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Hepatitis C virus (HCV) is considered to have a causative role in B-cell lymphoproliferative diseases, including B-cell lympho-
mas, in chronic virus carriers. Previous data from in vitro HCV-infected B-cell lines and peripheral blood mononuclear cells
from HCV-positive individuals suggested that HCV might have a direct mutagenic effect on B cells, inducing mutations in the
tumor suppressor gene TP53 and the proto-oncogenes BCL6 and CTNNB1 (�-catenin). To clarify whether HCV indeed has a
mutagenic effect on B cells in vivo, we analyzed naive and memory B cells from the peripheral blood of four chronic HCV carri-
ers and intrahepatic B cells from the livers of two HCV-positive patients for mutations in the three reported target genes. How-
ever, no mutations were found in the TP53 and CTNNB1 genes. For BCL6, which is a physiological target of the somatic hyper-
mutation process in germinal-center B cells, the mutation levels identified were not higher than those reported in the respective
B-cell subsets in healthy individuals. Hence, we conclude that in chronic HCV carriers, the virus does not generally induce muta-
tions in the cancer-related genes TP53, CTNNB1, and BCL6 in B cells. Based on these findings, new targets have to be investi-
gated as potential mediators of HCV-associated B-cell lymphomagenesis.

Epidemiological, clinical, and experimental data strongly sup-
port the idea of a causative role of hepatitis C virus (HCV) in

the development of B-cell lymphoproliferative diseases in chronic
virus carriers. These diseases include type II mixed cryoglobuline-
mia (MC), a benign B-cell proliferative disorder with monoclonal
B-cell expansions, and a subgroup of B-cell non-Hodgkin lym-
phomas (B-NHL) (1–6). The mechanisms by which chronic HCV
infection affects B-cell differentiation and predisposes patients to
the occurrence of premalignant and malignant B-cell lymphopro-
liferations are still poorly understood. One potential mechanism
is the antigen-driven proliferation of HCV-specific B cells. This is
supported by the finding of restricted immunoglobulin (Ig) V
gene usage in B-cell clones in MC and HCV-associated B-cell lym-
phomas, and the direct demonstration of B-cell receptor specific-
ity of some HCV-associated lymphomas for HCV antigens (7–
10). It is also noteworthy that in livers of chronic HCV carriers,
B-cell follicles resembling in several aspects ectopic germinal cen-
ters (GC) are found, indicating chronic HCV-driven B-cell pro-
liferation in this organ (11).

Another—not mutually exclusive— hypothesis suggests that
there is a direct mutagenic effect of HCV on B cells, which might
promote B-cell transformation. This idea is mainly based on in
vitro studies, in which human B-cell lines were exposed to HCV
virions. It was reported that in this setting, HCV activates the
enzyme activation-induced cytidine deaminase (AID), which is
the key factor for somatic hypermutation of Ig V genes (12). So-
matic hypermutation physiologically also targets the BCL6 proto-
oncogene at a low frequency in the GC reaction, so that about 30%
of post-GC memory B cells carry one or more mutations in the
major mutation cluster in intron 1 of BCL6 (13). In the in vitro
studies, enhanced BCL6 mutations were observed in the B-cell
lines (12). Besides, HCV can also induce oxidative stress, with
accumulation of nitrogen and oxygen reactive species which lead

to DNA damage (14–16). TP53 and � catenin (CTNNB1) were
identified as target genes of the reactive oxygen species with re-
markably high mutation accumulation in the in vitro studies (mu-
tation frequencies of 5 to 11 � 10�4/bp) (12, 14). Notably, muta-
tions in TP53, CTNNB1, and BCL6 were also identified in
peripheral blood mononuclear cells (PBMC) of HCV-positive pa-
tients (12), although only about 10% of PBMC are B cells. As TP53
is a tumor suppressor gene and BCL6 and CTNNB1 are proto-
oncogenes, mutations in these genes might be of pathogenetic
relevance.

Regarding the reported mutagenic effect of HCV, it should be
mentioned that it is still controversially discussed whether HCV
indeed infects B cells and induces mutations by a hit-and-run
mechanism, or whether the effects seen are due to the binding of
HCV to costimulatory receptors expressed on the surface of B
cells, such as CD81 (17–24).

In the present work, we aimed to clarify whether the mutagenic
effect of HCV on TP53, CTNNB1, and BCL6 is detectable in B cells
of chronically HCV-infected patients, and hence might represent
a main factor for B-cell lymphoproliferative diseases in such pa-
tients.

