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emochromatosis is one of the most common genetic diseases affecting

Canadians of European ancestry. However, too often this disease is di-

agnosed in people who do not have it and is missed in those who do. By
the time a diagnosis is made on the basis of symptoms, irreversible organ damage
has often occurred. A missense mutation (the C282Y cysteine-to-tyrosine substi-
This article has been peer reviewed.  tution) on chromosome 6 of the HFE gene (previously known as HLA-H) is pre-
sent in 95% of Canadian patients with hemochromatosis' and can be readily de-
tected by a simple blood test based on a polymerase chain reaction (PCR).

Since the description of a candidate gene for hemochromatosis in August
1996 by Mercator Genetics,’ studies have suggested that the population preva-
lence of the homozygous C282Y mutation is as high as 1 per 100 in Ireland and
1 per 150 in Australia.’ The discrepancy between such estimates of genetic
prevalence and the clinical impression that hemochromatosis is an uncommon
condition has 2 explanations, which are not mutually exclusive. First, the dis-
ease goes undetected in some cases because of its nonspecific symptoms, such as
arthritis, diabetes, fatigue, impotence and minor liver dysfunction. Second, be-
cause of the incomplete penetrance of the hemochromatosis mutation, iron
overload does not always develop. Within families affected by hemochromato-
sis, some individuals have been found with a homozygous C282Y mutation but
no demonstrable iron overload; investigations for occult blood loss in such pa-
tients have been unrevealing."* Canadian population screening studies have also
identified asymptomatic young adults who are homozygous for the mutation
without iron overload.’” The value of detecting such cases is controversial. On
the one hand, these people may be predisposed to develop iron overload later
in life and may therefore benefit from surveillance. Family studies may lead to
the discovery of relatives who are homozygous for the mutation and do have
iron overload.” On the other hand, indiscriminate testing can cause unnecessary
anxiety and could lead to discrimination with regard to health or life insurance.

Population screening studies using genotyping have suggested that the
C282Y mutation is more prevalent than the clinical symptoms associated with
iron overload.’” For example, in the first patient identified in our population
screening study as homozygous for the mutation, the disease was not expressed
(i.e., serum transferrin saturation and serum ferritin concentration were nor-
mal). Her sister had been under investigation for 2 years at another centre for
an undiagnosed liver disorder. After the proband notified her sister about her
genetic status, the sister underwent liver biopsy; a diagnosis of hemochromato-
sis with significant iron overload was confirmed.

Another common problem is the misdiagnosis of hemochromatosis in some
patients with abnormally high serum transferrin saturation or serum ferritin
concentration or both. It is now recognized that end-stage liver disease from
any cause can result in high serum transferrin saturation or ferritin levels and
minor iron overload, and many patients previously classified by liver biopsy as
having hemochromatosis have now been shown by genetic testing not to have
the C282Y mutation. This is particularly relevant to patients with alcoholic
liver disease and chronic viral hepatitis.®’
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Clinical use of genetic testing

The genetic test for hemochromatosis is a PCR-based
test performed on a blood sample collected in a tube con-
taining EDTA (ethylenediamine tetra-acetic acid). The test
is available at many laboratories across Canada. Most
provinces have established a reference laboratory in which
molecular genetic tests for a variety of diseases are per-
formed. In view of the prevalence of the disease, the test for
hemochromatosis is likely to become the most common di-
agnostic genetic test in these facilities. The cost of the test
is likely to be under $100, including royalties. A list of
provincial laboratories is available from the Canadian He-
mochromatosis Society (home.iSTAR.ca/~chcts/). A
home diagnosis kit based on genetic testing of a buccal
smear is already being promoted in the US.

