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MUTATIONS ASSOCATED WITH RON 
DISORDERS 

BACKGROUND OF THE INVENTION 

0001 Hemochromatosis is the most common progressive 
(and Sometimes fatal) genetic disease in people of European 
descent. Hemochromatosis is a disease State characterized 
by an inappropriate increase in intestinal iron absorption. 
The increase can result in deposition of iron in organs Such 
as the liver, pancreas, heart, and pituitary. Such iron depo 
Sition can lead to tissue damage and functional impairment 
of the organs. 
0002. In some populations, 60-100% of cases are attrib 
utable to homozygosity for a missense mutation at C282Y in 
the Histocompatibility iron (Fe) loading (HFE) gene, a 
major histocompatibility (MHC) non-classical class I gene 
located on chromosome 6p. Some patients are compound 
heterozygotes for C282Y and another mutation at H63D. 

SUMMARY OF THE INVENTION 

0003. The invention is based on the discovery of novel 
mutations which are associated with aberrant iron metab 
olims, absorption, or Storage, or in advanced cases, clinical 
hemochromatosis. Accordingly, the invention features a 

Mar. 9, 2006 

method of diagnosing an iron disorder, e.g., hemochroma 
tosis or a genetic Susceptibility to developing Such a disor 
der, in a mammal by determining the presence of a mutation 
in exon 2 of an HFE nucleic acid. The mutation is not a 
C->G missense mutation at position 187 of SEQ ID NO:1 
which leads to a H63D Substitution. The nucleic acid is an 
RNA or DNA molecule in a biological sample taken from 
the mammal, e.g. a human patient, to be tested. The presence 
of the mutation is indicative of the disorder or a genetic 
Susceptibility to developing it. An iron disorder is charac 
terized by an aberrant serum iron level, ferritin level, or 
percent Saturation of transferrin compared to the level asso 
ciated with a normal control individual. An iron overload 
disorder is characterized by abnormally high iron absorption 
compared to a normal control individual. Clinical hemo 
chromatosis is defined by an elevated fasting transferrin 
Saturation level of greater than 45% Saturation. 
0004 For example, the mutation is a missense mutation 
at nucleotide 314 of SEOID NO:1. Such as 314C which leads 
to the expression of mutant HFE gene product with amino 
acid Substitution I 105T. The I105T mutation is located in the 
C.1 helix of the HFE protein and participates in a hydropho 
bic pocket (the “F” pocket). The alpha helix structure of the 
C1 domain spans residues S80 to Nos, inclusive. The I105T 
mutation is associated with an iron Overload disorder. 

TABLE 1. 

Human HFE cDNA sequence 

atgggc.ccg cqagcCagg C 
cggcgcttct cotcct gatg cittittgcaga cc.gcgg to cit gcagggg.cgc titgctd.cgtt 
cacactcitct gcaccacctic tt catgggtg ccto agagca gg accittggit ctitt cottgt 
ttgaagctitt gggctacgtg gatgaccago togttcgtgtt Ctatgatcat gaga.gtogCC 

gtgtggagcc cc galactoca toggtttcca gtagaattitc aagccagatg togctdcago 
tgagtcagag totgaaaggid toggatcaca tott cactgt to acttctgg actattatogg 

G93R 105 
aaaatcacaa ccacagcaag gagtcc caca coct gcaggt catcctgggc totgaaatgc 
aagaagacaa cagtaccgag ggctactgga agtacgggta to atgggcag gaccaccittg 
aattctg.ccc tdacacact g gattggagag cago agaacc cagggcctgg cccaccaa.gc 
tggagtggga aagg cacaag attcgggcca gg Cagaacag ggCCtacctg gagagggact 
gcc.ctgcaca gctgcagoag ttgctggagc togg gagagg tottttggac caacaagtgc 
citcc tittggit galaggtgaca catcatgtga cctottcagt gaccactcta cqgtgtcggg 
ccittgaacta citaccc.ccag aa catcacca toaagtggct galaggataag cago caatgg 
atgccaagga gttc galacct aaagacgitat tdcc.calatgg ggatgg gacc taccagggct 
ggataac citt ggct gtaccc cctogggaag agcagagata tacgtgc.cag gtggag cacc 
caggcctgga to agcc ccto attgttgatct gg gagcc.citc accgtotggc acco tagtica 
ttggagtcat cagtggaatt gotgtttittg togtoatctt gttcattgga attttgttca 
taat attaag galagaggcag ggttcaagag gagc catggg gCactacg to ttagctgaac 
gtgagtgaca cqcagoctoc agacitcact g toggaaggag acaaaactag agacitcaaag 
agggagtgca tittatgagct cittcatgttt caggagagag ttgaaccitaa acatagaaat 
tgcctgacga actoctitgat tittagocttc totgttcatt to citcaaaaa gattitccc.ca 
tittaggtttctgagttcct g catgcc.ggtg atcc ctagot gtgaccitcto coct ggaact 
gtctdtcatg aaccitcaagic togcatctaga ggctitcctitc attitccitcc.g. tcaccitcaga 
gacatacacic tatgtcattt catttccitat ttittggaaga ggacitccitta aatttggggg 
acttacatga tt cattittaa catctgagaa aagctttgaa coct gggacg togctagtica 
taaccttacc agattcttac acatgitatct atgcatttitc to gaccc.gtt caacttittcc 
tttgaatcct citctotgttgt tacccagtaa citcatctgtc. accaagccitt ggggattott 
ccatctgatt gtgatgtgag ttgcacagot atgaaggctg to cactgcac gaatggaaga 
gg caccitgtc. cc agaaaaag catcatggct atctgtgggit agtatgatgg gtgtttittag 
caggtag gag goaaat atct togaaaggggit totgaagagg tottttittct aattgg catg 
aaggtgtcat acagatttgc aaagtttaat ggtgcc titca tttgggatgc tactictagta 
titccagacct gaagaatcac aataattittc tacctggtot citccttgttctgataatgaa 
aattatgata aggatgataa aag cacttac titcgtgtc.cg actottctga go acct actt 
acatgcatta citgcatgcac ttcttacaat aattictatoga gatagg tact attatccc.ca 
tttcttttitt aaatgaagaa agtgaagtag go cqgg cacg gtggctcgcg cctotggtoc 
cagggtgct g agattgcagg totgagccac cotgcc.ca.gc cqtcaaaaga gtc.ttaatat 
at at atccag atgg catgtg tttactittat gttact acat gc acttggct gcataaatgt 
ggtacaacca ttctgtc.ttg aagg gCaggit gcttcaggat accatataca gotcagaagt 
ttcttctitta gg cattaaat tittagdaaag at atctoatc tottcttitta aaccatttitc 
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Human HFE cDNA sequence 
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ttttitttgttg gttagaaaag titatgtagaa aaaagtaaat gtgatttacg citcattgtag 
aaaagctata aaatgaatac aattaaagct gttatttaat tag coagtga aaaactatta 
acaacttgtc. tattacctgt tag tattatt gttgcattaa aaatgcatat actittaacaa 
atgtacactg. tattgtaaaa aaaaaaa 
(SEQ ID NO: 1; GENBANK (B. Accession No. U60319) 

0005) 

TABLE 2 

Human HFE gene product 

MGPRARPALLLLMLLQTAVLQG 
RLLRSHSLHYLFMGASEODLGLSLFEALGYWDDOLFWFYDHESRRWEPRTPWWSSRISSO 
MWLOLSOSLKGWDHMFTWDFWTIMENHNHSKESHTLQWILGCEMQEDNSTEGYWKYGYDG 
QDHLEFCPDTLDWRAAEPRAWPTKLEWERHKIRARQNRAYLERDCPAQLQOLLELGRGVL 
DQQVPPLWKWTHHVTSSWTTLRCRALNYYPQNITMKWLKDKQPMDAKEFEPKDVLPNGDG 
TYQGWITLAVPPGEEORYTCOVEHPGLDQPLIVIWEPSPSGTLVIGVISGIAVFWWILFI 
GILFIILRKRQGSRGAMGHYWLAERE (SEQ ID NO: 2; GENBANK & Accession 
No. U60319) 

Residues 1-22=leader Sequence; C1 domain underlined; 
residues 63, 65, 93, and 105 indicated in bold type) 
Other mutations include nucleotide 277 of SEQ ID NO: 1, 
e.g., 277C which leads to expression of mutant HFE gene 
product G93R and one at nucleotide 193 of SEQ ID NO: 1, 
e.g., 193T, which leads to expression of mutant HFE gene 
product S65C. 
0006 Any biological sample containing an HFE nucleic 
acid or gene product is Suitable for the diagnostic methods 
described herein. For example, the biological Sample to be 
analyzed is whole blood, cord blood, Serum, Saliva, buccal 
tissue, plasma, effusions, ascites, urine, Stool, Semen, liver 
tissue, kidney tissue, cervical tissue, cells in amniotic fluid, 
cerebroSpinal fluid, hair or tears. Prenatal testing can be 
done using methods used in the art, e.g., amniocentesis or 
chorionic Villa Sampling. Preferably, the biological Sample is 
one that can be non-invasively obtained, e.g., cells in Saliva 
or from hair follicles. 

0007. The assay is also used to screen individuals prior to 
donating blood to blood banks and to test organ tissue, e.g., 
a donor liver, prior to transplantation into a recipient patient. 
Both donors and recipients are Screened. 

Target 
DNA 

Exon 2 

Exon 3 

Exon 4 

0008. In some cases, a nucleic acid is amplified prior to 
detecting a mutation. The nucleic acid is amplified using a 
first oligonucleotide primer which is 5' to exon 2 and a 
second oligonucleotide primer is 3' to exon 2. To detect 
mutation at nucleotide 314 of SEQ ID NO: 1, a first 
oligonucleotide primer which is 5' to nucleotide 314 and a 
second oligonucleotide primer which is 3' to nucleotide 314 
is used in a Standard amplification procedure Such as poly 
merase chain reaction (PCR). To amplify a nucleic acid 
containing nucleotide 277 of SEQ ID NO: 1, a first oligo 
nucleotide primer which is 5' to nucleotide 277 and a second 
oligonucleotide primer which is 3' to nucleotide 277 is used. 
Similarly, a nucleic acid containing nucleotide 193 of SEQ 
ID NO:1 is amplified using primers which flank that nucle 
otide. For example, for nucleotide 277, the first primer has 
a nucleotide sequence of SEQ ID NO: 3 and said second 
oligonucleotide primer has a nucleotide Sequence of SEQID 
NO: 4, or the first primer has a nucleotide sequence of SEQ 
ID NO: 15 and said second oligonucleotide primer has a 
nucleotide sequence of SEQ ID NO: 16. Table 3, below, 
shows examples of primer pairs for amplification of nucleic 
acids in exons and introns of the HFE gene. 

TABLE 3 

I. PRIMERS USED FOR AMPLIFICATION 

Forward Primer Reverse Primer 

CCTCCTACTACACATGGTTAAGG 

(SEQ ID NO: 3) 

GGTGGAAATAGGGACCTATTCC 

(SEQ ID NO: 5) 

GTTCCAGTCTTCCTGGCAAGG 

(SEQ ID NO: 7) 

GCTCTGACAACCTCAGGAAGG 

(SEQ ID NO : 4) 

CACTCTGCCACTAGACTATAGG 

(SEQ ID NO : 6) 

AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 8) 
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TABLE 3-continued 

RT-PCR AAAGGATCCACCATGGGCCCGCGAGCCAGG GTGAGTCTGCAGGCTGCGTG 

(SEQ ID NO: 9) (SEQ ID NO: 10) 

Intron 4 GTTCCAGTCTTCCTGGCAAGG AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO : 11) (SEQ ID NO: 12) 

Intron 5 GTTCCAGTCTTCCTGGCAAGG AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO : 13) (SEQ ID NO: 14) 

II PRIMERS USED FOR AMPLIFICATION 

Exon 2 GTGTGGAGCCTCAACATCCTG ACAAGACCTCAGACTTCCAGC 

(SEQ ID NO: 15) (SEQ ID NO: 16) 

Exon 3 GGTGGAAATAGGGACCTATTCC CACTCTGCCACTAGAGTATAGG 

(SEQ ID NO: 17) (SEQ ID NO: 18) 

Exon 4 GTTCCAGTCTTCCTGGCAAGG TTACCTCCTCAGGCACTCCTC. 

