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Abstract The aim of this study was to investigate the
possible influence of hemochromatosis gene mutations
(HFE-C282Y and H63D) and transferrin gene C2 variant
(TF-C2) on susceptibility to schizophrenia and schizoaf-
fective disorder and/or age at first hospital admission.
Genotyping was performed in 176 Croatian patients and
171 non-psychiatric Croatian controls using PCR-RFLP
analyses. Regarding the H63D mutation, allele and geno-
type frequencies reached boundary statistical significance.
Other allele and genotype distributions were not signifi-
cantly different between two groups. We also analyzed age
at first hospital admission as a continuous variable using
the non-parametric Mann—Whitney U-test and Kruskal—
Wallis test, and multiple regression analysis. The results of
these tests were negative. We concluded that investigated
HFE mutations and TF-C2 variant are not high-risk genetic
variants for schizophrenia/schizoaffective disorder in our
population. Also our data do not support their impact on
age at onset of the first psychotic symptoms.
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Introduction

Iron homeostasis is essential for numerous cellular pro-
cesses, including tissue oxygenation and energy metabo-
lism, in both the peripheral tissues and the brain. The iron
sensing mechanisms in the peripheral tissues are well doc-
umented and involve membrane and cytosolic proteins,
including hemochromatosis protein (HFE), transferrin (TF),
transferrin receptors 1 and 2 (TfR1 and TfR2), hemojuvelin
(HJV), iron regulatory factors (IRFs), and hepcidin [1-6].
The liver plays a primary regulatory role in maintaining iron
homeostasis in the organism. However, the brain is an
exception due to its separation from the systemic circulation
by the blood-brain barrier and the possession of specific,
insufficiently recognized iron regulatory mechanisms [6].
The expression patterns of Hfe, Tf, TfRI, and other genes
encoding proteins with iron regulatory roles in different
brain cell types and the exact mechanisms of iron distri-
bution throughout the brain are not known [7-9].
Multidisciplinary evidence suggests that the pathogen-
esis of schizophrenia is related to the prenatal period of
brain development [10]. Two large samples have impli-
cated a disruption of iron homeostasis due to maternal iron
deficiency during pregnancy in a 1.60-3.73 fold increased
risk of schizophrenia and schizophrenia spectrum disorders
in offspring [10, 11]. Irreversible effects have been sug-
gested for iron deficiency during critical periods of early
brain development [12-14]. In addition to causing fetal
hypoxia during the period of high iron demand, iron status
can influence different metabolic processes that are
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essential for proper brain development and function, such
as the metabolism of specific long-chain n-3 fatty acids
[13, 15, 16] that are abundant in the brain, the myeliniza-
tion process [17], and different pathways of chemical
communication between neurons [18, 19]. However, the
roles of iron and other micronutrients during gestation and
postnatal brain development have not yet been clearly
elucidated [20, 21].

Mutations in the HFE generally affect the ability of the
protein to prevent TF from binding its receptors, thereby
increasing cellular iron uptake [3]. In homozygous adults,
the HFE C282Y mutation is associated with hemochro-
matosis and iron accumulation in parenchymal tissues,
including the brain. The effect of the HFE H63D mutation
is milder, and it more effectively competes against the
C282Y mutation to prevent TF-TfR1 binding and uptake.
Transferrin is synthesized primarily in the liver, but a
substantial amount is also produced in the brain. Through
interaction with its receptors, brain TF may be involved in
the management of iron in the brain [22]. The variant
TF-C2 has been reported to have a lower binding affinity
for iron [23]. Synergy between the HFE C282Y mutation
and TF-C2 variant has been hypothesized to contribute to a
higher level of cellular free iron and the production of free
radicals associated with tissue damage in neurodegenera-
tive diseases [24]. Therefore, the HFE C282Y mutation and
TF-C2 variant have been investigated as risk factors for
diseases of the central nervous system, such as Alzheimer’s
disease and multiple sclerosis. Results have been incon-
sistent for Alzheimer’s disease [24—28], and no association
was found between the HFE C282Y mutation and disease
risk or clinical outcome in multiple sclerosis [29, 30].
However, in the Croatian and Slovenian sample of patients
with multiple sclerosis, those who carried the mutant
C282Y allele exhibited an earlier onset of disease symp-
toms [30].

We tested the hypothesis that HFE mutations (C282Y
and H63D) and/or the TF-C2 variant contribute to disease
risk in schizophrenia and influences the age at which
psychotic symptoms first appear. To the best of our
knowledge, this is the first report on the association
between HFE mutations, a TF variant, and schizophrenia/
schizoaffective disorder.

