii) some heterozygotes present with elevated body
iron stores compatible with the phenotypic definition of homozygosity, (iii) in some
countries, a significant proportion of patients considered as GH homozygotes do not present
the C282Y mutation, and (iv) the role of other mutations, especially the H63D mutation,
is still debated. In these conditions, definition of the disease remains controversial, and
include (1) C282Y homozygosity irrespective of increased body iron stores, (ii) increased
body iron stores regardless of genetic status, and (iii) both C282Y homozygosity and
increased body iron stores.

The minimal objective of GH screening is to detect and to treat homozygotes before the
onset of functional (arthritis and impotence) and vital (hepatic cirrhosis, primary liver cancer,
diabetes mellitus, and cardiomyopathy) symptoms.

An extended objective of GH screening should be discussed if one takes into account the
fact that the iron overload encountered in some heterozygotes (often mild and non-progressive) and
1n the dysmetabolic iron overload syndrome may increase the risk of cancer and of ischemic heart
disease and, thus, should be detected and treated.

Population(s) to be screened may include (i) proband families only (family screening),
(ii) symptomatic subjects (directed screening), and/or (iii) general population (general screening),
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2. TOOLS

(i} Serum iron markers

Testing serum iron markers is a crucial step in the diagnosis of hemochromatosis. It is
therefore essential to evaluate their respective clinical interest. Four main serum iron parameters
will be here considered{1,2].

Serum iron concentration

This is the simplest test. The reference method has been described by the International
Committee for Standardisation in Hematology (ICSH)[3]. It consists of the simultaneous
precipitation of serum proteins and release of iron from transferrin by a reducing agent.
Subsequent centrifugation removes the denatured proteins and permits the detection of ferrous iron
in the supernatant with a chromogen (ferrozine or ferene which is more sensitive). Various
techniques avoiding precipitation of proteins, tending to minimise interferences with chromogens,
requiring minute amounts of serum, and more suitable for use with automated analyzers have been
proposed[4,5]. Normal serum iron concentrations are approximately 20 umol/l (range 10-30
pmol/1), and values are slightly higher in men than in women. The serum iron concentration 18
often higher than 35 pmol/l in persons with pronounced iron overload.

The interpretation of serum iron concentrations is delicate, due to vartous problems.
Technically, there are both intra- and inter-laboratory variations. Physiologically, there is marked
circadian and day-to-day variability. Circadian fluctuations account for maximal levels in the
morning and minimal levels in the evening. Moreover, ingested iron increases postprandial serum
iron concentrations. These data explain why serum iron concentrations must be determined in the
morning after overnight fasting whenever possible. Various pathological situations interfere with
serum iron levels independently of the degree of iron stores. For instance, inflammation decreases
serum iron whereas liver cytolysis (expressed by increased activities of serum transaminases)
increases the serum iron concentration,

In general, teésting serum iron concentrations can provide an easily understandable message
to the patient, but variability and relative insensitivity as an indicator of hemochromatosis limit
considerably its clinical interest. In fact, the usefulness of serum iron concentration seems limited
to the determination of transferrin saturation,

Serum transferrin saturation

There are three methods for determining transfernn saturation (TS): (i) the TIBC (Total
Iron Binding Capacity) method consists in saturating the transferrin iron binding capacity with
excess iron, The excess (unbound) iron is chemically removed (e.g., by magnesium carbonate or
resin), and the iron content of the saturated serum is determined. TS (%) is calculated by dividing
the serum iron concentration by the TIBC and multiplying by 100; (ii) the unsaturated iron binding
capacity (UIBC) method. Serum is incubated with a known amount of iron to saturate transferrin
and the unbound excess iron is photometrically detected following binding to a chromogen; (iii) the
direct measurement of transferrin by immunoclogical (nephelometric) assay. Given the known
molecular weight of transferrin and that each molecule of transferrin can bind two atoms of iron
allows a simple conversion of transferrin concentration into TIBC. The correlation is generally
g0od between immunological and chemical TIBC[6,7]. In practice, the TIBC assay requires several
manual steps and 1is time-consuming. The UIBC and the immunological assay can be totally
automated. In order to limit heterogeneity between laboratories, a standardized approach should
be implemented at two levels: (i) an international recommendation should be made to use the direct
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(chemical) or the indirect (immunological) determination of TIBC; (ii) laboratories using the
immunological assay should abide by the international reference preparation for proteins in human
serum (RPPHS)[8,9].