(SEQ ID NO : 19) (SEQ ID NO: 20) 

RT-PCR AAAGGATCCACCATGGGCCCGCGAGCCAGG GTGAGTCTGCAGGCTGCGTG 

(SEQ ID NO: 21) (SEQ ID NO: 22) 

Intron 4 TGCCTGAGGAGGTAATTATGG AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 23) (SEQ ID NO: 24) 

Intron 5 TGCCTGAGGAGGTAATTATGG AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 25) (SEQ ID NO: 26) 

0009 Mutations in introns of the HFE gene have now 
been associated with iron disorders and/or hemochromato 
Sis. By “exon' is meant a Segment of a gene the Sequence of 
which is represented in a mature RNA product, and by 
“intron’ is meant a Segment of a gene the Sequence of which 
is not represented in a mature RNA product. An intron is a 
part of a primary nuclear transcript which is Subsequently 
Spliced out to produce a mature RNA product, i.e., a mRNA, 
which is then transported to the cytoplasm. A method of 
diagnosing an iron disorder or a genetic Susceptibility to 
developing the disorder is carried out by determining the 
presence or absence of a mutation in an intron of HFE 
genomic DNA in a biological Sample. The presence of the 
mutation is indicative of the disorder or a genetic Suscepti 
bility to developing the disorder. The presence of a mutation 
in an intron is a marker for an exon mutation, e.g., a mutation 
in intron 4, e.g., at nucleotide 6884 of SEQ ID NO:27 is 
associated with the S65C mutation in exon 2. A mutation in 
intron 5, e.g., at nucleotide 7055 of SEQ ID NO:27 is 
asSociated with hemochromatosis. In Some cases, intron 
mutations may adversely affect proper splicing of exons or 
may alter regulatory Signals. Preferably, the intron 4 muta 
tion is 6884C and the intron 5 mutation is 7055G. To amplify 
nucleic acid molecule containing nucleotide 6884 or 7055, 
primers which flank that nucleotide, e.g., those described in 
Table 3, are used according to Standard methods. Nucleic 
acid-based diagnostic methods may or may not include a 
Step of amplification to increase the number of copies of the 
nucleic acid to be analyzed. To detect a mutation in intron 4, 
a patient-derived nucleic acid may be amplified using a first 
oligonucleotide primer which is 5' to intron 4 and a Second 
oligonucleotide primer which is 3' to intron 4, and to detect 
a mutation in intron 5, the nucleic acid may be amplified 
using a first oligonucleotide primer which is 5' to intron 5 
and a Second oligonucleotide primer which is 3' to intron 5 
(See, e.g., Table 3). 

0010. In addition to nucleic acid-based diagnostic meth 
ods, the invention includes a method of diagnosing an iron 
overload disorder or a genetic Susceptibility thereto by 
determining the presence of a mutation in a HFE gene 
product in a biological Sample. For example, the mutation 
results in a decrease in intramolecular Salt bridge formation 
in the mutant HFE gene product compared to Salt bridge 
formation in a wild type HFE gene product. The mutation 
which affects Salt bridge formation is at or proximal to 
residue 63 of SEQ ID NO:2, but is not amino acid is 
substitution H63D. Preferably, the mutation is between 
residues 23-113, inclusive of SEQ ID NO:2 (Table 2), more 
preferably, it is between residues 90-100, inclusive, of SEQ 
ID NO:2, more preferably, it is between residues 58-68, 
inclusive, of SEQ ID NO:2, and most preferably, the muta 
tion is amino acid substitution S65C. Alternatively, the 
mutation which affects Salt bridge formation is a mutation, 
e.g., an amino acid Substitution at residue 95 or proximal to 
residue 95 of SEQ ID NO:2. Preferably, the mutation is 
G93R. Such an HFE mutation is detected by immunoassay 
or any other ligand binding assay Such as binding of the HFE 
gene product to a transferrin receptor. Mutations are also 
detected by amino acid Sequencing, analysis of the Structural 
conformation of the protein, or by altered binding to a 
carbohydrate or peptide mimetope. 

0011. A mutation indicative of an iron disorder or a 
genetic Susceptibility to developing Such a disorder is 
located in the C.1 helix (e.g., which spans residues 80-108, 
inclusive, of SEQ ID NO:2) of an HFE gene product. The 
mutation may be an addition, deletion, or Substitution of an 
amino acid in the wild type Sequence. For example, the 
mutant HFE gene product contains the amino acid Substi 
tution I105T or G93R or in the loop of the B sheet of the HFE 
molecule, e.g., mutation S65C 
0012 Isolated nucleic acids encoding a mutated HFE 
gene products (and nucleic acids with nucleotide sequences 
complementary to Such coding sequences) are also within 
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the invention. Also included are nucleic acids which are at 
least 12 but less than 100 nucleotides in length. An isolated 
nucleic acid molecule is a nucleic acid molecule that is 
separated from the 5' and 3' sequences with which it is 
immediately contiguous in the naturally occurring genome 
of an organism. “Isolated nucleic acid molecules include 
nucleic acid molecules which are not naturally occurring. 
For example, an isolated nucleic acid is one that has been 
amplified in vitro, e.g., by PCR; recombinantly produced; 
purified, e.g., by enzyme cleavage and gel Separation; or 
chemically Synthesized. For example, the restriction 
enzyme, BstaC I (Sib Enzyme Limited, Novosibirsk, Rus 
sia), can be used to detect the G93R mutation (point muta 
tion 277C); this enzyme cuts the mutated HFE nucleic acid 
but not the wild type HFE nucleic acid. Such nucleic acids 
are used as markers or probes for disease States. For 
example, a marker is a nucleic acid molecule containing a 
nucleotide polymorphism, e.g., a point mutation, associated 
with an iron disorder disease state flanked by wild type HFE 
Sequences. The invention also encompasses nucleic acid 
molecules that hybridize, preferably under Stringent condi 
tions, to a nucleic acid molecule encoding a mutated HFE 
gene product (or a complementary Strand of Such a mol 
ecule). Preferably the hybridizing nucleic acid molecule is 
400 nucleotides, more preferably 200 nucleotides, more 
preferably 100, more preferably 50, more preferably 25 
nucleotides, more preferably 20 nucleotides, and most pref 
erably 10-15 nucleotides, in length. For example, the nucle 
otide probe to detect a mutation is 13-15 nucleotides long. 
The nucleic acids are also used to produce recombinant 
peptides for generating antibodies specific for mutated HFE 
gene products. In preferred embodiments, an isolated 
nucleic acid molecule encodes an HFE polypeptide contain 
ing amino acid substitution I105T, G93R, or S65C, as well 
as nucleic acids the Sequence of which are complementary 
to Such nucleic acid which encode a mutant or wild type 
HFE gene product. 

0013 Also within the invention are substantially pure 
mutant HFE gene products, e.g., an HFE polypeptide con 
taining amino acid substitution I 105T, G93R, or S65C. 
Substantially pure or isolated HFE polypeptides include 
those that correspond to various functional domains of HFE 
or fragments thereof, e.g., a fragment of HFE that contains 
the C1 domain. 

0014 Wild type HFE binds to the transferrin receptor and 
regulates the affinity of transferrin receptor binding to trans 
ferrin. For example, a C282Y mutation in the HFE gene 
product reduces binding to the transferrin receptor, thus 
allowing the transferrin receptor to bind to transferrin 
(which leads to increased iron absorption). 
0.015 The polypeptides of the invention encompass 
amino acid Sequences that are Substantially identical to the 
amino acid sequence shown in Table 2 (SEQ ID NO:2). 
Polypeptides of the invention are recombinantly produced, 
chemically Synthesized, or purified from tissues in which 
they are naturally expressed according to Standard biochemi 
cal methods of purification. Biologically active or functional 
polypeptides are those which possess one or more of the 
biological functions or activities of wild type HFE, e.g., 
binding to the transferrin receptor or regulation of binding of 
transferrin to the transferrin receptor. A functional polypep 
tide is also considered within the scope of the invention if it 
Serves as an antigen for production of antibodies that Spe 
cifically bind to an HFE epitope. In many cases, functional 
polypeptides retain one or more domains present in the 
naturally-occurring form of HFE. 
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0016. The functional polypeptides may contain a primary 
amino acid Sequence that has been altered from those 
disclosed herein. Preferably, the cysteine residues in exons 
3 and 4 remain unchanged. Preferably the modifications 
consist of conservative amino acid Substitutions. The terms 
"gene product”, “protein', and “polypeptide' are used 
herein to describe any chain of amino acids, regardless of 
length or post-translational modification (for example, gly 
cosylation or phosphorylation). Thus, the term “HFE 
polypeptide or gene product' includes full-length, naturally 
occurring HFE protein, as well a recombinantly or Syntheti 
cally produced polypeptide that correspond to a full-length 
naturally occurring HFE or to a particular domain or portion 
of it. 

0017. The term “purified” as used herein refers to a 
nucleic acid or peptide that is Substantially free of cellular 
material, Viral material, or culture medium when produced 
by recombinant DNA techniques, or chemical precursors or 
other chemicals when chemically Synthesized. Polypeptides 
are said to be “substantially pure” when they are within 
preparations that are at least 60% by weight (dry weight) the 
compound of interest. Preferably, the preparation is at least 
75%, more preferably at least 90%, and most preferably at 
least 99%, by weight the compound of interest. Purity can be 
measured by any appropriate Standard method, for example, 
by column chromatography, polyacrylamide gel electro 
phoresis, or HPLC analysis. 
0018 Diagnostic kits for identifying individuals suffering 
from or at risk of developing an iron disorder are also within 
the invention. A kit for detecting a nucleotide polymorphism 
asSociated with an iron disorder or a genetic Susceptibility 
thereto contains an isolated nucleic acid which encodes at 
least a portion of the wild type or mutated HFE gene 
product, e.g., a portion which spans a mutation diagnostic 
for an iron disorder or hemochromatosis (or a nucleic acid 
the Sequence of which is complementary to Such a coding 
Sequence). A kit for the detection of the presence of a 
mutation in exon 2 of an HFE nucleic acid contains a first 
oligonucleotide primer which is 5' to eXOn 2 and a is Second 
oligonucleotide primer is 3' to exon 2, and a kit for an 
antibody-based diagnostic assay includes an antibody which 
preferentially binds to an epitope of a mutant HFE gene 
product, e.g., an HFE polypeptide containing amino acid 
substitution I 105T, G93R, or S65C, compared to its binding 
to the wild type HFE polypeptide. An increase in binding of 
the mutant HFE-specific antibody to a patient-derived 
Sample (compared to the level of binding detected in a wild 
type Sample or Sample derived from a known normal control 
individual) indicates the presence of a mutation which is 
diagnostic of an iron disorder, i.e., that the patient from 
which the Sample was taken has an iron disorder or is at risk 
of developing one. The kit may also contain an antibody 
which binds to an epitope of wild type HFE which contains 
residue 105, 93, or 65. In the latter case, reduced binding of 
the antibody to a patient-derived HFE gene product (com 
pared to the binding to a wild type HFE gene product or a 
gene product derived from a normal control individual) 
indicates the presence of a mutation which is diagnostic of 
an iron disorder, i.e., that the patient from which the Sample 
was taken has an iron disorder or is at risk of developing one. 
0019 Individual mutations and combinations of muta 
tions in the HFE gene are associated with varying Severity 
of iron disorders. For example, the C282Y mutation in exon 
4 is typically associated with clinical hemochromatosis, 
whereas other HFE mutations or combinations of mutations 
in HFE nucleic acids are associated with disorders of 
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varying prognosis. In Some cases, hemochromatosis patients 
have been identified which do not have a C282Y mutation. 
The I105T and G93R mutations are each alone associated 
with an increased risk of iron overload (compared to, e.g., 
the H63D mutation alone), and the presence of both the 
I105T and H63D mutation is associated with hemochroma 
tosis. Accordingly, the invention includes a method of 
determining the prognosis for hemochromatosis in a mam 
mal Suffering from or at risk of developing Said hemochro 
matosis by (a) detecting the presence or absence of a first 
mutation in exon 4 in each allele of an HFE nucleic acid, 
e.g., patient-derived chromosomal DNA, and (b) detecting 
the presence of a Second mutation in exon 2 in each allele of 
the nucleic acid. The presence of the first mutation in both 
chromosomes, i.e. an exon 4 homozygote Such as a C282Y 
homozygote, indicates a more negative prognosis compared 
to the presence of the Second mutation in one or both 
chromosomes, i.e., an eXOn 2 heterozygote or homozygote. 
An exon 4 mutation homozygote is also associated with a 
more negative prognosis compared to the presence of a first 
mutation (exon 4) in one allele and the presence of the 
Second mutation (exon 2) in one allele, i.e., a compound 
heterozygote. 
0020. Other features and advantages of the invention will 
be apparent from the following detailed description, and 
from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a diagram of the family of proband 1 
(HFE genotype H63D/I105T). O=male, O=female, Ø=de 
ceased, =hemochromatosis phenotype. Proband 1 is indi 
cated by an arrow. Phenotype and genotype data: age in year 
saturation; % Ftn=serum ferritin concentration. I 105 sepa 
rate chromosomes. The sister of the proband (II, 203) has 
hyperferritinemia. 
0022 FIG. 2 is a diagram of the family of proband 2 
(HFE genotype C282Y/G93R). Symbols and abbreviations 
are the same as those described for FIG. 1. Proband 2 is 
indicated with an arrow. G93R, C282Y, and wt alleles are 
known to exist only on Separate chromosomes. The father 
and Sister of the proband are being treated for hemochro 
matosis. 

