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Abstract
The distribution of Fe in skin was assessed to monitor body Fe status in human hereditary hemochromatosis. The paper reports on
data from nine patients with hemochromatosis that were studied along the therapeutic programme. Systemic evaluation of Fe metabolism was carried out by measuring with PIXE technique the Fe concentration in plasma and blood cells, and by determining with biochemical methods the indicators of Fe transport in serum (ferritin and transferrin). The Fe distribution and concentration in skin was
assessed by nuclear microscopy and Fe deposits in liver estimated through nuclear magnetic resonance. Elevated Fe concentrations in
skin were related to increased plasma Fe (p < 0.004), serum ferritin content (p < 0.01) and Fe deposits in liver (p < 0.004). The relationship of Fe deposits in organs and metabolism markers may help to better understand Fe pools mobilisation and to establish the quality of
skin as a marker for the disease progression and therapy eﬃcacy.
Ó 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Human hereditary or secondary hemochromatosis, are
related to abnormal Fe intestinal absorption that induces
Fe overload in organs facilitating the occurrence of diseases, such as, cirrhosis, congestive heart failure, diabetes,
and hepatocellular carcinoma [1]. The hereditary hemochromatosis is better characterised and can derive from
hetero- or homo-zygoty for at least one HFE gene mutation (C282Y or H63D), a gene encoding a protein related
to the transferrin receptor in cell membranes. Although,
there is a broad spectrum of clinical manifestations, from
no clinical or biochemical evidence of Fe overload to major
*
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alterations in adulthood. The clinical signiﬁcance of some
HFE polymorphisms found so far, the control mechanisms
of intestinal Fe absorption, circulating Fe levels, and its
accumulation in tissues are still not clariﬁed issues. Therapy has not changed signiﬁcantly in the past 50 years. It
consists of periodic phlebotomies to maintain the Fe levels
in circulation low, trying to prevent excessive Fe accumulation in organs [2]. The clinical status evaluation is based on
the determination of levels of proteins that transport Fe in
serum such as ferritin and transferrin, which can give an
indication of the rate of Fe intestinal absorption and of
Fe mobilisation, although they cannot grant the magnitude
of Fe deposition in organs [2,3]. Organ Fe deposits are difﬁcult to measure usually requiring invasive methods with a
signiﬁcant risk for the patient, such as the case of liver
biopsy. Skin is an accessible organ aﬀected by this disease
that can be obtained without risks, and can therefore be
used to monitor body Fe status.
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Nuclear techniques based on accelerated particle beams
enabling elemental concentrations determination as well as
elemental distribution images in tissues, proved to be powerful methodologies to investigate essential elements imbalance such as occurs in human hemochromatosis [4]. Also,
recent methods in nuclear magnetic resonance based on
the properties of superparamagnetic Fe oxide particles
can provide a useful indication of Fe deposits in the liver
although the method consistency seem to depend on the
extend of tissue damage [5]. Combining diﬀerent techniques
that make possible to relate systemic Fe indicators of
metabolism, to the distribution and concentration of Fe
at diﬀerent organs and tissues, a contribution to the understanding of Fe pools mobilisation in this pathology can be
provided. In particular, studying the cutaneous Fe deposition and how it can reﬂect body Fe pools may pave the way
to establish alternative markers to the disease progression
and therapy eﬃcacy.
The paper reports on data from nine patients with
hereditary hemochromatosis that were studied since the
disease was diagnosed, along the therapeutic programme.
Cutaneous, hepatic, and serological evaluation of Fe levels
and of Fe metabolism was made before and after the initial phase of therapy and six months after stopping the initial phase of the phlebotomy programme. The relationship
of the parameters measured for Fe metabolism and
organic Fe deposition along the therapy phases was
assessed in what concerns the quality of skin to reﬂect
body Fe pools.
2. Material and methods

six months later, after stopping therapy programme –
Phase 3.
For blood elemental contents determination purposes a
cohort of 49 healthy, without hypertension, normo-lipemic,
and non-diabetic Portuguese individuals, was considered as
a reference group [6]. Skin reference values for Fe and
other elemental concentrations were obtained from a diﬀerent group of donors constituted by 15 healthy Portuguese
individuals.
The study was carried out according to ethical local regulations and all individuals gave informed consent.
2.2. Sample collection and preparation
Blood and skin samples were collected for elemental
concentrations determination. Blood was drawn by
venopuncture and plasma, serum, and blood cells
fractions obtained by centrifugation using standard
procedures.
Skin was collected by punch biopsy of 3 mm diameter.
Skin biopsies were immediately frozen in 2-methylpentane cooled in LN2 and stored at 70 °C until sectioning
in a cryostat at 25 °C. The obtained sections of 14 lm
thickness were dried overnight inside the cryostat, and
subsequently selected and mounted in self-supported
mode, held by the edges with carbon tape (AgarTM) for
nuclear microprobe analysis purposes [7]. Thinner sections of 5–7 lm thick were also produced and stained
to inspect sample quality and identify eventual artefacts
resulting from sample handling, freezing, and
preparation.

