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Abstract

AIM: To describe a Polish population with nonalcoholic
fatty liver disease (NAFLD) with regard to HFE gene
mutations, as well as analyzing demographic and clini-
cal data.

METHODS: Sixty-two consecutive patients with biop-
sy-proven NAFLD were included in the study. Demo-
graphic, clinical, and laboratory data were summarized
in a database. C282Y and H63D mutations of the HFE
gene were analyzed using polymerase chain reaction-
restriction fragment lenght polymorphism.

RESULTS: The analyzed cohort consisted of 62 homo-
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geneic Caucasian participants, 66.1% men and 33.9%
women, with a median age of 48 years. The median
body mass index was 29.05 kg/m?. Hypercholesterol-
emia was observed in 74.2% of patients and hyper-
triglyceridemia in 32.2%; 16.1% had type 2 diabetes
mellitus (DMt2). On liver biopsy, 22.6% of NAFLD pa-
tients were found to have severe fibrosis, There were
no differences between frequencies of HFE gene mu-
tations in subgroups of NAFLD patients with less and
more severe liver fibrosis. Obesity, older age, female
gender and DMt2 were associated with more advanced
fibrosis in this Polish cohort, as well as higher glucose
level, serum iron and transaminase aspartate amino-
transferase/alanine amlnotransferase ratio.

G

gardless of HFE mutations,

CONCLUSION: HFE mutations conferred no addltlonal
f hepatic fibrosis risk in NAFLD, but higher higher serum iron
was a risk factor for severe liver damage in NAFLD, re-
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__INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is now the most
common liver disease in Western countries, affecting up
to a third of individuals. It covets a spectrum of liver
problems including benign simple steatosis (fatty liver) and

__steatohepatitis_[nonalcoholic steatohiepatitis (NASH)| with
hepatic injury, inflammation, and fibrosis, which can lead

to citthosis, liver failure, and l:cpm.nccl[ulnr carcinoma,

NAFLD is strongly associated with metabolic syndrome

and is now regarded as its liver manifestation. Hyperinsu-

linemia is a risk factor for the development of NASH. A

moderate increase of iron stores is observed in NASH,

and its presence may contrbute to the development of in-

sulin resistance (IR)™*",

Some studies have identified high fertitin level and/ot
increased prevalence of hyperferritinemia in patients with
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metabolic syndrome
ferritin could be a marker of TR, Increased ferritin lev-
els, together with high transfertin saturation, are typical
features of HFE hereditary hemochromatosis (HHC).
However, hyperferritinemia with normal or slightly in-
creased transferrin saturation has also been described
in non-C282Y homozygotes with NASH and has been
designated “IR hepatic iron overload syndrome” because
of a frequent association with hepatic steatosis and meta-
bolic abnormalities'™,

The mechanism determining the progression from
fatty liver to steatohepatitis is still unclear, and there is a

conflict of evidence regarding inheritance of the HFE'

gene mutation and the influence of hepatic iron depo-
sition as cofactors for developing fibrosis in NAFLD.
Family studies and inter-ethnic variations in suscepti-
bility suggest that genetic factors may be important in
determining disease risk or the clinical course of the
discase. Thus, the aim of this study was to evaluate the
frequency of the HITE gene polymorphisms C282Y and
HG63D in Polish patients wILIh—I)\‘-KT;TIm respect to

demographic, clinical and laboratory data.

MATERIALS AND METHODS

Sixty-two consecutive patients with biopsy-proven
NAFLD were included in the study between 2007 and
2009. Patients were recruited consecutively by means of
liver biopsy, We analyzed only the patients with a nega-
tive history of alcohol intake; those consuming mote
than 20 g/d were excluded from the study. All patients
tested negative for HBV antigen and anti-HCV antibod-
ies. Those aged 40 years or less had theit ceruloplasmin
checked and confirmed to be normal. y-globulins, im-
munoglobulins, and auto-antibodies were tested and
imaging diagnostics were performed to exclude autoim-
mune hepatitis as well as primary biliaty cirrhosis and
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ptimary scletosing cholangitis. Advanced fibrosis in liver
biopsy was defined as bridging fibrosis I3 and cirrhosis
F4. Demographic and clinical data were summatized in a
database.

