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Summary

Hepatitis C virus (HCV) is a major cause of hepatic disease and of liver
transplantation worldwide. Mannan-binding lectin (MBL), encoded by the
MBL2 gene, can have an important role as an opsonin and complement acti-
vating molecule in HCV persistence and liver injury. We assessed the MBL2
polymorphism in 102 Euro–Brazilian patients with moderate and severe
chronic hepatitis C, paired for gender and age with 102 HCV seronegative
healthy individuals. Six common single nucleotide polymorphisms in the
MBL2 gene, three in the promoter (H/L, X/Y and P/Q) and three in exon 1 (A,
the wild-type, and B, C or D also known as O) were evaluated using real-time
polymerase chain reaction with fluorescent hybridization probes. The con-
centration of MBL in plasma was measured by enzyme-linked immunosor-
bent assay. The frequency of the YA/YO genotype was significantly higher in
the HCV patients compared with the controls (P = 0·022). On the other hand,
the genotypes associated with low levels of MBL (XA/XA, XA/YO and YO/YO)
were decreased significantly in the patients with severe fibrosis (stage F4),
when compared with the patients with moderate fibrosis (stage F2) (P = 0·04)
and to the control group (P = 0·011). Furthermore, MBL2 genotypes contain-
ing X or O mutations were found to be associated with non-responsiveness to
pginterferon and ribavirin treatment (P = 0·023). MBL2 polymorphisms may
therefore be associated not only with the development of chronic hepatitis C,
but also with its clinical evolution and response to treatment.
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Introduction

Since its discovery in 1989, hepatitis C virus (HCV) has been
recognized as a major public health problem worldwide
because of the high prevalence of chronic hepatitis C, the
high risk of progression to cirrhosis, liver failure and hepa-
tocarcinoma [1,2]. HCV is transmitted parenterally, and
transmission results typically in a chronic infection. There
are six HCV genotypes, with genotype 1 being widespread
and the most difficult to treat [3].

Hepatitis C virus is the leading cause of liver transplanta-
tion in developed countries, and the most common chronic
bloodborne infection in the United States [4]. Epidemiologi-
cal studies have indicated that approximately 60–85% of
HCV infected cases (approximately 200 million people) fail
to eradicate the virus and progress subsequently to chronic
hepatitis. This high rate of viral chronicity may be related to
a failure in the host immune response or to the ability of

HCV of overcoming the host’s defence [5,6]. A previous
report examining an HCV outbreak in a plasmapheresis
centre identified a wide pattern of disease progression in a
group of patients infected at the same time with the same
virus strain [7]. This sustains the idea that host factors are
involved critically in the development of fibrosis.

Mannan-binding lectin (MBL) is an important element of
the innate response. MBL acts as a recognition molecule for
pathogen-associated molecular patterns (PAMPs) having a
role in the initiation, regulation and amplification of the
immune response [8]. Its role in HCV pathogenesis has been
discussed recently [9].

The MBL molecule displays recognition domains for
sugars such as mannose, N-acetyl-D-glucosamine, N-acetyl
manosamine, fucose and glucose that decorate the surface
of different microorganisms, including viruses. After inter-
acting with PAMPs on the pathogen’s surface, MBL leads to
the activation of the complement system by MBL-associated
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serine proteases (MASP-1, -2 and -3), with consequent
destruction of the pathogen by the membrane attack
complex or by complement-mediated phagocytosis medi-
ated by the deposition of opsonic C3b fragments. MBL is
also able to cause direct opsonization and phagocytosis of
the infecting agent to modulate the release of proinflamma-
tory cytokines, and to promote the removal of apoptotic cells
[9–11].

Mannan-binding lectin deficiencies are caused partly by
three single nucleotide polymorphisms (SNPs) in the first
exon of the gene: MBL2*D (Arg52Cys), B (Gly54Asp) and C
(Gly57Glu). The D, B and C SNPs have been labelled col-
lectively O, whereas the major allele at these loci has been
called A. The O amino acid changes disturb the polymer-
ization of the polypeptide resulting in low levels of high-
order oligomeric MBL in plasma, probably because of short
half-life, but an increase of low-molecular-mass MBL,
without any known activity, is also seen [12,13]. The con-
centration of the protein in serum is also modulated by two
SNPs in the promoter region: MBL2*H,L [located 550 base
pairs (bp) before the transcription start site] and X,Y
(located 221 bp before the transcription start site). The SNP
P,Q (not coding SNP located 4 bp after the transcription
start site) has a marginal effect [14,15]. Linkage disequilib-
rium between the SNPs in the promoter region and exon 1
is responsible for seven common haplotypes, which are
associated with decreasing MBL concentration in plasma:
MBL2 *HYPA > LYQA > LYPA > LXPA >> HYPD = LYPB =
LYQC [15–17]. The most frequent MBL2 haplotypes in
most populations encode proteins fully capable of comple-
ment activation and pathogen opsonization: HYPA in
populations of European and Asian ancestry and in North
American Native populations, and LYQA in African popu-
lations. The LYQC and LYPB haplotypes, causing MBL defi-
ciency in the homozygous state or in association with the
LXPA haplotype, nevertheless reach frequencies as high as
the fully functional haplotypes in African and South Amer-
indian populations [18].