0023 FIG. 3 is a diagram of the family of proband 3 
(HFE genotype C282Y/S65C). Symbols and abbreviations 
are the same as those described for FIG. 1. Proband 3 is 
indicated with an arrow. S65C, C282Y, and wt alleles are 
know to exist only on Separate chromosomes. Proband 3 also 
has porphyria cutanea tarda, and her brother (II, 203) has 
ankylosing spondylitis. 

DETAILED DESCRIPTION 

0024. A proband is the first individual in a family iden 
tified to be affected by hemochromatosis. Forward and 
reverse Sequencing of HFE exons 2, 3, 4, and 5, and of 
portions of HFE introns 2, 4, and 5 was carried out on 
biological Samples taken from twenty hemochromatosis 
probands who lacked C282Y homozygosity, C282Y/H63D 
compound heterozygosity, or H63D homozygosity. Four 
probands had novel HFE coding region mutations. Probands 
1 and 2 were heterozygous for previously undescribed 
mutations: exon 2, nt 314T->C (314C; I105T), and exon 2, 
nt 277G->C (277C; G93R), respectively; these probands 
were also heterozygous for H63D and C282Y, respectively. 
Probands 3 and 4 were heterozygous for an HFE mutation in 
exon 2, nt 193A->T (193T; S65C). Twelve other probands 
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did not have an exon 2 HFE exon mutation; four were 
heterozygous for H63D. In probands 1, 2, 3, and 4, the 
amino acid substitutions I105T, G93R, and S65C (respec 
tively) occurred on Separate chromosomes from those with 
the C282Y or H63D mutations. In 176 normal control 
subjects, two were heterozygous for S65C; I105T and G93R 
were not detected in controls. Nine probands were heterozy 
gous and two probands were homozygous for a base-pair 
change at intron 2, nt 4919T/C (SEQID NO:27). Heterozy 
gosity for a base-pair change in intron 4 (nt 6884T->C) was 
detected only in probands 3 and 4, both of whom also had 
S65C and HLA-A32. The intron 2 mutation is not diagnostic 
of an iron disorder and appears randomly in the population. 
One proband was heterozygous for a base-pair change at 
intron 5 (nt 7055A->G). 
0025 The data described herein indicate that, in addition 
to the C282Y and H63D HFE mutations, the HFE exon and 
intron 5 mutations described herein are diagnostic (and 
prognostic) of iron disorders. 
Pathology of Iron Overload 
0026 Iron plays an essential role in normal growth and 
development, but in elevated concentrations, iron is a toxic 
inorganic molecule and is the leading cause of death in 
children by poisoning. It has been implicated in the patho 
physiology of a number of common diseases, e.g., hepatitis, 
cancer, heart disease, reperfusion injury, rheumatoid arthri 
tis, diabetes, AIDS, and psychological abnormalities (e.g. 
depression). 
0027. The incidence of cancer (especially liver cancer) 
rises dramatically in the course of hemochromatosis. Iron, 
acting alone or in Synergy with other environmental agents, 
catalyzes free radical formation. These free radicals which 
mediate tissue damage also cause DNA double Strand breaks 
and oncogene activation. Iron may also play a role in the 
pathogenesis of rheumatic diseases and in predisposition to 
heart disease. High levels of iron can also cause diabetes 
with 2% of diabetics being hemochromatosis patients. High 
levels of iron may also affect the disease progression of 
many viral diseases. Individuals infected with Such viruses 
as hepatitis (e.g., hepatitis B or C) or HIV should be tested 
for HFE mutations because of the impact increased iron 
Stores have on the treatment and prognosis of Such diseases. 
0028. Excessive iron stores and iron deposition is also a 
major contributing factor in the pathology and treatment of 
non-valvular heart disease. These conditions include dilated 
cardiomyopathy cased by deposition of iron in myocardial 
fibers, myocardial injury the product of anthracycline car 
diomyopathy and re-perfusion injury. Increased iron Stores 
may also be a contributing factor in myocardial infarction 
due to atherOSclerosis. Some evidence Suggests a significant 
increase in the incidence of reported heart disease in 
probands (cardiac Symptoms-32%, insulin-dependent diabe 
tes-18%, cardiac arrhythmia-17%, clinically significant 
coronary artery atherosclerosis-9%, and congestive heart 
failure-7%. Cardiac complications have been detected in 
30% of patients. These include EKG abnormalities, conges 
tive heart failure and cardiac arrhythmias. An increased 
frequency of HFE mutations in individuals with porphyria 
cutanea tarda indicates that HFE mutations may predipose 
an individual to developing this Syndrome. 
0029. The effect of iron overload is irreparable damage to 
Vital organs and a multiplicity of associated pathologies 
described above. The multiplicity of clinical symptoms (and 
associated pathologies) often causes misdiagnosis of hemo 
chromatosis or failure to diagnose hemochromatosis. 
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0030 Untreated hemochromatosis is characterized by 
iron overload of parenchymal cells, which is toxic and the 
probable cause of various complications including cirrhosis, 
and liver cancer, arthropathy, hypogonadotropic hypogo 
nadism, marrow aplasia, Skin disorders, diabetes mellitus, 
and cardiomyopathy. There are 1.5 to 2 million active cases 
in the U.S. of which 40% have progressive liver disease 
because they have not been properly diagnosed or treated. 
0031. In untreated hemochromatosis, iron is universally 
deposited in the hepatocytes of the liver. The iron is found 
primarily in the cytoplasm of hepatocytes, and by electron 
microScopy in lysosomal vacuoles, and in more Severe cases 
iron has also been reported deposited in mitochondria. Other 
liver toxins Such as alcohol, and hepatitis exacerbate the 
damage caused by the iron deposition. Patients with hemo 
chromatosis are advised not to drink, because of increased 
liver damage, or to Smoke, as iron deposition can also occur 
in the lungs. 
0032) Individuals which are homozygous (and to a lesser 
extent heterozygous) for an HFE mutation are at risk for 
developing increased levels of blood lead. Thus, it is impor 
tant to identify heterozygous as well as homozygous 
patients. 

0.033 Identification and detection of mutations in the 
HFE gene are critical to understanding the general mecha 
nisms of iron disorders and diagnosing iron-related patholo 
gies. 
Nucleic Acid-Based Assays for HFE Mutations 
0034. A biological sample containing RNA or DNA is 
obtained from an individual and the nucleic acid extracted. 
Optionally, the nucleic acid is amplified according to Stan 
dard procedures Such as PCR. A nucleic acid polymorphism, 
e.g., a Single base pair polymorphism, is detected using 
methods well known in the art of molecular biology. For 
example, a mutation is detected using a Standard Sequencing 
assay, nucleic acid hybridization, e.g., using Standard South 
ern, Northern, or dot blot hybridization assay Systems and an 
HFE-Specific oligonucleotide probe, restriction enzyme 
fragment polymorphism analysis, oligonucleotide ligation 
assay (OLA; Nikerson et al., 1990, Nucl. Acids Res. 
87:8923-8927), primer extension analysis (Nikiforov et al., 
1994, Nucl. Acids Res. 22:4167-4175), single strand con 
formation polymorphism (SSCP) analysis, allele-specific 
PCR (Rust et al., 1993, Nucl. Acids Res. 6:3623–3629), 
denaturing gradient gel electrophoresis (DGGE), fluorescent 
probe melting curve analysis (Bernard et al., 1998, Am. J. 
Pathol. 153:1055-61), RNA mismatch cleavage assay, cap 
illary hybridization, or TaqMan"Massay (PE Applied Bio 
systems, Foster City, Calif.). Nucleic acid hybridization 
assays are also carried out using a bioelectronic microchip 
technology known in the art, e.g., that described in SoS 
nowski et al., 1997, Proc. Natl. Acad. Sci. U.S.A. 94:1119 
1123; Cheng et al. 1998, Nature Biotechnology 16:541-546; 
or Edman et al., 1997, Nucl. Acids Res. 25:4907-4914. 
Detection of Mutations. Using Antibodies and Other HFE 
Ligands 

0.035 Anti-HFE antibodies are know in the art, e.g., those 
described by Feder et al., 1997, J. Biol. Chem. 272:14025 
14028, or are obtained using Standard techniques. Such 
antibodies can be polyclonal or monoclonal. Polyclonal 
antibodies can be obtained, for example, by the methods 
described in Ghose et al., Methods in Enzymology, Vol. 93, 
326-327, 1983. An HFE polypeptide, or an antigenic frag 
ment thereof, is used as an immunogen to Stimulate the 
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production of HFE-reactive polyclonal antibodies in the 
antisera of animals. Such as rabbits, goats, sheep, rodents and 
the like. HFE antibodies specific for mutated HFE gene 
products are raised by immunizing animals with a polypep 
tide Spanning the mutation, e.g., a polypeptide which con 
tains the mutations described herein. For example, the entire 
C1 domain of a mutant HFE gene product is used as an 
immunogen. Monoclonal antibodies are obtained by the 
process described by Milstein and Kohler in Nature, 
256:495-97, 1975, or as modified by Gerhard, Monoclonal 
Antibodies, Plenum Press, 1980, pages 370-371. Hybrido 
mas are Screened to identify those producing antibodies that 
are highly specific for an HFE polypeptide containing a 
mutation characteristic of an iron metabolism abnormality or 
clinical hemochromatosis. Preferably, the antibody has an 
affinity of at least about 10 liters/mole, preferably at least 
106 liters/mole, more preferably at least 108 liters/mole, and 
most preferably, an affinity of at least about 10” liters/mole. 
0036) Antibodies specific for the wild type HFE can also 
be used to diagnose hemochromatosis or iron metabolism 
abnormalities. Such antibodies are also useful research tools 
to identify novel mutations indicative of iron disorders or 
hemochromatosis. A reduction in binding to a wild type 
HFE-Specific antibody indicates the presence of a mutation. 
Antibody binding is detected using known methods. For 
example, an ELISA assay involves coating a Substrate, e.g., 
a plastic dish, with an antigen, e.g., a patient-derived bio 
logical Sample containing an HFE gene product. An anti 
body preparation is then added to the well. Antibodies 
specific for a mutant HFE gene product bind or fail to bind 
to a patient-derived Sample in the well. Non-binding mate 
rial is washed away and a marker enzyme e.g., horse radish 
peroxidase or alkaline phosphatase, coupled to a Second 
antibody directed against the antigen-Specific primary anti 
body is added in exceSS and the nonadherent material is 
washed away. An enzyme Substrate is added to the well and 
the enzyme catalyzed conversion is monitored as is indica 
tive of presence of the mutation. Antibodies are also labelled 
with various sizes of colloidal gold particles or lateX par 
ticles for detection of binding. 
0037. The invention employs not only intact monoclonal 
or polyclonal antibodies, but also an immunologically-active 
antibody fragment, for example, a Fab or (Fab) fragment; 
an antibody heavy chain, an antibody light chain; a geneti 
cally engineered single-chain Fv molecule (Ladner et al., 
U.S. Pat. No. 4,946,778). 

EXAMPLE 1. 