2.1. Study groups
2.3. Iron assessment in blood, liver and skin
The pathology group consists of nine patients with a
diagnosis of hereditary hemochromatosis (HC), based on
clinical signs and symptoms, and on the determination of
HFE gene mutations (C282Y or H63D). The subjects
included in the study were homo- or hetero-zygotes for
both mutations.
Patients were characterised through liver and systemic
indicators of Fe metabolism (see Table 1) at an initial phase
of the disease diagnosis, prior to therapy – Phase 1, at the
end of the phlebotomy therapy programme – Phase 2, and

Ferritin concentration and free and bound (to transferrin) Fe contents in blood serum were determined using
standard enzyme linked immunoassay (ELISA) procedures
and spectrophotometric methods. The total Fe concentration in plasma and blood cells fractions were determined
by particle induced X-ray emission (PIXE) as described
elsewhere [8] using the Van de Graaﬀ accelerator facilities
at ITN. Hepatic Fe deposits were assessed by nuclear magnetic resonance (NMR) non-invasive methods. Fe concen-

Table 1
Patients characterisation along the three phases of therapy programme
HC – Phase 2 (N = 5)

HC – Phase 3 (N = 4)

Reference valuesa

76 ± 36
56 ± 46
47 ± 46
8.4 ± 5.5

31 ± 18
24 ± 7
41 ± 48
6.8 ± 2.6

25 ± 10
20 ± 4
34 ± 8
5.4 ± 1.1

0–41
0–37
11–50
3.9–6.1

1380 ± 500
76 ± 20

43 ± 66
65 ± 37

30 ± 2
57 ± 30

24–336
< 50

HC – Phase 1 (N = 9)
Liver function
ALT (U/l)
AST (U/l)
cGT (U/l)
Glucose (mmol/l)
Systemic iron
Ferritin (ng/ml)
Transferrin saturation (%)
a

Laboratory of Pathology, Sta. Maria Hospital, Lisbon, Portugal.
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trations in blood were expressed as mg/L and in liver as
lmol/g on a wet weight basis.
Skin morphology and elemental distributions in selfsupported sections were assessed by nuclear microscopy
methods using the ITN nuclear microprobe [9]. High-resolution images were obtained by scanning transmission
ion microscopy (HR-STIM) and Fe concentrations, as
well as other minor and trace elemental contents, were
determined by PIXE technique from point analysis performed along regions of interest. Rutherford backscattering spectrometry technique was used to obtain matrix
density and composition needed for mass normalisation
of the PIXE spectra [10]. As skin is a stratiﬁed tissue,
Fe deposits along epidermal strata and dermal regions
were validated by HR-STIM which provided images capable of accurately diﬀerentiating epidermis strata, dermal
regions and skin appendages [7].
2.4. Statistical analysis
The data were expressed as mean ±SD. Signiﬁcant differences between subject groups were determined using
parametric t-test and nonparametric Kruskal–Wallis
approaches and considered signiﬁcant when the twotailed conﬁdence interval of 95% was exceeded at a probability error (p level) inferior to 0.05 in all tests applied
[11].
To assess the dependence of Fe concentration in skin
and Fe concentration in other organs or tissues, or levels
of Fe metabolism markers (independent variables), a linear regression was performed considering the standard
deviation of the Fe skin content as weights (1/SD2) for
linear ﬁt and conﬁdence intervals calculation. In addition
to intercept and slope values and respective standard
errors, the correlation coeﬃcient, R-square estimation, tvalue statistics, ANOVA, and F distribution (yielding a
p-value) for the estimation of goodness of ﬁt, were
calculated.
3. Results and discussion
The Fe contents in blood serum and plasma of naı̈ve
hemochromatosis patients (Phase 1) were signiﬁcantly
higher than those obtained for the reference group. For
subsequent phases, i.e. after stopping the phlebotomy therapy programme (Phase 2) the Fe concentrations decreased
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to normal values in serum and plasma and below the reference interval in blood cells (Table 2). At Phase 3 of evaluation, an increase in serum and plasma Fe concentrations
was observed despite ferritin concentration and transferrin
saturation values remain within normal values (see Table
1). So far, only data of two patients at Phase 3 was available for plasma; therefore the tendency observed for the
Fe increase should be taken cautiously. Liver Fe deposits
also decrease along therapy programme assessed phases,
although values are still above the reported values of
non-signiﬁcant Fe overload (Table 2) being signiﬁcantly
high for patients studied in Phase 1 and Phase 2.
Analysing skin sections of patients and healthy individuals Fe concentration levels were more signiﬁcant in epidermis in particular at regions close to the basal layer.
The limits of diﬀerent strata can be established (Figs. 1
and 2) using HR-STIM imaging after PIXE analysis for
normalisation of map coordinates. As shown in Fig. 1,
the HR-STIM images enable to deﬁne frontiers of major
epidermal strata (stratum corneum and granulosum, and
strata spinosum and basale, the lower epidermal region),
and dermis, which enable to determine elemental concentration ranges within and between them. This aspect is of
the utmost importance as the preferential localisation of
Fe, in the case of hemochromatosis, may have a speciﬁc
biological signiﬁcance. A similar distribution in minor
and trace elements, such as P, S, Cl, K, Ca and Zn was
observed in skin of patients when compared to healthy
individuals, although some of the elemental concentrations
vary signiﬁcantly along therapy. Speciﬁcally, P, Cl and K
can give a good indication of epidermal–dermal boundary
and of the limits of stratum corneum, the external layer of
skin.
As referred above, patients with hemochromatosis
assessed in Phase 1, have a systematic and signiﬁcant
increase in Fe contents at epidermal (p < 0.01) and dermal
(p < 0.02) regions when compared with the reference
cohort. In particular, Fe deposits are signiﬁcantly higher
at lower epidermal areas, close to the basal epidermis layer
(Fig. 3). A sharp decrease in skin Fe concentrations to control levels was observed in patients in Phase 2, if we exclude
the upper epidermal region, where Fe contents still show
increased levels relative to controls. For the two patients
at Phase 3 analysed so far, Fe levels do not diﬀer from reference values for all regions studied. Alterations in S, Cl, K
and Zn concentrations were also observed in epidermal and