Normal serum transferrin saturation is 20-40%. Interpretation of serum transferrin
saturation values should take into consideration the following: (1) because determination of the
serum iron concentration is part of TS determination, TS exhibits the same physiological variations
as serum jron; (2) in persons without iron overload, TS is decreased by inflammation and
increased by hepatic cytolysis, as is the case for the serum iron concentration. However, TS is
even more influenced by liver dysfunction because associated hepatocytic failure results in a
simultaneous decrease in transferrin synthesis. In this case, the serum iron concentration
(numerator) is increased by cytolysis and TIBC (denominator) is decreased by the defect in
transferrin  production, resulting in an important increase in TS. (3) in iron overload, the
interpretation depends on the type of disease: (i) in hemochromatosis, TS is 2 key diagnostic
parameter that reflects the basic metabolic abnormality, and is the most sensitive single test for
identification of hemochromatosis homozygotes. As shown by Edwards et al[10], TS is usually
above 60% in men and 50% in women. Moreover, transferrin remains highly saturated throughout
the day in most hemochromatosis homozygotes{11]. However, there is some overlap between
homozygous and heterozygous forms as reported by Bulaj et al[12] who showed that, in case of
heterozygosity, TS values were above means+28D in 18% of men and 11% of women. In massive
ron overload, transferrin saturation (and serum iron concentration) may be lower than expected
due to the development of ascorbic acid deficiency (through iron-related oxidation of vitamin
C)[13,14]; (ii) in other iron overload syndromes, especiaily of haematological origin, transferrin
saturation is usually increased. Two new types of iron overload syndromes that do not express
enhanced transferrin saturation will be described in the following chapter,

Serum ferritin concentration

Various immunoassays (RIA, ELISA) have been described for the quantification of ferritin
in serum, The international WHO standard for the assay of serum ferritin is reagent 30-602[15].
Normal serum ferritin concentrations are within the 10-300 ug/l range. There is no significant
diurnal variation of serum ferritin concentration[16]. Values are higher in men than in women.
A study involving 10 centres in the USA[17] showed that in men the median serum ferritin
concentration increased from 23 ug/l at ages 12 - 16 years, and the values reached a plateau of
120 - 130 pg/l after age 32. Values in women remained approximately 30 ug/l until menopause,
after which values rose to approximately 80 ug/l.

Hyperferritinemia is observed in a variety of non iron overload conditions: (i) inflammation,
because various inflammatory cytokines are associated with increased transcription of ferritin
mRNA; (ii) cytolysis (hepatocytic damage); (ii) alcoholism, possibly through an inductive effect
of alcohol on ferritin synthesis[18,19]; (iii) non iron storage disorders, such as Gaucher’s
disease{20,21]; and (iv) antosomal dominant congenital cataract/hyperferritinemia syndrome.
In this newly described entity[22] hyperferritinemia is not accompanied by elevated serum iron or
transferrin saturation and there is no hepatic iron excess. It is due to mutations in the iron
responsive element of the L. ferritin mRNA[23]).

In hemochromatosis, serum ferritin concentrations exhibit several profiles: (i) they can be
normal. This is the case when the degree of iron excess is low, and in clinical practice it is
essential not to rule out the diagnosis of hemochromatosis because the serum concentration of
ferritin is normal. Moreover, it is important to interpret as possibly elevated, serum ferritin
concentration values that are at the upper "normal” limit, because there is a2 wide range of normal
values according to laboratories; (ii) when elevated, they represent significant tissue iron excess,
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and there is a strong relationship between the degree of hyperferritinemia and that of iron overload;
(iif) serum concentrations of ferritin can be lower than expected with respect to levels of tissue iron
stores, due to vitamin C deficiency[24]; (iv) when highly elevated (over 1000-1500 pg/1), serum
ferritin concentrations suggest the possibility of hepatic damage, especially liver fibrosis[25];
(v) serum ferritin concentrations can be elevated in some individuals who are heterozygous for the
hemochromatosis gene: in the series of Bulaj et al[12] serum ferritin concentrations were above
the upper normal limit in 20% of men and 8% of women.