Selection and Characterization of Subjects 

0038 All individuals studied were Caucasians, 18 years 
of age or older, and from central Alabama. Twenty probands 
were identified that were either heterozygous for C282Y or 
H63D, or lacked these mutations. Hemochromatosis is typi 
cally diagnosed by detecting elevated Saturation of transfer 
rin, with elevated serum ferritin levels, combined with liver 
biopsy. Each proband patient described below was previ 
ously diagnosed to have hemochromatosis by the working 
diagnostic criterion for hemochromatosis of the American 
College of Pathologists (elevated fasting transferrin Satura 
tion of greater than 60% Saturation for males and greater 
than 50% saturation for females) on at least two occasions 
in the absence of other known causes. Probands were 
interviewed regarding their general medical history, diet 
(including estimated iron content and ethanol consumption), 
medicinal iron use, receipt of blood transfusion, prior Sig 
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nificant hemorrhage, blood donation for transfusion and/or 
therapeutic phlebotomy, and pregnancy and lactation. Each 
proband was also evaluated for viral hepatitis B and C and 
other hepatic disorders, exceSS ethanol intake, and heredi 
tary, and acquired anemia. Iron overload was defined as 
evidence of Systemic iron Overload demonstrated by other 
wise unexplained elevated Serum is ferritin concentration 
(2300 ng/mL in men, 2200 ng/mL in women), increased 
hepatic iron content determined using hepatic biopsy Speci 
mens, or iron >4 g mobilized by phlebotomy. Complications 
of iron overload were evaluated and treated, and therapeutic 
phlebotomy was performed using standard methods. HFE 
mutation analysis for C282Y and H63D and human leuko 
cyte antigen (HLA) immunophenotyping or molecular typ 
ing were performed using known methods. In Some family 
members, HLA haplotyping had been performed previously 
for other disease associations, or their HLA type could be 
deduced from analysis of their kinship and HFE genotyping 
results. Measurement of Serum iron and other clinical labo 
ratory parameters and analysis of hepatic biopsy Specimens 
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were performed using routine methods. Control Subjects 
(n=176) who were in apparently good health and were 
unrelated to the hemochromatosis probands were recruited 
from the general population. Iron parameters were measured 
and HLA typing was performed in two control Subjects after 
HFE genotyping revealed that they had the S65C mutation. 

EXAMPLE 2 

HFE Gene Analysis 

0039) PCR amplification was used to detect mutations. 
Genomic DNA was prepared from peripheral blood buffy 
coat or saliva using the QIAmpblood Kit (QIAGEN, Valen 
cia, Calif.) or FTA Paper and FTA purification reagent 
(Fitzco Inc., Maple Plain, Minn.), respectively. Fragments 
were amplified from genomic DNA using eLONGase (Life 
Technologies, Gaithersburg, Md.) or HotStarTaq DNA poly 
merase (QIAGEN, Valencia, Calif.). Primers used to amplify 
each exon are shown in Table 3. 

TABLE 4 

Human HFE genomic DNA 

ggat.cctitta accgaggaga ttattatago cqgagctctg aag cagdaat citcagttctt 

6 gtgatagtga gcaaagaact acaaactaac accaaaatgc aag cittaaag caaagttitat 

121 toaa.gcacaa taatacactic tagggacag cqggct tatt totgc galagt galacticagoa 

181 cittctttaca gagctica agg toctitt tatg gg gtttgttgg ggaggagttg aggtttgggc 

241 totatot gag togacaggatg atgttatttg attgaagttt atagotatac aatctaaaat 

301 taaactgtgc atggtottac citataatttg ttaagaaaag cotcc caggg atgggggggc 

36 aaaactgtat gtaaatticta ttataatgat gg catgatga acttggggtg aacttgaaga 

42 caggcttittg tdttgttggg catgtgccac cittagg gaat titccaccitgt accotcctitt 

48 citctittctoc aggatattitt ggccacagac tittatcataa acticcatccc ttagg gtggc 

54 attagggtag tottgggcct gaatttaggit gggc.ca.gtgg citgtc.ttagt gacagoctitt 

60 cc.gctdtctt citgtcatccc citcc caactg ctaatgtcta actacctaac aattacccat 

661 taaatcagtg tdtctggggit taggag cagg ccto aatatg tittaatcatt citccagataa 

721 toccaatact gtaaagtttg tdaaac actt gtcagata at tdaattatga aggctgtgga 

78 acgtgtttca gtaggat.cta attggittaat gttatgacitt aattaatttg aatcaaaaaa 

84 caaaatgaaa aagctittata tttctaagttc aaataagaca taagttgg to talaggttgag 

90 ataaaattitt taaatgitatg attgaattitt gaaaatcata aatatttaaa tatctaaagt 

961 to agatcaga acattgc gaa gotacttitcc ccaatcaiaca acacccctitc aggatttaaa 

O2 aaccaagggg gacactggat caccitagtgt ttcacaag ca ggtacct tct gct gtaggag 

O8 agagagaact aaagttctga aag acctgtt gcttitt cacc aggaagttitt actgggcatc 

141 to citgagcct aggcaatago totagggtga cittctggagc catcc.ccgtt toccc.gc.ccc 

2O cCaaaagaag C ggagattta acggggacgt gCggccagag Ctggggaaat ggg.ccc.gcga 

26 gcc aggc.cgg cqcttct cot cotgatgctt ttgcag accq cqgtoctoca gggg.cgcttg 

32 Ctgcgtgagt CC gagggct g c ggg.cgaact agggg.cgcgg cqggggtgga aaaatcgaala 

38 ctagotttitt citttgcgctt ggagtttgc taactittgga ggacctgctic aaccolaatcc 

44 gcaa.gc.ccct citc.cc tactt totg.cgtoca gaccc.cgtga gggagtgcct accactgaac 
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594 

600 

606 

612 

618 

624 

630 

636 

642 

648 

654 

660 

666 

672 

678 

684 

690 

696 

708 

714. 

720 

726 

732 

738 

744 

750 

756 

762 

768 

774 

786 

792 

798 

804 

810 

cgc.cactgca 

aaaaagagaa 

gcc actitatic 

taatcactda 

cccaggtgaa 

totato agaa 

tgatctgact 

gtotcitcctg 

gaagtgaaag 

cittitcctgtc 

actictacggit 

gataag cago 

ggg acct acc 

tgcCaggtgg 

atgaga.gc.ca 

tatgg cagtg 

ggctittaact 

toatcagtgg 

taaggaagag 

cccaggg cac 

catttatatt 

cagaatgaaa 

gtttalaggta 

aatctgg tag 

cctaaag cag 

tggggat Caa 

gaagatgatg 

tactgggaga 

ccaattatgc 

agc.ca.gctoa 

cattgaagga 

agaagttaga 

gataatggitt 

aataaggaag 

tottgtc.tcc 

agcctgcaga 

atgagctcitt 

TABLE 4-continued 

Human HFE genomic DNA 

citccagocta 

ttcagagatc 

agagtagaag 

agctacctat 

act gaccatc 

caaagaac at 

gct citccaag 

tagcttgttt 

titccagtctt 

aagtgcctico 

gtogggccitt 

caatggatgc 

agggctggat 

agc acco agg 

ggagctgaga 

agatgaggat 

tgctttittct 

aattgctgtt 

gcagg gttca 

agtgggalaga 

citttggggac 

gtotctaatt 

gta Caggggc 

ggaatgaaat 

gCaggaag Ca 

gatagoctitc 

ggaggtotac 

ttagaaataa 

atttctaccc. 

tacagagticc 

toctaagaaa 

tgagaggtga 

cittgaaatcc 

agaga agagg 

acaggaggag 

citcactgtgg 

catgtttcag 

gg Cagcagag 

to agctatoa 

aatcctittag 

cittacaagttc 

tgitattoaat 

gggtaacaga 

tgacactgtg 

ttittctgaaa 

CCtggcaagg 

tttggtgaag 

galactactac 

caaggagttc 

aaccttggct 

cc to gatcag 

aaatctattg 

ctgctotttg 

gttittagagc 

tttgtcgtda 

agtgagtagg 

gggg.ca.gagg 

accago agct 

caacaaac at 

tttgaggttg 

tgatagdaag 

aatgcttagg 

tggatcttga 

acagacggag 

ttact.gitacc 

cctgaacatc 

aagggtottt 

ggaggacCaC 

ggagaccagt 

aatagt gcc.c 

Caagatggtg 

cCatgggg.ca 

gaaggaga.ca 

gaga gagttg 

tgagacitcca 

tatgaatacc 

gttaaaagtt 

cgcttctitat 

catttitcaat 

tatgtatatt 

ttagagtcca 

aggg tatttic 

gtaaacagat 

gtgacacatc 

cc ccagaa.ca 

galaccitaaag 

gtaccc.cctg 

cc cctoattg 

ggggttgaga 

ttaggggatg 

ccitcaccgtc 

tottgttcat 

aacaaggggg 

ggatctggca 

CCCtgggaga 

cittcagagca 

agaagtcact 

taaatgtagt 

gtgtcaaagg 

aggagaagct 

calaccatgcc 

ttaaccotga 

tgtggtgtag 

tgggatattg 

gatctoccitt 

tagaaag.cca 

aggtotaaat 

cc taggtttg 

citacgtotta 

aalactagaga 

alaccitaalaca 

10 

tottaaaaaa. 

aggacaaaat 

totttcatag 

aacaatgcct 

g cacataaag 

tacatgtgag 

atcttaggac 

citt.ccitccala 

coccitc.toct 

atgtgacctic 

to accatgaa 

acg tattgcc 

gggalaga.gca 

tgatctgggg 

ggagtgCCtg 

ggctgagggit 

tgg cacccta 

tggaattittg 

aagttctotta 

to catgggaa 

cagaaaataa 

cc tactatitt 

gtggctatto 

taaagaagac 

aaagaatgat 

ggattccatt 

alagtaggaga 

gtttgct tag 

ggaaaagaga 

ggittatgatc 

atatggtgaa 

ataag cattt 

tgagatgggit 

tgatgccitct 

gctgaacgtg 

citcaaagagg 

tagaaattgc 

aaaaaaaaaa. 

atcaagtgag 

aacatagoaa 

ccitaggttga 

ggcaattitta 

gagaacaagC 

acaaaatggit 

ccitatagaag 

catcottoct 

ttcagtgacc 

gtggctgaag 

Caatggggat 

gagatatacg 

tatgtoactg 

aggaggtaat 

ggcaatcaaa 

gtoattggag 

titcaitaatat 

gtacctctg.c 

gcatttittct 

tggttctocc 

tgcaa.gagct 

to agaaccoa 

cc catgaggit 

cacattcago 

aggtgaggitt 

gtataaggca 

citat cactica 

atcagaaaga 

actogggtgt 

tgttgttgtta 

ccagatgaga 

gaatgaggaa 

titcc toggto 

agtgacacgc 

gagtgcattt 

citgacgaact 
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816 

822 

828 

834 

840 

846 

852 

858 

864 

870 

876 

882 

888 

894 

9 OO 

912 

918 

924 

930 

936 

942 

948 

954 

96.O 

966 

972 

978 

984 

990 

996 

10 O2 

1008 

1014 

1020 

1026 

1032 

ccttgattitt 

gttcctgcat 

citcaagctgc 

gtoatttcat 

attittaa.cat 

tttittacaca 

totgttgttac 

atgtgagttg 

gaaaaag cat 

aatatottga 

gatttgcaaa 

gaatcacaat 

atgataaaag 

catgcacttic 

tgaagaaagt 

ggC Caaag.cg 

accocatcto 

ccagotactic 

tgagcc.gagt 

aaaataaaaa. 

tagtttgtca 

cagacaccac 

cottctotto 

cagaaaacaa 

to citggaatg 

citacgcaagg 

gtoctoccta 

ggagtaagct 

cccaggtoct 

gga cattcag 

titttittittitt 

taaccitctg.c 

tacaggcgtg 

ccatgttggc 

ccaaagtgct 

tatatato.ca 

tggtacaagc 

TABLE 4-continued 

Human HFE genomic DNA 

agccttctdt 

gcc.ggtgatc 

atctagaggc 

titcc tattitt 

citgagaaaag 

tgitatctatg 

ccagtaactc 

cacagotato 

catggctato 

aaggggttgt 

gtttaatggit 

aattittctac 

cact tactitc. 

