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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 deposition can 
lead to tissue damage and functional impairment of the 
Organs. 
0002. In some populations, 60-100% of cases are attribut 
able 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 heterozy 
gotes 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 
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method of diagnosing an iron disorder, e.g., hemochromato 
sis or a genetic susceptibility to developing such a disorder, in 
a mammal by determining the presence of a mutation in exon 
2 of an HFE nucleic acid. The mutation is not a C->Gmissense 
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 devel 
oping it. An iron disorder is characterized by an aberrant 
serum iron level, ferritin level, or percent saturation of trans 
ferrin compared to the level associated with a normal control 
individual. An iron overload disorder is characterized by 
abnormally high iron absorption compared to a normal con 
trol individual. Clinical hemochromatosis 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 SEQID 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 al 
helix of the HFE protein and participates in a hydrophobic 
pocket (the “F” pocket). The alpha helix structure of the C.1 
domain spans residues S80 to N108, inclusive. The I105T 
mutation is associated with an iron overload disorder. 

TABLE 1. 

Human HFE cDNA sequence 

cgagcCaggc 
Cctic ctgatg Cttittgcaga cc.gcggtc.ct gcaggggggg ttgctg.cgtt 
gcactacctic tt catgggtg cct cagagca ggacctgggt Cttt CCttgt 
gggg tacgtg gatgaccago tdttctgtt Ctatgat cat gagagtc.gc.c 

cc galacticca toggtttcca gtagaattitc aagccagatg tdgctgcagc 
totgaaaggg toggat caca titt cactgt tacttctgg act attatgg 

ccacagcaag gagt cc caca C cctgcaggit catcctgggc tigtgaaatgc 
cagtaccgag ggct actgga agtacgggta tatgggcag gaccacct cq 
tgacacactggattggagag cagcagaacc Cagggcctgg cccaccaa.gc 
aaggcacaag attcgggcca ggcagaacag ggcctacctg gagagggact 
gctgcagoag ttgctggagc tiggggagagg tdttittggac Caacaagtgc 
galaggtgaca catcatgtga Cctictt cagt gaccacticta C9gtgtcggg 
ct acccc.cag aa catcacca taagtggct gaaggataag cagccaatgg 
gttctgaacct aaagacgt at tcc caatgg ggatgggacc taccagggct 
ggctgt accc cctggggaag agcagagata tacgtgc.cag gtggagcacc 
to agcc cct c attgttgat cit gggagc cct c accotctggc accctagt ca 
cagtggaatt gctgttitttgtcgt catc.tt gttcattgga attttgttca 
galagaggcag ggttcaagag gagc catggg gCactacgt.c ttagctgaac 
cgcago Ctgc agactic actg tdggaaggag acaaaactag agact caaag 
tt tatgagct citt catgttt caggagagag titgaacctaa acatagaaat 
actic cittgat tittagc cct c tictdtt catt to citcaaaaa gattt cocca 
tgagttcc tig catgcc.ggtg atcc ctagot gtgacct citc ccctggaact 
aacct caa.gc tigcatctaga gcct tcct tc attitcct c cq t cacct caga 
tatgtcattt cattt cct at ttittggaaga gogactic citta aatttggggg 
tt cattittaa catctgagaa aagctittgaa ccctgggacg toggctagt ca 
agattitttac acatgitat ct atgcatttitc tdgaccc.gtt caacttitt co 
ct citctgtgt tacc cagtaa ct catctgtc. accaa.gc.ctt ggggattctt 
gtgatgtgag ttgcacagct atgaaggctg. tcc actgcac gaatggaaga 
cc agaaaaag catcatggct atctgtgggit agtatgatgg gtgtttittag 
gcaaat atct taaaggggt titgaagagg tdttttitt ct aattggcatg 
acagatttgc aaagtttaat gigtgcct tca tttgggatgc tactic tagta 
gaagaatcac aataattitt c tacctggit ct citccttgttctgataatgaa 
aggatgataa aagc acttac titcgtgtc.cg act cittctga gcacct actt 
ctgcatgcac ttcttacaat aattictatga gatagg tact attatccc.ca 
aaatgaagaa agtgaa.gcag gcc.gggcacg gtggct cqcg cct gtggit Co 
agattgcagg ttgagccac cctgcc.ca.gc cqtcaaaaga gtcttaat at 
atgg catgtg tt tactittat gttact acat gcacttggct gcataaatgt 
ttctgtcttg aagggcaggit gctt caggat accatataca gct Cagaagt 
ggcattaa at tittagdaaag atat ct catc ticttcttitta aaccatttitc 
gttagaaaag titatgtagaa aaaagtaaat gtgatttacg ct cattgtag 
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aaaagctata 
acaacttgtc 
atgtacattg 
(SEQ ID NO: 

aaatgaatac 
tattacctgt 
tattgtaaaa 
1; GENBANK 

TABLE 1 - continued 

Human HFE cDNA sequence 

aattaaagct gttatttaat tagccagtga aaaact atta 
tag tattatt gttgcattaa aaatgcatat actittaataa 
aaaaaaa. 

