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ABSTRACT. Hereditary hemochromatosis (HH) is the most common
genetic disease among individuals of European descent. Two mutations
(845G→A, C282Y and 187C→G, H63D) in the hemochromatosis gene
(HFE gene) are associated with HH. About 85-90% of patients of north-
ern European descent with HH are C282Y homozygous. The preva-
lence of HH in the Brazilian population, which has a very high level of
racial admixture, is unknown. The aims of the present study were to
identify individuals with diagnostic criteria for HH among patients with a
body iron overload attended at the university hospital of the Faculty of
Medicine of Ribeirão Preto from 1990 to 2000, and to evaluate the preva-
lence of HFE mutations. We screened first-degree relatives for HFE
mutations. Four of 72 patients (three men and one woman, mean age 47
years) fulfilled the criteria for HH. HFE mutations were studied in three
patients [two C282Y homozygotes (patients 1 and 2) and one H63D
heterozygote]. Patient 1 had four children (all C282Y heterozygotes with
no iron overload) and seven brothers and sisters: two sisters (66 and 76
years old) were C282Y homozygotes and both had an iron overload (a
liver biopsy in one showed severe iron deposits), one sister (79 years
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old) was a compound heterozygote with no iron overload, one brother
(78 years old) was a C282Y heterozygote with no iron overload, two
individuals were H63D heterozygotes (one brother, 49 years old, obese,
with a body iron overload and abnormal liver enzymes - a biopsy showed
non-alcoholic steatohepatitis, and one 70-year-old sister with no iron
overload). Patient 2 had two children (22 and 24 years old who were
C282Y heterozygotes with no iron overload) but no brothers or sisters.
These results showed that HH was uncommon among individuals at-
tended at our hospital, although HFE mutations were found in all pa-
tients. Familial screening is valuable for the early diagnosis of individuals
at risk since it allows treatment to be initiated before the onset of the
clinical manifestations of organ damage associated with HH.

Key words: Body iron overload, Genetic diseases, European descent,
Hereditary hemochromatosis, HFE mutations

INTRODUCTION

Hereditary hemochromatosis (HH) is the most common genetic disease in Europeans,
with an estimated prevalence of 1 in 200 in the northern European population of Nordic or Celtic
ancestry (Tavill, 2001). Although HH is concentrated primarily where people with this genetic
background live, its distribution is worldwide (Tavill, 2001). The increased absorption of iron
associated with HH may lead to the progressive development of severe complications such as
cirrhosis, hepatocellular carcinoma, diabetes, and heart disease, all of which have a direct im-
pact on life expectancy (Niederau et al., 1996).

Two mutations in the hemochromatosis gene (HFE gene) on chromosome 6 are associ-
ated with HH (Beutler et al., 1996; Feder et al., 1996; Merryweather-Clarke et al., 1997). The
845G→A (C282Y) mutation is the most clearly associated with HH. About 85-90% of patients
of northern European descent with hemochromatosis are homozygous for the C282Y mutation
(Beutler et al., 1996; Feder et al., 1996). The relationship of the second mutation (187C→G;
H63D) to HH is less obvious. This mutation results in hemochromatosis in some patients when
co-inherited with the C282Y mutation, and accounts for 3-5% of cases of HH (Beutler et al.,
1996; Feder et al., 1996; Aguilar Martinez et al., 1997; Beutler, 1997). The rate of C282Y and
H63D carriers in individuals of northern European descent is 8-10 and 24.8-26.8%, respectively
(Roberts et al., 1997; Bonkovsky et al., 1998; Stuart et al., 1998). The possibility of using a
genetic test to detect HH allows the diagnosis of patients at an early stage when there are no
symptoms or significant iron accumulation and the disease is more easily treated. The availabil-
ity of genetic testing has meant that strategies for the screening of populations can now be
implemented (Tavill, 2001).

