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Abstract

Al though iron is an essential dietary requirenent, the anmount absorbed by the
body is well regulated and depends on body iron stores and on dietary iron
availability. There is very little iron excreted under normal conditions. Iron
deficiency is a worl dw de problembut iron overload, as seen in the inherited
di sease, henochromatosis, is a mpjor cause of norbidity in sone Caucasian

popul ations. This is a problemparticularly where there is an adequate dietary
iron intake and especially in males. A nutation has recently been described in
an MHC Class |-like gene (HFE) that encodes for a protein (HFE) of 343 am no
aci ds. The nol ecul e contains a signal sequence peptide-binding region, [al pha]l
and [ al pha] 2 domai ns, and an inmunogl obulin-like [al pha]3 domain, in addition to
a transnmenbrane region and a snall cytoplasnmic tail. It is a candidate gene for



henochromat osis. Several possibilities as to the function of this gene and the
correspondi ng protein have been suggested but none has yet been confirnmed. The
mut ati on has been detected by several different groups in 80% 100% of subjects
with the di sease. However, in one study, 18% 20% of patients with the nutation
did not exhibit significant iron overload. The discovery of this gene has

i nportant inplications for both clinical studies and the elucidation of the
pat hways of iron netabolism

I nt roducti on

Iron is an essential requirenent of virtually all Iiving organisnms. Indeed, if
iron had not existed on the earth, it is unlikely that life as we know it would
have evolved. It is also true that an appropriate iron bal ance nust be

mai ntai ned for survival. Iron deficiency is one of the major causes of norbidity
and nortality throughout the world, especially in |ess developed areas.1,2 It is
likely that any major inborn error resulting in severe iron deficiency in utero
is inconpatible with life. Hence, little is known of genetic disorders relating
directly to physiologic iron nmetabolism

Sone refractory anemias result fromgenetic abnornalities not directly rel ated
to iron netabolismbut are acconpani ed by secondary probl ens, such as iron-
over | oad.

Excess iron is damagi ng, as denonstrated by the di sease henochromatosis. This is
one of the mpbst conmon inherited disorders seen in Caucasian popul ations in
Australia, Europe, and North America, with an estinated di sease frequency of

1: 300 to 1:400. The inappropriate increase in intestinal iron absorption that is
characteristic of henobchromatosis results in the deposition of iron in
parenchymal cells, |eading eventually to tissue damage and functional i npairnment
of the organs in which the excess iron occurs, e.g. the liver, pancreas, heart
and the pituitary gland. This excessive iron deposition may al so occur as a
consequence of increased iron absorption resulting fromineffective

eryt hropoi esi s

such as that seen in thal assem a, also an inherited di sease. The primary defect
in thal assenmia, however, is not in the iron cycle but rather in the henogl obin
nmol ecul e.

Al t hough the association between cirrhosis, deposition of pignment in the liver
and di abetes nellitus was first recognized by Troisier in 1871,3 it was not
until 1935 that the English physician Sheldon first enphasized that
hermochr omat osi s

probably resulted froman inborn error of iron netabolism4 Until recent tines,
a di agnosi s of henochronmatosis was nade only in patients who presented with
clinical signs and synptons of di sease. These included skin pignmentation,

hepat onegal y, and di abetes. Loss of |ibido and testicul ar atrophy were comon
and cardi ac nmani festations occurred in 5%to 15% of synptomatic patients.5 The
presence of such tissue injury is no |longer essential for the diagnosis to be
made.

In 1975, Marcel Sinon first denonstrated a significant association between the
HLA- A3 | ocus and henmochromatosis. 6 This was confirned in succeeding years 7-9
and it is now known that the disease is inherited as an autosonal recessive
trait with the susceptibility locus tightly linked to the HLA | ocus on
chronosone 6. The gene frequency has been estinmated to be approximately 1 in 10
with a honmobzygote frequency in Caucasi an popul ati ons of approximately 1 in
300.10 It took more than 20 years from Sinon's | andmark di scovery until a



put ati ve gene responsible for the devel opnent of this iron overload di sorder was
finally identified in a paper by Feder et al in August 1996.11