Numerous investigations have found association between
the MBL2*LXPA, LYPB, LYQC and HYPD haplotypes and
predisposition and/or severity of various immunodefi-
ciencies, autoimmune and infectious diseases in children
and adults (for a review, see [19,20]). The high worldwide
frequency of MBL deficiency has sparked hypotheses postu-
lating that (1) MBL might be harmful in certain conditions
of exacerbated inflammation and/or could be highjacked as
a vehicle for pathogens to gain access to the intracellular
space, and (2) the MBL2 polymorphism might be under
balancing selection. Some investigators have presented
results in support of the first hypothesis [21–27] while other
investigations, based on epidemiological and molecular evo-
lution analyses, failed to corroborate the second hypothesis
[18,28,29].

The reason why some people and not others develop
severe HCV disease and why some achieve sustained

response to therapy (cure), whereas others do not, may be
determined by the effect of a large number of both host and
viral factors that can influence disease progression. For
example, while the genotypes of HCV are related to treat-
ment responses and carriers of 2 and 3 genotypes usually
respond better to therapy than those with genotype 1, they
are not related to the severity of liver fibrosis [2].

In order to help to clarify these questions, we analysed the
association of MBL2 gene polymorphisms with the develop-
ment of chronic HCV infection per se, as well as with the
severity of liver fibrosis and with the response to interferon
(IFN) therapy in a sample of Euro–Brazilian patients from
Southern Brazil.

Materials and methods

Subjects and samples

A total of 102 Euro–Brazilian patients (65 men and 37
women) were studied with a mean age of 51 [standard devia-
tion + 9·5] years from Curitiba, southern Brazil. The patients
were defined as being from European ascendence based on
physical characteristics. It is known from former studies that
the genotype distribution of MBL2 haplotypes of Euro–
Brazilians of Southern Brazil, with ascendence defined in the
same manner, is homogeneous with the MBL2 genotype dis-
tribution of most European populations [18,30]. All patients
had positive anti-HCV by enzyme-linked immunosorbent
assay (ELISA) and positive viral RNA using reverse
transcriptase–polymerase chain reaction Amplicor® HCV,
version 2.0 (Roche, Branchburg, NJ, USA). The HCV geno-
types were analysed by VERSANT™HCV Genotype Assay
(Bayer, Tarrytown, NY, USA). The diagnosis of chronic hepa-
titis C was confirmed further by positive liver biopsy. Only
patients older than 18 years and with stage F2, or higher, liver
fibrosis according to the Metavir classification [31] were
included. Other exclusion criteria included: (1) alcohol usage
(> 20 g daily for women and 40 g for men); (2) co-infection
with hepatitis B virus or human immunodeficiency virus
(HIV); (3) the presence of other liver or systemic disease;
and (4) refusal to participate in this study. HCV genotypes
were known for 95 of the 102 patients: 54% were 3 (45/51
were 3a), 41% were 1 (at least 18/39 were 1b and 10/39, 1a)
and 1% were 2, which is in accordance with the viral distri-
bution pattern as seen in South Brazil [32]. The study was
approved by the Ethics Committee of Human Research of
the Clinical Hospital, Federal University of Paraná, Brazil. All
patients and controls read and signed an informed consent
form prior to their inclusion in the study.

Among the cases analysed, 21 (20·6%) patients had stage
F2 liver fibrosis, 36 (35·3%) had stage F3 and 45 (44·1%),
stage F4 liver fibrosis or cirrhosis. The histopathological
analyses were assessed by a pathologist and then confirmed
in turn by another. The control group included 102 healthy
Euro–Brazilian individuals matched with the patients
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according to gender and age. All controls were negative for
anti-HCV, anti-hepatitis B core antigen and anti-HIV-1 and
-2 antibodies.