HFE gene analysis was performed by polymerase
chain reaction (PCR) amplification of total genomic
DNA of two regions of the gene carrying the mutations
C282Y and H63D. The PCR primers for amplifications
of the C282Y locus were 5-TCCGTCTTAGCTGAGT-
GGAACTACTACCCCCAGAACATCACC-3' and
5'-AGGCAGAATCGACTCACCTGGCTCTCAT-
CAGTCACATACCC-3'". For detection of H63D, the
sense primer sequence was 5-ATGGTTAAGGCCT-
GTTGCTCTGTC-3' and the antisense ptimer sequence
was 5-CCCTTGCTGTGGTTGTGATTTTC-3". PCR
amplification was performed in a total volume of 12.5 pL
containing 10 to 20 ng genomic DNA, 2.5 nmol of each
deoxynucleotide triphosphate, 4 pmol of each primer,
1.5 mmol/L magnesium chlotide, 1 X PCR buffer solu-
tion, and 0.3 U Tag polymerase (MBI Fermentas, Vilnius,
Lithuania). PCR amplification consisted of initial dena-
turation for 3 min at 94°C, followed by 35 cycles of dena-
turation at 94°C for 30 s, annealing at 56°C for 30 s, and
extension at 72°C for 30 s. The terminal elongation was
performed at 72°C fot 7 min.

PCR products were digested with Rsa I (MBI Fer-
mentas, Vilnius, Lithuania) for detection of C284Y and
with Mbo 1 (MBI Fermentas, Vilaius, Lithuania) for
HG63D. The G-to-A transition (aa282) creates a new Rz [
site, and a second Ree I site in this fragment acts as intet-
nal control within the restriction fragment length poly-
morphism. The C-to-G transversion (aa63) results in loss
of one of two Mbo I sites in the amplified product. DNA
fragments generated after digestion were separated on 3%
agarose gels,

Statistical analysis

The statistical analysis was performed using SPSS v 15.0.
The independent-samples # test, preceded by Levene
test for equality of variances test, was used to compate
means in continuous data. Pearson y” test was used to
check the association with advanced fibrosis. The Peat-
son correlation coefficient and Spearman rho coefficient
of correlation were also calculated. Multivariate logistic
regression was used to determine the set of data inde-
pendently correlated with advanced fibrosis.

RESULTS

The analyzed cohort consisted of 62 racially homoge-
neic Caucasian patients. There was a predominance of
males over females (66.1% »s 33.9%). The median age of
patients was 48 years (ranges, women: 30-75 years; men:
25-64 years). Body mass index (BMI) in women ranged
from 21.32 to 39.3 kg/m’ and in men from 21.9 to
37.7 kg/m’. More than half of the analyzed group was
obese (BMI > 30 kg/m’ in 50.4%), and 38.1% of pa-
tients were overweight (25 kg/m” < BMI < 30 k;:/'mz).
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Minimum Median Maximum mean % SD

Age (yr) 25 48 75 46,564 11,91

Fe 412 08 684 2144979

(10.56-228.3 pmol/L)

Transferrin saturation 7.6 36 206 4059 £ 30,46

(<45%)

Ferritin 629.2  5336.6 1295844 97149+ 184092

(629.2-7999.3 pmol/L)

AST (<38 TU/L) 16 455 275 5744 4 43.91

ALT (<41 1U/L) 15 73 281 86,37 + 57.35

AST/ALT ratio 0.36 0.62 243 079047
? o PLT (150400 = 10°/1) 93 218 376 224984 67.47

Albumin (34-48g/1) 368 462 S48 458+ 4.0

T —Glycemi 344 56 118 58174127

(3.89-5.83 mumol /1)

BMI (19-25 kg/m?) 212 29.05 93 2910417

HOMA (>1.8) 0.44 4 3563 7A4£925

HBA (4.8%-5.9%) 4,99 576 976 6204126

NAFLD: Nonalcoholic fatty liver disease; Fe: Iron; AST: Aspartate trans-
aminase; ALT: Alanine transaminase; PLT: Platelet count; BMI: Body
mass index; HOMA: Homeostatic model assessment; HBAc: Glycated
hemoglobin

Among co-morbidities, hypercholesterolemia (total
cholesterol > 5.18 mmol/L) was present in 74.2% of
patients; hypertriglyceridemia (> 2.03 mmol/L) in 32.2%;
type 2 diabetes mellitus (DMt2) in 16.1%; and arterial
hypertension in 21.0%. Selected demographic and clinical
data are presented in Table 1.