An additional advantage of the Sinon observation was that it enabled the use of
HLA typing to assist in diagnosis of the disease within the fanmly of an

af fected subject. Diagnosis of henpchromatosis is now frequently nade in

subj ects who remain asynptomatic. |In such subjects, elevated serumiron, serum
transferrin saturation, and serumferritin concentration nmay be detected by
serological tests. A liver biopsy followed by chenical determ nation of the
hepatic iron concentration then pernmts the cal culation of an hepatic iron index
(hepatic iron concentration in &*#181;nol/g dry wei ght &#247; age in years). 12,13
An index greater than 1.9 is considered abnornal and in the absence of secondary
causes of iron overload such as iron-1loading anem a, usually represents
honbzygous subjects. Heterozygotes, as defined by HLA typing within famlies, do
not accumul ate iron to the sane extent as honmobzygotes but approximately 25% of
such heterozygotes may show sone bi ochenical abnormality such as an increase in
transferrin saturation. 10, 14, 15 HLA typi ng has been used to predict the

I'i kel ihood of a sibling devel oping the disease in the future and early diagnosis
has permtted intervention by phlebotony to renove excess iron stores, thus
preventing tissue danage. 16 For exanple, the relative risk of devel opment of
hepat ocel | ul ar cancer in patients with iron overload who present with cirrhosis
is 200.17 If phlebotonmy therapy is instituted in patients who are precirrhotic,
the renoval of excess iron appears to prevent the devel opment of cirrhosis and
of subsequent hepatocel lular carcinoma. 16 In the absence of a known gene for the
di sease, the use of HLA typing has allowed all first degree relatives to be

of fered screening for phenotypic expression of the di sease, and the hepatic iron
i ndex has provided a useful indicator of such expression.18 As a result, the
prognosis for survival has inproved so that the survival curve, when the di sease
is detected before cirrhosis has devel oped, now approaches nornal . 19, 20

Normal |ron Metabolism

It is beyond the scope of the present paper to discuss human iron netabolismin
dept h, which has recently been revi ewed. 21 The di scovery in the 1980s of
iron-regulatory elenments in the nRNA for a nunber of proteins, notably ferritin
and the transferrin receptor, reveal ed nmuch concerning the control of the |evel
of expression of those proteins. Neverthel ess, despite the enornmous anount of
work devoted to the study of iron netabolismin both human and aninals, the
maj or pathways of iron netabolismand especially of iron uptake into the body,
are still poorly understood. W do know that the anmount of iron within the human
body is controlled largely at the point of entry-the intestinal nucosa-and that
there is no major excretory pathway for iron in nman. Hence, any increase in iron
i ntake by the body, either by a prolonged increase in iron absorption or by the
adm nistration of parenteral iron, in the formof transfusions for exanple,
produces an increase in body iron stores unless the iron is renoved by

pat hol ogi ¢ nmeans, such as bl ood | oss. The bi ochemi cal nechani sm by which the
body controls the entry of iron to maintain adequate but not excessive iron
stores has renmi ned an eni gna.

It is still unclear whether the nmechanismfor control of iron uptake resides in
the intestinal cell itself or in some internal nmessenger that relays information
to the gut. Such a nessenger nust respond to body iron stores and to
erythropoietic

activity, both of which are known to affect iron absorption. Iron | osses from
the skin, gastrointestinal tract, and genitourinary tract anmount to
appr oxi mat el y

1 ng/day in adult nmales and 2 ng/day in premenopausal females. In a state of



iron balance, a sinilar anount of iron is absorbed daily. However, both
environnmental and genetic factors are known to influence the anount of iron
absor bed. 1

Factors Influencing Iron Stores
Envi ronnmental factors

Age and gender. Iron stores vary according to age and gender.22 Serumferritin
concentration is an indicator of body iron stores in the absence of

i nfl ammati on,

|iver disease, or sone nalignancies. It rises in all subjects with age, albeit
more slowmy in wonen than in nmen. In wonmen, serumferritin levels usually remain
low until after the nenopause and thus, heavy iron overload due to
hermochr omat osi s

usual Iy occurs earlier in nmen than in wonen.