In non-hemochromatotic iron overload, serum ferritin concentrations are usually increased,
in proportion with the intensity of iron excess. Hyperferritinemia under these conditions is
associated with increased serum iron and transferrin saturation, except in two novel iron overload
entities, One is frequent and can be described as "dysmetabolic iron overload”[26]. It corresponds
to patients presenting metabolic abnormalities such as increased body weight, elevated blood
pressure, hyperlipidaemia, and glucose intolerance, Hepatic iron overload is often moderate but
can be pronounced (i.e., corresponding to hepatic iron index above 1,9) in one third of cases.
Whether it is related to HFE mutations (C282Y and/or H63D)[27] remains debated. The other
condition is rare and named "hereditary ceruloplasmin deficiency"[28]. This disease is due to a
mutation in the ceniloplasmin gene. It mimics hemochromatosis in that it is familial and causes
massive hepatocytic iron overload and diabetes mellitus. The differences are represented by the
coexistence of neurclogical (extrapyramidal and cerebellar) signs and ocular symptoms, No serum
ceruloplasmin is detectable, and there is no copper accumulation in contrast with Wilson’s disease.

Serum non-transferrin-bound iron (NTBI)

The presence of NTBI has been demonstrated in secondary iron overload[29] as well as in
genetic hemochromatosis[30]. It can be detected even in the presence of incomplete transferrin
saturation[31]. This serum iron species is potentially toxic due to its marked propensity to promote
free-radical reactions[32]. In addition, the liver represents a preferential target given the high
NTEI hepatic clearance[33], even when it is iron overloaded[34]. In genetic hemochromatosis
serumn NTBI values up to 15-20 pmol/l have been reported. However, the proposed assays are of
uncertain reliability[34,35], and therefore this test cannot be applied in clinical practice at this time.

In conclusion, if the goal 1s to screen for hemochromatosis, the best serum iron test is
transferrin saturation, whose determination inevitably requires that of the serum iron concentration.
If the objective is to detect all types of iron overload, serum iron tests should also include the
serum ferritin concentration, due to the recent description of overload syndromes without associated
increase in transferrin saturation and/or serum iron concentration. In both situations, before
relating an increase of serum iron concentration, transferrin saturation and ferritin concentration
to tissue iron excess, it is important to measure serum fransaminase activities to rule out liver
dysfunction. When hyperferritinemia is detected, one should also exclude the role of an
inflammatory syndrome by measuring the erythrocyte sedimentation rate or C-reactive protein
concentration.

(i)  Molecular markers
The HFE gene discovery

Since 1975 the gene whose alteration causes hemochromatosis (HFE) was shown to map to
the short arm of chromosome 6, on the Major Histocompatibility Complex (MHC)[36]. First
localised within one centimorgan of the HLA-A gene, then within a 40 kb between HLA-A and
HLA-F[37], the critical interval expanded with the analysis of the microsatellites D6S105[38] and
D681260[39], respectively localised 2.5 and 3kb telomeric to HLA-A, In August 1996, Feder et




6

al from the biotechnology company Mercator Genetics, described a candidate gene for
hemochromatosis[27]. Somewhat surprising was its localization 4.5 Mb telomeric to HLA-A[27].

Before a gene is discovered by positional cloning strategies, it is always possible to perform
genetic counselling in families in which a patient has been diagnosed, and to evaluate polymorphic
markers associated with the disease. For hemochromatosis, this genetic counselling was first based
on the association of hemochromatosis with the HL.A class I antigens, then on its association with
microsatellites located telomeric to HLA-A, But considering the large distance between HLA-A
and HFE, and despite the high stability of this region, the use of these HLA class I markers could
lead to errors. The HLA markers localised 4.5 megabases centromeric to HFE can no longer be
used for genetic counselling, Nevertheless this could be revised in the eventuality of the discovery
of a second gene on chromosome 6.

Since the description of a very good candidate gene (HFE), direct genetic testing can be
carried out. This gene is a HLA class I-like gene with seven exons and the corresponding potential
protein is supposed to have the same organization with 4 short intracytoplasmic domain, a
transmembrane domain and an extracellular part with three domains «l, o2 and «3 (Figure 1).
This o3 domain is supposed to interact non covalently with the B2-microglobulin[27,40].

Two mutations have been described in this gene in hemochromatosis patients:

- the first results in a cysteine to tyrosine substitution at amino acid 282(C282Y), and
occurs in exon 4; this mutation disrupts the interaction with the
$2-microglobulin[41].