Accession No. U60319) 
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TABLE 2 

Human HFE gene product 

MGPRARPALLLLMLLOTAVLQG 
RLLRSHSHLHYLFMGASEQDLGLSL FEALGYWDDQLFWFYDHESRRVRPR 
TPWVSSRISSOMWLOLSOSLKGWDHMFTWDFWTIMENHNHSKESHTLOVI 
LGCEMOEDNSTEGYWKYGYDGODHLEFCPDTLDWRAAEPRAWPTKLEWER 
HKIRARONRAYLERDCPAOLOOLLELGRGVLDOOVPPLVKVTHHVTSSVT 
TLRCRALNYPONITMKWLKDKWPMDAKEFEPKDVLPNGDGTYOGWITLAV 
PPGEEORYTCOWVEHPGLDOPLIVTIWEPSPSGTLVIGVISGIAVFWWIL 
FIGILFIILRKROGSRGAMGHYWLAERE (SEQ ID NO: 2; 
GENBANK Accession No. U60319) 

Residues 1-22 = leader sequence; C1 domain under 
lined; 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. 
0005. 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 chori 

Target DNA 

onic villa sampling. Preferably, the biological sample is one 
that can be non-invasively obtained, e.g., cells in saliva or 
from hair follicles. 

0006. 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. 
0007. 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 oligonucle 
otide primer which is 3' to nucleotide 314 is used in a standard 
amplification procedure Such as polymerase chain reaction 
(PCR). To amplify a nucleic acid containing nucleotide 277 of 
SEQID NO: 1, a first oligonucleotide primer which is 5' to 
nucleotide 277 and a second oligonucleotide primer which is 
3' to nucleotide 277 is used. Similarly, a nucleic acid contain 
ing nucleotide 193 of SEQ ID NO: 1 is amplified using 
primers which flank that nucleotide. For example, for nucle 
otide 277, the first primer has a nucleotide sequence of SEQ 
ID NO:3 and said second oligonucleotide primer has a nucle 
otide sequence of SEQ ID 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 SEQID 
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 

Forward Primer Reverse Primer 

PRIMERS USED FOR AMPLIFICATION 

GCTCTGACAACCTCAGGAAGG 

(SEQ ID NO : 4) 

CACTCTGCCACTAGCACTATAGG 

(SEQ ID NO : 6) 

AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 8) 

GTGAGTCTGCAGGCTGCGTG 

(SEQ ID NO: 10) 

AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 12) 

AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 14) 

II. PRIMERS USED FOR AMPLIFICATION 

I. 

Exon 2 CCTCCTACTACACATGGTTAAGG 

(SEQ ID NO : 3) 

Exon 3 GGTGGAAATAGGGACCTATTCC 

(SEO ID NO; 5) 

Exon 4 GTTCCAGTCTTCCTGGCAAGG 

(SEO ID NO: 7) 

RT-PCR AAAGGATCCACCATGGGCCCGCGAGCCAGG 

(SEO ID NO: 9) 

Intron 4 GTTCCAGTCTTCCTGGCAAGG 

(SEQ ID NO: 11) 

Intron 5 GTTCCAGTCTTCCTGGCAAGG 

(SEQ ID NO: 13) 

Exon 2 GTGTGGAGCCTCAACATCCTG 

(SEQ ID NO: 15) 
ACAAGACCTCAGACTTCCAGC 

(SEQ ID NO: 16) 
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Target DNA 

TABLE 3 - continued 

Forward Primer 

Exon 3 GGTGGAAATAGGGACCTATTCC 

(SEO ID NO: 17) 

Exon 4 GTTCCAGTCTTCCTGGCAAGG 

(SEQ ID NO: 19) 

RT-PCR AAAGGATCCACCATGGGCCCGCGAGCCAGG 

(SEQ ID NO: 21) 

Intron 4 TGCCTGAGGAGGTAATTATGG 

(SEQ ID NO: 23) 

Intron 5 TGCCTGAGGAGGTAATTATGG 

Reverse Primer 

CACTCTGCCACTAGAGTATAGG 

(SEQ ID NO: 18) 

TTACCTCCTCAGGCACTCCTC 

(SEQ ID NO: 2O) 

GTGAGTCTGCAGGCTGCGTG 

(SEQ ID NO: 22) 

AAATGCTTCCCATGGATGCCAG 

(SEQ ID NO: 24) 

AAATGCTTCCCATGGATGCCAG 
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(SEQ ID NO: 25) 

0008 Mutations in introns of the HFE gene have now been 
associated with iron disorders and/or hemochromatosis. 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 biologi 
cal sample. The presence of the mutation is indicative of the 
disorder or a genetic Susceptibility 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 mutation 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 ampli 
fied 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). 
0009. 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 deter 
mining the presence of a mutation in a HFE gene product in a 
biological sample. For example, the mutation results in a 
decrease in intramolecular saltbridge formation in the mutant 
HFE gene product compared to saltbridge formationina 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, 