Genetic testing should be offered to any patient sus-
pected of having hemochromatosis on the basis of clinical
symptoms, abnormal serum transferrin saturation or fer-
ritin concentration, or family history. Once a patient is
found to be homozygous for the C282Y mutation, disclo-
sure of the result to family members should be discussed
with the patient so that testing can be offered to first-
degree relatives. Testing of the spouse can be a cost-
efficient strategy for directing investigations in children,
since a normal test result in the spouse would mean that
any children are not homozygous for the mutation.®

The ideal strategy for screening the general population
is under study. It appears that at least 5% of patients with
hemochromatosis have clinical manifestations without the
C282Y mutation. This problem has been reported most
frequently in Italian populations.” A second mutation
(H63D) has been described in some of these cases, and it
is likely that other mutations will be described in the fu-
ture. One approach to the investigation of patients who
present with symptoms of hemochromatosis is shown in
Fig. 1. In this strategy, clinical suspicion together with the
presence of high serum iron levels provides a starting-
point; genetic testing is used to confirm whether the cause
of these initial findings is in fact hemochromatosis. The
merits of proceeding with liver biopsy to assess iron load
is a matter of some controversy and should be guided by
the physician’s assessment of benefits and risks. At each
stage in the investigation the physician should be guided
by his or her clinical judgement in light of the severity of
symptoms, abnormal laboratory findings, family history
and ethnic background. The use of genetic testing for he-
mochromatosis will of course evolve as other genetic mu-
tations that give rise to the disease are discovered.” It is
likely that the application of liver biopsy will shift from di-
agnosis to prognosis.

The new genetic test for hereditary hemochromatosis is
a powerful tool to confirm a diagnosis in suspected cases.
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Because early intervention with phlebotomy in patients
with iron overload can lead to normal long-term survival,”
the use of genetic testing to expedite diagnosis can im-
prove the outlook for patients with hemochromatosis.

References

1. Adams PC, Chakrabarti S. Genotypic/phenotypic correlations in genetic
hemochromatosis: evolution of diagnostic criteria. Gastroenterology 1998;
114:319-23.

2. Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, Basava A, et al.
A novel MHC class I-like gene is mutated in patients with hereditary
hemochromatosis. Nat Genet 1996;13:399-408.

3. Merryweather-Clarke A, Pointon J, Sherman J, Robson K. Global prevalence
of putative haemochromatosis mutations. 7 Med Gene 1997;34:275-8.

4. Adams PC, Campion ML, Gwandon G, LeGall JY, David V, Jouanolle AM.

Clinical and family studies in genetic hemochromatosis: microsatellite and

HFE studies in five atypical families. Hepatology 1997;26:986-90.

Adams PC, Kertesz AE, Barr R, Bamford A, Chakrabarti S. Population

screening for hemochromatosis with the unbound iron binding capacity

(UIBC) [abstract]. Can J Gastroenterol 1998;12:86A.

6. Ludwig J, Hashimoto E, Porayko M, Moyer T, Baldus W. Hemosiderosis in
cirrhosis: a study of 447 native livers. Gastroenterology 1997;112:882-8.

7. Minguillan J, Lee R, Britton R, Wolff R, Demetris A, Bacon B, et al. Genetic
markers for hemochromatosis in patients with cirrhosis and iron overload [ab-
stract]. Hepatology 1997;26:158A.

8. Adams PC. Implications of genotyping of spouses to limit investigation of
children in genetic hemochromatosis. Clin Genet 1998;53:176-8.

9. Carella M, D’Ambrosio L, Totaro A, Grifa A, Valentino M, Piperno A, et al.
Mutation analysis of the HLA-H gene in Italian hemochromatosis patients.
Am ] Hum Genet 1997;60:828-32.

10. Adams PC, Speechley M, Kertesz AE. Long-term survival analysis in heredi-
tary hemochromatosis. Gastroenterology 1991;101:368-72.

w

Correspondence to: Dr. Paul C. Adams, Department of Medicine,
London Health Sciences Centre — University Campus, PO Box
5339, London ON N6A 5A5; fax 519 663-3232

More Canadian physicians
subscribe to CMAJ than to
any other professional medical
journal. One of the secrets
behind our success is

CMAJ
Classifieds

reaching almost 60 000
physicians every

2 weeks

tel 800 663-7336 or

613 731-8610 x2127
fax 613 523-0824

ASSOCIATION CANADIAN
MEDICALE MEDICAL
CANADIENNE ASSOCIATION