ttacaataat 

galagtagg cc 

ggtggatcac 

taataaaaat 

ggalaggctga 

ttgcgc.cact 

taaaaataala 

gtgatagaaa 

tacattcagt 

gtotcattgt 

ccaactgatc 

tgacticcott 

act gtaattg 

ggC CagtgCC 

citotoattitt 

to catggagc 

gaattgctag 

gag actotat 

citcccaggitt 

caccaccatg 

caggctggto 

gagattacag 

gatgg catgt 

attctgtctt 

gttcatttcc 

cctagotgtg 

titcott catt 

tggalagagga 

ctittgaacco 

cattttctgg 

atctgtcacc 

aaggct gtac 

tgtggg tagt 

galagaggtgt 

gcctitcattt 

ctggtotcitc 

gtgtc.cgact 

totatoagat 

gggCacggtg 

gaggtoagga 

acaaaaaatt 

gg Caggagaa 

gcactc.ca.gc 

aaaatgaaaa 

caggtttcaa 

agtttagatg 

gtttcttctg 

cticagotgtc 

gctcctctgt 

gtggggacag 

totggagtica 

gagatggitat 

cactggggitt 

attctgggaa 

tgcc caggct 

caag.cgatto 

cc.cggctaat 

togaactotc 

gtgtgagc.ca 

gttcactitta 

gaaggg Cagg 

to aaaaagat 

accitctic ccc. 

to citcc.gtoa 

citccittaaat 

tgggacgtgg 

accogttcaa 

aa.gc.cittggg 

actgcac gala 

atgatgggtg 

tittittctaat 

gg gatgctac 

cittgttctga 

cittctgagca 

agg tactatt 

gotcacgc.ct 

gatcgag acc 

agctggg.cgt. 

tggcatgaac 

citaggtogaca 

aaaaaagaaa 

actcagt cala 

ccitagaataa 

aatgagcttg 

atgtttccitt 

tgctcitctitt 

citagtggcc.c 

gaactctggit 

aatggaagcc 

cc.ggtgcaca 

atcagttcac 

ggagtgcaat 

to citgtctda 

ttttgtattit 

citg acctcgt 

cc ctdcc.ca.g 

tgttactaca 

tgcttcagga 

11 

titc.cccattt 

tggaactgtc 

cct cagagac 

ttggggg act 

citagt cataa 

cittitt cottt 

gattctitcca 

tggaagaggc 

tttittagcag 

tgg catgaag 

totag tatto 

taatgaaaat 

cc tacttaca 

atc.cccattt 

gtaatcc cag 

atcctggcta 

ggtgg CagaC 

Ccaggaggca 

gagtgagact 

gtgaagtata 

totgaccgtt 

atagaga agg 

aatca catga 

taaaagttcc c 

ggcattcatt 

tgctdggctt 

gg tattitccc 

accaagtggc 

ttaaaaaaaa. 

catgttcaaa 

gg catgatct 

gcc toccaag 

ttagtagaga 

gatcc.gc.ctg 

cc.gtoaaaag 

tgcacttggc 

taccatatac 

aggtttctga 

totcatgaac 

attacaccitat 

tacatgatto 

ccttaccaga 

gaatccitcto 

totgattgtg 

acctgtc.cca 

gtaggaggca 

gtgtcataca 

cagacctgaa 

tatgataagg 

tgcattactg 

cittittittaala 

cactittggga 

acatggtgaa 

gcct gtag to 

gagcttgcag 

ccatctoaaa. 

gagtat citca 

tgatacatct 

aaggagatgg 

aggggalacag 

tgaaggalagg 

totttgg acc 

cacacacggit 

totaatgaagt 

ttagaggatg 

aatctalacca 

agagtcttitt 

cggcto acto 

tagctoggat 

Cagg gtttca 

cctdggccitc 

agtcttaata 

tgcataaatg 

agcticagaag 
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O38 

04 4 

O50 

O 62 

O 68 

O98 

10 

16 

22 

28 

34 

40 

46 

52 

58 

64 

70 

76 

82 

88 

94 

200 

212 

titt cittctitt 

cittittitttgt 

gaaaagctat 

aacaacttgt 

aatgtacatt 

tacttaatcg 

tottacggaa 

gga cattgtc 

atatgacaaa 

titcact tact 

gttittatatt 

gta acacatt 

aatagaaatt 

tattoaitaaa. 

ttattocacct 

gtggc catag 

to citgaaggt 

gaaaag.ccc.c 

citggaatcac 

ccactctgat 

gccaaaattic 

aalacattctt 

atttittcata 

gacitatcatt 

tgtaattgtg 

agc gattaac 

tgacaattitt 

atgcatgcat 

agatagatat 

atttgtacat 

TABLE 4-continued 

Human HFE genomic DNA 

agg cattaaa 

ggittagaaaa 

aaaatgaata 

citattacctg 

gtattgtata 

citttgtcatt 

tattittcatt 

gtotaagttg 

titatttctict 

cittctacctic 

ggittittattt 

toactalacac 

ttaagttccitc 

ttcttaaggit 

citggcaaaac 

gtaaatgtac 

aaaggaataa 

tgaaaatttg 

aggcc attgc 

aatcattgag 

titatgttgta 

cacaaactica 

aactcagttt 

taalatattitc 

attctdtctg 

ttctacactic 

atttgaaag.c 

totggitatct 

ggtggatttg 

taaaagttitt 

ttittagcaaa 

gttatgtaga 

caattaaag.c 

ttagtattat 

ctgcatgatt 

ttggagacat 

caactgtggit 

talagacattg 

cittaatlatct 

ataaggaata 

caccitgggct 

atttactaala 

attittctitto 

caactacatt 

cattcacaaa. 

cacggtggto 

agaatgggtg 

agaaaacaaa 

tgagct gcct 

to aagtacag 

ttataataat 

cacacattta 

taalactalact 

tgactittcaa 

taggctittgg 

talacatgtag 

citaggatgcg 

caag cattct 

gagttgatac 

cc atgg 

gatatotcat 

aaaaagtaaa 

tgttatttaa 

tgttgcatta 

ttattgaagt 

ttattittgct 

agcc.gaatta 

gttattttac 

tactatactg 

tgttacaatt 

gagatttcaa 

catcagdaac 

ggtgttttitt 

tgaaaaatca 

ccatgg tagt 

cggtgaccag 

gagggg.cgtg 

caagaaacta 

gaactgggaa 

caggtgattg 

gtcatctitat 

aaaaaaaac 

titttittcaaa. 

attaaagatt 

gtataatgtg 

aatgttacta 

ttgacatcct 

atttctgagt 

ttatatattit 

(SEQ ID NO 
GEN-BANK (8) 

12 

citctitc.ttitt 

tgttgatttac 

ttagc.ca.gtg 

aaaatgcata 

tottgttcat 

totaattitct 

atcgtgtttc 

cagoa aacca 

aaag.cag act 

aatttattag 

gaaac accoc 

tgtggcc tot 

aagcttaatt 

aag acct gca 

aaagaga agg 

agatgcagcg 

cactggaaat 

cittaccagot 

cacaacagaa 

agg actdct g 

aatactgtca 

actgtctota 

ccacaatctg 

ttcacatgca 

t-totttitcct 

calatattaaa. 

g catgcattt 

aattgtttaa 

totattitc.tt 

: 27; 
Acces 

sion No. Z929 10) 

aalaccattitt 

gctcattgta 

aaaaactatt 

tactittaata 

cittgttgtata 

ttacattttg 

ttcactictag 

ttctgaaag.c 

gctataaggc 

gtaagcattt 

agtcttcaca 

taatttittitt 

tittctggctt 

ttittaaattic 

gtgacaccitg 

citgagggittt 

cacttgtaga 

atttgaattg 

ggaaaacaaa 

agaggtacag 

gtattittata 

aaatc.cccala 

atttalacaat 

ggctgatatt 

tttittgcatc 

gtattttgta 

attacttgat 

ggtgtagaag 

ggatggatga 
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0040 Exon 1 spans nt 1028-1324, inclusive; exon 2 
spans nt 4652-4915, inclusive; exon 3 spans nt 5125-5400, 
inclusive; exon 4 spans nt 6494-6769, inclusive; exon 5 
spans nt 6928-7041, inclusive; exon 6 spans nt 7995-9050, 
inclusive, and exon 7 spans nt 10206-10637, inclusive. 
Intron 4 spans nt 6770-6927, inclusive, and intron 5 spans nt 
7042-7994, inclusive. 

0041) Total RNA for the RT-PCR was prepared from 1.5 
mL of whole blood using the RNeasy Blood Kit (QIAGEN, 
Valencia, CA). Total messenger RNA encoding the HFE 
gene was transcribed and amplified with the primerS shown 
above using Standard methods, e.g., the SuperScript ONE 
STEP RT-PCR System (Life Technologies, Gaithersburg, 
Md.). The amplified product was directly subcloned into the 
pCR2.1-TOPO vector and transfected into TOP 10 bacteria 
(Invitrogen, Carlsbad, Calif.). Plasmid DNAS isolated from 
the subcloning were prepared with the UltraClean Mini Prep 
Kit (Mo Bio, Solana Beach, Calif.) and sequenced. 
0.042 DNA sequencing was performed using the ABI 
Prism BigDye Terminator Cycle Sequencing Ready Reac 
tion Kit (PE Applied Biosystems, Foster City, Calif.) and 
analyzed on an ABI Prism 377. 

0043. To detect mutations in exon 2 of the HFE gene, the 
genomic DNA of probands and normal control Subjects were 
amplified and subjected to a dot blot hybridization assay. 1.0 
All of each resulting PCR product was then applied to a 
Magna Graph nylon membrane (MSI, Westboro, Mass.). 
The membranes were treated with 0.5 N NaOH/1.5 M NaCl 
to denature the DNA, neutralized with 0.5 M Tris-HCl (pH 
8.0)/1.5 M NaCl, and rinsed with 2xSSC (1xSSC=0.15 M 
NaCl/0.015 M sodium citrate, pH 7.0). The DNAs were 
fixed on the membrane by UV irradiation using a 
Stratalinker 1800 (Stratagene, Inc., La Jolla, Calif.). The 
ECL 3'-oligolabelling and detection System (Amersham, 
Arlington Heights, Ill.) was used for synthesis of labeled 
oligonucleotide probes, hybridization, and Signal detection. 
The oligonucleotide Sequences used to detect each point 
mutation were (Substituted bases are shown as upper case 
letters): 

TABLE 5 

Oligonucleotide Probes 

Point Mutation Oligonucleotide 

G93R mutation gtctgaaacggtgggat 
(SEQ ID NO: 28) 

I105T mutation acttctggactaCtatgg 
(SEQ ID NO: 29) 

S65C mutation at catgag Tgtc.gc.cgt. 
(SEQ ID NO:30) 

0044) For signal detection, each oligonucleotide was 
labeled with fluorescein-11-dUTP using terminal deoxy 
nucleotidyl transferase according to the manufacturer's 
instructions (Amersham Ltd., Arlington Heights, Ill.). The 
membranes were prehybridized in 5xSSC, 0.1% Hybridiza 
tion buffer component, 0.02% SDS, 5% Liquid Block at 42 
C. for approximately 2 hours. Labelled oligonucleotide 
probes were added to individual bags containing the mem 
branes and prehybridization buffer and incubated at 42 C. 
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overnight. The blots were washed twice with 5xSSC, 0.1% 
SDS for 5 minutes at room temperature. Stringency washes 
for hybridization with oligonucleotides having the Sequence 
of SEQ ID NO:30 or 28 were performed twice in 0.2xSSC/ 
0.1% SDS for 15 minutes at 42°C. Membranes probed with 
an oligonucleotide having the sequence of SEQ ID NO:29 
was washed twice under less stringent conditions (0.5xSSC/ 
0.1% SDS, 15 minutes at 42 C.). Detection of a fluorescent 
Signal was performed according to Standard methods. 

EXAMPLE 3 

Characterization of Probands 

004.5 The mean age of the twenty probands was 44+11 
years (range 27-62 years); thirteen (65.0%) were men and 
seven (35.0%) were women. Eleven had iron overload. One 
had hepatic cirrhosis, two had diabetes mellitus, four had 
arthropathy, and two had hypogonadotrophic hypogo 
nadism. One proband also had hereditary Stomatocytosis, 
another had beta-thalassemia trait, a third had ethanol intake 
>60 g daily, and a fourth had porphyria cutanea tarda. No 
proband had evidence of exceSS oral or parenteral iron 
intake, or of Viral hepatitis B or C. At diagnosis of hemo 
chromatosis, evaluation for common HFE mutations 
revealed that eleven probands were C282Y heterozygotes, 
five were H63D heterozygotes, and four did not inherit 
C282Y Or H63D. 

0046. The mean age of the initial 176 control Subjects 
was 52+15 years (range 18-86 years); 79 (44.9%) were men 
and 97 (55.1%) were women. There was no significant 
difference in the mean ages of men and women. Frequencies 
of HFE genotypes among the control Subjects are shown in 
Table 6. These values are similar to those previously 
reported from normal perSons from the same geographic 
aca. 