(SEQ ID NO: 26) 

the mutation is between residues 23-113, inclusive of SEQID 
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 SEQID NO:2, and most 
preferably, the mutation is amino acid substitution S65C. 
Alternatively, the mutation which affects salt bridge forma 
tion is a mutation, e.g., an amino acid substitution at residue 
95 or proximal to residue 95 of SEQID NO:2. Preferably, the 
mutation is G93R. Such an HFE mutation is detected by 
immunoassay or any other ligand binding assay such as bind 
ing of the HFE gene product to a transferrin receptor. Muta 
tions are also detected by amino acid sequencing, analysis of 
the structural conformation of the protein, or by altered bind 
ing to a carbohydrate or peptide mimetope. 
0010. 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 SEQID NO:2) of an HFE gene product. The mutation may 
bean addition, deletion, or Substitution of anamino acid in the 
wildtype sequence. For example, the mutant HFE gene prod 
uct contains the amino acid substitution I 105T or G93R or in 
the loop of the B sheet of the HFE molecule, e.g., mutation 
S65C 

0011 Isolated nucleic acids encoding a mutated HFE gene 
products (and nucleic acids with nucleotide sequences 
complementary to Such coding sequences) are also within 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 is nucleic acid mol 
ecules 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 synthe 
sized. For example, the restriction enzyme, BstaC I (Sib 
Enzyme Limited, Novosibirsk, Russia), can be used to detect 
the G93R mutation (point mutation 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 
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encompasses nucleic acid molecules that hybridize, prefer 
ably under stringent conditions, to a nucleic acid molecule 
encoding a mutated HFE gene product (or a complementary 
strand of such a molecule). Preferably the hybridizing nucleic 
acid molecule is 400 nucleotides, more preferably 200 nucle 
otides, more preferably 100, more preferably 50, more pref 
erably 25 nucleotides, more preferably 20 nucleotides, and 
most preferably 10-15 nucleotides, in length. For example, 
the nucleotide 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 containing amino 
acid substitution I 105T, 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. 
0012. 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. Sub 
stantially 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. 
0013 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). 
0014. The polypeptides of the invention encompass amino 
acid sequences that are Substantially identical to the amino 
acid sequence shown in Table 2 (SEQID NO:2). Polypeptides 
of the invention are recombinantly produced, chemically Syn 
thesized, or purified from tissues in which they are naturally 
expressed according to standard biochemical methods of 
purification. Biologically active or functional polypeptides 
are those which possess one or more of the biological func 
tions 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 polypeptide is also con 
sidered within the scope of the invention if it serves as an 
antigen for production of antibodies that specifically bind to 
an HFE epitope. In many cases, functional polypeptides 
retain one or more domains present in the naturally-occurring 
form of HFE. 
0015 The functional polypeptides may contain a primary 
amino acid sequence that has been altered from those dis 
closed herein. Preferably, the cysteine residues in exons 3 and 
4 remain unchanged. Preferably the modifications consist of 
conservative amino acid substitutions. The terms “gene prod 
uct”, “protein', and is “polypeptide' are used herein to 
describe any chain of amino acids, regardless of length or 
post-translational modification (for example, glycosylation 
or phosphorylation). Thus, the term “HFE polypeptide or 
gene product' includes full-length, naturally occurring HFE 
protein, as well a recombinantly or synthetically produced 
polypeptide that correspond to a full-length naturally occur 
ring HFE or to a particular domain or portion of it. 
0016. 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 recom 
binant DNA techniques, or chemical precursors or other 
chemicals when chemically synthesized. Polypeptides are 
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said to be “substantially pure' when they are within prepara 
tions that are at least 60% by weight (dry weight) the com 
pound 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. 
0017 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 prod 
uct (compared to the binding to a wildtype 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. 
0018 Individual mutations and combinations of muta 
tions s 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 varying prog 
nosis. 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 hemochromatosis. Accord 
ingly, the invention includes a method of determining the 
prognosis for hemochromatosis in a mammal Suffering from 
or at risk of developing said hemochromatosis by (a) detect 
ing the presence or absence of a first mutation in exon 4 in 
each allele of an HFE nucleic acid, e.g., patient-derived chro 
mosomal 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 homozy 
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gote is also associated with a more negative prognosis com 
pared 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. 
0019. Other features and advantages of the invention will 
be apparent from the following detailed description, and from 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a diagram of the family of proband 1 (HFE 
genotype H63D/I105T). D-male, O=female, O-deceased, 

hemochromatosis phenotype. Proband 1 is indicated by an 
arrow. Phenotype and genotype data: age in year Saturation; 
% Ftn-serum ferritin concentration. I 105 separate chromo 
somes. The sister of the proband (II. 203) has hyperferritine 

18. 

0021 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 hemochromatosis. 
0022 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 

0023. A proband is the first individual in a family identi 
fied 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 heterozy 
gosity, or H63D homozygosity. Four probands had novel 
HFE coding region mutations. Probands 1 and 2 were het 
erozygous 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 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 I 105T, 
G93R, and S65C (respectively) occurred on separate chro 
mosomes 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 heterozygous and two probands were 
homozygous for a base-pair change at intron 2, nt 4919T/C 
(SEQ ID NO:27). Heterozygosity 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) 
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0024. 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 prog 
nostic) of iron disorders. 