Most patients were treated either with conventional IFN-a
or with pegylated-IFN-a (pgIFN) associated with ribavirin.
They were classified as sustained responders (SR) or non-
responders according to their response to the treatment.
Among the 61 patients treated with IFN, 27 (44%) were SR
and 34 (56%) were non-responders. Among the 38 patients
treated with pgIFN associated with ribavirin, 13 (34%) were
SR and 25 (66%) were non-responders. At follow-up after
6 months of therapy, all SR patients were negative for HCV
RNA and had normal alanine aminotransferase levels.
Because patients submitted to a second treatment with pgIFN
usually present a lower SR than treatment-naive patients who
initiated their therapy with pgIFN, we conducted their analy-
sis on the association of MBL2 genotypes separately.

Blood was collected with anti-coagulant ethylenediamine
tetraacetic acid. The plasma was frozen and DNA was
extracted from the peripheral blood mononuclear cells
through standard salting-out and phenol/chloroform/
isoamyl alcohol methods.

MBL2 genotyping and MBL serology

Six SNPs located at positions g.273C > G (MBL2*L,H),
g.602G > C (MBL2*Y,X), g.826C > T (MBL2*P,Q),
g.1045C > T (p.Arg52Cys, MBL2*A,D), g.1052G > A
(p.Gly54Asp, MBL2*A,B) and g.1061G > A (p.Gly57Glu,
MBL2*A,C) were analysed using real-time polymerase chain
reaction with fluorescent hybridization probes, as described
previously [33]. Nucleotide positions were determined
according to official recommendations [34], taking Y16577
as the reference sequence. The phase between the variants
could be inferred based on the strong linkage disequilibrium
between them.

The concentration of MBL was estimated by ELISA in 82
patients and in 50 controls with available plasma using wells
coated with mannan and developed with monoclonal
anti-MBL antibody, 131-1 [35]. This assay has a cut-off of
10 ng/ml and detects only high-order MBL oligomers.

Statistical analysis

Genotype and allele frequencies were obtained by direct
counting. Deviations from Hardy–Weinberg equilibrium
were tested using the approach described by Guo and
Thompson [36]. The allele frequency distributions of the
patient and control populations and of other populations of
European descent were compared by applying the exact test
of population differentiation of Raymond and Rousset [37].
Both analyses were performed using the software package
Arlequin version 3.1 [38].

Possible associations between MBL2 genotypes or alleles
and susceptibility to severe disease were analysed with c2 test.

The parametric Student’s t-test and the non-parametric
Kruskal–Wallis or Mann–Whitney tests were used with
quantitative data. The software ‘Primer of Biostatistics’ was
used for comparisons between two proportions, and c2 was
performed using the software Epi-Info. Bonferroni correc-
tion was applied when several dependent or indepent statis-
tical tests were performed simultaneously. The value of
P < 0·05 was adopted as significance level.

Results

All groups assessed in this study were found to be in Hardy–
Weinberg equilibrium. The haplotype and genotype distri-
bution was homogeneous with those of other European and
Euro-Brazilian populations [16–18]. A rare eighth haplotype
(LYPD) was observed in one control subject (Table 1). The
distribution of MBL2 haplotypes (Table 1) and the overall
circulating levels of MBL showed no significant difference
between HCV patients and controls [mean 1360·5 versus
1272·9 ng/ml, P = not significant (n.s.)]. A significant
association of MBL concentration with the different geno-
types was observed for both HCV patients and controls
(P < 0·0001 and P < 0·004, respectively, with Bonferroni cor-
rection PB < 0·02), Fig. 1.

The diplotypes including X/Y of the promoter region and
A/O of exon 1 were analysed according to their influence on
the MBL levels [18]. MBL concentrations were low in all the
cases with XA/XA and XA/YO genotypes, and very low in all
the cases with YO/YO genotype (<10 ng/ml). The YA/YO
genotype was associated with intermediate levels of MBL
(Table 2).

The frequency of the YA/YO genotype was significantly
higher in the hepatitis C patients compared with the con-
trols [31·4% versus 16·7%, P = 0·022, PB = n.s. odds ratio
(OR) 2·29, confidence interval (CI) 95% 1·17–4·46]
(Table 2). The frequencies of the genotypes associated with
low levels of MBL (XA/XA, XA/YO and YO/YO) were lower
in the patients with severe fibrosis stage F4 than in the
patients with moderate fibrosis stage F2 (4/41, 8·9% versus
6/15, 28·6% P = 0·04, PB = 0·08 OR 0·24 CI 95% 0·06–0·99)

Table 1. MBL2 haplotypes in hepatitis C virus (HCV) patients and

controls.

