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Abstract
Primary iron overload (IO) is commonly associated with mutations in the hereditary hemochromatosis gene (HFE). Nonetheless,
other genetic variants may influence the development of IO beyond HFE mutations. There is a single nucleotide polymorphism
(SNP) at − 174 G>C of the interleukin (IL)-6 gene which might be associated with primary IO. Our aim was to study the
association between the SNP − 174 G>C gene promoter of IL-6 and primary IO in middle-aged male patients. We studied 37
men with primary IO diagnosed by liver histology. Controls were age-matched male volunteers (n = 37).HFEmutations and the
SNP − 174 G>C gene promoter of IL-6 were evaluated by PCR-RFLP. Logistic regression was used to evaluate the association
between primary IO and SNP − 174 G>C gene promoter of IL-6. Patients and control subjects were in Hardy-Weinberg
equilibrium for the SNP − 174 G>C gene promoter of IL-6 (p = 0.17). Significantly different genotype frequencies were observed
between patients (43% CC, 43% CG, and 14% GG) and control subjects (10% CC, 41% CG, and 49% GG) (OR = 4.09, 95%
CI = 2.06–8.13; p < 0.0001). The multiple logistic regression analysis showed that IO was significantly associated with CC
homozygosis in the SNP − 174 G>C gene promoter of IL-6 (OR = 6.3, 95% CI = 1.9–21.4; p < 0.005) in a model adjusted by
age and body mass index. In conclusion, CC homozygosis in the SNP − 174 G>C gene promoter of IL-6 can be proposed as one
of the gene variants influencing iron accumulation in male adults with HFE mutations. Studies in larger cohorts are warranted.
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Introduction

Primary iron overload (IO) includes a group of inherited dis-
eases [1] that affect iron metabolism causing their accumula-
tion in various tissues [2]. In these hereditary conditions, the

expression and/or regulation of proteins and hormones in-
volved in iron metabolism may be affected [1, 3]. The main
genetic defect underlying IO is the presence of mutations in
the HFE gene (hemochromatosis gene, C282Y, H63D, and
S65C), which are estimated to be present in about 1/200
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Caucasians [4, 5]. The HFE gene is involved in the regulation
of hepcidin expression by hepatocytes. Physiologically,
hepcidin acts in response to the increase of plasma iron in
order to prevent its accumulation [6].

HFEmutations are known to predispose to IO but alone are
not sufficient to fully develop an IO phenotype [6]. Then, in
primary IO, there are factors unrelated to the HFE that affect
the phenotypic expression. Such factors are summarized as
host factors and modifier genes. The recognized host factors
are alcohol intake, non-alcoholic fatty liver, viral hepatitis, etc.
On the other hand, mutations or polymorphisms in the genes
encoding for hepcidin, transferrin receptor-2, and ceruloplas-
min, among others, account for the modifier genes.

The gene encoding interleukin (IL)-6 is located on the short
arm of chromosome 7 (7p21). Besides the actions of IL-6 as
an inflammatory mediator, this cytokine has a role in iron
metabolism. IL-6 upregulates the expression of hepcidin by
hepatocytes via the STAT3 pathway [7]. In patients with pri-
mary IO, the upregulation of hepcidin by IL-6 was indepen-
dent of HFE [2, 8]. Therefore, it is plausible that variations in
the IL-6 gene may modify the development of IO in patients
with HFE mutations.

A polymorphic variant single nucleotide (SNP) that con-
sists in the replacement of a guanine (G) by a cytosine (C) at
the promoter of the IL-6 gene (− 174 G>C; rs1800795) was
described by Fishman et al. [9]. Carriers of the C allele
showed lower IL-6 levels than carriers of the G allele. In this
context, the G allele was associated with increased risk of
inflammatory and metabolic diseases [9–13]. Up to our
knowledge, no studies have explored the association between
the SNP − 174 G>C gene promoter of IL-6 and the presence
of primary IO. The aim of the present work was to study the
association between the SNP − 174 G>C gene promoter of IL-
6 and primary IO in middle-aged male patients.

Materials and methods

Subjects

During a 24-month period, 37 male patients with primary IO
diagnosed at the Gastroenterology Service, José de SanMartín
Clinical Hospital, University of Buenos Aires, Argentina,
were studied. As a control group, 37 age-matched males were
studied. All participants were adult males (> 18 years) and
gave their consent to participate in the study. The diagnosis
of primary IO was defined by liver histology. Exclusion
criteria were personal history of cardiovascular disease, pres-
ence of endocrinological diseases, concomitant chronic viral
infections, oncologic diseases, cirrhosis, and excessive
smoking or alcohol consumption (> 10 cigarettes/day and >
40 g/day, respectively). Control patients were HFE wild-type
and presented iron parameters within the reference range. The

present study was carried out in accordance with the
Declaration of Helsinki and the protocol was approved by
the Ethics Review Board from the BJosé de San Martín^
Clinical Hospital and from the Faculty of Pharmacy and
Biochemistry, University of Buenos Aires.