Pathology of Iron Overload 
0025 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 chil 
dren by poisoning. It has been implicated in the pathophysi 
ology of a number of common diseases, e.g., hepatitis, cancer, 
heart disease, reperfusion injury, rheumatoid arthritis, diabe 
tes, AIDS, and psychological abnormalities (e.g. depression). 
0026. 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. 
0027 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 cardi 
omyopathy 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 diabetes-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, congestive heart failure 
and cardiac arrhythmias. An increased frequency of HFE 
mutations in individuals with porphyria cutanea tarda indi 
cates that HFE mutations may predipose an individual to 
developing this syndrome. 
0028. 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. 
0029. 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. 
0030. 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 
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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. 
0031 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. 
0032. Identification and detection of mutations in the HFE 
gene are critical to understanding the general mechanisms of 
iron disorders and diagnosing iron-related pathologies. 

Nucleic Acid-based Assays for HFE Mutations 
0033. 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 standard 
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 Southern, 
Northern, or dot blot hybridization assay systems and an 
HFE-specific oligonucleotide probe, restriction enzyme frag 
ment 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 conformation 
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, capillary hybridization, or 
TaqManTM assay (PE Applied Biosystems, 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 Sosnowski 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 

0034 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 anti 
bodies can be polyclonal or monoclonal. Polyclonal antibod 
ies 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 fragment thereof, 
is used as an immunogen to stimulate the 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 immu 
nizing animals with a polypeptide spanning the mutation, e.g., 
a polypeptide which contains the mutations described herein. 
For example, the entire C.1 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, Mono 
clonal Antibodies, Plenum Press, 1980, pages 370-371. 
Hybridomas are screened to identify those producing anti 
bodies that are highly specific for an HFE polypeptide con 
taining a mutation characteristic of an iron metabolism abnor 
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mality or clinical hemochromatosis. Preferably, the antibody 
has an affinity of at least about 10 liters/mole, preferably at 
least 10 liters/mole, more preferably at least 10 liters/mole, 
and most preferably, an affinity of at least about 10 liters/ 
mole. 
0035 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 wildtype HFE 
specific antibody indicates the presence of a mutation. Anti 
body binding is detected using known methods. 
0036. For example, an ELISA assay involves coating a 
Substrate, e.g., a plastic dish, with an antigen, e.g., a patient 
derived biological sample containing an HFE gene product. 
An antibody 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 material is 
washed away and a marker enzyme e.g., horse radish peroxi 
dase or alkaline phosphatase, coupled to a second antibody 
directed against the antigen-specific primary antibody 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 indicative of presence of 
the mutation. Antibodies are also labelled with various sizes 
of colloidal gold particles or latex particles 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 genetically 
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 previously 
diagnosed to have hemochromatosis by the working diagnos 
tic criterion for hemochromatosis of the American College of 
Pathologists (elevated fasting transferrin Saturation of greater 
than 60% saturation for males and greater than 50% satura 
tion 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 significant 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 hereditary, and acquired anemia. Iron 
overload was defined as evidence of systemic iron overload 
demonstrated by otherwise unexplained elevated serum fer 
ritin concentration (2300 ng/mL in men, 2200 ng/mL in 
women), increased hepatic iron content determined using 
hepatic biopsy specimens, or iron>4 g mobilized by phle 
botomy. Complications of iron overload were evaluated and 
treated, and therapeutic phlebotomy was performed using 
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TABLE 4 - continued 

Human HFE genomic DNA 

12 OO1 
12O61 
121.21 

atgcatgcat 
agatagatat 
atttgtacat 
(SEQ ID NO 

taaaagttitt coatgg 
: 27, GENBANK Accesson No. 292.910) 

0041 Exon 1 spans nt 1028-1324, inclusive; exon 2 spans 
nt 4652-4915, inclusive; exon 3 spans nt 5125-5400, inclu 
sive; 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, inclu 
S1V. 

0042. Total RNA for the RT-PCR was prepared from 1.5 
mL of whole blood using the RNeasy Blood Kit (QIAGEN, 
Valencia, Calif.). 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. 
0.043 DNA sequencing was performed using the ABI 
Prism BigDye Terminator Cycle Sequencing Ready Reaction 
Kit (PEApplied Biosystems, Foster City, Calif.) and analyzed 
on an ABI Prism 377. 

0044) 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 
ul of each resulting PCR product was then applied to a Magna 
Graph nylon membrane (MSI, Westboro, Mass.). The mem 
branes were treated with 0.5NNaOHA1.5 MNaCl 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 MNaCl/0.015 M 
sodium citrate, pH 7.0). The DNAs were fixed on the mem 
brane by UV irradiation using a Stratalinker 1800 (Strat 
agene, Inc., La Jolla, Calif.). The ECL 3'-oligolabelling and 
detection system (Amersham, Arlington Heights, Ill.) was 
used for synthesis of labeled oligonucleotide probes, hybrid 
ization, 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 catgagTgt cqc.cgt. 
(SEQ ID NO:30) 

For signal detection, each oligonucleotide was labeled with 
fluorescein-11-dUTP using terminal deoxynucleotidyl trans 
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totggitat ct caagcattct atttctgagt aattgtttaa ggtgtagaag 
ggtggatttg gagttgatac ttatatattt to tatttctt ggatggatga 

ferase according to the manufacturer's instructions (Amer 
sham Ltd., Arlington Heights, Ill.). The membranes were 
prehybridized in 5xSSC, 0.1% Hybridization buffer compo 
nent, 0.02% SDS, 5% LiquidBlock at 42° C. for approxi 
mately 2 hours. Labelled oligonucleotide probes were added 
to individual bags containing the membranes and prehybrid 
ization buffer and incubated at 42° C. 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 SEQID NO:30 or 
28 were performed twice in 0.2xSSC/0.1% SDS for 15 min 
utes 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 min 
utes at 42° C.). Detection of a fluorescent signal was per 
formed according to standard methods. 