MBL2

haplotypes

HCV patients Controls

n = 204 % n = 204 %

HYPA 57 27·9 54 26·5

LYQA 37 18·1 43 21·1

LYPA 21 10·3 19 9·3

LXPA 44 21·6 43 21·1

LYPB 29 14·2 31 15·2

HYPD 10 4·9 10 4·9

LYQC 6 2·9 3 1·5

LYPD 0 0 1 0·5

n, number of chromosomes.
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(Table 3), and also when compared with the control group
(4/41, 8·9% versus 26/102, 25·5%, P = 0·011, PB = 0·022 OR
0·29, CI 95% 0·09–0·87) (not shown).

For the analysis of the response to treatment, the patients
were divided into two subgroups according to Matsushita
et al. [39]: one comprising those homozygous for the

promoter and exon 1 common alleles (YA/YA) and the other
group those heterozygous or homozygous to promoter and
exon 1 mutated alleles (YA/YO, XA/XA, XA/YO, YO/YO).
The X or O mutations were found less frequently in
patients who were responsive to pgIFN treatment than in
patients who did not respond to this treatment (5/13,
38·5% versus 19/25, 75%, P = 0·023, PB = 0·046 OR 5·01 CI
95% 1·19–21·51). Seven patients were non-responders of
the two treatments, first with IFN and ribavirin and after-
wards with pgIFN and ribavirin. Five of those non-
responders patients (5/7, 71%) had the X or O mutations.
In addition, MBL concentrations were higher in the pgIFN
responders than in non-responder patients (mean:
2312 mg/ml ¥ 1498 mg/ml, P = n.s.).

No association was found between HCV genotypes and
the degree of liver fibrosis or MBL2 genotypes.

Discussion

Data on MBL2 polymorphisms in European HCV patients
are scarce [9]. Most of the studies assessing the MBL2 gene
polymorphism in HCV infection were performed in Asian
patients. Asians present only one common SNP in exon 1, at
codon 54, i.e. the B allele [18,40]. A recent Brazilian study
was conducted on an ethnically highly mixed population
presenting a viral genotype distribution significantly
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Fig. 1. MBL2 genotypes in relation to the concentration of

mannose-binding lectin (MBL) in hepatitis C virus patients and

controls. Double line: controls; single line: patients. The statistical

analysis refers to the comparison between the XA/YA, YA/YA and

YA/YO genotypes (Kruskal–Wallis test; significant for both groups,

P < 0·017, with Bonferroni correction).

Table 2. MBL2 genotypes and protein concentration in hepatitis C virus (HCV) patients and controls.

MBL2

genotype

HCV patients Controls

n1 = 102 % n2 = 82 (MBL ng/ml) n1 = 102 % n2 = 50 (MBL ng/ml)

YA/YA 30 29·4 23 2413 (481–5594) 39 38·2 20 2093·5 (280–5023)

XA/YA 23 22·5 20 1579 (479–4059) 20 19·6 11 915 (513–2600)

YA/YO 32 31·4 26 370·5 (107–2713) 17 16·7 12 520 (97–3100)

XA/XA 6 5·9 6 423 (36–1388) 6 5·9 2 279 (195–363)

XA/YO 9 8·8 6 71·5 (11–835) 12 11·8 1 47

YO/YO 2 2 1 < 10 8 7·8 4 < 10

The medians of mannose-binding lactose (MBL) levels on admission are given, followed by the range of values in parentheses. Bold type, significant

difference (P = 0·022, odds ratio 2·29, confidence interval 95% 1·17–4·46). n1, number of genotyped individuals, n2, number of serologically quantified

individuals.

Table 3. MBL2 genotypes and severity of fibrosis in hepatitis C virus patients.

MBL2 genotype

Stages of liver fibrosis

Stage F2 Stage F3 Stage F4

(n = 21) % (n = 36) % (n = 45) %

YA/YA 7 33·3 10 27·8 13 28·9

XA/YA 4 19·1 8 22·2 11 24·4

YA/YA + XA/YA 11 52·4 18 50·0 24 53·3

YA/YO 4 19·1 11 30·6 17 37·8

XA/XA 2 9·5 3 8·3 1 2·2

XA/YO 3 14·3 3 8·3 3 6·7

YO/YO 1 4·7 1 2·8 0 0

XA/XA + XA/YO + YO/YO 6 28·6 7 19·4 4 8·9

n, number of individuals. Bold type, significant difference (P = 0·04, odds ratio 0·24 confidence interval 95% 0·06–0·99).
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different from that of the present study (51% 1b, 29% 3a and
7% 1a versus 18% 1b, 44% 3a and 10% 1a) [41].