Clinical and biochemical parameters

Both patients and controls carried out an exhaustive anamne-
sis and had their weight and height measured. The body mass
index (BMI) was calculated and patients were classified as
overweight or obese according to the World Health
Organization adult definition [14].

A 12-h fast was requested for the clinical laboratory anal-
yses. Whole blood and serum aliquots were both stored at 4
and − 70 °C. Complete blood count, iron, transferrin, ferritin,
glucose, urea, creatinine, total bilirubin, the activities of liver
enzymes, and ferritin concentration were determined by au-
tomatized assay. hsCRP was measured by an ultrasensitive
assay (Roche Diagnostics, Mannheim, Germany) and IL-6
by enzyme immunoassay (ELISA, eBioscience, CA, USA).
IL-6 levels were evaluated in a single trial to avoid interassay
variability. Impaired fasting glucose was defined in accor-
dance with the American Diabetes Association (ADA) guide-
lines [15].

Genotyping

The genomic DNA was purified from 5 ml of frozen whole
blood by the cetyl trimethyl ammonium bromide (CTAB)
method [16]. The SNP − 174 G>C gene promoter of IL-6
was studied by PCR-RFLP. A set of specific primers flanking
sequence SNP − 174 G>C gene promoter of IL-6 was de-
signed: forward primer 5′-TGAAGTAACTGCACGAAATT
TGAGG-3′ and reverse primer 5′-TGCAATGTGACGTC
CTTTAGCAT-3′ [17]. The HFE gene mutations were studied
by PCR-RFLP as described previously [18]. The genotypes
were assigned according to the patterns observed with a UV
transilluminator.

Statistical analysis

Distribution of all variables was analyzed using the Shapiro-
Wilks test. Mean ± standard deviation (SD) or median (inter-
quartile range) was used to describe normally or skewed dis-
tributed variables, respectively. The differences in genotype
distribution and allele frequencies among the groups, as well
as differences in qualitative variables, were assessed by the
chi-square test. Differences between continuous variables
were tested by T or U tests. Logistic regression was used to
evaluate the association between the SNP − 174 G>C and the
diagnosis of primary IO. Tests were considered statistical sig-
nificant at p < 0.05. The statistical software employed were
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INFOSTAT (Group INFOSTAT, Córdoba, Argentina) and
SPSS 19.0 (Chicago, IL, USA). Achieved statistical power
was calculated with the openEpi software (University of
Emory, USA) using the observed genotypic frequencies of
the CC genotype.

Results

Clinical and biochemical characteristics in patients
with IO and control subjects

HFEmutations were present in 73% of the IO patients. Out of
these, 11 patients presented HFE-C282Y homozygosis, two
H63D homozygosis, and four C282Y/H63D double
heterozygosis.

Patients with primary IO had higher BMI than control sub-
jects (Table1). Fourteen of the 37 IO patients were overweight
and eight were obese (Table 1). As expected, the markers of
iron metabolism, as well as liver enzymes, were significantly
increased in patients with primary IO in comparison with con-
trols (Table 1). Moreover, fasting glucose levels were higher
in IO patients than in controls. Accordingly, impaired fasting
glucose was more prevalent in the group of patients (Table 1).

Analysis of IL-6 SNP − 174 G>C in patients
with primary IO and control subjects

The genotypic and allelic frequencies of the SNP − 174 G>C
gene promoter of IL-6 are shown in Table 2. Patients and

control subjects were in Hardy-Weinberg equilibrium for the
SNP − 174 G>C (p = 0.17). While the CC genotype was the
most prevalent in IO patients, in the controls, the GG genotype
was the most frequent. In accordance, the variant C was sig-
nificantly more prevalent in patients with primary IO in com-
parison with control subjects (65 vs. 30%; OR = 4.1, 95%
CI = 2.1–8.1; p < 0.0001).

Given that the presence of the variant C could be associated
with the development of IO, a logistic regression was per-
formed. This analysis revealed that the primary IO phenotype
was significantly associated with the presence of SNP − 174
CC homozygosis [OR = 6.3 (1.9–21.4); p < 0.005]. Such as-
sociation remained significant even when the analysis was
performed including age and body mass index in the model
(p < 0.005).

Inflammatory markers in patients with IO and control
subjects

IO patients showed higher hsCRP and lower IL-6 vs. control
subjects (Fig. 1). On the other hand, no correlations were
found between the inflammatory markers and HFE gene
mutations.