Bl ood donation. Any |oss of blood depletes iron stores. Frequent bl ood donations
cause a marked decrease in iron stores in both nen and wonen, but nore readily
result in iron deficiency in wonen, presunmably because they have | ower initial
iron stores that are nore easily depl eted. 22-24 Frequent bl ood donati on may
del ay or even prevent the accunul ation of excessive iron in individuals wth
hemochr omat osi s.

Dietary iron intake. It is very difficult to ascertain to what degree dietary
iron content influences iron stores. Mst studies have exanined single

popul ations in whomdietary iron content is relatively uniform Iron is absorbed
as hene (found in neat) and nonhene iron. Hene iron is better absorbed than
nonhenme iron and al so i nproves the absorption of nonhene iron in the diet. The
mechani sms of these interactions are not well understood. Nonhenme iron accounts
for nmore than 90% of total iron in the average Western diet, which contains
approxi mately 90 nmol of iron (5 ng) per 1000 kcal ories. Normal nales consuning
3000 kcal ories per day obtain approximtely 270 mmol (15 ng) of iron per day, of
which 9-27 nmol (0.5-1.5ng) is absorbed. The possible range of iron absorption
fromthe normal diet is limted (less than 9 nml &#91;0.5 ng&#93; daily in
iron-replete subjects to approximately 72 mol &#91;4 ng&#93; in iron-deficient
subjects). The availability of dietary iron is nodified by other factors,
including dietary fiber, tannins, phytates, and drugs such as chol estyram ne and
tetracyclines, which result in decreased iron absorption and by vitam n C and
heme iron, which increase iron absorption. The bioavailability of iron in
various diets has been extensively studied.?2

Most bioavailable iron is present in neat; the variation in neat consunption
bet ween di fferent popul ations certainly contributes to varying iron stores. In
Sweden, meat consunption is reported to be only 54% of that of Australia and in
the UK only 68% 25 The serumferritin concentration reflects body iron stores in
the absence of inflammation. In the Australian popul ation, diet has been shown
to have a significant effect on the serumferritin concentration of wonen. 21-24
Variations in the diet are also likely to influence the rate of iron

accurul ation

in henmochromatosis, but a sinple reduction in dietary intake is unlikely to
totally mask the expression of the disease. The identification of the gene wll
all ow further investigation of the degree of phenotypic expression in those
honbzygous for the gene.

Suppl emrental oral iron intake. Few data have been published on the effect of
continued iron suppl enentation once iron deficiency has been corrected. The



question as to whether or not the ingestion of pharnaceutical doses of iron over
many years can overconme the nornmal barriers to excessive iron absorption and

|l ead to inappropriate iron accunul ati on has not really been resol ved, although
this scenario seens likely. The discovery of the henmochromatosis gene will also
assist in answering the question as to whether one or two such genes are

requi red or whether excessive iron can accunulate in the absence of this gene
under conditions of prolonged high intake.

Pat hol ogi ¢ bl ood | oss and nual absorption. Despite the resultant conpensatory
increase in iron absorption, regular blood | oss of nore than 10 nL of bl ood
daily is likely to lead to iron deficiency, especially in wonen. People with
henochronmat osi s may have an increased iron absorption of nore than 4 ng per day,
but even they may becone iron deficient if |osses are prolonged and severe.

Di seases such as inflammtory bowel disease and celiac disease, in which iron
deficiency is common, may mask the expression of henochromatosis in subjects who
are honozygous for the disease. The intake of some drugs, such as

chol estyrani ne,

and sone antibiotics such as tetracyclines when taken for a prol onged period may
al so reduce iron absorption and hence, deplete iron stores.2