EXAMPLE 3 

Characterization of Probands 

0045. 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 hypogonadism. 
One proband also had hereditary stomatocytosis, another had 
beta-thalassemia trait, a third had ethanol intakes 60 g daily, 
and a fourth had porphyria cutanea tarda. No proband is had 
evidence of excess oral or parenteral iron intake, or of viral 
hepatitis B or C. At diagnosis of hemochromatosis, 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 area. 

TABLE 6 

Frequencies of HFE Genotypes in Alabama Subiects. 

Hemochromatosis Probands with Normal Control 
HFE Genotype Atypical HFE Genotypes,% (n) Subjects, % (n) 

wtfwt 15.00 (3) 60.23 106) 
C282Y,wt 45.00 (9) 13.06 (23) 
H63Diwt 20.00 (4) 15.34 (27) 
S6SCwt 5.00 (1) 1.14 (2) 
C282Y/S65C 5.00 (1) O 
C282Y, G93R 5.00 (1) O 
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TABLE 6-continued 

Frequencies of HFE Genotypes in Alabama Subjects. 

Hemochromatosis Probands with Normal Control 
HFE Genotype Atypical HFE Genotypes, % (n) Subjects, % (n) 

H63D,11OST 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 Hemo 
chromatosis 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 S65C 
mutation The S65C mutation has been observed in hemochro 
matosis patients but has not been deemed to be indicative of a 
disease state. In contrast, the data presented herein indicate 
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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 heterozygous for a base-pair change at intron 
2, nt 4919T/C (SEQID NO:27); two probands were homozy 
gous 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-sG. 
0048. Using dot blot methodology, heterozygosity for the 
S65C mutation was detected in two of 176 normal control 
subjects (Table 6). The G93R or I105T 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 Subjects* 

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

Proband 1 S2M H63D/I105T A2, 3; B7, 7 62 868 2+ 2O 

Proband 2i. 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: Cw5, 7 
Proband 4** 81 F S6SCwt A2, 32: B14, 62 100 5,135 N.D. 37 

Normal Control 1 28 M S6SCwt A2, 31; B35, 60 28 141 N.D. N.D. 

Normal Control 2 69 M S6SCwt 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 s 20 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, hypogonadotrophic hypogo 
nadism, 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, S65C, 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. 
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 stomatocytosia 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: Cw3, 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. 
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TABLE 8 

Frequencies of HFE Alleles in Alabama Subjects. 

wt C282Y H63D S65Ci I105T G93R 

Hemochromatosis Probands with 0.500 0.275 O.12S O.OSO O.O2S O.O2S 
Atypical HFE Genotypes (n = 20) 
Normal Control Subjects (n = 176) O.7SO 0.099 O.145 O.OO6 

The wild-type (wt) allele was defined as an HFE allele in which the mutations C282Y, H63D, 
S65C, I105T, or G93R were not detected. 
S65C 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, I105T, or G93R mutation. 
Based on this data set, the frequency of the I105T and G93R HFE alleles is estimated to be 
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<0.0028, respectively. 

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). 
0050. In proband 1 (HFE genotype H63D/I 105T), the 
I 105T 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 
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 Pheno 
type 

0051. The I105T 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 overload, 
and porphyria cutanea tarda associated with compound het 
erozygosity 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 I 105T/wt) was not completely 
evaluated for hyperferritinemia (FIG. 1). Otherwise, family 
members of probands who were heterozygous for novel HFE 
mutations described herein had little or no evidence of abnor 
mal iron parameters, a hemochromatosis 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 

Henochromatiosis (HC) Family study/patent 

intron 4 Tf sat * Ftn Diagnosis/Hepatocyte 
Subject Age/Sex HLA Type exon 2 exon 4 5636bp % ng ml Iron grade 

Proband 1/57M (201) A2, 3: B7, 7 H63D/H, 1105T/1 Wt T 62 868 HCN2+ 
brother/45 M(204) H63DfEH Wt T: 31 186 
sister/50F(203) A3, 3: B7, 7 1105T Wt: T: 37 576 
daughter 31F (301) A32, 68: B7, 44 1105T/1 Wt: T: 31 56 
son/27M(302) A2, 68: B7, 44 H63DfEH Wt: T: 33 44 
Proband 240M A2, 3: B7, 62 G93RG C282YC T 78 861 HC4+ 
Father Wt C282YY: T: HC 
Sister G93RG C282YC's T: HC 
Proband 3/47(201) A2, 32: B8, 44 S6SCS C282YC T/C 90 281 HC3+ 
brother/45 M(202) A2, 32: B44, 51 S65C/S Wt T/C 33 42 
mother/81 F(102) A2, 2: B8, 51 Wt C282YC T: NT NT 
sister/33F(204) A2, 7: B27, 51 Wt Wt T: NT NT 
brother/35M(203) A2, 7: B27, 51 Wt Wt: T: NT NT 
sister Wt C282YC's T: 
sister S6SCS Wt: T/C: 
Proband 481F A2, 32: B14, 62 S65C/S Wt T/C 1OO S135 HC + stomatocytosis 
daughter? 59* A1, 32; B14, 15 H63D/H, S65C/S Wt: T/C 42 62 
Control 128M A2, 31; B35, 60 S65C/S Wt T/C 28 141 
Control 269M A24, 26; B8, 37 S65C/S Wt T/C 42 747 2 