- the second variant, present in exon 2 and in the o1 domain, results in a histidine to
acid aspartic change and thus is called H63D.

The main mutation C282Y is found with an allelic frequency that varies between 100% and
68 % among the different countries[42-44]. H63D is present with an allelic frequency of about 17%
in the controls and in hemochromatosis patients and its direct implication in hemochromatosis is
not evident. Whether it is a polymorphism or a mild mutation is not yet defined. Therefore, only
the C282Y mutation at the homozygous state can be considered for use as a straightforward
diagnostic test.

Detection methods

There are several ways to detect a known mutation and for C282Y the methods depend on
the methodology preferred by different laboratories. Three methods are currently used: PCR
restriction, Oligonucleotide Ligation Assay (OLA) and reverse dot blot.

PCR-Restriction (Figure 2)

The amplification is performed with primers flanking exon 4, and the PCR product is
digested with Rsa I. The 387bp product digested with Rsa I shows two fragments of 247bp and
140bp in normal DNA. As the C282Y mutation creates a new Rsa I site, three fragments of 247,
111 and 29bp will be observed in the patients,

This method is rapid, inexpensive (approximately US$6.- per test) but cannot be really
automnated.  Nevertheless the PCR reaction can be performed in 96-well plates and the
electrophoretic migration can be run in large agarose gels.




Oligonucleotide Ligation Assay (OLA) (Figure 3)

In the QLA test for a base substitution, two oligonucleotides are constructed that hybridise
to adjacent sequences in the target, with the joint sited at the position of the mutation.

DNA ligase will covalently join the two oligonucleotides only if they are perfectly
hybridised. The test is done on a PCR- amplified femplate and a single ligation is carried out.
One oligonucleotide is tagged with biotin and the second carries a reporter molecule as digoxigenin.
Reaction products are {ransferred to microtiter plates that bind biotin. If ligation occurs, the
reporter will be retained in the wells after washing, and a signal will be detected. No signal will
be detected in absence of ligation.

The cost per test of this method is about the same as the precedent, about US$6.-; it is

more easy to automate but needs special equipment that is not available in all diagnostic
laboratories,

Reverse dor blot

In this case short synthetic probes are fixed on paper or in microplates wells and will

hybridise only to a perfectly matched sequence. This test is commercially available from some
biotechnology companies.

All these methods are based on PCR and require the utmost care to avoid contamination and
false positive tests.

Coaclusion

In the view of a unique gene for hemochromatosis, a genotyping screening is conceivable
because the methods are cheap and can be rather automated. Because some patients with
hemochromatosis have mutations for which DNA-based testing is not yet available, a preliminary
phenotypic screening seems essential. So in patients with serum transferrin saturation greater than
45%, the genotyping test may be most useful. In patients whe are homozygous for C282Y, the
diagnosis of hemochromatosis can be made; on the contrary no conclusion can be given for
heterozygous subjects.

3. EXPERIENCE TO DATE
(i) Geno henotype correlation

Introduction

The degree of iron overload and the related clinical complications are widely variable in
hemochromatosis due to the combined effect of environmental and genetic factors[45]. Women
usually develop symptoms and signs of the disease later in their life because of menstrual blood
losses and pregnancy. Age, dietary habits and factors such as blood donations and pathological
blood losses can modify hepatic iron stores in hemochromatosis. Heavy alcohol intake and chronic
viral hepatitis facilitate the development of liver damage in patients with hemochromatosis[46,47].

The assumption that the amount of iron in the diet may influence the phenotypic expression
of hemochromatosis is based on the evidence that haem iron is readily absorbed and promotes the
absorption of non-haem iron, whereas non-haem iron is of low bicavailability and is influenced by
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other dietary ingredients. Meat consumption has been considered as an important factor responsible
for the heavy expression of the disease in Australian patients[45]. However, studies specifically
designed to evaluate the role of dietary iron in determining the phenofypic vanability of
hemochromatosis are not available.

Although most clinical complications increase with both age and body iron stores in
hemochromatosis, the relationship between age and the amount of iron overload has been found
only in younger patients[48] whereas in largest studies including all age ranges the relationship is
lacking[49]. This suggests that the rate of iron accumulation 1s not constant in the disease and that
great variability of iron accumulation rate exists in each patient.