Cenetic Factors

In many inherited conditions there is a close relationship between genotype and
phenotype. In cystic fibrosis, for exanple, different nutations may account in
part for the variable phenotypic expression of the disease.26 Concordance of

di sease expression between affected siblings provides evidence that genetic
factors are significant determ nants of disease expression. In a study of

di sease expression in siblings with henochromatosis, 24 a wi de range of hepatic
iron concentration (32 to 833 mml/g dry wt) was found and the hepatic iron

i ndex ranged from 1.65 to 14.4. There was no evidence that these differences
were due to differing exposure to those environnental factors known to influence
iron stores. However, a highly significant correlation for both hepatic iron
concentration and hepatic iron index was found between siblings of the sanme sex.
O the 22 sane-sex sibling pairs studied, the hepatic iron concentration of one
sibling was I ess than 50% of the other in only three pairs. In each of these
three pairs the discordance coul d be explained by either multiple previous blood
donations or by HLA non-identity, thus supporting the hypothesis that the extent
of hepatic iron loading is principally deternined by genetic factors. Further
recent studies by the sane group 27 recently showed that Australian patients who
wer e honozygous for an ancestral hapl otype for henochromatosis accunul ated nore
liver iron, as neasured by the hepatic iron index, than did affected patients
who did not carry two copies of this haplotype.

Simlar findings have also been reported in several other studies, indicating
that genotype appears to be an inportant determ nant of phenotypic expression in
hemochromatosis. It was interesting to note that in the Australian study, the
frequency of iron deficiency was nuch less in fenal e heterozygotes than in the
general popul ation. Such investigations suggest a sel ective advantage conferred
by the presence of one copy of the henbchromatosis gene in protecting wonen
against iron deficiency. Femal e honbzygotes could al so benefit during their
reproductive years. Al femal e groups therefore would have a survival and
reproducti ve advantage. The najority of males carrying either one or two genes
for the disease survive to reproductive age so that the sel ective advant age
conferred by protection fromiron deficiency could be an inportant factor
determning the preval ence of the disease in the community.

The Putative Bi ochem cal Defect



The maj or unresol ved issues regardi ng henochromatosis still relate to the site
and nature of the primary biochem cal defect. The nost |ikely candidates for the
site of the defect are the intestinal cells, the liver, and the cells of the
reticul oendothelial system However, it is tenpting to speculate that the
hemochromat osi s gene involves a generalized iron transport abnormality or
perhaps a regulatory defect in a transporter. The argunents for and agai nst such
defects prior to the report of a putative gene for the di sease have been
examned in an earlier publication.21 The inplications of the recent paper by
Feder et al.1l1 are discussed bel ow

The CGenetics of Henochronmatosis

Despite the fact that the gene responsible for henochromatosis was not known,
its location on the short arm of chronosone 6 (6p) in close proximity to HLA-A
has all owed the successful tracking of the gene in affected pedigrees. The
pattern of inheritance within a particular famly can be traced by HLA typi ng of
first degree relatives of the proband.21 Affected siblings of the proband
usual |y have two HLA hapl otypes identical to those of the proband (honpbzygous),
wher eas unaffected siblings have one or neither haplotype identical to the
proband. 7,9, 15,18 In siblings resulting froma honozygous/ het erozygous nmati ng,
af fected individuals share the HLA hapl otype fromthe unaffected (heterozygous)
parent and nmay inherit either haplotype fromthe affected (honpbzygous)
parent. 8, 28

In sone previous studies it appeared that in certain popul ations, the najority
of relatives who were desi ghated honbzygous in this nmanner woul d eventually
exhibit full clinical and biochem cal expression of the di sease. However, as

al ready mentioned, expression depends on other factors. In a recent Australian
study, 8 50 honozygous rel ati ves were defined by HLA studies. O these, 47
relatives expressed the disease during a follow up period of some 8 years. In
contrast, those designated as heterozygotes did not denonstrate a progressive
increase in iron stores of the order seen in honpbzygotes, although sone did
present with sone mnor biochem cal abnornalities. Were putative heterozygotes
appeared to devel op progressive iron overload, the results were accounted for on
the basis of either chronosonmal reconbination or honbzygous/ het erozygous mati ngs
resulting in the msclassification of honozygotes as heterozygotes.6,7,9, 15,18

Recent advances in the techni ques of nol ecul ar genetics have all owed nmuch nore
preci se study of henochromatosis patients and of the |ocation of the gene. The
primary techni que used is that of positional cloning-cloning on the basis of
chronosomal |ocation. The first stage in positional cloning is to define nore
closely the region of the chronbsone that contains the gene. For this, |inkage
anal ysis is used, which predicts the statistical |ikelihood that nmarker loci are
i nherited together within pedigrees. The recent identification of numerous short
tandem repeat sequences (mcrosatellites) in DNA has provided a | arge number of
hi ghly pol ynorphi ¢ narkers that have greatly facilitated such studies.