The prevalence of HH in the Brazilian population, which has a very high level of racial
admixture, is unknown, although the percentage of people of Italian and Spanish descent is very
high in southern Brazil. The rate of heterozygous carriers of C282Y and H63D has been re-
ported in only two Brazilian studies, both from southeastern Brazil. One of these studies re-
ported a prevalence of C282Y and H63D carriers of 1.2 and 31.1%, respectively (Martinelli et
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al., 1999) while in the other the prevalence of C282Y and H63D carriers was 2.8 and 32.6%,
respectively (Agostinho et al., 1999). Hence, the prevalence of C282Y is lower in the Brazilian
than in the northern European population, whereas the prevalence of H63D is similar.

The university hospital of the Faculty of Medicine of Ribeirão Preto, University of São
Paulo (UH-FMRP) is located in southeastern Brazil and is a reference medical center for this
city and the surrounding region. The aims of the present study were to assess the frequency of
HH among patients with a diagnosis of body iron overload who were attended at the UH-FMRP
from 1990 to 2000 and who fulfilled the diagnostic criteria for HH, and to evaluate the preva-
lence of HFE mutations in these patients. We also screened the first-degree relatives of patients
in whom HFE mutations were identified.

PATIENTS AND METHODS

Patients and study design

We analyzed the medical records of all patients attended at the UH-FMRP from 1990
to 2000 who had a diagnosis of body iron overload. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was approved by the local Ethics Committee.
The diagnostic criteria for HH included evidence of an iron overload in serum as shown by
elevated serum iron levels, transferrin saturation (>50%) or a high ferritin level (>300 ng/ml)
and iron deposits in hepatocytes (grades III or IV siderosis) by Perls stain, with no evidence of
other chronic liver disease or any secondary cause of iron overload (blood transfusions, iron
intake, hemolytic anemia, thalassemia major, alcohol abuse, chronic liver disease due to hepatitis
C or hepatitis B, non-alcoholic steatohepatitis) (Bacon, 2001). A blood sample to detect the HFE
mutations C282Y and H63D was collected from those patients who fulfilled the diagnostic
criteria for HH.

A liver biopsy was revisited and iron deposits (Perls staining) were assessed and scored
[from 0 to 20] based on their amount and their cellular and lobular location (Sciot et al., 1989).
The total iron score was classified as grade I (score of 1 to 5), grade II (score of 6 to 10), grade
III (score of 11 to 15), or grade IV (score of 16 to 20). The slides were also scored for fibrosis
using the scoring system proposed by Knodell et al. (1981). First-degree relatives of patients
who were homozygous for the C282Y mutation and of patients with a compound mutation were
tested for the HFE mutations.

The serum iron levels and activities of the liver enzymes aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and gamma-glutamyltransferase (GGT) were also ex-
amined in patients with HH and their first-degree relatives. The serum ALT, AST and GGT
levels were obtained from the medical records. The reference values for the biochemical tests
in the UH-FMRP laboratory were: AST = 10-34 U/l, ALT = 10-44 U/l, GGT = 11-50 U/l, serum
iron 53-167 µg/dl (men) and 49-151 µg/dl (women), and ferritin = 18-370 ng/dl (men) and 9-120
ng/ml (women).

Analysis of HFE mutations

Genomic DNA was extracted from peripheral blood leukocytes by a standard method
(Miller et al., 1988), and was amplified by PCR followed by digestion with the restriction en-
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zymes RsaI (for analysis of the C282Y mutation) and BclI (for analysis of the H63D mutation).
The primers and PCR conditions used have been described elsewhere (Merryweather-Clarke
et al., 1997).

RESULTS

Patients with HH

A review of the medical records of 72 patients showed no conclusive evidence of iron
overload in 14 patients and secondary hemosiderosis in 54, so that only four patients (three men
and one woman, mean age ± SD = 47 ± 12 years) fulfilled the diagnostic criteria for HH.

Patient 1

A 51-year-old male patient had a serum iron level of 293 µg/dl, a transferrin saturation
of 90%, and grade III iron deposits in a liver biopsy. The patient’s father and one brother had
died in another hospital because of complications associated with liver cirrhosis of unknown
etiology. This patient was homozygous for the C282Y mutation.

Patient 2

A 58-year-old male patient with a serum iron level of 192 mg/dl, a transferrin saturation
of 71%, a ferritin level of 3230 µg/l, and grade IV liver iron deposits. This patient was homozy-
gous for the C282Y mutation.