The concordance of the severity of iron overload in affected siblings provided the first
evidence that the phenotypic expression of this disorder is strongly influenced by genetic
factors[50]. A second evidence was obtained from haplotype studies in unrelated patients which
demonstrated the presence of 2 common ancestral haplotype, HLA-A3 linked, in 30 to 50% of the
affected chromosomes in all the populations studied. Two independent studies have shown an
association between the ancestral haplotype and phenotype expression in hemochromatosis[51,52].
Australian patients with two copies of the ancestral haplotype have a higher hepatic iron index than
those carrying a single copy or none[51). Italian patients carrying the ancestral haplotype, even
in a single copy, have higher HII, total iron removed (IR) and ratio of IR on age, than patients not
carrying this haplotype[52]. These studies were carried out in the assumption that patients with the
same haplotype have the same mutation and the results were interpreted as the effect of the most
severe mutation linked to the ancestral haplotype.

The isolation of the HFE gene provided the opportunity to analyze the effect of gene
mutations on phenotype.  Surprisingly, the majority of the patients had the mutation
C282Y[27,42,43]. A second mutation (H63D) was present in a minority of hemochromatotic
patients, It has been suggested that this mutation may have a role in hemochromatosis and that
compound heterozygote of this mutation with the C282Y mutation is at risk for the development
of hemochromatosis, but with low penetrance. The existence of a highly prevalent mutation makes
it difficult to explain the phenotypic variation on the basis of HFE genotypes and contradicts
previous findings on ancestral haplotype-related phenotype expression.

Australia

The expression of homozygosity and heterozygosity for the C282Y mutation was studied in
Queensland, Australia, in a large series of patients referred for evaluation of iron overload.

Methods

The study included 300 subjects in 101 families referred for diagnosis and management of
iron overload. No patient had evidence of any other cause for increased iron stores. They were
tested for the C282Y mutation in the HFE gene, and some for H63D, The concordance was then
analyzed between genetic diagnosis and the previously accepted following diagnostic criteria:
presence of at least two of the following (i) hepatic iron concentration > 80 umol/g; (ii) hepatic
iron index > 2; (iii) stainable iron in the liver (grade 3-4); (iv) greater than 4 g of iron removed
by quantitative phlebotomy; or (v) HLA identity with a clearly affected sibling[53,54]. The
clinical expression and the degree of expression of iron overload was also assessed in those subjects
heterozygous for the C282Y mutation.
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Results

Of the 300 subjects studied, 125 were homozygous for the C282Y mutation, 173 were
heterozygous for the mutation and 2 previously thought to be homozygous because of increased iron
stores had no mutation (aged 12 and 15 years respectively). These two children are examples of
previously reported "juvenile hemochromatosis” that would thus appear to be a different
disease[55]. Iron indices are presented in Table 1. Twenty-two subjects (5 males and 17 females)
were homozygous for C282Y but did not meet previous diagnostic criteria for genetic
hemochromatosis. One of these non-expressing C282Y homozypotes was HLA-identical to a
clearly affected sibling. Of the 5 male subjects, 3 had an hepatic iron index greater than 1.9, but
had no other diagnostic criteria. In 2 males, the body iron stores as suggested by serum ferritin
concentration were 100 low to justly consider liver biopsy. These subjects were clearly
"non-expressing”. All male homozygous subjects had a transferrin saturation level greater than
40%. Twelve of the 17 females were pre-menopausal and two of the postmenopausal women had
clear reasons for not accumulating iron - one with diagnosed inflammatory bowel disease and
another had multiple pregnancies. Fourteen of these 22 subjects (64%) carried HLA A3.

Eleven patients (10 male and 1 female) were found to be heterozygous for the C282Y
mutation despite meeting clinical diagnostic criteria for hemochromatosis. All subjects had a
transferrin saturation of greater than 40% and the range of the serum ferritin concentration was
202-3600 ug/l. The hepatic iron concentration was measured in 9 of these subjects and ranged
from 62 to 190 pmol/g. The range of hepatic iron index range was 1.1 - 3.7, and was greater than
1.9 in & of the 9 subjects in whom it was measured. Seven of these eight subjects carried the
H63D mutation as well, i.e., they were compound heterozygotes. Therefore, no heterozygote
patient presented with massive iron overload, nor evidence of organ dysfunction., Nine of 11
subjects in whom HLA typing had been performed carried HLA A3.

