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ABSTRACT

Aims: Porphyria Cutanea Tarda (PCT), the most common of porphyrias is triggered by
several factors, including iron overload. Type I Hereditary Hemochromatosis is inherited
as an autosomal recessive trait of the mutation p.C282Y or as a compound
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heterozygous form p.C282Y/p.H63D in HFE gene.
Our aim was to study the frequency of HFE mutations in Argentinean PCT patients and
in control subjects.
Place and Duration of Study: CIPYP, CONICET, Hospital de Clínicas José de San
Martín: Av. Córdoba 2351, 1º subsuelo, Buenos Aires, Argentina (1120). Between March
2008 and March 2010.
Methodology: We analyzed HFE mutations in 103 PCT patients (67 males, 36 females)
and in 93 control subjects (63 males and 30 females). PCT patients were classified as
familial, sporadic or Type III PCT measuring URO-D activity in red blood cells. HFE
mutations were detected by amplification and automatic sequencing of exons 2 and 4 in
the HFE gene. In some cases p.H63D and p.C282Y mutations were also detected by
digestion with restriction enzymes (Mbo I for p.H63D and Rsa I for p.C282Y), followed by
3% polyacrilamide gel electrophoresis.
Results: In PCT group, 34.9% carried mutation p.H63D (26.2% heterozygous, 5.8%
homozygous and 2.9% as p.C282Y/p.H63D) and 7.8% carried mutation p.C282Y (2.9%
in heterozygocity, 1.9% in homozygocity and 2.9% as p.C282Y/p.H63D). In the control
group, 30.1% carried p.H63D (28% in heterozygous and 2.1% in homozygous), and
5.4% had p.C282Y in heterozygosity. There were no significant differences between
sporadic and familial PCT and neither between PCT and control groups. Our findings are
in agreement with the prevalence of the Mediterranean origin of our patients, where
p.C282Y mutation is less common than p.H63D mutation.
Conclusion: We conclude that mutations in HFE gene do not play a relevant role in the
triggering of PCT in our country.

Keywords: Porphyria Cutanea Tarda (PCT); sporadic PCT; familial PCT; Hereditary
Hemochromatosis; p.C282Y mutation; p.H63D mutation.

1. INTRODUCTION

Porphyria Cutanea Tarda (PCT) is the most common porphyria clinically characterized by
hyperpigmentation, skin photosensibility with blistering on sun exposed areas, skin fragility
and hyperthricosis. The disease is due to subnormal activity of Uroporphyrinogen
Decarboxylase (URO-D, EC 4.1.1.37). There are two main forms of PCT: Sporadic PCT (s-
PCT or Type I) and Familial PCT (f-PCT or Type II) [1], transmitted as a dominant trait with
low penetrance. There is other form of PCT called Type III, where a familial history of PCT is
observed, however subnormal URO-D activity is restricted to the liver [2]. Moreover, URO-D
mutations in homozygosis or in compound heterozygosis cause a more severe form of
hereditary PCT named Hepatoerythropoietic Porphyria (HEP) [3]. The clinical manifestation
of PCT is frequently associated to the exposure to the well known precipitating agents,
including polyhalogenated aromatic hydrocarbons such as hexachlorobenzene, alcohol
abuse, estrogens ingestion, iron overload and infection with hepatitis C virus (HCV) and less
frequently hepatitis B virus (HBV) [4]. All of these factors cause liver dysfunction, a common
sign in PCT patients.

It is well known that mild to moderate hepatic iron overload plays a key role in the
pathogenesis of PCT. Although it is now accepted that iron does not directly inhibit URO-D, it
is required for its inactivation [5] and it participates in the generation of reactive oxygen
species increasing oxidative stress, promoting the oxidative modification of porphyrinogens
to porphyrins which are accumulated in liver [6].
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The causes of iron overload appear to be heterogeneous. An impaired iron metabolism and
so altered iron status may be secondary to exogenous factors such as alcohol [7], diet or
other sources of iron excess [6]. In patients with chronic viral hepatitis (HBV and HCV) an
increased deposition of iron in the liver is also observed [8,9]. PCT associated to infection
with the human immunodeficiency virus (HIV) has also been reported [10-12]. However, the
role of HIV in triggering PCT is not yet clear because in most PCT-HIV patients HCV
infection and an alcohol and/or drug abuse history are also observed [4,13-15].