Patient 3

A 35-year-old female patient with a serum iron level of 202 µg/dl, a transferrin satura-
tion of 96%, and grade III liver iron deposits. This patient was heterozygous for the H63D
mutation.

Patient 4

A 54-year-old male patient with a serum iron level of 206 mg/dl, a transferrin saturation
of 89%, a ferritin level of 1180 µg/l, and grade III liver iron deposits. No blood was available to
test for the HFE mutation.

First-degree relatives

Familial screening was done only for patients 1 and 2. The two other families did not
come for blood collection because of the great distance they had to travel to reach the hospital.

First-degree relatives of patient 1

This patient had four children, all of them heterozygous for C282Y, with no evidence of
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iron overload or liver enzyme abnormalities. The patient had two brothers and four sisters who
were still alive and one brother who had died in another hospital because of complications
associated with cirrhosis of unknown etiology. Screening of the six relatives showed that two
sisters were homozygous for C282Y (one was 76 years old, with a serum iron level of 224 µg/
dl, a transferrin saturation of 98%, a ferritin level of 657 µg/l, and normal liver enzymes, and the
other was 66 years old, with a serum iron level of 216 µg/dl, a transferrin saturation of 94%, a
ferritin level of 1351µg/l, normal liver enzymes, and a liver biopsy that showed grade 3 fibrosis
and grade IV iron deposits), another sister (79 years old) was a compound heterozygote, with a
normal serum iron biochemistry and liver enzymes, and one brother (78 years old) was het-
erozygous for C282Y but had normal serum iron and liver enzyme levels. The other two siblings
were heterozygous for H63D and included a 49-year-old brother, with a body mass index of
33.4, no history of alcohol ingestion, a serum iron level of 146 µg/dl, a transferrin saturation of
53%, a ferritin level of 1486 µg/l, abnormal liver enzymes (AST = 54 U/l, ALT = 62 U/l and GGT
= 85 U/l), a liver biopsy with grade II iron deposits, and findings compatible with non-alcoholic
steatohepatitis, and a 70-year-old sister with no iron overload or abnormal liver enzymes.

First-degree relatives of patient 2

This patient had two children (22 and 24 years), both of whom were heterozygous for
C282Y and had no iron overload or abnormal liver enzymes. This patient had no brothers or
sisters.

DISCUSSION

The university hospital where this study was done is a reference center for patients
with liver disease. However, of the 2121 adult patients seen at the Gastroenterology Clinic of
this hospital during the 10-year period surveyed here, only four were diagnosed with HH. This
low frequency was not unexpected since HH is a disease strongly associated with populations
of European descent whereas the general Brazilian population shows a high level of racial
admixture.

The frequency of C282Y carriers in the general population in the geographic area where
the UH-FMRP is located was 1.2% (Martinelli et al., 1999), which was similar to that reported
in another Brazilian study (2.8%) (Agostinho et al., 1999) but lower than that found in North
America, Australia and England (11-14%) (Roberts et al., 1997; Bonkovsky et al., 1998; Stuart
et al., 1998). In our previous study (Martinelli et al., 1999), we also found a similar prevalence of
C282Y carriers (4.4%) among HCV patients from the same geographic area. In addition, the
frequency of the H63D mutation in the general population was 31.1% (Martinelli et al., 1999),
which was similar to another Brazilian study (32.6%) (Agostinho et al., 1999) and that reported
for North America, Australia and England (24.8-26.8%) (Roberts et al., 1997; Bonkovsky et al.,
1998; Stuart et al., 1998).

One of our patients (patient 3) was heterozygous for H63D. Heterozygosity for H63D
can be associated with liver fibrosis when other conditions, such as chronic hepatitis C, are
concomitant (Smith et al., 1998; Martinelli et al., 1999). This was not the case for this patient.
There is evidence of geographic variation in HFE mutations and of a role for a gene other than
HFE in determining iron overload (Bacon et al., 1999). In Italy, the involvement of HFE muta-
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tions in HH is lower than in northern Europe and there is north-to-south variation in the occur-
rence of HFE mutations in this country (Piperno et al., 1998). In addition, there are well-docu-
mented Italian families with an iron overload in which the C282Y and H63D mutations do not
occur (Pietrangelo et al., 1999). Other mutations have been reported in a small number of
patients (Barton et al., 1999; Mura et al., 1999; Piperno et al., 2000). In the present study, we did
not search for mutations other than C282Y and H63D. Another Brazilian study involving 15 HH
patients showed a 53% prevalence of C282Y homozygosity (Bittencourt et al., 2002).

