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HFE, hepcidin and ferroportin gene
mutations are not present in Indian
patients with primary haemochromatosis

PRIYANKA SHUKLA, SANDEEP JULKA, EESH BHATIA,
SUDEEP SHAH, AABHA NAGRAL, RAKESH AGGARWAL

ABSTRACT

Background. Primary haemochromatosis is characterized by
iron overload in the body tissues. It is common in populations of
northern European descent. In such populations, 85%–90% of
patients with this disease have a C282Y mutation in the HFE
gene. In India, the disease is uncommon and the genetic defects
associated with it are unknown. We therefore looked for muta-
tions in the HFE and other genes involved in iron metabolism in
Indian patients with primary haemochromatosis.

Methods. Five patients (including a brother–sister pair) with
primary haemochromatosis diagnosed on clinical, biochemical
and histological findings were studied. Genomic DNA was
analysed by sequencing for the presence of mutations in all the
6 exons of the HFE gene and for previously described mutations
in genes encoding hepcidin antimicrobial peptide and ferroportin.

Results. No patient had the C282Y mutation. One had
homozygous H63D mutation. No other mutation was found in

any HFE exon. Two previously reported splice
site mutations in the HFE gene (IVS3+1 G/T and
IVS5+1 G/A) were not detected. Four of the
5 patients had an HFE splice site mutation
(IVS2+4 T/C; homozygous 2, heterozygous 2);
however, this change was as frequent in 29
healthy subjects (homozygous 9, heterozygous
7), and was present in only 1 of the sibling
pair patients, indicating that this repre-
sented a polymorphism. No patient had any of
the previously described mutations in the
genes for hepcidin and ferroportin.

Conclusion. Our patients with primary haemochromatosis
lacked mutations in the HFE, hepcidin and ferroportin genes.
Further genetic analysis may help identify novel mutations
responsible for primary haemochromatosis in these patients.
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INTRODUCTION
Primary haemochromatosis is a disorder of iron metabolism
characterized by excessive accumulation of iron in the body
tissues and organs leading to multiorgan dysfunction, including
liver cirrhosis, hepatoma, diabetes and cardiac disorders. It is the
most common genetic disorder among individuals of northern
European descent, affecting nearly 1 in 300 individuals.1–3

In 1996, a candidate gene for hereditary haemochromatosis
was identified on the short arm of chromosome 6 and named the
HFE gene.4 In European countries, the majority of patients with
haemochromatosis (85%–90%) have a G to A mutation on exon 4
of the HFE gene, which leads to substitution of cysteine at amino
acid position 282 by tyrosine (C282Y).4,5 Another HFE gene
mutation from histidine to aspartic acid at amino acid position 63
(H63D) has also been implicated;6 however, this mutation causes
haemochromatosis only in association with C282Y heterozygos-
ity on the other allele.7,8 Also, two splice site mutations IVS5+1 G/
A and IVS3+1 G/T have been shown to be associated with heredi-
tary haemochromatosis;9,10 these mutations affect expression of
the HFE protein through an alteration in splicing of the HFE gene
mRNA. In a few patients with phenotypic expression of haemochro-
matosis, mutations in other genes, named as hepcidin antimicro-
bial peptide (HAMP),11 transferrin receptor-2 (TFR2),12 SLC11A3
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gene which encodes ferroportin,13 and the gene encoding
haemo-juvelin14 have been implicated. However, these muta-
tions are responsible for causing disease in only a small number
of patients.

Haemochromatosis has been uncommonly reported from
India. Only 2 reports are available on the presence and frequency
of HFE gene mutations in the general Indian population.15,16 In one
of these studies,15 C282Y mutation was not found in a group of
healthy persons and in patients with chronic liver disease. In the
other report,16 C282Y and H63D mutations were found in only 1
of 116 healthy individuals. However, no data are available on the
frequency of HFE or other gene mutations among Indian patients
with primary haemochromatosis.