A recent Australian study 29 indicated a clear association between
hemochr omat osi s

and specific alleles at HLA-A and D6S105, namely HLA- A3 and D6S105 allele 8.

Ei ghty-two unrel ated henochromat osis patients and 82 unrel ated heal thy controls
were studi ed; D6S105 allele 8 was present in 93% of the patients and 21% of
controls. These results indicated that D6S105 was the cl osest narker to the
henochronmat osi s gene reported up to that tinme. C ose association between D6S105
and t he henmpochromat osis gene was subsequently confirmed in patients fromltaly,
France, and the United Kingdom These studies also indicated that the gene



appeared to be teloneric to HLA-A on the chronosone and perhaps not as cl ose as
had previ ously been consi der ed.

More recently a hapl otype anal ysis of chronbsonmes from 26 henochromat osi s

pedi grees containing multiply affected subjects was also carried out in
Australia.30 Several polynorphic markers were exam ned: HLA-A (serological) and
m crosatellites D6S248, D6S265, HLA-F, and D6S105. Al of these markers showed a
highly significant allelic association with henochromatosis w thout evidence of
reconbi nati ons between the disease |ocus and the marker. A predom nant ancestra
hapl otype allele 5-1-3-2-8 (nmarker order D6S248, D6S265, HLA-A, HLA-F, and
D6S105) was excl usively associated with henochromatosis with a relative risk of
903. This hapl otype was present in 33%of the 64 affected chronbsones, providing
strong evidence for a comobn nutation associated with henochromatosis in
Australian patients and the probabl e introduction of henbchromatosis into the
popul ati on on an ancestral hapl otype. As di scussed above, recent evidence al so
suggested that henochromatosis patients with two copies of the ancestra
hapl ot ype showed significantly nore severe expression of the disorder.27 Genetic
mappi ng suggested a distance of 1 to 3 centinobrgans teloneric to HLA-A with an
esti mat ed physical distance of 3 to 4 negabases. 30,31 A highly significant

associ ation of the disease with the satellite marker D6S1200 was t hen
publ i shed. 32

That microsatellite marker lies 700 kil obases teloneric to D6S105; thus evidence
was accunul ating that in order to find the gene one should be | ooking teloneric
to all of the previous markers.

The task of gene identification has been nade easier by the recent devel opnent
of yeast artificial chronposonmes (YACs), which are capable of carrying segnents
of human DNA up to one or two negabases in length. The final stage of positiona
cloning involves screening the cloned region for codi ng sequences and

det erm ni ng

which, if any of them represents the henochromatosis gene itself, by studying
gene expression and by the detection of mnutations.

The Putative Gene

I n August 1996, a paper was published by Feder et al.,11 describing a novel

maj or histoconpatibility conplex (MHC) Class |I-like gene that was nutated in
patients with hereditary henochromatosis. They used |inkage dysequilibrium and
hapl ot ype analysis to identify a 250 kil obase region nore than 3 negabases
telomeric to the MHC region that was identical in 85% of patient chronpbsones.
Wthin this region, using cDNA sel ection and genoni c sequencing, they identified
a gene related to the VHC Class | famly. They ternmed it HLA-H but as this term
was already in use, it was renaned the HFE gene.