Among the 62 partticipants, 14 patients (22.6%) had
severe (F3-F4) fibrosis and 48 (77.4%) had no or mild
fibrosis. Table 2 summarizes the clinical data related to
NASH with no/mild (FO-F2) and advanced (IF3-FF4) fi-
brosis. —

High serum aspartate aminotransfetase/alanine ami-
notransferase ratio, and higher serum iron were strongly
associated with advanced fibrosis (F3-F4). Lower levels
of albumin were also indicators of more severe liver
disease. There were no statistically significant interac-
tions between gender and common co-morbidities and
NAFLD, although a trend was obsetved in a subgroup
of patients with F3-F4 fibrosis and female gender as
well as DMt2. The Spearman’s correlation coefficients
showed higher age, highet BMI and presence of DMt2
as being associated with more advanced fibrosis. Multi-
variate logistic regression was provided and evidenced
DM:t2, higher age and female gender as good predictors
of fibrosis F3-F4.

Table 3 shows the frequencies of the HFE gene
mutations C282Y and H63D. There were no statistically
significant differences between frequencies of mutated
alleles in the subgroup of patients with NAFLD. The
number of mutated alleles was too low to identify a
Pearson correlation between lipids, iron, ferritin, and
transferrin saturation or clinical course (i.e. severe fibro-
sis) and HFE gene mutations. However, a trend towards
statistically significant correlations between at least one
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Fibrosis 0-2 Fibrosis 3-4 P value
{n = 48) (n=14)

Age (yr) 45112 51411 0.096
BMI (19-25 kg/m?) 2B.68 + 385 30,64 +5.05 0.135
AST (<381U/L) 51.27 + 3875 80,69 + 55.27 0.091
ALT (<411U/L) 89.10 4 53.64 TER5 £ TLIY 0.462
AST/ALT ratio 0.65 £ 0.31 1.33 £ 055 0.001
PLT (150400 x 10°/L), 3108 +66.51 20154 £ 68.57 0.161
Glucose 536+0.74 7.08 £20.5 0.020
{3.89-5.83 mmol/L)
HOMA (> 1.8) 6.0 +84 13.1£10.7 0.144
Fe (10.56-228.28 pmol/L) 1994 7.32 269+ 150 0.028
Ferritin 742247539 19344 £3914.3 0.362
(629.2-7999.3 pmol/L)
Albumin (3448 g/L) 4.64 + (138 4.311£037 0.017
HBAic (4.8%-5.9%) 592 +0:9 748178 0121
Transferrin saturation 38.68 + 30.88 49.06 +28.64 0.361
(< 45%)

HFE gene mutation Fibrosis 0-2 (# = 48) Fibrosls 3-4 (n = 14)

C282Y/C282Y 1 0
C2R2Y /W 1 0
HE3D/HEID 3 0
HEID/W 11 3

mutated allele of the H63D HFE gene and total choles-
terol (P = 0.034) as well as LDL-cholesterol (P = 0.020)
was observed in the group of NASH patients with
I'3-F4 fibrosis with the Pearson correlation coefficient.

NAFLD has become the most common liver disorder
of our times. In about 15% of all NAFLD cases, steato-
sis may evolve into steatohepatitis, a mix of inflamma-
tion, hepatocellular injuty and fibrosis, often resulting
in cirthosis and even hepatocellular carcinoma, but this
process is not well understood™. The pathogenesis of
NAFLD is often posited as the “double-hit” hypothesis,
in which hepatocellular lipid accumulation is the first hit,
followed by a second hit in which pro-inflammatory me-
diators and reactive oxygen species induce inflammation,
hepatocellular injury, and fibrosis. Altered abundance
and composition of liver tissue lipids may impair sinu-
soidal perfusion and modulate the microvascular inflam-
matory response!’. On the other hand, in chronic liver
disease, iron deposits are found in hepatocytes and in
Kupffer/sinuseidal cells, leading to oxidative stress, cell
toxicity, and genotoxicity . Despite a number of reports
supporting a hypothesis of an association among ferri-
tin, iton overload, IR, Jand NAFLD, the mechanisms un-
detlying this intscate and intriguing relationship remain
unclear, but a ljkelihood is that IR, fatty acid accumula-
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tion, and oxidation are the major determinants of serum
ferritin levels”,