Familial screening of patient 1 identified three of six siblings with an accumulation of
body iron. Two of the three were homozygous for C282Y and one was heterozygous for H63D.
The two homozygotes were clinically asymptomatic, but one had advanced liver disease with
massive iron deposits. The liver iron concentration in this patient was 17,136 µg/g dry weight.
Organ damage is usually observed in patients more than 40 years old when the parenchymal
iron storage is >10,000 µg/g dry weight and a liver biopsy is likely to show fibrosis or cirrhosis
(Basset et al., 1986). This patient was treated with sessions of phlebotomy. The serum liver
enzyme activities of this patient were normal. Thus, these two patients were asymptomatic with
no manifestation of HH, although the liver biopsy of the only patient who underwent this proce-
dure showed advanced liver disease. The clinical condition of HH evolves over at least three
stages that include insignificant iron accumulation (0-20 years of age), iron overload without
organ damage (20-40 years of age) and iron overload with organ damage (>40 years of age)
(Adams et al., 1997). Women have a slower rate of iron accumulation because of their greater
loss of iron. For therapy to be effective, the diagnosis should identify the patients at risk before
the last stage of the disease is reached so that phlebotomy to remove iron and prevent the
progression to irreversible tissue damage can be initiated. Phlebotomy is a highly effective
therapy that results in normal longevity if it is initiated before the onset of irreversible tissue
damage (Niederau et al., 1996).

The other first-degree relative of patient 1 who had an iron overload was heterozygous
for H63D. HH has been strongly associated with C282Y homozygosity and only a small per-
centage of patients have compound heterozygosity. However, this patient was obese and had
steatohepatitis. H63D heterozygosity can be a co-factor contributing to iron accumulation in
conditions such as non-alcoholic steatohepatitis (Bonkovsky et al., 1999), chronic hepatitis C
(Smith et al., 1998; Martinelli et al., 1999) and porphyria cutanea tarda (Roberts et al., 1997;
Martinelli et al., 2000).

We found only one compound heterozygote, a first-degree relative of patient 1, who
showed no evidence of iron overload. Compound heterozygotes account for 3-5% of HH cases
(Beutler et al., 1996). The absence of the HH phenotype can be explained by the variable
penetrance of the C282Y gene (Olynk et al., 1999).

Since diagnostic screening strategies should target high-risk populations such as those
with a family history of HH, it is recommended that individuals over 20 years of age who are
first-degree relatives of known cases of HH be screened to assess their degree of transferrin
saturation and to determine the genotype of the HFE mutations (Tavill, 2001).

In conclusion, HH was not common in the population attended at the UH-FMRP. How-
ever, HFE mutations were found in all of the patients tested who showed clinical evidence of
iron overload in the absence of secondary iron accumulation. Familial screening is valuable for
the early diagnosis of individuals at risk, and allows treatment to be initiated before the onset of
the clinical manifestations of organ damage. Multicenter studies in Brazil involving a larger
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numbers of patients are warranted to accurately determine the prevalence of HH and its asso-
ciation with HFE mutations.

ACKNOWLEDGMENTS

Research partially supported by CNPq and FAEPA.

REFERENCES

Adams, P.C., Deugnier, Y., Moirand, R. and Brissot, P. (1997). The relationship between iron overload,
clinical symptoms, and age in 410 patients with genetic hemochromatosis. Hepatology 25: 162-166.

Agostinho, M.F., Arruda, V.R., Basseres, D.S., Bordin, S., Soares, M.C., Menezes, R.C., Costa, F.F. and
Saad, S.T. (1999). Mutation analysis of the HFE gene in Brazilian populations. Blood Cells Mol. Dis.
25: 324-327.