Subjects and methods

Subjects

This study was approved by the Ethics Committee of the
University of Rijeka, School of Medicine. All subjects

provided written informed consent prior to participation in
the genetic analysis.

@ Springer

The test group included 176 Croatian patients (109
males and 67 females) who met the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM)-IV criteria for
schizophrenia (N = 153) or schizoaffective disorder
(N = 23) using the structured clinical interview [31]. The
diagnostic assessment was performed by experienced
psychiatrists. The patients were recruited from the
Department of Psychiatry, Clinical Medical Centre, Rijeka,
Croatia (N = 126), and Psychiatric Hospital Rab, Croatia
(N = 50) between 2007 and 2010. Eighty patients were
already included in our recent investigation of genetic
susceptibility to schizophrenia [32]. The mean patient age
was 42.94 + 11.74 years. The patients were consecutive.
The exclusion criteria were drug abuse, traumatic head
injury, or a history of neurological disorders. There were
four patients with childhood-onset schizophrenia in our
sample. Their clinical diagnoses have been reevaluated and
confirmed in adulthood using above mentioned criteria.

The control group consisted of 171 healthy blood donors
(69 males and 102 females) recruited from the same geo-
graphic area as the patients. The controls underwent no
specific examination for psychiatric status. The practice of
blood donation in Croatia includes providing a written
statement about health status at every session. Therefore,
blood donors are representative of the healthy general
population between 18 and 60 years of age free of chronic
diseases or regular medication.

Age of onset was obtained from medical records and
determined as the patient’s age at the time of their first
hospital admission due to a psychotic episode at which the
diagnosis of schizophrenia or schizoaffective disorder was
used. Patients whose medical history was uncertain were
excluded from the study. The median age of onset was
25 years (range, 12-57 years) when considering all
patients. The median age of onset for male and female
patients was 24.0 years (range, 12-57 years) and
27.0 years (range, 15-49 years), respectively.

Genotyping

Genomic DNA was extracted from whole blood using
standard procedures. Genotyping was performed in the
Molecular Genetics Laboratory (Department of Biology
and Medical Genetics, School of Medicine, Rijeka) using
PCR-RFLP-based methods as previously described
[33, 34]. We selected 40 individuals at random to assess
possible genotyping errors and observed no discordance.

Statistical analysis
Genotype and allele distributions between groups, as well

as observed and expected genotype proportions under
Hardy—Weinberg equilibrium, were compared by the
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chi-square test. To analyze distributions of age at first
admission in different allele and genotype categories, we
used both non-parametric and parametric tests, specifically
the Mann—Whitney U-test and Kruskal-Wallis test, and
multiple regression analysis. Statistical analyses were car-
ried out using Statistical software package for Windows 7.1
(StatSoft, Inc.). The statistical threshold for significant
differences was set at P = 0.05.

Results

The distribution of allele and genotype frequencies is pre-
sented in Table 1. The H63D/wt genotype and H63D allele
frequency trended towards greater representation (P =
0.058 and P = 0.045, respectively) and the C282Y allele
frequency trended towards less representation (P = 0.080)
among patients with schizophrenia or schizoaffective dis-
order compared to the non-psychiatric controls. Significant
between group differences for C282Y/wt, TF-C1/C2 or
combined H63D/TF-C2 genotypes were not found.

Compound heterozygotes (carriers of two different
mutant alleles at a particular gene locus, one on each
chromosome of a pair) H63D/C282Y were detected only in
the control group, but the difference in frequencies between
patients and controls was not significant.

We further analyzed the differences in median age at
first hospital admission according to HFE or TF genotype

using the Kruskal-Wallis test and according to the pres-
ence or absence of the allele or their combination using the
Mann—Whitney U-test. No significant differences were
found. The median ages of carriers of HFE mutations and
the TF-C2 variant are provided in Table 2.

We also performed multiple regression analysis, and
found no significant association between age distribution at
first hospital admission, and HFE and TF genotypes as the
predictor variables.

Chi-square goodness-of-fit tests for the HFE mutations
and TF-C2 variant showed no deviation from Hardy—
Weinberg equilibrium in the patient group or healthy
controls.