The goal of this study was to describe a racially ho-
mogeneic cohort of Polish patients with NAFLD with
respect to HFE gene mutations as well as their demo-
graphic, clinical, and laboratory data. The results of our
study showed similar clinical and laboratory markers
to those previously described as being associated with
advanced fibrosis!, The Polish NAFLD population
differs with regard to two points: our patients are less
obese than the patients participating in Harrison e/ al™
and Angulo ¢ o/ and only 16.1% of Polish patients in
the current work had diabetes mellitus, In these two US
studies - the largest cohort studies in NAFLD - the par-
ticipants had higher BMI and DM:2 affected 35%"” and
309%™ of individuals, respectively.

The frequency of HFE gene mutations in the Pol-
ish NAFLD population is similar to the frequencies in
a healthy Polish cohort"? and other Central European
countries"? as well as in 119 Polish patients with alco-
holic liver disease!"”. The first report about the connec-

tion between HFE gene mutations and NAFLD showed
_a positive correlation between levels of serum ferritin,
iron, and transferrin saturation and the presence of the

mineenaiele, as well as bebwee 12 ation anc
fore severe fibrosis in a Iﬂmﬂ:.Amnt@g_p_qp_tmtri_gg“”.
The results of George e al'™™ supported these findings,
but subsequent larger series have not confirmed such
an association™*"™, The tesults of Chitturi ¢ a/'¥ even
brought into question the link between hepatic iron and
liver fibrogenesis, and both Adams e# /' and Bugianesi
et a” in their series reported a lack of an association be-
tween hepatic steatosis and hepatic fibrosis in patients
with HHC and iron ovetload. On the other hand, among
patients homozygous for the C282Y HFE gene mutation,
the degree of hepatic iron loading remains the dominant
factor associated with liver fibrosis"®. Serum ferritin is
often raised in NAFLD patients™ and has been associat-
ed with advanced fibrosis"”. In our Polish cohort we also
found the highest serum fertitin levels in the subgroup
of NASH patients with F3-F4 fibrosis, although without
statistical significance.

In the current study, higher levels of serum iron, as
well as DMt2, were associated with severe liver fibrosis.
There is a growing body of work showing that iron and
glucose metabolism are interdependent and that an in-
creased iron store may contribute to IR. Serum iron may
contribute to IR via increased adipocyte lipolysis and im-
paitment of glucose transport™”, There is evidence from
7n vitro studies that iron can reduce binding of insulin
to its receptor and reduce insulin receptor gene exptes-
sion®. Valenti ez a/*" showed that higher iton stores
were associated with more advanced liver fibrosis.

The conflicting evidence regarding HFE gene mu-
tation and NAFLD could be the result of the ethnic
structure of a cohort study. The results from our study
with a racially homogeneic Caucasian population showed
no increased frequency of mutated alleles of the HFE

Ty
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gene in Polish NAFLD patients as well as no association
between mutations and iron, ferritin, and transferrin sat-
uration. In aclcﬁﬂtm@:ﬁ#@was found between
HFE gene mutation aid the clinical course of NAFLD,
supporting the results of Bugianesi ¢/ a/” and Yoneda
et al™. An increased ferritin level is a marker of severe
histological liver damage in some studies™” and also in
ours such a trend was obscrved. Together with the lack
of an increased transferrin saturation and increased
serum iron independently of HFE gene mutations, the
results point strongly towards IR hepatic iron overload
as a cause of progression in NAFLD. Data obtained
in studies of NAFLD provide the possible mechanism
of iron interfering with lipid metabolism™ and thereb

promoting hyperglycemia, There is a suggestion that the
effect of iron on steatosis development may extend to
other liver diseases™

