




RESULTS
miRNA profiles distinguishes DLBCL from germinal-centre B
cells
A panel of 542 out of 664 mature miRNAs (81%) has been suc-
cessfully detected in the analysed samples. To assess whether
HCV infection in lymphoid tissues could be distinguished at a
molecular level by miRNA expression profile, an unsupervised
hierarchical cluster analysis was performed. The analysis was able
to differentiate DLBCL from germinal-centre B cell, in
HCV-positive and HCV-negative patients (figure 2). Considering
only DLBCL, miRNA expression could not discriminate between
infected patients and controls.

Fifty-two miRNAs define a signature for HCV-associated
DLBCL
In HCV-positive patient groups, we analysed differences
between the DLBCL and germinal centre B cells. Two prediction
tests (Class comparison and class prediction analyses) of
BRB-ArrayTools were used to identify the classifier signature
with the lowest misclassification error. The algorithms identified
52 miRNAs differentially expressed in DLBCL, compared to
non-pathological B cells: 35 and 17 miRNAs were over-
regulated and under-regulated, respectively (see online supple-
mentary table S1).

In order to identify the transcripts that might be targeted by dif-
ferentially regulated miRNA in HCV-associated DLBCL, tarbase, a
database containing experimentally verified miR interaction infor-
mation, were used. Twenty-one out of 52 differentially regulated
miRNAs showed validated target in tarbase. Analysis of Kyoto

Encyclopaedia of Genes and Genomes (KEGG) pathway database
of these twenty-one validated targets were performed: the most
affected pathway, modulated by at least one of the identified
miRNAs, were PI3K-Akt signalling, cancer, HTLV-1 infection and
viral carcinogenesis, with 23, 23, 18 and 17 genes, respectively
(see online supplementary table S2).

miRNA distinguished HCV-associated DLBCL compared to
No-infected DLBCL
To identify which miRNAs are significantly deregulated in
HCV-associated DLBCL tumorigenesis, the pairwise compari-
sons were made between HCV-positive and HCV-negative
DLBCL. We detected 6 and 14 miRNAs over-regulated and
under-regulated, respectively, in HCV-associated DLBCL with
respect to non-infected ones (see online supplementary
table S3).

Moreover, we hypothesised that a miRNA likely could be
highly involved in HCV-associated DLBCL tumorigenesis if it is
deregulated in the two pairwise comparisons: HCV+ DLBCL vs
germinal centre B cells and HCV+ DLBCL versus HCV�

DLBCL. The combinatorial strategy enabled the identification of
three miRNAs significantly deregulated in HCV-associated
DLBCL: miR-20b-3p, miR-363-5p and mir-424-3p (table 2).

miRNAs expression is correlated with clinical and
pathological features in HCV-associated DLBCL
A significant correlation was found between high miR-576-5p,
miR-129-3p level, low miR-522, miR-512-3p level and germinal
centre B cell-like DLBCL immunophenotype. Moreover, low

Figure 2 Unsupervised analysis of
microRNA in diffuse large B-cell
lymphoma (DLBCL) and germinal
centre B cells. Hierarchical clustering of
542 miRNAs distinguish DLBCL
samples from germinal centre B cells
(lymph node, n=6/11, 54%, p<0.001
by Fisher’s exact test). Clustering was
performed with average linkage and
1-correlation as distance metric.

Table 2 MicroRNA differently expressed in HCV-associated DLBCL versus DLBCL and versus HCV-positive germinal centre B cells

miR name
Genomic
location*

HCV-associated
DLBCL DLBCL

HCV+ B
cells

FC HCV+DLBCL/
DLBCL

FC HCV+DLBCL/ HCV+ B
Cells

Number of validated
target†

miR-363-5p Xq26.2 0.33 3.27 24.99 0.10 0.01 –

miR-20b-3p Xq26.2 0.22 1.57 3.41 0.14 0.06 –

miR-424-3p Xq26.3 0.57 2.21 0.028 0.26 20.36 –

The geometrical mean of the miRNA expression is provided.
*According to miRbase (http://www.mirbase.org/).
†According to tarbase 6.0 (http://diana.imis.athena-innovation.gr/).
DLBCL, diffuse large B-cell lymphoma; FC, fold-change; HCV, hepatitis C virus.
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miR-25-5p levels were significantly correlated with low
International Prognostic Index (IPI) (IPI 1 and 2). Finally, low
miR-542-3p, miR-651-5p, miR-549a and high miR-369-5p
levels were significantly associated with an advanced stage
(stages III and IV). None of these correlations were found in
non-infected DLBCL samples.