TABLE 6 

Frequencies of HFE Genotypes in Alabama Subiects. 

Hemochromatosis Probands 
with “Atypical” HFE 
Genotypes, 76 (n) 

Normal Control 
HFE Genotype Subjects, 76 (n) 

wtfwt 15.00 (3) 60.23 106) 
C282Yfwt 45.00 (9) 13.06 (23) 
H63Dfwt 20.00 (4) 15.34 (27) 
S65C?wt 5.00 (1) 1.14 (2) 
C282Y/S65C 5.00 (1) O 
C282Y/G93R 5.00 (1) O 
H63D/1105T 5.00 (1) O 
H63D/C282Y O 6.82 (12) 
H63D/H63D O 3.41 (6) 

Results are expressed as percentage (n). The wild-type (wt) allele was 
defined as the HFE configuration in which the mutations C282Y, H63D, 
S65C, I105T, or G93R were not detected. 

EXAMPLE 4 

Identification of Novel HFE Mutations in 
Hemochromatosis Probands 

0047 The following novel mutations (missense muta 
tions) were identified in probands 1 and 2: exon 2, nt 
314T->C (I105T), and exon 2, nt 277G->C (G93R), respec 
tively (Table 7: FIGS. 1 and 2). Probands 3 and 4 had a 



US 2006/0051806 A1 

S65C mutation The S65C mutation has been observed in 
hemochromatosis patients but has not been deemed to be 
indicative of a disease State. In contrast, the data presented 
herein indicate that the S65C mutation is diagnostic of a 
disease State. This result is Surprising in View of earlier 
observations. Other than C282Y or H63D, no HFE exon 
mutations were detected in the remaining Sixteen of the 
twenty probands (Table 6). Nine probands were heterozy 
gous for a base-pair change at intron 2, nt 4919T/C (SEQ ID 
NO:27); two probands were homozygous for this base-pair 
change. Heterozygosity for a base-pair change in intron 4 (nt 
6884T->C) was detected only in probands 3 and 4, both of 
whom also inherited S65C. One proband was heterozygous 
for a base-pair change at intron 5, nt 7055A->G. 
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0048. Using dot blot methodology, heterozygosity for the 
S65C mutation was detected in two of 176 normal control 
subjects (Table 6). The G93R or I 105T mutations were not 
detected in normal control subjects (Tables 6 and 8). 

EXAMPLE 5 

Association of Novel HFE Coding Region 
Mutations to C282Y and H63D and HFE Intron 

Alleles 

0049. In proband 1, two mutations of exon 2 (H63D and 
I105T) were detected. After subcloning the genomic frag 
ment, the Subclones revealed that these mutations occurred 
on Separate chromosomes; this observation was confirmed 
by family Studies indicating Segregation of I105T 

TABLE 7 

Phenotypes and Uncommon HFE Genotypes in Alabama Subiects 

Age (years), HFE Transferrin Serum Ferritin, Hepatocyte Phlebotomy, 
Subjecti Sex Genotype HLA Type Saturation, % ng/mL. Iron Grade Units 

Proband 1 52M H63D/I 105T A2, 3: B7, 7 62 868 2+ 2O 
Proband 2 40 M C282Y/G93R A2, 3: B7, 62 78 861 4+ 34 
Proband 3S 47 F C282Y/S65C A2, 32: B8, 44; 90 281 3+ 37 

Bwa, 6: Cws, 7 
Proband 4** 81 F S65C/wt A2, 32: B14, 62 1OO 5,135 N.D. 37 
Normal Control 1 28 M S65C/wt A2, 31; B35, 60 28 141 N.D. N.D. 
Normal Control 2 69 M S65C/wt A24, 26: B8, 42 747 2+ N.D. 

B37: Bwa, 6; 
Cwó, 5 (or 7) 

*Serum transferrin saturation, serum ferritin concentration, and percutaneous hepatic biopsy were performed before therapeutic phle 
botomy was initiated. Reference ranges for these parameters are 15-45%; 20-300 ng/mL (men) and 20-200 ng/mL (women); and 
0-1+, respectively. Iron depletion (serum ferritin S20 ng/mL) was induced by removing the indicated numbers of units of blood. 
None of these persons had evidence of hepatic cirrhosis, diabetes mellitus, hemochromatosis-associated arthropathy, hypogona 
dotrophic hypogonadism, other endocrinopathy, or cardiomopathy. N.D. = not done. The mutations indicated are exon 4, nt 845G->A 
(C282Y); exon 2, nt 187C->G (H63D); exon 2, nt 314T->C (I105T); exon 2, nt 277G->C (G93R); and exon 2, nt 193A->T (S65C). 
The wild-type (wt) allele was defined as an HFE allele in which the mutations C282Y, H63D, S6SC, I105T, or G93R were not 
detected. 
Countries of origin: Probands 1 and 2, England; Proband 3, Wales, England, and Americas (Cherokee); Proband 4, England and 

Ireland; Normal Control 1, England; Normal Control 2, The Netherlands. 
i:The father and sister of Proband 2 are presently undergoing therapy for hemochromatosis and iron overload, but their clinical and 
genetic data were unavailable. 
SProband 3 had porphyria cutanea tarda alleviated with therapeutic phlebotomy. 
**Proband 4 had hereditary stomatocytosis unaffected by phlebotomy treatments. 37 units of blood were removed by phlebotomy 
before treatment was discontinued due to stroke apparently unrelated to anemia or iron overload (post-treatment serum ferritin 1,561 
ng/mL). Her 59 year-old daughter (who does not have hereditary stomatocytosis) had transferrin saturation 42%, serum ferritin 62 
ng/mL, HLA type A1, 32; B14, 15; Bwa, 6: Cw8, 8, and HFE genotype S65C/H63D. These data permitted assignment of the S65C 
mutation in this family to a haplotype carrying HLA-A32; linkage of S65C and HLA-A32 was also observed in the family of 
Proband 3. 

0050 

TABLE 8 

Frequencies of HFE Alleles in Alabama Subjects. 

wt C282Y H63D S65Ci I105T G93R 

Hemochromatosis Probands with 0.5OO O.275 O.125 O.OSO O.O25 O.O25 

“Atypical HFE Genotypes (n = 20) 
Normal Control Subjects (n = 176) 0.750 0.099 0.145 0.006 i. i: 

The wild-type (wt) allele was defined as an HFE allele in which the mutations C282Y, 
H63D, S65C, I105T, or G93R were not detected. 
iS65C was detected in 2 of 22 (0.091) proband chromosomes and in 2 of 266 (0.0075) 
control chromosomes that did not bear the C282Y, H63D, S65C, 105T, or G93R mutation. 
i:Based on this data set, the frequency of the I105T and G93R HFE alleles is estimated to 
be <0.0028, respectively. 
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and H63D (FIG. 1). In proband 2 (HFE genotype C282Y/ 
G93R), RT-PCR analysis (with Subsequent subcloning and 
Sequencing) revealed that these HFE mutations occurred on 
separate chromosomes. Family studies of proband 3 (HFE 
genotype C282Y/S65C) indicated that the C282Y and S65C 
HFE alleles Segregated independently, establishing their 
occurrence on separate chromosomes (Table 7, FIG. 3). 
0051). In proband 1 (HFE genotype H63D/I 105T), the 
I105T mutation was co-inherited with HLA-A3, B7. In 
probands 3 and 4 and their respective families, S65C was 
inherited on the same chromosome as HLA-A32, indicating 
that HLA-A32 is a marker for chromosomes bearing the 

Hemochromatiosis (HC) Familw stud 
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overload, and porphyria cutanea tarda associated with com 
pound heterozygosity for C282Y and S65C. Proband 4 had 
Severe iron overload associated with heterozygosity for 
S65C and co-inheritance of hereditary stomatocytosis (Table 
7). The sister of proband 1 (HFE genotype I105T/wt) was 
not completely evaluated for hyperferritinemia (FIG. 1). 
Otherwise, family members of probands who were heterozy 
gous for novel HFE mutations described herein had little or 
no evidence of abnormal iron parameters, a hemochroma 
tosis phenotype, or of iron overload (Table 7 and 9; FIGS. 
1 and 3). Normal Control 1 who had HFE genotype S65C/ 
wt had a 

TABLE 9 

atent 

Diagnosis/ 
intron 4 Tf sat Ftn** Hepatocyte 

Subject/Age/Sex HLA Type 

Proband 1/57M (201) A2, 3; B7, 7 
brother?45M(204) 
sister/50F(203) A3, 3: B7, 7 
daughter/31F(301) A32, 68 ; B7, 44 
son/27M(302) A2, 68; B7, 44 
Proband 2/4OM A2, 3; B7, 62 
Father 
Sister 
Proband 3/47(201) A2, 32: B8, 44 
brother?45M(202) A2, 32: B44, 51 
mother/81F(102) A2, 2: B8, 51 
sister/33F(204) A2, 7: B27, 51 
brother/35M(203) A2, 7: B27, 51 
sister 
sister 
Proband 4/81F A2, 32: B14, 62 

daughter/59 A1, 32: B14, 15 
Control 1/28M A2, 31; B35, 60 
Control. 2/69M A24, 26; B8, 37 

exon 2 exon 4 5636 bp % ng/ml Iron grade 

H63D/H, 1105T/1 Wt T 62 868 HC/2+ 
H63D/H Wt T: 31 186 
1105T Wt: T: 37 576 
1105T/1 Wt: T: 31 56 
H63D/H Wt: T: 33 44 

Wt C282Y/C T3: NT NT 
Wt Wt T: NT NT 
Wt Wt: T: NT NT 

S65C/S Wt T/C 1OO S135 HC - 
stomatocytosis 

S65C/S Wt T/C 28 141 
S65C/S Wt T/C 42 747 2 

*RE cut 

**normal (15-45%) 
*** 20–300 ng/ml (men) 
2C-200 ng/ml (women) 

S65C mutation, and individuals with HLA-A32 have an 
increased risk for developing hemochromatosis. The G93R 
mutation is associated with HLA-A2, and individuals with 
that haplotype have an increased risk for developing hemo 
chromatosis. The I105T mutation is associated with HLA 
A3, e.g., HLA-A3, B7, and individuals with that haplotype 
have an increased risk for developing hemochromatosis. 
Among twenty probands tested, the nucleotide polymor 
phism in intron 4 (nt 6884T->C) was detected in probands 
3 and 4, both of whom also had S65C. Subjects that tested 
positive for the S65C mutation all were found to have the 
intron 4 (6884T->C) mutation, including two probands (3 
and 4), their families, and two normal controls. 

EXAMPLE 6 

HFE Coding Region Mutations and Clinical 
Phenotype 

0052. The 110ST and G93R mutations were associated 
with a hemochromatosis clinical phenotype in probands 1 
and 2 who also inherited H63D and C282Y, respectively. 
Proband 3 had clinical evidence of hemochromatosis, iron 

normal iron phenotype (Table 7). Normal Control 2, who 
also had the HFE genotype S65C/wt, had hyperferritinemia 
and mildly increased Stainable hepatocellular iron deposi 
tion, but had no Symptoms or other objective findings 
attributable to iron overload (Table 7). These data indicate 
that S65C heterozygosity is associated with abnormal iron 
parameterS. 

EXAMPLE 7 

HLA Gene Linkage 
0053. In the family of proband 1, the I105Tmutation was 
linked to HLA-A3, B7, markers which are often linked to the 
C282Y mutation and its ancestral haplotype. HLA-A3, B7 is 
also significantly more common among C282Y-negative 
hemochromatosis probands than in normal control Subjects 
tested. S65C was linked to HLA-A32 in probands 3 and 4 
(and their respective families). The base-pair change in 
intron is 4 (nt 6884T->C) was detected only in probands 
who inherited the S65C mutation. These data indicate that an 
intron 4 mutation (nt 6884->C) is a marker for chromosomes 
bearing the S65C HFE allele. Three of four probands who 
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inherited mutated HFE exon 2 mutations described herein 
also inherited the C282Y or H63D mutations on separate 
chromosomes. In a fourth proband, the co-inheritance of 
S65C heterozygosity and hereditary Stomatocytosis was 
asSociated with Severe iron overload. 