Hemochromatosis is the most common cause of primary iron overload. It has been shown
that hereditary hemochromatosis (HH) could also be associated with f-PCT and s-PCT
outbreak. Mutations p.C282Y and p.H63D in the HFE gene have been found in both f-PCT
and s-PCT, more commonly than in control populations [16-24]. However, differences
between PCT and control subjects were not found in other populations [25-29].

HH is one of the most common inherited metabolic diseases in Caucasian populations [30].
The main cause of this disorder is the progressive overload of iron in several tissues and
organs leading to a severe hepatic, pancreas and heart cellular damage, where the iron
concentration is higher. At present there are 5 types of HH, each one linked to a specific
gene, and therefore, to a different protein involved in iron metabolism. In 1996, Feder et al
[31], identified a candidate gene for HH in chromosome 6p that codifies HFE protein,
involved in iron absorption, detecting two mutations, p.C282Y and p.H63D, associated to HH
type 1. Later, p.S65C mutation was implicated in a mild form of HH [32,33].

The p.C282Y mutation is more frequent in northern European populations while p.H63D is
more frequent in Mediterranean populations. Because Italian and Spanish ascendants are
very important in Argentina, the aim of this study was to examine the association between
HFE mutations and the triggering of PCT in our country.

2. MATERIALS AND METHODS

2.1 Patients and Controls

We studied 103 PCT patients (67 males, 36 females) and 93 blood donors controls (63
males and 30 females). Informed consent was obtained from all patients and controls. To
classify PCT patients in familial, sporadic or Type III PCT, URO-D activity was measured in
red blood cells (RBC) (4) and mutations responsible of PCT were detected in all f-PCT
patients [34-36]. In the two families with type III PCT, URO-D activity was within control
values (4.2 ± 0.6 nmol coproporphyrinogen III/h/ml RBC) and mutations were not found in
the URO-D gene. All PCT patients included in the study had altered iron metabolism at
diagnosis.

2.2 Mutational Analysis

Genomic DNA was extracted from EDTA-collected blood samples which were analysed for
the common HFE mutations (p.H63D, p.S65C and p.C282Y) by Polymerase Chain Reaction
(PCR) and automatic sequencing in an ABI prism 3730XL. PCR was performed using two
sets of primers (Table 1) for amplification of exons 2 and 4 in the HFE gene and the purified
products were sequenced employing the same primers used for PCR reactions. In some
cases p.H63D and p.C282Y mutations were also detected by digestion with restriction
enzymes (MboIfor p. H63D and RsaIfor p. C282Y), followed by 3% polyacrilamide gel
electrophoresis. This method was tested as a possible routine diagnostic tool for these
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mutations. Our results (data not shown) were in correspondence with those obtained by the
sequencing method.

Table 1. Primers for amplification and sequencing reaction

Primer 5' - 3'
R1 5´-AAAGACAGGACTGCAACTCACCC- 3´
R2 5´-AGCAAATTCCTTCCCTCTTCCC- 3´
H1 5´-CCTCCTTTGGTGAAGGTGACACAT-3´
H2 5´- AGATCACAATGAGGGGCTGATCCA-3´
J1 5´-TGGCAAGGGTAAACAGATCC- 3´
J2 5´-CTCAGGCACTCCTCTCAACC- 3´

The same primers were employed to amplify exon 2 (R1 and R2) for both sequencing
reactions and RFLP analysis. However to amplify exon 4, H1/H2 and J1/J2 primers were
used for sequencing and RFLP analysis respectively.

2.3 Statistical Analysis

Data were analyzed using the Student's t-test and the Chi-square test to compare allelic and
genotypes frequencies and estimate differences in proportions using Statistix 9 software. A
p<0.05 was considered as significant .