Aguilar Martinez, P., Biron, C., Blanc, F., Masmejean, C., Jeanjean, P., Michel, H. and Schved, J.F.
(1997). Compound heterozygotes for hemochromatosis gene mutations: may they help to under-
stand the pathophysiology of the disease? Blood Cells Mol. Dis. 23: 269-276.

Bacon, B.R. (2001). Hemochromatosis: diagnosis and management. Gastroenterology 120: 718-725.
Bacon, B.R., Powell, L.W., Adams, P.C., Kresina, T.F. and Hoofnagle, J.H. (1999). Molecular medicine and

hemochromatosis: at the crossroads. Gastroenterology 116: 193-207.
Barton, J.C., Sawada-Hirai, R., Rothenberg, B.E. and Acton, R.T. (1999). Two novel missense mutations

of the HFE gene (I105T and G93R) and identification of the S65C mutations in Alabama hemochroma-
tosis probands. Blood Cells Mol. Dis. 15: 147-155.

Basset, M.L., Halliday, J.W. and Powell, L.W. (1986). Value of hepatic iron measurement in early hemo-
chromatosis and determination of the critical iron level associated with fibrosis. Hepatology 6: 24-29.

Beutler, E. (1997). The significance of the 187G (H63D) mutation in hemochromatosis. Am. J. Hum. Genet.
61: 762-764.

Beutler, E., Gelbart, T., West, C., Lee, P., Adams, M., Blackstone, R., Pockros, P., Kosty, M., Venditti,
C.P., Phatak, P.D., Seese, N.K., Chorney, K.A., Ten Elshof, A.E., Gerhard, G.S. and Chorney, M.
(1996). Mutation analysis in hereditary hemochromatosis. Blood Cells Mol. Dis. 22: 187-194.

Bittencourt, P.L., Palacios, S.A., Couto, C.A., Cancado, E.L., Carrilho, F.J., Laudanna, A.A., Kalil, J.,
Gayotto, L.C. and Goldberg, A.C. (2002). Analysis of HLA-A antigens and C282Y and H63D muta-
tions of the HFE gene in Brazilian patients with hemochromatosis. Braz. J. Med. Biol. Res. 35: 329-
335.

Bonkovsky, H.L., Poh-Fitzpatrick, M., Pimstone, N., Obando, J., Di Bisceglie, A., Tattrie, C., Tortorelli,
K., LeClair, P., Mercurio, M.G. and Lambrecht, R.W. (1998). Porphyria cutanea tarda, hepatitis C,
and HFE gene mutations in North America. Hepatology 27: 1661-1669.

Bonkovsky, H., Jawaid, Q., Tortorelli, K., Leclair, P., Cobb, J., Lambrecht, R. and Banner, B. (1999). Non-
alcoholic steatohepatitis and iron: increased prevalence of mutations of the HFE gene in non-alco-
holic steatohepatitis. J. Hepatol. 31: 421-429.

Feder, J.N., Gnirke, A., Thomas, W., Tsuchihashi, Z., Ruddy, D.A., Basava, A., Dormishian, F., Domingo
Jr., R., Ellis, M.C., Fullan, A., Hinton, L.M., Jones, N.L., Kimmel, B.E., Kronmal, G.S., Lauer, P., Lee,
V.K., Loeb, D.B., Mapa, F.A., McClelland, E., Meyer, N.C., Mintier, G.A., Moeller, N., Moore, T.,
Morikang, E., Prass, C.E., Quintana, L., Stames, S.M., Schatzman, R.C., Brunke, K.J., Drayana,
D.T., Resch, N.J., Bacon, B.R. and Wolff, R.K. (1996). A novel MHC class I-like gene is mutated in
patients with hereditary haemochromatosis. Nat. Genet. 13: 399-408.

Knodell, R.G., Ishak, K.G., Black, W.C., Chen, T.S., Craig, R., Kaplowitz, N., Kiernan, T.W. and Wollman,
J. (1981). Formulation and application of a numerical scoring system for assessing histological
activity in asymptomatic chronic active hepatitis. Hepatology 1: 431-435.