Table 2
Fe concentration in blood and hepatic Fe levels in patients with hemochromatosis

Serum Fe (mg/L)
Plasma Fe (mg/L)
Blood cells Fe (mg/L)
Hepatic Fe (lmol/g ww)

HC – Phase 1 (N = 9)

HC – Phase 2 (N = 5)

HC – Phase 3 (N = 4)

Reference intervals

2.39 ± 0.44 (1.57–2.87)
2.52 ± 0.94 (1.15–4.15)
726 ± 106 (673–851)
161 ± 91 (55–260)

0.86 ± 0.83 (0.15–2.76)
0.78 ± 0.42 (0.48–1.07)
648 ± 35 (588–661)
93 ± 85 (35–240)

1.22 ± 1.51 (0.15–2.28)
– (2.23–2.50)
– (626–692)
50 ± 14 (40–60)

0.65–1.75a
0.42–1.80
720–986
< 40a

Values are means and the associated standard deviations for N analysed individuals. Minimum and maximum values (between brackets) as well as
reference intervals obtained for the control group are also listed.
a
Laboratory of Pathology, Sta. Maria Hospital, Lisbon, Portugal.
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Fig. 1. Nuclear microscopy analysis of skin morphology (HR-STIM), Fe and P distribution (PIXE) in health condition. The boundaries of stratum
corneum (sc), epidermis (ep) and dermis (de) are indicated schematically by a dashed line in HR-STIM image. Increasing signal intensity represented by a
gradient from dark to white.

Fig. 2. Fe distribution in skin of one patient at the three phases of therapy. The boundaries of stratum corneum (sc), epidermis (ep) and dermis (de) are
indicated schematically by a dashed line in HR-STIM image. Increasing signal intensity represented by a gradient from dark to white.

Fig. 3. Average concentration of Fe in diﬀerent skin layers for the
reference group and for patients at the three phases of therapy. White bars
– upper epidermal region (granulosum and spinosum strata); light grey
bars – lower epidermal region (low spinosum and basale strata); dark grey
bars – dermis.

dermal regions at Phases 1 and 2 of therapy relative to controls, although not always signiﬁcant. Assessing the relationship of Fe content levels in diﬀerent tissues along
therapy programme a good linear regression function was
observed between epidermal Fe concentration, hepatic Fe
deposits (r = 0.85, p < 0.004), plasma iron concentration
(r = 0.77, p < 0.004), and ferritin concentration (r = 0.6,
p < 0.01).
Epidermis receives nutrients from blood and lymphatic
capillaries through the dermal–epidermal barrier at the
basal layer. Therefore, as Fe concentrations in blood
increase, its deposits in tissues and cells occur whether free
or bound to ferritin, haemosiderin, albumin, or other
transport proteins, aﬀecting cell electrolytic balance [12],
which can be expressed by changes in K (signiﬁcantly
increased) as observed in this work (results not shown).
As keratinocytes that may incorporate Fe evolve and
migrate to upper epidermal regions, Fe is carried along
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epidermis until keratinocytes suﬀer apoptosis and become
packed together in stratum corneum, what explain the
increased Fe contents in upper epidermal regions at Phase
2. At this stage, the signiﬁcant alterations observed (results
not shown) in the cutaneous concentrations of S, K and Zn
(reduced) and Cl (raised) may reﬂect, in diﬀerent ways, a
decrease of metabolism that might be caused by erythropoietic depression following phlebotomies [12,13].
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4. Conclusions
Skin Fe deposits seem to reﬂect systemic and organic Fe
deposition in patients with hemochromatosis, however,
results cannot be fully conclusive as still few patients got
to Phase 3 and reduced number of individuals was surveyed. The excellent correlation between Fe concentrations
in skin and those found in blood and liver pools along therapy, position skin as a good indicator for Fe levels in other
organs. In addition, the gathered data suggests that measuring Fe deposits in skin in combination with hepatic Fe
estimation and systemic markers of Fe metabolism may
constitute a good approach to detect alterations induced
by the disease at early phases and along therapy. Therefore,
skin Fe evaluation can become a potential surrogate marker for assessing therapy eﬃcacy and progression.
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