In view of the low prevalence of the C282Y mutation in the
healthy Indian population, genetic defects other than the com-
monly implicated C282Y mutation in the HFE gene are involved
in haemochromatosis in Indians. We aimed to identify and char-
acterize mutations in the HFE, HAMP and SLC11A3 genes in 5
patients with primary haemochromatosis.

METHODS
Patients and controls
Five patients (including one brother–sister pair) with clinical,
biochemical and liver histology findings characteristic of primary
haemochromatosis were studied. All the patients had elevated
iron indices (Table I), increased liver iron stores, and no evidence
of haemolysis, history of blood transfusions or prolonged oral
intake of iron, ruling out secondary iron overload.

To determine the importance of a mutation observed at the
IVS2+4T/C site on the HFE gene, we studied 29 healthy Indian
adults as controls. Informed consent was obtained from all pa-
tients and controls for participation in the study. The chi-square
test was used to compare gene frequencies.

PCR–RFLP for C282Y mutation
Genomic DNA was extracted from heparinized blood using the
standard phenol–chloroform method and subjected to PCR ampli-
fication and RFLP for C282Y mutation analysis, as described
previously.4 The results of RFLP analysis were confirmed by
sequencing both strands of the PCR product using the same
primers as were used for PCR and an automated sequencer (ABI

Prism, model 3100).

PCR and sequencing of other exons of the HFE gene
The other 5 exons of the HFE gene and the neighbouring splice
junction sites were amplified using respective primers, as des-
cribed previously.10 The amplified product was resolved on
1.5% agarose gel. The amplified PCR products were sequenced
as described earlier. DNA sequences of all the 6 HFE exons and
their exon–intron splice junctions were compared with two
known human HFE gene sequences (GenBank accession num-
bers Z92910.1 and U91328.1).

PCR–RFLP for IVS2+4 T/C mutation
We designed an RFLP method for detection of the IVS2+4 T/C
mutation in the HFE gene which was found in some of our
patients. In brief, a 396-bp PCR product for exon 2 was digested
using the restriction endonuclease Rsa I (New England Biolabs;
10U) at 37 °C for 4 hours and resolved on 1.5% agarose gel. The
PCR product normally lacks any restriction site for Rsa I, whereas
a IVS2+4T/C mutation creates a new restriction site for Rsa I
(GTATGTG→GTACGTG), producing two fragments after di-
gestion (297 bp, 99 bp; Fig. 1). The results of this RFLP analysis
in all our patients matched those obtained from sequencing data.

Analysis for HAMP and SLC11A3gene mutations
To look for two mutations in the HAMP gene which have been
previously described in patients with haemochromatosis,11 namely
the IVS2+1(–G) splice site mutation at the end of exon 2 and a
G to A (Gly71Asp) substitution at nucleotide 212 in exon 3, we
amplified a 495-bp DNA fragment encompassing these two exons
in all 5 patients.11 In addition, we also amplified a 262-bp frag-
ment containing exon 1 of the HAMP gene.11 To look for a C to A
substitution in exon 3 of the gene, which has been previously
described in patients with haemochromatosis,13 we amplified a
306-bp fragment containing this exon in all the patients. All the
PCR products were sequenced and the sequences compared with
known human HAMP and SLC11A3 genes sequences (GenBank
accession number AD000684 and NM_014585, respectively).

RESULTS

TABLE I. Clinical details of patients studied

No. Age (years) at Clinical features Transferrin Serum ferritin (ng/dl) Liver biopsy (LB), follow up, others
onset and sex saturation (%) (normal: 16–200)

(normal: 25–45)

1 35, M Cirrhosis of  liver, diabetes mellitus, 83 2450 LB: Grade IV iron deposits in hepatocytes and
hyperpigmentation, hypogonadotrophic Kupffer cells
hypogonadism, cardiac failure Phlebotomy: Regular (70 sessions)