Martinelli, A.L., Franco, R.F., Villanova, M.G., Figueiredo, J.F., Secaf, M., Tavella, M.H., Ramalho, L.N.,
Zucoloto, S. and Zago, M.A. (1999). Are haemochromatosis mutations related to the severity of liver
disease in hepatitis C virus infection? Acta Haematol. 102: 152-156.

Martinelli, A.L., Zago, M.A., Roselino, A.M., Filho, A.B., Villanova, M.G., Secaf, M., Tavella, M.H., Ramalho,
L.N., Zucoloto, S. and Franco, R.F. (2000). Porphyria cutanea tarda in Brazilian patients: association
with hemochromatosis C282Y mutation and hepatitis C virus infection. Am. J. Gastroenterol. 95:
3516-3521.



A.L.C. Martinelli et al. 38

Genetics and Molecular Research 4 (1): 31-38 (2005) www.funpecrp.com.br

Merryweather-Clarke, A.T., Pointon, J.J., Shearman, J.D. and Robson, K.J.H. (1997). Global prevalence
of putative haemochromatosis mutations. J. Med. Genet. 34: 275-278.

Miller, S.A., Dykes, D.D. and Polesky, H.F. (1988). A simple salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acids Res. 16: 1215.

Mura, C., Raguenes, O. and Férec, C. (1999). HFE mutations analysis in 711 hemochromatosis probands:
evidence for S65C implication in mild form of hemochromatosis. Blood 93: 2502-2505.

Niederau, C., Fischer, R., Purschel, A., Stremmel, W., Haussinger, D. and Strohmeyer, G. (1996). Long-
term survival in patients with hereditary hemochromatosis. Gastroenterology 110: 1304-1307.

Olynk, J.K., Cullen, D.J., Aquila, S., Rossi, E., Summerville, L. and Powell, L.W. (1999). A population
based study of the clinical expression of the hemochromatosis gene. N. Engl. J. Med. 341: 718-724.

Pietrangelo, A., Montosi, G., Totaro, A., Garuti, C., Conte, D., Cassanelli, S., Fraquelli, M., Sardini, C.,
Vasta, F. and Gasparini, P. (1999). Hereditary hemochromatosis in adults without pathogenic muta-
tions in the hemochromatosis gene. N. Engl. J. Med. 341: 755-757.

Piperno, A., Sampietro, M., Pietrangelo, A., Arosio, C., Lupica, L., Montosi, G., Vergani, A., Fraquelli, M.,
Girelli, D., Pasquero, P., Roetto, A., Gasparini, P., Fargion, S., Conte, D. and Camaschella, C. (1998).
Heterogeneity of hemochromatosis in Italy. Gastroenterology 114: 996-1002.

Piperno, A., Arosio, C., Fossati, L., Vigano, M., Trombini, P., Vergani, A. and Mancia, G. (2000). Two novel
nonsense mutations of HFE gene in five unrelated Italian patients with hemochromatosis. Gastroen-
terology 119: 441-445.

Roberts, A.G., Whatley, S.D., Morgan, R.R., Worwood, M. and Elder, G.H. (1997). Increased frequency of
the haemochromatosis C282Y mutation in sporadic porphyria cutanea tarda. Lancet 349: 321-323.

Sciot, R., van Eyken, P., Facchetti, F., Callea, F., van der Steen, K., van Dijck, H., van Parys, G. and Desmet,
V.J. (1989). Hepatocellular transferrin receptor expression in secondary siderosis. Liver 9: 52-61.

Smith, B.C., Gorve, J., Guzail, M.A., Day, C.P., Daly, A.K., Burt, A.D. and Bassendine, M.F. (1998).
Heterozygosity for hereditary hemochromatosis is associated with more fibrosis in chronic hepatitis
C. Hepatology 27: 1695-1699.

Stuart, K.A., Busfield, F., Jazwinska, E.C., Gibson, P., Butterworth, L.A., Cooksley, W.G., Powell, L.W.
and Crawford, D.H. (1998). The C282Y mutation in the haemochromatosis gene (HFE) and hepatitis
C virus infection are independent cofactors for porphyria cutanea tarda in Australian patients. J.
Hepatol. 28: 404-409.

Tavill, A.S. (2001). Diagnosis and management of hemochromatosis. Hepatology 33: 1321-1328.