Discussion

This is the first study to describe a significant association
between the C allele at the SNP − 174 G>C of the IL-6 gene
and any alteration in iron metabolism, in this case in primary

Table 1 Hematological and
biochemical characteristics from
patients with IO treated and
untreated and control subjects

Patients with IO (n = 37) Control subjects (n = 37) p

Ages (years) 50 (35–61) 46 (35–55) < 0.05

BMI (kg/m2) 28.3 ± 3.5 23.1 ± 2.4 < 0.0001

Overweight (%) 38 19 < 0.05

Obesity (%) 22 – < 0.05

Hemoglobin (g/dl) 15 (14–16) 16 (15–16) NS

Tranferrin saturation (%) 47 (33–65) 26 (24–31) < 0.0001

Ferritin (ng/ml) 246 (68–558) 86 (61–166) < 0.05

Glucose (mg/dl) 99 ± 14 89 ± 8 0.005

IFG (%) 35 8 < 0.001

ASAT (IU/I) 29 (23–39) 21 (17–23) < 0.0001

ALAT (IU/I) 38 (23–49) 19 (18–26) < 0.0005

FAL (IU/I) 68 (55–87) 63 (49–74) NS

Bilirubin (mg/dl) 0.9 (0.6–1.0) 0.6 (0.6–0.9) NS

Total proteins (g/dl) 7.9 ± 0.41 7.2 ± 0.41 NS

Albumin (g/dl) 4.3 (4.2–4.5) 4.3 (4.2–4.5) NS

Data are show as mean ± SD or median (interquartile range) according to data distribution

IO, iron overload; IFG, impaired fasting glucose; AST, aspartate-amine transferase; ALT, alanine-amine transfer-
ase; ALP, alkaline phosphatase; NS, non-significant
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IO. The probable mechanism by which this polymorphism
influences the development of IO is through lowering
hepcidin synthesis via the IL-6 receptor signaling in hepato-
cytes. Indeed, IO patients showed lower levels of IL-6.

The genotypic frequencies of the SNP − 174G>C gene
promoter of IL-6 observed in the control subjects was in
accordance with previous studies carried out in different
populations [9–13]. This fact supports the conclusions of
an association between this SNP and primary IO and in-
dicates that the ethnic background did not influence the
results. HFE mutations are known to predispose to IO but
are not sufficient to fully develop an IO phenotype. Our
results show that the presence of the C allele at the pro-
moter of the IL-6 gene could be relevant to iron accumu-
lation in patients with mutations in the HFE gene. Indeed,
the presence of the CC genotype at the SNP − 174 G>C
gene promoter of IL-6 was four times more prevalent in
IO patients than in controls.

The present study is an exploratory one and the patients
with primary iron overload were consecutively recruited dur-
ing a 24-month period in one of the main referral centers for
liver diseases in Argentina. The achieved power attained by
our analysis according to the genotypic frequencies observed
in patients and controls was 85%. Future studies including
more cases and controls could be performed to confirm the
present results.

Among the biomarkers of inflammation studied, in-
creased plasma hsCRP was observed in patients with pri-
mary IO compared to control subjects. While it could be
speculated a priori that in these patients the inflammatory
process could have been also associated with increased
IL-6, probably, the higher prevalence of the C allele at
the SNP − 174 G>C gene promoter of IL-6 was decisive
for the manifestation of this particular profile of proin-
flammatory markers (low IL-6 and high hsCRP).
Inflammation in IO patients could be related to metabolic
abnormalities as it was shown previously. From a

molecular basis, we may speculate that other activators
rather than IL-6, such as IL-17 and IL-1β, could be in-
volved in the increase of CRP levels [19]. IL-17 was
described as an independent factor that could promote
the expression of CRP under inflammatory conditions.
Particularly, metabolically unhealthy obese subjects
showed increased number of Th17 cells, which are one
of the main sources of IL-17 [20]. Given that in the pres-
ent study we observed higher prevalence of impaired
fasting glucose and of overweight and obesity, an increase
of IL-17 could be expected. Moreover, several studies had
shown the wide spectrum of metabolic alterations that
may be present in primary IO patients [21–23].
Therefore, inflammatory cells could be a relevant source
of IL-17 in patients with primary IO and metabolic abnor-
malities. Future studies assessing the role of IL-17 in pri-
mary IO are warranted.

In conclusion, CC homozygosis in the SNP − 174 G>C
gene promoter of IL-6 may be proposed as one of the gene
variants influencing iron accumulation in male adults with
HFE mutations. Studies in larger cohorts are needed to con-
firm our results.
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Fig. 1 Plasma concentrations of hsCRP (a) and IL-6 (b) in patients with
IO (n = 37) and control subjects (n = 37). HsCRP, high sensitive C reac-
tive protein; IL, interleukin; IO, iron overload. *p < 0.05 vs. controls

Table 2 Genotyping by PCR-RFLP of SNP − 174 G>C gene promoter
of IL-6 in patients with IO and control subjects

Genotype Patients with IO
n (%)

Controls subjects
n (%)

X2 p

CC 16 (43) 4 (10) 14.58 0.0007*

CG 16 (43) 15 (41)

GG 5 (14) 18 (49)

Allele C 48 (65) 23 (31) < 0.0001*

Allele G 26 (35) 51 (69)

PCR-RFLP, restriction fragment length polymophism-polymerase chain
reaction; IL, interleukin; IO, iron overload

*Distribution analyzed by X2 (95%)
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