Discussion

We have detected a higher frequency of H63D, and a lower
frequency of C282Y mutation, in our test sample than in
the controls. Regarding the H63D mutation the difference
reached boundary statistical significance although our
study had sufficient statistical power (92.8%) to detect a
2-fold increase or decrease in H63D frequency. The study
had insufficient statistical power regarding the C282Y
mutation (only 41.6% power to detect a 3.5-fold decrease
in frequency), due to the low frequency of C282Y mutation
carriers in the Croatian general population [35] and a small
sample size. Control frequencies of HFE C282Y, H63D,

Table 1 HFE and TF genotype and allele frequencies in patients with schizophrenia/schizoaffective disorder and non-psychiatric controls

Patients Controls Chi-square P

N =176 N=171

N % N %
H63D heterozygotes 55 31.3 34 20.2 5.68" 0.058
H63D homozygotes 5 2.8 4 24
H63D-negative 116 65.9 130 77.4
C282Y heterozygotes 3 1.7 7 4.2 1.08*° 0.299
C282Y-negative 173 98.3 161 95.8
H63D/wt-C282Y/wt 0 0 3 1.8 1.40° 0.236
TF-C2 heterozygotes 52 29.5 44 25.7 1.59 0.450
TF-C2 homozygotes 3 1.7 6 35
TF-C2-negative 121 68.8 121 70.8
H63D/TF-C2-positive 16 9.1 13 7.6 0.09"¢ 0.759
H63D/TF-C2-negative 148 90.9 158 92.4
Allele H63D 65 18.5 45 13.2 4.04° 0.045
Allele C282Y 3 0.9 10 2.9 3.06° 0.080
Allele TF-C2 58 16.5 56 16.4 0.01° 0.941

HFE hemochromatosis, TF transferrin

# Calculation based on 168 controls (three were compound heterozygotes)

® Yates-corrected chi-square

¢ No compound heterozygotes were positive for TF-C2
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Table 2 Median age at first hospital admission according to com-
bined HFE and TF genotypes

Genotype N Age at onset, years (range)
HFE wt/TFC1 74 25.0 (15-57)
HFE H63D/TFC1 44 26.0 (14-49)
HFE wt/TFC2 39 25.0 (12-43)
HFE H63D/TFC2 16 27.5 (17-45)
C282Y/TFC1 3 20.0 (19-37)

HFE hemochromatosis, TF transferrin

and TF-C2 were 2.9, 13.2, and 16.4, respectively, which is
in agreement with earlier reports in the Croatian general
population [35, 36]. Therefore, our results do not support
either of the HFE mutations or the TF-C2 variant as
high-risk genetic variants for schizophrenia/schizoaffective
disorder. We also did not confirm the hypothesis that
investigated mutations significantly influence age at first
hospital admission.

However, the HFE H63D mutation, alone or in combi-
nation with other genetic factors involved in iron sensing
and the regulation of iron metabolism, may play an impor-
tant role in populations in which the HFE C282Y mutation is
rare or absent, such as the majority of Asian, African, or
indigenous Australian populations [37]. A protective role of
the H63D mutation has recently been suggested in Alzhei-
mer’s disease susceptibility in the Basque population [26].
The H63D mutation, in contrast to the C282Y mutation,
possibly exerts a beneficial impact on iron homeostasis in
the brain, either alone or in synergy with other genetic
polymorphisms. Through its effect on cellular iron uptake,
the H63D mutation may protect against anemia in rural
populations with poor dietary iron availability [26]. This
possible effect of the H63D mutation on the management of
iron in the developing brain might also be important in cases
of maternal dietary iron deficiency during pregnancy.
Unfortunately, we had no data on the iron status of our
patients’ mothers during pregnancy or the parental origin of
the investigated genetic variants. One recent study con-
firmed that genetic factors significantly contribute to the age
of psychotic symptom onset in individuals with schizo-
phrenia [38]. The heritability of the age of psychosis onset
was estimated to be 0.33, implying the effects of a large
number of genetic loci, but also a large environmental
contribution. Numerous studies have reported an association
between genetic markers and the age of onset for schizo-
phrenia [39—43]. In addition to the HFE and TF genes, other
iron metabolism genes could modify the risk or age at dis-
ease onset in schizophrenia. For example, iron overload and
hemochromatosis have been observed in the absence of HFE
mutations [44] or associated with mutations within the
TFR2 gene [45].

@ Springer

Our results need to be verified in larger samples of
patients with schizophrenia, possibly in populations of
Northern European origin and others in whom HFE
mutations are present [46]. Larger samples are also nec-
essary to investigate the possible effects of the HFE C282Y
mutation or its synergy with the TF-C2 variant in schizo-
phrenia spectrum disorders. Iron deficiency anemia is one
of the most common nutrient deficiencies in pregnant
women worldwide [18, 20], and studies have demonstrated
an association between prenatal nutrition deficiency and an
increased risk for schizophrenia; thus, prospective studies
are needed on the interaction between maternal and/or
offspring genotype and prenatal nutrition [47, 48].
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