*RE cut 
**normal (15-45%) 
***20-300 ng/ml (men) 
2C-200 ng/ml (women) 
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normal iron phenotype (Table 7) Normal Control 2, who also 
had the HFE genotype S65C/wt, had hyperferritinemia and 
mildly increased stainable hepatocellular iron deposition, but 
had no symptoms or other objective findings attributable to 
iron overload (Table 7). These data indicate that S65C het 
erozygosity is associated with abnormal iron parameters. 

EXAMPLE 7 

HLA Gene Linkage 
0052. In the family of proband 1, the I105T mutation 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 inher 
ited the S65C mutation. These data indicate that an intron 4 

13 
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the S65C HFE allele. Three of four probands who inherited 
mutated HFE exon 2 mutations described herein also inher 
ited the C282Y or H63D mutations on separate chromo 
somes. In a fourth proband, the co-inheritance of S65C het 
erozygosity and hereditary stomatocytosis was associated 
with severe iron overload. 

0053 Altered interactions of transferrin receptor, transfer 
rin, 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), 
and at the tip of the A chain loop of the f-pleated sheet 
(S65C). These mutations affect the overall structure of the 
HFE gene product, and specifically affect the salt bridge 
between residues H63and 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. 

mutation (nt 6884->C) is a marker for chromosomes bearing 0054) Other embodiments are within the following claims. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 3 O 

<210 SEQ ID NO 1 
<211 LENGTH: 25 O6 
212. TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 1 

atgggc.ccgc gagcc aggcc gg.cgctt Ct c ct cotgatgc titttgcagac cqcggit cotg 60 

Caggggggot totgcgttc acact ct ctg. Cactacctct tcatgggtgc ct cagagcag 12O 

gaccttggit C titt cottgtt taagctittg ggctacgtgg atgaccagct gttctgttgttc 18O 

tatgat catg agagt cqc.cg tdtggagc.cc caactic cat gggttt coag tagaattt Ca 24 O 

agccagatgt ggctgcagct gagt cagagt ctgaaagggit gggat Cacat gttcactgtt 3 OO 

gacttctgga ct attatgga aaatcacaac cacagolaagg agt cccacac cctdcagg to 360 

atcCtgggct gtgaaatgca agaagacaac agtaccgagg gctactggala gtacgggt at 42O 

gatgggcagg accaccittga attctgc cct gacacactgg attggagagc agcagalaccc 48O 

agggcctggc ccaccaa.gct ggagtgggala aggcacaaga titcgggc.cag gCagaacagg 54 O 

gcc tacctgg agagggactg. cc ctgcacag Ctgcagoagt totggagct ggggagaggit 6 OO 

gttittggacc aacaagtgcc to Ctttggtg aaggtgacac at catgtgac ct ctitcagtg 660 

accactic tac ggtgtcgggc ctitgaactac taccc.ccaga acat caccat galagtggctg 72O 

aaggataagc agccaatgga tigccaaggag titcgaac Cta aagacg tatt gcc.caatggg 78O 

gatgggacct accagggctg gata accttg gctgtaccCC Ctggggaaga gcagagat at 84 O 

acgtgcc agg tdgagcaccc aggcctggat cagc.ccctica ttgttgatctg ggagcc ct ca 9 OO 

cc.gtctggca cc ctagt cat tdgagt catc agtggaattig citgttitttgt cqt catcttg 96.O 

tt cattggala ttttgttcat aat attalagg aagaggcagg gttcaagagg agc.catgggg 102O 

Cactacgt.ct tagdtgaacg tagtgacac go agcctgca gact cactgt gggaaggaga 108O 

caaaactaga gactcaaaga gggagtgcat titatgagct C tt catgttt C aggagagagt 114 O 
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- Continued 