0.054 Altered interactions of transferrin receptor, trans 
ferrin, and C282Y and H63D mutant HFE protein contribute 
to the pathology of hemochromatosis. The S65C, G93R, and 
I105T mutations are located within the C1 domain: in the C.1 
helix of the HFE class I-like heavy chain (I105T and G93R), 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 30 

<210> SEQ ID NO 1 
&2 11s LENGTH 25 O6 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 
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and at the tip of the A chain loop of the B-pleated sheet 
(S65C). These mutations affect the overall structure of the 
HFE gene product, and Specifically affect the Salt bridge 
between residues H63 and D95. The I105T Substitution also 
inhibits proper folding of the C.1 domain of the HFE gene 
product, and Specifically affects the hydrophobicity of the 
hydrophobic F pocket. 

0055) Other embodiments are within the following 
claims. 

atggg.ccc.gc gagcc aggcc gg.cgcttct c citcc tatgc titttgcagac cqcggtocto 60 

cagggg.cgct togctd.cgttc acact citctg. cactacctot to atgggtgc citcagagcag 120 

gaccttgg to tttcc ttgtt togaagctittg ggctacgtgg atgaccagot gttcgtgttc 18O 

tat gatcat g agagtc.gc.cg tdtggag ccc cqaactc.cat gg gtttccag tagaattitca 240 

agccagatgt ggctdcagot gagtcagagt citgaaagggit gg gatcacat gttcactgtt 3OO 

gacittctgga ct attatgga aaatcacaac cacagdalagg agtc.ccacac cotgcaggto 360 

atcctgggct gtgaaatgca agaagacaac agtaccgagg gCtactggaa gtacgggitat 420 

gatgggcagg accaccittga attctg.ccct gacacactgg attggaga.gc agcaga acco 480 

agggCCtggC ccaccalagct ggagtgggala aggCacaaga titcgggcCag gCagaacagg 540 

gcctacctgg agagggactg. CCCtgcacag Ctgcagcagt togctggagct ggggagaggt 600 

gttittgg acc aacaagtgcc toctittggtg aaggtgacac at catgtgac ct cittcagtg 660 

accactctac ggtgtcgggc cittgaactac taccc.ccaga acatcaccat galagtogctg 720 

aaggataagc agccaatgga toccaaggag titcgaaccta aagacg tatt goccaatggg 78O 

gatgg gacct accagggct g gata accittg gotgtacccc citggggaaga goagagatat 840 

acgtgcc agg toggag caccc aggcctggat cagoccotca ttgttgatctg. ggagcc citca 9 OO 

cc.gtotggca cc ctagt cat tdgagtcatc agtggaattig citgtttttgt cqtcatcttg 96.O 

ttcattggaa ttttgttcat aatattalagg aa gaggcagg gttcaagagg agcc atgggg O20 

cactacgtot tagctgaacg toagtgacac goagcctgca gact cactgt gggaaggaga O8O 

caaaactaga gacitcaaaga gggagtgcat titatgagctic titcatgtttc aggaga gagt 1 4 0 

tgaacctaaa catagaaatt goctogacgaa citccttgatt ttagccttct citgttcattt 200 

ccitcaaaaag attitc.cc cat ttaggtttct gagttcc toc atgc.cggtga toccitagctg 260 

tgaccitctoc cotggaact g to tcticatga acct caagct gcatctagag gottcc titca 320 

tttccitcc.gt caccitcagag acatacacct atgtcatttc attitcc tatt tttggaagag 38O 

gactic cittaa atttggggga cittacatgat to attittaac atctgagaaa agctittgaac 4 40 

cctgggacgt ggctagt cat aaccttacca gattitttaca catgitatcta to cattttct 5 OO 
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-continued 

gg accogttcaacttittcct ttgaatccitc. tctotgttgtt accoagtaac toatctgtca 1560 

ccaa.gc.cittg gggattctitc catctgattg tdatgttgagt to cacagota toga aggctdt 1620 

gcactgcacg aatggaagag goacctgtcc cagaaaaag.c atcatggcta totgtgggta 1680 

gtatgatggg totttittago agg taggagg caaatat citt gaaaggggitt gtgaagaggit 1740 

gttttittcta attggcatga aggtgtcata cagatttgca aagtttaat g g toccitt cat 1800 

ttgg gatgct actictagt at to cag acctgaagaatcaca ataattittct acctggtotc 1860 

to cittgttct gataatgaaa attatgataa gqatgataaa agc acttact tcgtgtc.cga 1920 

citcttctgag caccitactta catgcattac to catgcact tcttacaata attctatgag 1980 

atagg tacta ttatcc cc at ttcttttitta aatgaagaaa gtgaagtagg cc.ggg cacgg 20 40 

tggctogcgc ctdtggtocc agggtgctga gattgcaggt gtgagccacc citgcc.ca.gc.c 2100 

gtoaaaagag tottaatata tatatocaga tigg catgtgt titactittatgttact acatg 216 O 

cacttggctg cataaatgtg gtacaaccat totgtc.ttga agggcaggtg cittcaggata 2220 

ccatatacag citcagaagtt tottctittag goattaaatt ttagcaaaga tatctoatct 228O 

cittcttittaa accattttct tttitttgttgg ttagaaaagt tatgtagaaa aaagtaaatg 234. O 

tgatttacgc ticattgtaga aaagctataa aatgaataca attaaagctg. ittatttaatt 24 OO 

agcc agtgaa aaactattaa caacttgttct attacctgtt agtattattg ttgcattaaa 2460 

aatgcatata Ctttaataaa totacattgt attgtaaaaa aaaaaa 25 O6 

<210> SEQ ID NO 2 
&2 11s LENGTH 348 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 2 

Met Gly Pro Arg Ala Arg Pro Ala Lieu Lleu Lleu Lleu Met Leu Lieu Glin 
1 5 10 15 

Thr Ala Wall Leu Glin Gly Arg Lieu Lieu Arg Ser His Ser Lieu. His Tyr 
2O 25 3O 

Leu Phe Met Gly Ala Ser Glu Glin Asp Leu Gly Lieu Ser Lieu Phe Glu 
35 40 45 

Ala Leu Gly Tyr Val Asp Asp Gln Leu Phe Val Phe Tyr Asp His Glu 
5 O 55 60 

Ser Arg Arg Val Glu Pro Arg Thr Pro Trp Val Ser Ser Arg Ile Ser 
65 70 75 8O 

Ser Glin Met Trp Leu Glin Lieu Ser Glin Ser Lieu Lys Gly Trp Asp His 
85 90 95 

Met Phe Thr Val Asp Phe Trp Thr Ile Met Glu Asn His Asn His Ser 
100 105 110 

Lys Glu Ser His Thr Leu Glin Val Ile Leu Gly Cys Glu Met Glin Glu 
115 120 125 

Asp Asn. Ser Thr Glu Gly Tyr Trp Llys Tyr Gly Tyr Asp Gly Glin Asp 
130 135 1 4 0 

His Leu Glu Phe Cys Pro Asp Thr Lieu. Asp Trp Arg Ala Ala Glu Pro 
145 15 O 155 160 

Arg Ala Trp Pro Thr Lys Lieu Glu Trp Glu Arg His Lys Ile Arg Ala 
1.65 170 175 

Arg Glin Asn Arg Ala Tyr Lieu Glu Arg Asp Cys Pro Ala Glin Leu Glin 
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18O 185 19 O 

Glin Leu Lieu Glu Lieu Gly Arg Gly Val Lieu. Asp Glin Glin Val Pro Pro 
195 200 2O5 

Leu Val Lys Val Thr His His Val Thr Ser Ser Val Thr Thr Leu Arg 
210 215 220 

Cys Arg Ala Lieu. Asn Tyr Tyr Pro Glin Asn. Ile Thr Met Lys Trp Lieu 
225 230 235 240 

Lys Asp Lys Glin Pro Met Asp Ala Lys Glu Phe Glu Pro Lys Asp Wal 
245 250 255 

Leu Pro Asn Gly Asp Gly Thr Tyr Glin Gly Trp Ile Thr Leu Ala Val 
260 265 27 O 

Pro Pro Gly Glu Glu Glin Arg Tyr Thr Cys Glin Val Glu His Pro Gly 
275 280 285 

Leu Asp Gln Pro Leu Ile Val Ile Trp Glu Pro Ser Pro Ser Gly Thr 
29 O 295 3OO 

Leu Val Ile Gly Val Ile Ser Gly Ile Ala Val Phe Val Val Ile Leu 
305 310 315 320 

Phe Ile Gly Ile Leu Phe Ile Ile Leu Arg Lys Arg Glin Gly Ser Arg 
325 330 335 

Gly Ala Met Gly His Tyr Val Lieu Ala Glu Arg Glu 
340 345 

<210> SEQ ID NO 3 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide primer 

<400 SEQUENCE: 3 

ccitcc tacta cacatggitta agg 23 

<210> SEQ ID NO 4 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 4 

gctotgacaa cctoraggaag g 21 

<210 SEQ ID NO 5 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 5 

ggtggaaata ggg accitatt Co 22 

<210> SEQ ID NO 6 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
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&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 6 

cactctgcca citagacitata gg 

<210 SEQ ID NO 7 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

O ligonucleotide primer 

<400 SEQUENCE: 7 

gttccagtct tcc togcaag g 

<210 SEQ ID NO 8 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
O ligonucleotide primer 

<400 SEQUENCE: 8 

aaatgctitcc catggatgcc ag 

<210 SEQ ID NO 9 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 9 

aaaggatcca ccatggg.ccc gcgagccagg 

<210> SEQ ID NO 10 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 10 

gtgagtctgc aggctg.cgtg 

<210> SEQ ID NO 11 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 11 

gttccagtct tcc togcaag g 

<210> SEQ ID NO 12 
<211& LENGTH 22 

22 

21 

22 

30 

20 

21 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 12 

aaatgctitcc catggatgcc ag 

<210> SEQ ID NO 13 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 13 

gttccagtct tcc togcaag g 

<210> SEQ ID NO 14 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400> SEQUENCE: 14 

aaatgctitcc catggatgcc ag 

<210 SEQ ID NO 15 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide primer 

<400 SEQUENCE: 15 

gtgtggagcc toaa.catcct g 

<210> SEQ ID NO 16 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 16 

acaag accitc agacitt.ccag c 

<210 SEQ ID NO 17 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 17 

ggtggaaata ggg accitatt Co 

22 

21 

22 

21 

21 

22 

Mar. 9, 2006 
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<210> SEQ ID NO 18 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 18 

cactctgcca citagagtata gg 

<210 SEQ ID NO 19 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 19 

gttccagtct tcc togcaag g 

<210> SEQ ID NO 20 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide primer 

<400 SEQUENCE: 20 

ttacctccitc agg cactcct c 

<210> SEQ ID NO 21 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

O ligonucleotide primer 

<400 SEQUENCE: 21 

aaaggatcca ccatggg.ccc gcgagccagg 

<210> SEQ ID NO 22 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

O ligonucleotide primer 

<400 SEQUENCE: 22 

gtgagtctgc aggctg.cgtg 

<210> SEQ ID NO 23 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide primer 

<400 SEQUENCE: 23 

tgcctdagga ggtaattato g 

22 

21 

21 

30 

20 

21 

Mar. 9, 2006 
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<400 

SEQ ID NO 24 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

22 

-continued 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 24 

primer 

aaatgctitcc catggatgcc ag 

<400 

EQ ID NO 25 
ENGTH 21 
YPE DNA 

EATURE 

O ligonucleotide 

SEQUENCE: 25 

tgcctdagga ggtaattato 

<400 

EQ ID NO 26 
ENGTH 22 
YPE DNA 

EATURE 

O ligonucleotide 

SEQUENCE: 26 

primer 

primer 

aaatgctitcc catggatgcc ag 

<400 

SEQ ID NO 27 
LENGTH 12146 
TYPE DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 27 

ggatcc titta accgaggaga 

gtgatagtga gcaaagaact 

tgaag cacaa taatacactc 

cittctttaca gag citcaagg 

tgitatctgag tacaggatg 

taaactgtgc atggtottac 

aaaact gitat gtaaatticta 

caggcttittg tdttgttggg 

citctittctoc aggatattitt 

attagg gtag tottgg gcct 

cc.gctdtctt citgtcatccc 

taaatcagtg tdtctggggit 

toccaatact gtaaagtttg 

acgtgtttca gtaggatcta 

ttattatago 

acaaactaac 

tgagggacag 

tgcttittatg 

atgttatttg 

citataatttg 

ttataatgat 

catgtgccac 

ggccacagac 

gaatttaggit 

citcccaactg 

taggagcagg 

tgaaacactt 

attggittaat 

RGANISM: Artificial Sequence 

RGANISM: Artificial Sequence 

cggagctctg 

accaaaatgc 

cgg gottatt 

gggtttgtgg 

attgaagttt 

ttaagaaaag 

ggCatgatga 

cittagggaat 

tittatcatala 

gggc.ca.gtgg 

ctaatgtcta 

cctcaatatg 

gtoagataat 

gttatgacitt 

aag cagdaat 

aag cittaaag 

totgc galagt 

ggaggagttg 

atagotatac 

cct cocaggg 

acttggggtg 

titccaccitgt 

actic catcc.c 

citgtcttagt 

actacctaac 

tittaatcatt 

tdaattatga 

aattaatttg 

THER INFORMATION: Description of Artificial Sequence: 

THER INFORMATION: Description of Artificial Sequence: 

citcagttctt 

caaagttitat 

gaacticago a 

aggtttgggc 

aatctaaaat 

atgggggggc 

aacttgaaga 

accostcottt 

ttagggtggC 

gacagoctitt 

aattacccat 

citccagataa 

aggctgtgga 

aatcaaaaaa. 