Our study provides novel findings regarding HFE
gene mutations and cholesterol levels. We found that in
a subgroup of NASH patients with severe fibrosis, thete
were statistically significant correlations between the pres-
ence of at least one mutated allele of H63D and total
cholesterol as well as LDL-cholestetrol levels. Although
H63D HFE gene mutations are quite common in the
general population from the northern part of Eutope,
these results contrast with those of Pankow ef a/s US
population-based study, but support our findings from a
previous alcoholic liver disease study"’, These novel re-
sults may be of value in explaining progressive liver fibro-
sis in at least some proportion of patients with NAFLD.
Presence of HFE H63D mutation with elevated total and
LDL cholestetol, together with increased iton levels, may
lead to excessive free fatty acid oxidation with free oxygen
radical formation, increased inflammation, and fibrogen-
esis. However, this novel aspect of NAFLD pathogenesis
should be evaluated in a larger cohort of patients, because
a previous study with Caucasians showed higher preva-
lence of the C282Y mutation in NAFLD™, In other
studies, the frequencies of C282Y HFE gene mutation
were similar in NAFLD patients and in the general popu-
lation""* and none of them found increased prevalence
of H63D mutation in NAFLD.

In conclusion, this Polish population of patients with
NAFLD was similar to populations described in the
largest cohort studies from the United States, according
to demographic and clinical data, although our patients
were less obese and with no incidence of morbid obe-
sity among them. The risk factors for advanced fibrosis
in this Polish NAFLD cohort are also approximately
similar to those previously reported. In addition, the
frequency of HIE gene mutations was similar to that
described for populations in Central-Eastern Eutope,
and neither the C282Y nor the H63D HFE gene muta-
tions were associated with NAFLD pathogenesis in this
cohort. Our study results also suggest a novel possible
pathogenesis in some populations of NAFLD patients;
however, these results should be validated in larger and
racially heterogencic populations of NAFLD patients.
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Background

Nonalcoholic fatty liver disease {NAFLD) is now the commonest liver disease,
affecting up to a third of individuals. It includes a wide spectrum of liver disea-
ses, ranging from pure steatosis to nonalcoholic steatohepatitis (NASH), and
can eventually lead to liver cirrhosis, liver failure and hepatocelullar carcinoma.
Identifying the biochemical markers and gene mutations leading to more severe
liver damage in patients with NAFLD is crucial for evaluating their prognosis.

Research frontiers

There is conflicting evidence regarding inheritance of HFE gene mutations [he-
redilary hemochromatosis (HHC)] as a cofactor for development of more severe
fibrosis in NAFLD patients. Although serum ferritin is an independent prediclor
of hepatic fibrosis, the mechanisms underlying the intricate and intriguing re-
lationship with NAFLD are still unclear. The authors analyzed different bioche-
mical and clinical parameters of sixty two patients with biopsy-proven NAFLD.
HFE gene analysis was performed by polymerase chain reaction amplification
of total genomic DNA of two regions of the HFE gene carrying the mutations
C282Y and H63D.

Innovations and breakthroughs

Higher serum iron level is a predictor of more advanced fibrosis, in addition to
the factors of obesity, older age, female gender and type 2 diabetes mellitus.
This research provides novel findings regarding HFE gene mutations and
cholesterol level. It was found that in a subgroup of NASH patients with severe
fibrosis there were correlations between at least one mutated allele of H63D
and lotal cholesterol as well as LDL-cholesterol levels.

Applications

These findings may be of value in the explanation of progressive liver fibrosis
in at least some proportion of patients with NAFLD. Higher total and LDL cho-
lesterol levels, logether with increased iron levels, may lead to excessive free
fatty acid oxidation with free oxygen radical formation, increased inflammation
and fibrogenesis. However, this novel aspect of NAFLD pathogenesis should
be evaluated in larger cohorts of patients.

Terminology

HFE gene mutation/HHC: An autosomal recessive genetic iron storage disor-
der, that usually results from defects in this gene. The mutation or polymorphism
most commonly associated with hemochromatosis is C282Y. About 1/200 of
people of Northern European origin have two copies of this variant; males are
particularly at high risk of developing hemochromatosis, Organs commonly
affected by hemochromatosis are the liver, heart and endocrine glands.

Peer review

The authors described a Polish poputation with NAFLD and tried to analyze the
correlation of different biochemical and clinical parameters with the disease.
This can be considered a very well-designed study.
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