In no male and in only 4 female subjects homozygous for the C282Y mutation was the
serum transferrin saturation less than 40%. Twenty percent of heterozygote subjects had transferrin
saturation greater than 40%. All patients with an hepatic iron index > 4.0 were homozygous for
the mutation. In contrast, seven subjects heterozygous for the C282Y mutation had an index
greater than 2.0 (upper limit 3.7).

Conclusion

In Australia, all adult patients presenting with a phenotype suggestive of hemochromatosis
carried at least one C282Y mutation, and 90% were homozygous. Juvenile hemochromatosis
however was not related to the C282Y mutation. Eighteen per cent of subjects homozygous for
the C282Y mutation (6.8% of men and 32% of women) did not express iron overload to meet
previous diagnostic criteria, most commonly due to physiological or pathological blood loss. Seven
per cent of subjects heterozygous for the mutation had modest iron overload in the range previously
diagnosed as homozygous.

France

The phenotypic spectrum of the HFE mutations was described in a large population of
patients from Brittany, Western France, presenting with iron overload, whether they were classified
as hemochromatotic on the basis of their phenotype or not. The aim of the study was to:
(i) precise the expression of homo- and heterozygosity for C282Y; and (ii) clarify the role of the
H63D mutation,
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Methods

Patients were selected from a database of iron overload cases collected in a tertiary referral
center for the diagnosis and treatment of hemochromatosis. The inclusion criteria were (i) referral
for the exploration of suspected iron overload, in the absence of known familial index case;
(1i) presence of iron overload, assessed by either liver biopsy or increased liver iron concentration
or increased exchangeable iron pool; (iii) absence of haematological disorder, porphyria cutanea
tarda, aceruloplasminemia and long-term iron oral intake; and (iv) availability of genetic testing
for the HFE mutations. A total of 444 patients were included.

Results

Forty eight per cent of patients were C282Y homozygotes, 7% C282Y heterozygotes, 10%
compound heterozygotes, 16% H63D heterozygotes, 3% H63D homozygotes, and 16% presented
with no HFE mutation (Table 2). The allelic frequencies of C282Y was increased in
iron-overloaded patients as compared to a control population (35% vs 3%) (Table 3). Among the
chromosomes at risk for the H63D mutation, H63D frequency was significantly higher than in
controls (36% vs 16%) (Table 3).

C282Y homozygotes differed dramatically from all other patients, as they exhibited much
higher values in all iron studies (Table 4). None presented with normal transferrin saturation (TS),
while TS was normal in 30% of other patients. Mean liver iron concentration and hepatic iron
mdex were three fold greater (Table 4). Very weak differences were observed between non C282Y
homozygote genotypes (Table 4): C282Y heterozygotes and compound heterozygotes had a slight
increase in mean serum iron and transferrin saturation. Compound heterozygotes had a slight
increase in hepatic iron index. There was no significant difference between H63D heterozygotes
and H63D homozygotes,

Conclusion

C282Y homozygotes were markedly different from patients with other genotypes and
corresponded to the classical phenotype of hemochromatosis. The most striking characteristic of
C282Y homozygotes was an increased transferrin saturation. Some results argue against a
significant role of H63D mutation in iron overload: (i) H63D homozygotes were far less frequent
than H63D heterozygotes, and did not differ with regards to iron tests, a resuit that was unexpected
in case of a putative recessive mutation; (ii) H63D heterozygotes were also not distinguishable
from patients without mutation. This contrasted however with the increased allelic frequency of
H63D mutation and the increased expression in compound heterozygotes. H63D mutation alone
is not sufficient to cause significant iron overload, but is a co-factor of phenotypic expression in
other situations, such as C282Y heterozygosity.

Italy

It has been recently shown that in Italy the C282Y mutation accounts for 69% of the
hemochromatotic alleles and that 64% of the patients are homozygous for this variant{44).
A collaborative study including several referral centers for hemochromatosis in Italy has been
planned to ascertain genotype - phenotype correlations. The relationship between severity of iron
overload in relation to HFE mutations and presence or absence of the ancestral haplotype was
evaluated. Moreover, the role of additional factors unrelated to hemochromatosis, but able to affect
iron metabolism, such as §-thalassaemia trait, heavy alcohol intake and chronic viral hepatitis were
also analyzed, because they present a high prevalence in Italy.