tgaacctaaa catagaaatt gcc tdacgaa citccttgatt ttagc ctitct ctott cattt 2OO 

cctcaaaaag attitcc cc at ttaggitttct gagttcc tigc atgc.cggtga t cc ctagotg 26 O 

tgacct ct co cct ggaactg. t ct ct catga acct caa.gct gcatctagag gottcct tca 32O 

titt.cct cogt cacct cagag acatacacct atgtcatttic atttic ctatt tttggaagag 38O 

gact cottaa atttggggga cittacatgat t cattittaac atctgagaaa agctittgaac 44 O 

cctgggacgt gigotagt cat aacct tacca gattitttaca catgitaticta togcatttitct SOO 

ggaccc.gttcaacttitt.cct ttgaatcc to tctctgttgtt acc cagtaac to atctgtca 560 

ccaa.gc.cttggggatt Cttic Catctgattg tatgtgagt to acagct a tigaaggctgt 62O 

gCactgcacg aatggalagag gCacctgtcc Cagaaaaagc at catggct a tictgtgggta 68O 

gtatgatggg tdtttittagc agg taggagg caaat at Ctt gaaaggggitt gtgaagaggit 74 O 

gttttitt cta attggcatga aggtgtcata cagatttgca aagtttaatg gtgcc tt cat 8OO 

ttgggatgct actictagt at tccagacctgaagaat caca ataattittct acctggit ct c 86 O 

t ccttgttct gataatgaaa attatgataa gatgataaa agcact tact tcgtgtc.cga 92 O 

citctitctgag cacct actta catgcattac tdcatgcact tcttacaata attctatgag 98 O 

atagg tact a ttatcCCC at ttcttittitta aatgaagaaa gtgaagtagg ccgggcacgg 2O4. O 

tggctcgc.gc Ctgtggtc.cc agggtgctga gattgcaggt gtgagcc acc Ctgcc.ca.gc.c 21OO 

gtcaaaagag tottaatata tatat coaga togg catgtgt ttactittatgttact acatg 216 O 

Cacttggctg. Cataaatgtg gtacalaccat tctgtcttga agggcaggtg Ctt Caggata 222 O 

c catatacag ct cagaagtt tottctittag goattaaatt ttagcaaaga tat ct catct 228O 

cittcttittaa accattttct tttitttgttgg ttagaaaagt tatgtagaaa aaagtaaatg 234 O 

tgatttacgc. tcattgtaga aaa.gctataa aatgaataca attaaagctg. t tatttaatt 24 OO 

agc.cagtgaaaaact attaa caacttgtct attacctgtt agt attattg ttgcattaaa 246 O 

aatgcatata ctittaataaa totacattgt attgtaaaaa aaaaaa 2506 

<210 SEQ ID NO 2 
<211 LENGTH: 348 
&212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 2 

Met Gly Pro Arg Ala Arg Pro Ala Lieu. Lieu. Lieu Lleu Met Lieu. Lieu. Glin 
1. 5 1O 15 

Thir Ala Val Lieu. Glin Gly Arg Lieu. Lieu. Arg Ser His Ser Lieu. His Tyr 
2O 25 3 O 

Lieu. Phe Met Gly Ala Ser Glu Glin Asp Lieu. Gly Lieu. Ser Lieu. Phe Glu 
35 4 O 45 

Ala Lieu. Gly Tyr Val Asp Asp Gln Lieu. Phe Val Phe Tyr Asp His Glu 
SO 55 60 

Ser Arg Arg Val Glu Pro Arg Thr Pro Trp Val Ser Ser Arg Ile Ser 
65 70 7s 8O 

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

Met Phe Thr Val Asp Phe Trp Thir Ile Met Glu Asn His Asn His Ser 
1OO 105 11 O 

Lys Glu Ser His Thr Lieu. Glin Val Ile Leu Gly Cys Glu Met Glin Glu 
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- Continued 

115 12 O 125 

Asp Asn. Ser Thr Glu Gly Tyr Trp Llys Tyr Gly Tyr Asp Gly Glin Asp 
13 O 135 14 O 

His Lieu. Glu Phe Cys Pro Asp Thir Lieu. Asp Trp Arg Ala Ala Glu Pro 
145 150 155 160 

Arg Ala Trp Pro Thr Llys Lieu. Glu Trp Glu Arg His Lys Ile Arg Ala 
1.65 17O 17s 

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

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

Lieu Val Llys Val Thr His His Val Thr Ser Ser Val Thr Thr Lieu. Arg 
21 O 215 22O 

Cys Arg Ala Lieu. Asn Tyr Tyr Pro Glin Asn. Ile Thr Met Lys Trp Lieu. 
225 23 O 235 24 O 

Lys Asp Llys Glin Pro Met Asp Ala Lys Glu Phe Glu Pro Lys Asp Wall 
245 250 255 

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

Pro Pro Gly Glu Glu Glin Arg Tyr Thr Cys Glin Val Glu. His Pro Gly 
27s 28O 285 

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

Lieu Val Ile Gly Val Ile Ser Gly Ile Ala Val Phe Val Val Ile Lieu. 
3. OS 310 315 32O 

Phe Ile Gly Ile Lieu. Phe Ile Ile Lieu. Arg Lys Arg Glin Gly Ser Arg 
3.25 330 335 

Gly Ala Met Gly His Tyr Val Lieu Ala Glu Arg Glu 
34 O 345 

<210 SEQ ID NO 3 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 3 

cctic ctacta 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 

<4 OO SEQUENCE: 4 

gctctgacaa cct caggaag g 21 

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

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
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- Continued 

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

<4 OO SEQUENCE: 5 

ggtggaaata gggacctatt CC 

<210 SEQ ID NO 6 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 6 

cactctgcca citagactata 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: 
oligonucleotide primer 