22 

21 

22 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 
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agcc agctica tacagagtcc aagggtottt toggatattg ggittatgatc actggggtot 774. O 

cattgaagga toctaagaaa gaggaccac gatctoccitt atatggtgaa totgttgtta 7800 

agaagttaga tigagaggtga ggagaccagt tagaaag.cca ataag cattt coagatgaga 786 O 

gataatggitt cittgaaatcc aatagtgc.cc aggtotaaat tdagatgggt gaatgaggaa 7920 

aataaggaag agagaagagg caagatggtg cctaggitttg tdatgccitct titcctgggto 798O 

tottgtc.tcc acaggaggag ccatogggg.ca citacgtotta gctgaacgtg agtgacacgc 804. O 

agcctgcaga citcactgtgg gaaggaga.ca aaactagaga citcaaagagg gagtgcattt 8100 

atgagctott catgtttcag gagagagttg aacctaaa.ca tagaaattgc ctdacgaact 81 60 

ccttgattitt agccttctot gttcatttcc toaaaaagat titccc.cattt aggtttctga 8220 

gttcctgcat gcc.ggtgatc cctagotgtg accitctocco toggaactgtc. tct catgaac 828O 

citcaa.gctg.c atctagaggc titccttcatt toctocqtca cotcagagac atacaccitat 8340 

gtoatttcat titcc tattitt toggaagagga citccittaaat ttggggg act tacatgattic 84 OO 

attittaa.cat citgagaaaag citttgaacco toggacgtgg citagt cataa cottaccaga 84 60 

tttittacaca totatotatg cattttctgg accogttcaa cittittcctitt gaatcctcitc 852O 

totgtgttac ccagta acto atctgtcacc aag cottggg gattctitcca totgattgttg 858O 

atgtgagttg cacago tatg aaggctgtac actgcac gala toggaagaggc acctgtc.cca 864. O 

gaaaaag Cat Catggctato tagtggg tagt atgatgggtg tttittagcag gtaggaggca 87 OO 

aatatott ga aaggggttgt gaa gaggtgt tttittctaat togg catgaag gtgtcataca 876O 

gatttgcaaa gtttaatggit gccitt cattt gogatgctac totag tatto cag acctgaa 882O 

gaat cacaat aattittctac citggtotcitc cittgttctga taatgaaaat tatgataagg 888O 

atgataaaag cacttact to gtgtc.cgact cittctgagca cct acttaca to cattactg 894 O 

catgcactitc ttacaataat totatgagat agg tactatt atccc.cattt cittttittaaa 9 OOO 

tgaagaaagt galagtaggcc ggg cacggtg gct cacgcct gtaatcc cag cactittggga 9 O60 

ggccaaag.cg g g toggatcac gaggtoagga gatcgag acc atcctggcta acatggtgaa 912 O 

acco catcto taataaaaat acaaaaaatt agctggg.cgt ggtgg cagac goctotagtic 918O 

C CagctactC ggalaggctga ggCaggagaa tag catgaac CCaggaggca gag Cttgcag 924 O 

tgagcc gagt ttgc.gc.cact gcacticcago citaggtgaca gagtgag act coatctoaaa 93OO 

aaaataaaaa taaaaataaa aaaatgaaaa aaaaaagaaa gtgaagtata gagtatcto a 936 O 

tagtttgtca gtgatagaaa caggtttcaa acticagt caa totgaccgtt togata catct 9420 

cagacaccac tacattcagt agtttagatg cctagaataa atagaga agg aag gagatgg 94.80 

citcttctott gtc.tcattgt gtttcttctgaatgagcttgaat cacatga aggggaacag 954. O 

cagaaaacaa cca act gatc citcagotgtc atgtttccitt taaaagtc.cc tdaagga agg 96.OO 

toctggaatg tdactcccitt gctccitctgttgctcitctitt ggcattcatt totttgg acc 9 660 

citacgcaagg act gtaattg gtggggacag citagtgg ccc togctdggctt cacacacggit 972 O 

gtoctoccita ggc.cagtgcc totggagtica gaactctggit gg tatttcc c toaatgaagt 978O 

ggagtaagct citctoattitt gagatggitat aatggaagcc accalagtggc titagaggatg 984 O 

cc.caggtoct tccatggagc cactggggitt coggtgcaca ttaaaaaaaa aatctaacca 9900 

ggacattcag gaattgctag attctgggaa atcagttcac catgttcaaa agagtc.ttitt 996 O 
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tttitttittitt gag actictat tocccaggct ggagtgcaat ggcatgatct c ggct cactg OO20 

taac citctgc citcc.caggitt caag.cgattc. tcc totcitca gccitc.ccaag tagctgg gat OO8O 

tacaggcgtg caccaccato cocggctaat ttttgtattt ttagtagaga cagggitttca O 140 

ccatgttggc caggctgg to tcgaactcitc ctdaccitcgt gatcc.gc.ct g c citcggcctic O2OO 

ccaaagtgct gagattacag gtgtgagcca ccctg.cccag cc.gtoaaaag agt cittaata O260 

tatatatoca gatggcatgt gtttactitta tottactaca tocacttggc tigcataaatg O320 

tggtacaagc attctgtc.tt galagg gcagg togcttcagga taccatatac agcto agaag O38O 

tittcttctitt agg cattaaa ttittagcaaa gatatotcat citcttcttitt aaaccattitt 04 40 

citttittttgt ggittagaaaa gttatgtaga aaaaagtaaa totgatttac got cattgta O5 OO 

gaaaagctat aaaatgaata caattaaagc tigttatttaa ttagc.ca.gtg aaaaactatt O560 

aacaacttgt citattacctg. ittagtatt at tigttgcatta aaaatgcata tactittaata O 620 

aatgtacatt gtattgtata citgcatgatt ttattgaagt tottgttcat cittgttgtata O 680 

tacttaatcg citttgtcatt ttggagacat ttattittgct tctaatttct ttacattttg Of 40 

tottacggaa tattitt catt caactgtggit agcc.gaatta atcgtgtttc titcactctag O8OO 

ggacattgtc. gtotaagttg taaga cattg gttattttac cagoa aacca ttctgaaag.c O 860 

atatgacaaa ttatttctdt cittaatatot tactatactgaaag.cag act gctataaggc O920 

ttcactitact cittctaccto ataag gaata tottacaatt aatttattag gtaag cattt O98O 

gttittatatt g gttittattt cacctgggct gag atttcaa gaaac accoc agtcttcaca O4. O 

gtaacacatt toactaacac atttactaaa catcagdaac totggccitat taattitttitt 100 

aatagaaatt ttaagttccitc attittcttitc ggtgttttitt aag cittaatt tittctggctt 160 

tattoataaa ttcttaaggt caactacatt tdaaaaatca aag acctg.ca ttittaaattic 220 

ttatto acct citggcaaaac cattcacaaa ccatgg tagt aaagaga agg gtgacaccitg 280 

gtggccatag gtaaatgtac cacggtgg to cqgtgaccag agatgcagog citgagggittt 34 O 

to citgaaggit aaaggaataa agaatgggtg gagggg.cgtg cactggaaat cacttgtaga 400 

gaaaag.cccc tdaaaatttg agaaaacaaa caagaalacta cittaccagot atttgaattg 460 

citggaatcac aggccattgc tigagctgcct gaactgg gaa cacaacaga a gqaaaacaaa 52O 

ccactctgat aatcattgag toaagtacag caggtgattg agg actocto a gaggtacag 58O 

gccaaaattic titatgttgta ttataataat gtcatctitat aatactgtca gitattittata 640 

aaacattctt cacaaactica cacacattta aaaacaaaac actgtctota aaatccccaa FOO 

atttittcata aactcagttt taaactaact ttttittcaaa ccacaatctg atttaacaat 760 

gactatoatt taaatatttctgactittcaa attaaagatt ttcacatgca ggctgatatt 820 

tgtaattgttg attctotctg. taggctttgg gtataatgttg ttcttittcct tttittgcatc 88O 

ag.cg attaac ttctacactc taacatgtag aatgttacta caatattaaa gitattttgta 940 

tgacaattitt atttgaaagc citaggatgcg ttgacatcct gcatgcattt attacittgat 2OOO 

atgcatgcat totggitat ct caa.gcattct atttctgagt aattgtttaa gotgtagaag 2060 

agatagatat ggtggatttg gagttgatac ttatatattt totatttctt goatggatga 2120 

atttgtacat taaaagttitt coatgg 2146 

<210> SEQ ID NO 28 
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&2 11s LENGTH 17 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide primer 

<400 SEQUENCE: 28 

gtotgaaacg gtgggat 

EQ ID NO 29 
ENGTH 18 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

O ligonucleotide primer 

<400 SEQUENCE: 29 

acttctggac tactatogg 

EQ ID NO 30 
ENGTH 17 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

O ligonucleotide primer 

<400 SEQUENCE: 30 

atcatgagtg togcc.gt 

What is claimed is: 
1. A method of diagnosing an iron disorder or a genetic 

Susceptibility to developing Said disorder in a mammal, 
comprising determining the presence of a mutation in exon 
2 of an HFE nucleic acid in a biological Sample from Said 
mammal, wherein said mutation is not a C->G Substitution 
at nucleotide 187 of SEQID NO: 1 and wherein the presence 
of Said mutation is indicative of Said disorder or a genetic 
Susceptibility to developing Said disorder. 

2. The method of claim 1, wherein said disorder is 
hemochromatosis. 

3. The method of claim 1, wherein said nucleic acid is a 
DNA molecule. 

4. The method of claim 1, wherein Said nucleic acid is a 
RNA molecule. 

5. The method of claim 1, wherein said mutation is a 
missense mutation at nucleotide 314 of SEQ ID NO:1. 

6. The method of claim 5, wherein said mutation is 314C. 
7. The method of claim 6, wherein said mutation results 

in expression of mutant HFE gene product I105T. 
8. The method of claim 1, wherein said mutation is at 

nucleotide 277 of SEO ID NO:1. 
9. The method of claim 8, wherein said mutation is 277C. 
10. The method of claim 9, wherein said mutation results 

in expression of mutant HFE gene product G93R. 
11. The method of claim 1, wherein said mutation is at 

nucleotide 193 of SEO ID NO:1. 

17 

THER INFORMATION: Description of Artificial Sequence: 

18 

THER INFORMATION: Description of Artificial Sequence: 

17 

12. The method of claim 11, wherein said mutation is 
193T. 

13. The method of claim 12, wherein said mutation results 
in expression of mutant HFE gene product S65C. 

14. The method of claim 1, wherein said biological 
Sample is Selected from the group consisting of whole blood, 
cord blood, Serum, Saliva, plasma, effusions, ascites, urine, 
Stool, buccal tissue, liver tissue, kidney tissue, cerebroSpinal 
fluid, Skin, hair and tears. 

15. The method of claim 1, wherein said mammal is a 
human. 

16. A kit for diagnosing an iron disorder or a genetic 
Susceptibility to developing Said disorder in a mammal, 
comprising an antibody which preferentially binds to an 
epitope of a mutant HFE gene product, wherein Said gene 
product comprises amino acid substitution I 105T, G93R, or 
S65C. 

17. A kit for diagnosing an iron disorder or a genetic 
Susceptibility to developing Said disorder in a mammal, 
comprising an antibody which preferentially binds to an 
epitope of a wild type HFE gene product, wherein Said gene 
product comprises amino acid substitution I 105, G93, or 
S65. 