Ferritin: Returned to normal range (50 ng/dl)
2 40, F* Cirrhosis of liver (biopsy proven), 80 6117 LB: Grade IV iron deposits in hepatocytes

diagnosed by family screening, Phlebotomy: Maintenance, 45 sessions completed
menorrhagia Ferritin: Returned to normal (50 ng/dl)

3 30, M Diabetes mellitus, testicular atrophy, 68 1649 LB: Iron deposits in hepatocytes and Kupffer cells
gynaecomastia Low serum testosterone levels

Phlebotomy:  Maintenance, 49 sessions completed
Ferritin: Returned to normal (50 ng/dl)

4 44, M Cirrhosis of liver (ascites), diabetes 78 >3000 LB: grade III–IV iron deposits in hepatocytes
mellitus, hyperpigmentation

5 48, M Cirrhosis of liver, diabetes mellitus, 74 >1000 LB: grade III–IV iron deposits in hepatocytes
hyperpigmentation

LB liver biopsy *sister of patient 1 None of the patients had consanguineous parents
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C282Y mutation
Detection of the C282Y mutation was done using RFLP of the
PCR product of exon 4 of the HFE gene. The RFLP pattern
observed in all the 5 patients was consistent with the wild-type
sequence. DNA sequencing of the PCR product also confirmed
the absence of C282Y mutation in all the patients.

Other mutations in exons of the HFE gene
Analysis of sequence data of each of the 6 exons revealed
homozygous H63D mutation in 1 patient. No other mutation was
found in any exon of the HFE gene.

The previously described splice site mutations known to be
associated with haemochromatosis, namely IVS5+1 G/A and
IVS3+1 G/T, were also not detected in any patient.

IVS2+4 T/C transition
We observed a T→C transition at position +4 of intron 2 of the
HFE gene in 4 of the 5 patients; 2 of them had this change in the
homozygous state and the other 2 in the heterozygous state
(Fig. 2).

Of the 29 healthy controls studied, 13 showed an RFLP pattern
corresponding to normal homozygous DNA, whereas 7 and 9
subjects had patterns suggestive of a mutant splice site allele in the
heterozygous and homozygous state, respectively. Thus, the gene
frequencies of the mutant allele among the patients and healthy
controls were 60% (6/10) and 43% (25/58), respectively (p=ns),
indicating that this change represented a polymorphism. Impor-
tantly, of the 2 siblings who had primary haemochromatosis, only
one had this splice junction transition (homozygous).

HAMP and SLC11A3 gene mutations
None of the patients had any of the previously described mutations
in exons 1, 2 or 3 of the HAMP gene or in exon 3 of the SLC11A3
gene. Further, the genomic sequences of these exons and their
splice sites did not reveal any novel mutations when compared
with previously described sequences.

DISCUSSION
None of the 5 patients with primary haemochromatosis studied
had C282Y mutation in the HFE gene. In addition, no other

mutation was detected in the HFE gene exons or at the intron–
exon junctions, which could lead to haemochromatosis. These
data suggest that HFE gene mutations are unlikely to play any
role in the pathogenesis of primary haemochromatosis in Indian
patients. Further, none of the previously described mutations
in the HAMP or SLC11A3 genes were identified.

In European countries, the C282Y HFE gene mutation has
been shown to be the major cause of iron overload and haemo-
chromatosis.4 Another HFE gene mutation described in patients
with hereditary haemochromatosis is H63D. One of our patients
had this latter mutation in the homozygous state. However, this
mutation is unlikely to have been the cause of iron overload, since
H63D mutation has been shown to produce disease only when it
coexists with the C282Y mutation in a compound heterogygous
manner.7,8 Other uncommon mutations in the HFE gene have been
reported in primary haemochromatosis,17,18 but we did not find
these mutations or a novel mutation in any of the 6 exons of the
HFE gene.