<4 OO SEQUENCE: 7 

gttcCagt ct tcc tdgcaag 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: 
oligonucleotide primer 

<4 OO SEQUENCE: 8 

aaatgct tcc catggatgcc ag 

<210 SEQ ID NO 9 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 9 

aaaggat.cca C catgggc cc gcgagcCagg 

<210 SEQ ID NO 10 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 10 

gtgagtctgc aggctg.cgtg 

<210 SEQ ID NO 11 
<211 LENGTH: 21 
&212> TYPE: DNA 

22 

22 

21 

22 

3 O 

Aug. 7, 2008 
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- Continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 11 

gttcCagt ct tcc tdgcaag g 

<210 SEQ ID NO 12 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 12 

aaatgct tcc 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 

<4 OO SEQUENCE: 13 

gttcCagt ct tcc tdgcaag 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 

<4 OO SEQUENCE: 14 

aaatgct tcc 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 

<4 OO SEQUENCE: 15 

gtgtggagcc tica acatcct 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 

<4 OO SEQUENCE: 16 

acaagacct c agact tccag c 

<210 SEQ ID NO 17 

21 

22 

21 

22 

21 

21 
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<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 17 

ggtggaaata gggacctatt CC 

<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 

<4 OO SEQUENCE: 18 

Cact ctgc.ca 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 

<4 OO SEQUENCE: 19 

gttcCagt ct tcc tdgcaag g 

<210 SEQ ID NO 2 O 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 2O 

ttacct cotc aggcactic ct c 

<210 SEQ ID NO 21 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 21 

aaaggat.cca C catgggc cc gcgagcCagg 

<210 SEQ ID NO 22 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 22 

gtgagtctgc aggctg.cgtg 

22 

22 

21 

21 

3 O 

Aug. 7, 2008 
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<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 

<4 OO SEQUENCE: 23 

tgcctgagga ggtaattatgg 

<210 SEQ ID NO 24 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 24 

aaatgct tcc catggatgcc ag 

<210 SEQ ID NO 25 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 25 

tgcctgagga ggtaattatgg 

<210 SEQ ID NO 26 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

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

<4 OO SEQUENCE: 26 

aaatgct tcc catggatgcc ag 

<210 SEQ ID NO 27 
<211 LENGTH: 12146 
&212> TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 27 

ggat CCttta accgaggaga 

gtgatagtga gcaaagaact 

tgaagcacaa taatacactic 

cittctttaca gagct caagg 

tgitatctgag tacaggatg 

taaactgtgc atggtc.ttac 

aaaactgt at gtaaatticta 

Caggcttttgttgttgttggg 

ttattatago 

acaaactaac 

tgagggacag 

tgcttittatg 

atgttatttg 

ctataatttg 

ttataatgat 

catgtgccac 

cggagct Ctg 

accaaaatgc 

cgggcttatt 

gggtttgttgg 

attgaagttt 

ttalagaaaag 

ggcatgatga 

Cttagggaat 

aag cagcaat 

aagcttaaag 

tctgcgaagt 

ggaggagttg 

atagotatac 

Cct Cocaggg 

acttggggtg 

titccacctgt 

cticagttctt 

caaagttitat 

gaact cagca 

aggtttgggc 

aat Ctaaaat 

atggggggg.c 

aacttgaaga 

acc ct cottt 

21 

22 

21 

22 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 
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agcgattaac ttctacactic 

tgacaattitt atttgaaag.c 

atgcatgcat tctggitat ct 

agatagat at ggtggatttg 

atttgtacat taaaagttitt 

<210 SEQ ID NO 28 
<211 LENGTH: 17 
&212> TYPE: DNA 

taa catgtag 

Ctaggatgcg 

caa.gcattct 

gagttgatac 

c catgg 

aatgttacta 

ttgacatcct 

atttctgagt 

ttatatattt 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

Aug. 7, 2008 
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- Continued 

caat attaaa gtattttgta 1194 O 

gcatgcattt attacttgat 12 OOO 

aattgtttaa gotgtagaag 12 O60 

tct attt citt ggatggatga 12120 

121.46 

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

<4 OO SEQUENCE: 28 

gtctgaaacg gtgggat 

<210 SEQ ID NO 29 
<211 LENGTH: 18 
&212> TYPE: DNA 

primer 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

17 

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

<4 OO SEQUENCE: 29 

acttctggac tactatgg 

<210 SEQ ID NO 3 O 
<211 LENGTH: 17 
&212> TYPE: DNA 

primer 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

18 

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

<4 OO SEQUENCE: 30 

atcatgagtg tcgc.cgt 

1-15. (canceled) 
16. A kit for diagnosing an iron disorder or a genetic 

Susceptibility to developing said disorder in a mammal, com 

primer 

17 

17. A kit for diagnosing an iron disorder or a genetic 
Susceptibility to developing said disorder in a mammal, com 
prising an antibody which preferentially binds to an epitope 
of a wild type HFE gene product, wherein said gene product 

prising an antibody which preferentially binds to an epitope comprises amino acid substitution I 105, G93, or 865. 
of a mutant HFE gene product, wherein said gene product 
comprises amino acid substitution I 105T. G93R, or 865C. ck 