Furthermore, previous studies on MBL and hepatitis C
have comprised patients with different clinical forms of
HCV infection: patients with no liver involvement, patients
with cirrhosis and others cured spontaneously, and with
diagnosis based only on serology. This compromises
the analysis regarding the severity of liver commitment
[39,41–44]. These were the grounds for studying patients
based on the result of their liver biopsy, as this is the most
reliable measure for grading the disease.

In this study, the MBL2 polymorphisms known to have
large effects on the concentration and functional capacity of
MBL were assessed in Euro–Brazilian HCV patients with
biopsy-proven liver fibrosis and controls. The observed
MBL2 haplotype and genotype frequencies are in agreement
with previous studies in the Euro–Brazilian population [18]
and did not differ significantly from the distribution
reported for western European populations [16,17]. The
limited number of haplotypes observed (n = 8) is due to
linkage disequilibrium between the SNPs of the promoter
region and the exon 1 of the MBL2 gene [18]. The LYPD
haplotype, found in one of the controls, has been described
previously in the Euro–Brazilian and in other European
populations with an allelic frequency of approximately 1%
[30,45,46]. It is believed to be originated from a recent
intragene recombination between LYPA and HYPD or
between LYPB and HYPD [30].

Based on the results, we suggest that the MBL2*YA/YO
genotype, associated with intermediate plasma levels of
MBL, is involved in the development of chronic hepatitis C.
The frequency of the LYA/YO genotype was also significantly
higher in Iranian HCV-infected patients compared with
controls [44]. Recently, Segat et al. showed that in addition to
MBL2 O/O, HCV patients from North-east Brazil also pre-
sented a highly significant increase of the A/O genotype in
comparison with ethnically matched healthy controls.
According to some authors [8,23,47], the MBL levels associ-
ated with A/O genotypes in the present study could be con-
sidered as MBL insufficiency. Taken together, these data
suggest that MBL2 genotypes associated with low or inter-
mediate levels of circulating protein are associated with the
susceptibility of HCV infection, and that MBL might have an
important anti-viral effect both in acute as well in chronic
disease. The secretion of proinflammatory cytokines is MBL
dose-dependent [48]. Thus, our results suggest that interme-
diate concentrations of MBL have a dose-response effect on
the production of proinflammatory cytokines by the live
Kupfer cells, contributing to the chronification of the virus C
hepatitis. Conversely, the YO/YO, XA/YO and XA/XA geno-
types, associated with low levels of MBL, were found to be
negatively associated with the severity of liver fibrosis, and
low levels of MBL might thus reduce the risk of chronic
hepatitis C. This is in accordance with recent data indicating
increased complement activation and increased activity of

the MBL/MASP1 complex in HCV-induced hepatic fibrosis
[49–51]. A protective role for these genotypes in chronic
diseases has been reported by several other authors
[22–24,52]. These data therefore corroborate the proinflam-
matory role of MBL in chronic disease. However, it’s impor-
tant to note that the exclusion of patients with no or low
degree of fibrosis from this study, we probably missed
important additional information to evaluate the association
between disease progression and MBL2 genotype.

In addition, MBL2 genotypes containing X or O mutations
were found to be associated with non-responsiveness to
pgIFN and ribavirin treatment. In another report, the authors
also found that Japanese HCV patients with MBL2 genotypes
containing X or O alleles were significantly less likely to
respond to therapy with IFN than similar patients presenting
haplotypes associated with higher amounts of MBL [42].
Taken together, these data suggest that MBL may play an
immunomodulatory role during treatment with IFN, as it is
known that MBL regulates the release of different cytokines
from immune cells in response to infection [53]. This is
potentially an important finding as the expense, adverse side
effects and long duration of anti-viral therapy make screening
for potential non-responders desirable. In this context, the
identification of MBL2 genotypes may be useful in predicting
the response to IFN treatment in HCV patients.

In conclusion, MBL2 polymorphisms may therefore be
associated not only with the development of chronic hepa-
titis C, but also with its outcome and response to pgIFN and
ribavirin treatment.
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