Anal ysi s of sequences identified three novel genes and 12 hi stone genes within a
250kb region. Al 15 genes identified between D6S2238 and D6S2241 were anal yzed
for sequence variation by conparing two patients who were honozygous for the
ancestral haplotype to two controls. Two of the 15 genes contai ned base
differences predicted to result in amno acid alterations. The only nucl eoti de
change consistent with the ancestral nutation occurred in an VHC G ass |-1ike
gene and was a G A transition at nucl eotide 845 of the open reading franme that
results in a cysteine to tyrosine substitution at ami no acid 282. This Cys282Tyr
(C282Y) missense nutation occurred at a highly conserved residue involved in

i ntranol ecul ar di sul phide bridging in MVHC Class | proteins and could, therefore,
di srupt the structure and function of such proteins. This nutation was detected
in 85% of all henmochromatosis chronmpbsones and in only 3.2% of the contro
chronosones, giving a carrier frequency of 6.4% Most of the patients studied



(148 of 178) were honpzygous, 9 were heterozygous, and 21 carried only the
normal allele. A second nutation within this gene was a C G change in exon 2
that resulted in the substitution of histidine to aspartic acid at position 63.
However, this was al so present in control chronmosonmes. The cDNA cl one of
interest was 2.7 kil obases with an open reading frane of 1029 bases encoding a
predicted protein of 343 anmino acids. The protein appeared to be nost similar to
MHC O ass | gene products, including HLA-A2 and a noncl assical Class |-like

mol ecul e such as HLA-G There was al so sone sinmlarity with the human FC
receptor. The nol ecul e contains a signal sequence peptide binding region

[al pha]l] 1 and [al pha] 2 domai ns and an i mmunogl obul in-1i ke [al pha]3 donmain. It

al so contains a transnenbrane region and a small cytoplasnmic tail (Figure 1).

Figure 1. Hypothetical nodel of the HFE protein. The approxi mate | ocations of
the Cys282Tyr and Hi s63Asp nutations are indicated. (After Feder et al.,11 with
perm ssion.)

Possi bl e Functions of the HFE Protein

One of the nost inportant conserved structural features of MHC O ass

nmol ecul es, which is also conserved in the HFE protein, consists of the four
cysteine residues that formdi sul phide bridges in the [al phal]2 and [al pha] 3
dommi ns. The correct conformation of the [al pha]3 donmain is needed for
noncoval ent interaction with [beta]2 mcroglobulin and the correct cell surface
presentation. One of these conserved cysteines is altered in the C282Y nutation
If the cysteine is nutated at the corresponding position in the disul phide bond
of the equivalent protein in the H2L nouse, it elinmnates intracellular
transport of the protein fromthe endoplasmc reticulumto the plasnma nenbrane
By anal ogy, Feder et al.11 suggested that the observed nutation may have simlar
consequences. Support for the existence of a defective MHC Class |-1ike gene
causi ng henochromat osi s has al so been presented in studies of [beta]2

m crogl obulin

"knock-out" mce. Such mice display a progressive hepatic iron overload.33 It is
possi ble that the relevant protein may internalize and/or recycle ligand via
receptor-nedi ated pathways. If the ligand was an iron-binding protein, the
protein might, in normal circunmstances, act in a negative fashion to linmt the
iron-uptake process. If the nutation then altered the gene product in such a way
that the control of ligand uptake, and consequently of iron uptake, was renoved,
one coul d account for increases in iron stores.

A second possibility canvassed by Feder et al 11 is a role in signha

transducti on

whereby the HFE protein senses plasnma iron | evels and regul ates appropriate
genes or products that control the rate of iron transfer. The protein could al so
act nore indirectly through association with conponents of the inmune system
Such interactions remain hypothetical and functional studies are eagerly
awai t ed.

In a recent paper Parkkila and co-workers 34 studied the expression of the HFE
protein in various tissues, using an anti body generated to the C-termna
peptide. They found that the protein was highly expressed in crypt cells of the
gut in an intracellular and perinuclear distribution, but not in villus tip
cells. It was expressed in the canalicular nenbranes in liver but was not
expressed in brain. Such expression would fit very well with a protein having a
role in iron absorption or iron transport. However, other studies have indicated
a nmore general distribution of the protein. Further studies using other



anti bodi es are therefore needed.
Expression of the Putative Gene in Patient G oups