Splice site mutations in the HFE gene have been described in
patients with primary haemochromatosis. For instance, the IVS3+1
G/T mutation, when present in the compound heterozygous state
with C282Y, has been shown to cause functional alteration in
mRNA splicing, causing skipping of exon 3.9 The IVS5+1 G/A
splice junction mutation has also been shown to produce abnormal
mRNA splicing leading to skipping of exon 5 of the HFE gene.10

Our patients did not have either of these splice mutations.
A different splice site change, IVS2+4 T/C, was detected in the

HFE gene in 4 of our 5 patients. This change has been described
previously,19,20 and was found somewhat more frequently in pa-
tients with haemochromatosis than in healthy controls, suggest-
ing a role for it in disease causation. Our observation of a similar
gene frequency for the IVS2+4 C allele in patients and controls
suggests that this transition is unlikely to be the cause of primary
haemochromatosis. Even more important is our observation that
this change was present in only 1 of  the 2 siblings with the disease,
eliminating the possibility of their disease having been related
to it.

No previous genetic studies have been reported among patients
with primary haemochromatosis from India. The prevalence of
C282Y and H63D mutations in the healthy Indian population
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GTACGTCGAGAGGGGGCAAGG
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FIG 1. Diagrammatic sketch of HFE gene exons and introns. The
splice site region between exon 2 and the following intron has
been magnified to show the DNA sequence. The sequence
Z92910.1 represents a known normal sequence derived from
GenBank. The nucleotides of interest are shown in bold letters;
a T→C change was observed in a homozygous form in patients
#2 and #4 and in a heterozygous form in patients #3 and #5 at
the 4th nucleotide after the splice site.

FIG 2. RFLP pattern for IVS2+4 T/C homozygous and heterozy-
gous DNA. PCR products (396 base pairs [bp]) for exon 2 of
the HFE gene and parts of neighbouring introns were digested
with Rsa I and run on 1.5% agarose gel. Lane 1: 100 bp
molecular weight marker; 2: undigested 396 bp PCR product;
3: homozygous IVS2+4 T/C (297 and 99 bp); 4: heterozygous
IVS2+4 T/C (396, 297 and 99 bp).
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appears to be far lower than that in the healthy populations of
northern European origin (4%–10%), though data on this are
limited.21 Thakur et al.15 did not find C282Y mutation in any of 134
healthy subjects and 249 patients with chronic liver disease of
various aetiologies from India. In the other study from India,
Kaur et al. found heterozygous C282Y mutation in only 1 of the
112 healthy persons and 3 of the 75 patients with thalassaemia
major.16 The low prevalence of haemochromatosis in India may
be the result of the low prevalence of C282Y mutation in the
Indian population. These data are in consonance with a report
in which C282Y mutation was found to be absent in other Asian
populations, including those from China, Japan, Micronesia
and Nepal.22 The low frequency of C282Y mutation in the
northern Indian population, however, is intriguing since this
population has a considerable genetic admixture from the Cau-
casian population.23

The relative infrequency of HFE gene mutations has been
shown among patients with hereditary haemochromatosis in
Italy24,25 and Russia,26 and among African Americans in the
USA.27 A clinical and biochemical haemochromatosis-like pheno-
type can be produced by mutations in several other genes involved
in iron metabolism, viz. mutations in the HAMP, SLC11A3, TFR2
and haemojuvelin genes. These diseases have been collectively
termed as ‘non-HFE haemochromatosis’.28 We therefore looked
for HAMP and SLC11A3 gene mutations in our patients but failed
to find these. We did not look for mutations in the TFR2 and
haemojuvelin genes; of these, the latter are unlikely to be respon-
sible for disease in our patients, since these have been reported to
be associated with onset of disease at a much younger age than that
in our patients.

In conclusion, our data show the absence of mutations in the
HFE, HAMP and SLC11A3 genes in Indian patients with primary
haemochromatosis. The disease in these patients may be related to
either mutations in the regulatory sequence of the HFE gene or to
mutations in other genes involved in iron metabolism. Further
genetic studies are needed to identify the genes and mutations
responsible for the haemochromatosis phenotype in patients from
this region. Such studies have the potential of identifying addi-
tional genetic defects that may lead to iron overload.
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