Four miRNAs are correlated to the prognosis of
HCV-associated DLBCL
High levels of miR-138-5p were found to be correlated with sig-
nificantly longer overall survival (p = 0.01, HR=0.539),
whereas, a shorter overall survival has been observed in patients
with high expression of miR-511-5p (p = 0.012, HR=1.79),
miR-147a (p = 0.005, HR=1.46), miR-147b (p = 0.015,
HR=1.25) (figure 3). None of these correlations were found in
non-infected DLBCL samples.

DISCUSSION
This study analyses for the first time global miRNA expression
profiling in HCV-positive DLBCLs. We found that HCV infec-
tion determines specific miRNA alterations, and that
HCV-associated DLBCL have distinct molecular characteristics
correlated with histopathological parameters and prognosis.

The only study which is known to have investigated the role
of miRNA in HCV-associated lymphoma is the one of
Peveling-Oberhag et al. They observed a reduced miR-26b
expression in HCV-positive patients with splenic marginal zone
lymphoma (SMZL), a rare low-grade B-cell lymphoma.16

Although, it is difficult to attribute any discovered dysregula-
tion of miRNA expression exclusively to HCV infection using

indirect approach, our analysis identified 52 deregulated
miRNAs that defines HCV-positive DLBCL. Different studies
compared miRNA profiles of DLBCL with reactive lymph
nodes, follicular lymphoma or Burkitt lymphoma revealing
numerous and completely different altered miRNAs17; this dis-
crepancy may be explained with the heterogeneity of DLBCL,
different samples used to compare, or different technologies
used, and HCV infection.

Among these 52 miRNA, miR-122 is under-expressed in
HCV-associated DLBCL compared to activated B cells in HCV
patients. Such miR-122 levels are frequently reduced in HCC
compared with normal liver.18 Moreover, many studies observed
that miR-122 is highly expressed in liver and that it positively
regulates HCV replication in liver cells.18 Interestingly miR-122
has been found to be over-expressed in germinal-centre B cells
in patients with HCV infection with respect to patients without
infection (data no shown).

miRNA Target prediction revealed interesting miRNA/gene
interactions that could shed some light on HCV-associated lym-
phomagenesis. For example, miR-519b-3p and miR-96-5p,
which are upregulated in our series of HCV-associated DLBCL,
target CDKN1A, a gene involved in PI3K-Akt pathway, deregu-
lated in many cancers.19 Moreover, we identified miR-20b-3p,
miR-363-5p, miR-424-3p differentially expressed in
HCV-associated DLBCL compared with DLBCL and
HCV-associated germinal centre B cells. It should be noted that
all these three miRNAs, map to the chromosome Xq26 region.
Although copy number changes targeting this chromosome are
common in DLBCL, no candidate target genes have been con-
sistently ascribed to these abnormalities.20

Figure 3 miRNAs are poor prognostic factors in hepatitis C virus (HCV)-associated diffuse large B-cell lymphoma (DLBCL). (A–D) HCV-associated
DLBCL patients were categorised according to the miRNA level, and survival curves were plotted using the Kaplan–Meier method.
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Finally, our study suggests that miR-138, miR-147a,
miR-147b and miR-511 could be used to predict overall survival
in HCV-associated DLBCL. miR-138 Might act as a tumour
suppressor; in fact, reduced expression of miR-138 has been
observed in different types of cancers21; ectopic expression of
this miRNA reverse multidrug resistance, reduce tumour growth
and invasion of cancer cells,22 probably through the regulation
of focal adhesion kinase (FAK) expression.23

Interestingly, miR-511 and miR-147 are independently asso-
ciated with toll-like receptor and inflammatory responses.
miR-511 Is highly expressed in macrophages and dendritic cells
with strong immunoregulatory function, because this miRNAs
has a putative positive regulator of Toll-like Receptor 4.24 In a
mouse model, miR-147 is induced in macrophages after
Toll-like receptor stimulation, and can negatively regulate activa-
tion of inflammatory pathways in myeloid cells.25

Moreover, the observed association does not allow the con-
clusion that the deregulated miRNAs might be driving factors
in pathogenesis of HCV-DLBCL. Future analysis could explain
the role of these miRNAs in HCV-associated DLBCL
tumorigenesis.

Take home messages

▸ Hepatitis C virus (HCV)-associated diffuse large B-cell
lymphoma (DLBCL) have a specific miRNA signature.

▸ In HCV-associated DLBCL, distinct miRNA alterations are
correlated with clinical and pathological parameters
pathological parameters and prognosis.

▸ miRNA are potentially useful as prognostic or therapeutics
biomarkers in HCV-associated DLBCL.
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