Several investigators 35, 36,37 have now anal yzed patient material for the C282Y
mut ati on. Beutler et al 35 reported 82% of 147 patients as honozygous, 7% as
het erozygous, and 11% who did not carry the nutation. They did not exam ne

pedi grees. An Australian series of 181 individuals from26 well-characterized
pedi grees reveal ed the nutant gene on every affected chronosone and the

nonmut ant formon all unaffected chronosones. 36 A further study (Crawford et al
personal conmuni cation) of henochromatosis patients reveal ed that when 300

subj ects from 101 pedigrees were tested for the C282Y nutation in the HFE gene
and grouped according to whether they were honbzygous or heterozygous for the
mut ati on or honozygous normal, all adults previously di agnosed as honmpbzygous or
het erozygous carried at | east one C282Y nutation. However, of the 125 subjects
who were honozygous, only 82% met the clinical criteria for the diagnosis of
iron overload. In addition, in 11 of 173 subjects who were heterozygous for the
mutation, iron indices were within the range previously regarded as indicative
of honobzygosity. Al showed a nbdest increase in iron stores and no evi dence of
organ dysfunction. Thus, in Australia approximtely 18% of subjects (17 fenual es
and 5 nal es) who were honpzygous for the C282Y nutation did not express iron
overload sufficient to nmeet the current diagnostic criteria and 7% of subjects
het erozygous for the nutation presented with nodest iron overload in the range
previously di agnosed as honbzygous. O the 17 females, 12 were prenenopausal and
2 post menopausal wonen had reasons for not accunul ating iron, including

i nflammat ory bowel disease and nultiple pregnancies. Neverthel ess, the

predom nance of wonen who did not express the disease may inply not only that
iron | oss may provide an expl anation but also the possibility of hornonal
regul ati on of sone aspects of iron netabolism Thus, while studi es have shown
that all individuals in the 26 well-characterized famlies who had hereditary
iron overload carried two copies of the C282Y nutation, not all those who were
honozygous for the nutation devel oped iron overload. This obviously requires
further study. The question of phenotypic variation is not resolved but the
identification of the putative gene nay assist in unraveling this problem The
reports that approximately 20% of honbzygous subjects may not express the

di sease conplicate the issue of diagnostic testing, and the appropriateness of
genetic testing in contrast to the use of phenotypic markers such as transferrin
saturation must be further addressed.

The Associ ation of the Putative Henmochromatosis Gene with O her Conditions
Rel ated to Iron Metabolism

Por phyri a cutanea tarda

A nunber of studies have previously been carried out 38-40 to exam ne the
possibility that heterozygosity for haenochromatosis contributes to the disease
por phyria cutanea tarda (PCT). This condition is a disorder of porphyrin

met abol i sm associ ated with decreased activity of uroporphyrinogen decarboxyl ase
(URO-D) within the liver. Liver damage of varying severity is frequent and PCT
has been associated with al cohol abuse, iron overload, and infection with
hepatitis C. It is also known that reduction of iron stores by phl ebotony
frequently induces clinical and biochenical remssion. Al though previous studies
have suggested that heterozygosity for genetic henbchromatosis is a conmopn cause
for the slightly increased iron stores in all these disorders, 38,39 Beaunont et
al .40 found no difference in the frequency of HLA-A3 in patients with sporadic
PCT, familial PCT, and normal controls. Roberts et al.41 have recently reported
a significant increase in the frequency of the C282Y nutation in Wl sh patients



with sporadic PCT conpared with controls and a further study in Australia
(Stuart et al, personal communication) has indicated that the frequency of the
mutation in PCT patients is significantly greater than the frequency in the
general popul ation. Although patients who were shown to be heterozygous for the
mut ati on showed no difference in transferrin saturation or serumferritin
concentration fromthose PCT patients with no nutation, both popul ati ons had a
significantly higher transferrin saturation than nornal heal thy popul ations.
Thus, it seens likely that factors other than the C282Y nutation are responsible
for altered indices of iron metabolismin PCT.

The di scovery of this gene has inportant clinical inplications and the possible
role of a malfunction in such a gene in refractory iron-deficiency states awaits
further investigation. But perhaps the nost fascinating consequence of its
identification remains the possibility that sone of the enigmas of iron

met aboli smin normal subjects, all of which have defied previous attenpts at

el uci dati on, may soon be expl ai ned.
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