3. RESULTS

A group of 103 Argentinean PCT patients was studied, along with a group of 93 control
subjects (Table 2).

Table 2. Number of patients studied, type of PCT and age at manifestation

Total PCT
(n=103)

f-PCT
(n=37)

s-PCT
(n=64)

Type III PCT
(n=2)

Controls
(n=93)

Female 36 14 21 1 30
Male 67 23 43 1 63
Age 43.85 + 14.56 41.67 + 15.80 47.24 + 11.06 48 + 5.66 42.68 +15.50
As it is shown in Table 2 from these 103 PCT patients 64 were s-PCT, 37 f-PCT and 2 were Type III

PCT.
The frequency of different genotypes in controls and PCT subjects is shown in Table 3. It
can be seen that in both groups of PCT patients, familial and sporadic, about 60% of them
had no mutation and about 25% had only p.H63D mutation in the heterozygous state. These
results were similar to control group frequencies. No significant differences (p=0.10) were
observed for other genotypes between both types of PCT and control values.

From the total group of 103 PCT subjects the presence of p.S65C mutation was found only
in one s-PCT male patient in heterozygous form.

The two patients with Type III PCT did not carry any of the three mutations investigated.

Table 5 comparatively shows our results and those reported for other populations.
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Table 3. Genotype frequencies in PCT patients and controls

p.C282Y -/- -/- -/- +/- +/- +/- +/+ +/+ +/+
p.H63D -/- -/+ +/+ -/- -/+ +/+ -/- -/+ +/+
Total PCT (n=103) 62 (60.2) 27 (26.2) 6 (5.8) 3 (2.9) 3 (2.9) 0 (0) 2 (1.9) 0 (0) 0 (0)
f-PCT (n=37) 24 (64.9) 9 (24.3) 1 (2.7) 1 (2.7) 2 (5.4) 0 (0) 0 (0) 0 (0) 0 (0)
s-PCT (n=64) 36 (56.3) 18 (28.1) 5 (7.8) 2 (3.1) 1 (1.5) 0 (0) 2 (3.1) 0 (0) 0 (0)
Type III PCT (n=2) 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Controls (n=93) 60 (64.5) 26 (28) 2 (2.1) 5 (5.4) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Numbers in brackets correspond to percentage in each genotype.
Differences were not considered statiscally significant (p=0.10) by Statistix 9 software.

The same result was obtained for allelic frequencies of p.C282Y and p.H63D between PCT
and control groups (p=0,80) (Table 4).

Table 4.  Allelic frequencies in PCT patients and controls.

p.C282Y p.H63D
G A C G

Controls (n=186) 0.97 (n=181) 0.03 (n=5) 0.84 (n=156) 0.16 (n=30)
PCT (n=206) 0.99 (n=196) 0.05 (n=10) 0.79 (n=163) 0.21 (n=43)

Differences were not considered statiscally significant (p=0.80) by Statstix 9 software.

4. DISCUSSION

Genotypes and allelic frequencies were similar for both types of PCT and control subjects,
but p.H63D was the most frequent mutation in at least one allele (42/103, 40%) according
with our Mediterranean origin, where this mutation is more frequent than p.C282Y [18, 37] in
both, PCT and control groups. A lower frequency of these mutations was found in another
control population from the province of Córdoba, Argentina, where 81.9% did not show any
mutation [38]. This difference could be attributed to the larger number of subjects studied by
Soria et al. [38]. Although the number of controls in our study is smaller than that analized by
Soria et al. [38], it is higher than those included in studies from most of other populations
(Table 5).

In Italy [16], as in our country, p.H63D was also more frequent than p.C282Y, but unlike our
results there was a significant difference between PCT and control groups. González -
Hevilla et al. [39] also found, for Spanish population from Madrid, a higher frequency of
p.H63D and a significant difference for homozygous p.C282Y and compound heterozygous
p.C282Y/p.H63D in PCT subjects. On the contrary, Castiella et al [29] described no relevant
role for these mutations in PCT development for a Spanish population from Guipúzcoa. For
other populations a significant difference of p.C282Y and/or p.H63D in heterozygous or
homozygous state and compound heterozygous p.C282Y/p.H63D, between PCT and control
subjects, was found [21,24,26-28,40-44]. Hift et al. [27] reported that although p.C282Y and
p.H63D mutations were important factors in PCT triggering in an European population
studied, neither of them were found in African subjects.
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Table 5. Studies from different populations

Reference Country PCT/Control n p.H63D/wt % p.H63D/p.H63D % p.C282Y/wt % p.C282Y/p.C282Y % p.H63D/p.C282Y %

This study Argentina 103 / 93 26.2 / 27.9 5.8 / 2.2 2.9 / 5.4 1.9 / 0 2.9 / 0
Roberts et al, 1997 [40] UK 41 / 101 22.0 / 22.0 2.0 / 0.3 19.0 / 0.6 17.0 / 0.1 0.7 / 0.4
Stuart et al, 1998 [17] Australia 27 37.0 7.4 33.3 / 11.5 11.1 / 0.7 -
Sampietro et al, 1998 [18] Italy 68 / 128 42.6 / 22.6 7.3 / 1.5 2.9 / 1.5 0 / 0 1.5 / 0
Bulaj et al, 2000 [41] USA 87 / 56 15.0 / 18.0 7.0 / 2.0 15.0 / 13.0 19.0 / 0 6.0 / 0
Martinelli et al, 2000 [42] Brazil 23 21.7 30.4 / 31.1 13.0 0 4.3
Tannapfel et al, 2001 [20] Germany 190 / 115 43.0 / 10 2.0 / 0 28.0 / 3.0 12.0 / 0 9.0 / 0
Skowron et al, 2001 [43] France 56 32.1 7.1 16.0 14.2 0
Hift et al, 2002 [27] South Africa 34 / 108 38.2 / 14.8 0 / 1.9 17.6 / 21.3 8.8 / 0.9 0 / 0
Stolzel et al, 2003 [44] Germany 62 / 115 29.0 / 12.0 0 / 0 15.0 / 3.0 5.0 / 0 13.0 / 0
Gonzalez-Hevilla et al,
2005 [39]

Spain
(Madrid)

63 / 88 29.4 / 25.6 9.5 / 5.7 3.2 / 3.4 12.7 / 0 7.9 / 0

Frank et al, 2006 [28] Germany 51 / 54 35.3 / 29.6 3.9 / 3.7 15.7 / 5.6 7.8 / 0 2 / 1.9
Kratka et al, 2008 [22] Czech

Republic
63 / 481 41.3 / 26.6 6.3 / 1.7 23.8 / 6.9 6.3 / 0 7.9 / 1.9

Castiella et al, 2008 [29] Spain
(Guipuzcoa)

54 / 116 38.9 / 38.8 11.1 3.7 0 7.4

Cribier et al, 2009 [23] France 59 / 60 23.7 / 18.6 6.8 / 0 16.9 / 8.5 1.7 / 0 6.8 / 0
Aarsand et al, 2009 [24] Norway 243 / 204 20.0 / 17.2 5.8 / 1.5 15.6 / 12.3 6.6 / 0.5 8.6 / 1.0
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5. CONCLUSION

We therefore can conclude that these mutations do not play a relevant role in PCT
development in our country. Similar results were previously found for Argentinean
Hemochromatosis patients [45].

Although in our country ethanol ingestion, polyhalogenated aromatic hydrocarbons exposure
and estrogens therapy are the major PCT triggering factors [35] it is true that most of the
patients have iron metabolism alterations at PCT diagnosis. So, as this fact could not be
explained by HFE mutations, we think that other genes involved in iron metabolism could be
associated in the triggering of both PCT and HH [45]. Hepcidin, codified by HAMP gene,
seems to be the master regulator of iron metabolism in humans. HAMP mutations are
responsible of type 2 HH, which is a non HFE-hemochromatosis [46]. Taking this into
account, we have already started with the molecular analysis of the HAMP gene.
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