MATERIALS AND METHODS
Blood and tissue samples. Fifty ml of peripheral blood (PB) was collected
from each of four HCV-positive patients (HCV1 to HCV4). These were
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three males and one female, with a mean age of 60 years, attending the
Department of Gastroenterology and Hepatology at the University Hos-
pital Essen. All patients were infected with genotype 1 (mean viral load,
3,278,153 � 2,780,622 IU/ml); two patients (HCV1 and HCV2) had evi-
dence of extrahepatic diseases (cryoglobulinemia). Liver specimens were
obtained from two HCV-positive patients (2 males) attending the Liver
Transplantation Unit of the University Hospital Essen for liver transplan-
tation. They were both infected by HCV of genotype 3 with a stage 3 liver
disease. The studies were approved by the local ethics committee of the
University Hospital Essen.

Cell separation. PBMC were isolated by Ficoll-Paque density centrif-
ugation, and CD19� B cells were enriched by magnetic cell separation
using the MACS system (Miltenyi Biotec, Bergisch-Gladbach, Germany).

Cell sorting. The B-cell-enriched cell suspensions were stained using
the following antibodies: anti-IgD-phycoerythrin (PE)-Cy7 (Becton,
Dickinson [BD], Heidelberg, Germany), anti-IgM-PE (BD), anti-CD27-
allophycocyanin (APC) (BD), and anti-IgG- and anti-IgA-fluorescein iso-
thiocyanate (FITC) (Dako). B-cell subsets were sorted with a FACSDiva
cell sorter (BD) as naive B cells (IgM positive [IgM�] IgD� CD27�),
class-switched memory B cells (IgG/IgA� CD27�), and non-class-
switched memory B cells (IgM� IgD� CD27�). Each B-cell subpopula-
tion was sorted in 200 to 500 cell aliquots into PCR tubes. PB CD3� T cells
were sorted from healthy donors and used as a control to determine the
background mutations introduced by the DNA polymerases in the PCR
assays.

Immunohistochemistry and laser capture microdissection. Detec-
tion of CD20� follicle-like structures was performed on fresh-frozen liver
samples from HCV-positive patients who underwent liver transplanta-
tion. Frozen liver specimens were cut as a series of 7-�m-thick sections
and mounted onto FrameSlides PET (Zeiss, Munich, Germany), air-
dried, and fixed in acetone for 10 min at �20°C. Endogenous alkaline
phosphatase was inhibited with 0.1 N HCl for 10 min. Sections were
stained with mouse monoclonal antibodies against human CD20 (Dako,
Eching, Germany) for 1 h at room temperature. The color reaction was
developed using an APAAP system (Dako). Sections of human reactive
tonsils were used as positive controls for anti-CD20 immunostaining.
Other tonsil sections were stained with a mouse monoclonal antibody
against human CD3 (Dako). Intrahepatic CD20� B-cell follicles and ton-
silar CD3� T cells were isolated by laser capture microdissection (PALM
MicroBeam; Zeiss) and catapulted into PCR caps containing 20 �l of 1�
DNA polymerase buffer (either Expand High Fidelity or Phusion buffer)
and 0.1% Triton X-100.

PCR amplification of the target genes. Both sorted and microdis-
sected cell samples were lysed with proteinase K (0.25 mg/ml) for 3 h at
55°C. The enzyme was inactivated by heating at 95°C for 10 min. A semi-
nested PCR was performed to amplify the mutation hot spot regions of the
selected target genes (BCL6 intron 1 area B; CTNNB1 exons 3 and 8; TP53
exons 4, 5 and 6, and 7 and 8) (13, 25, 26). PCR assays were performed
using two different DNA polymerases: an Expand High Fidelity polymer-
ase mixture (Roche Applied Science, Mannheim, Germany) and Phusion
DNA polymerase (New England BioLabs, Frankfurt am Main, Germany)
with expected error frequencies of about 3 � 10�4 (4.3 � 10�6 changes/
bp/cycle error rate) and 3 � 10�5 (about 4.4 � 10�7 changes/bp/cycle
error rate), respectively, after 70 cycles of 2 rounds of PCR.

The first round of amplification was performed with a single aliquot of
sorted or microdissected cells as a multiplex PCR in 50-�l reaction mix-
tures containing the following primers, each at 0.1 �M final concentra-
tion: CTNNB1 exon 3 (for 5=-ctg gct atc att ctg ctt ttc ttg gc-3= and rev
5=-aac tgc att ctg act ttc agt aag gc-3=) and CTNNB1 exon 8 (for 5=-cta gaa
cag ata ttt agg att gat agg c-3= and rev 5=-gtg acc aca ttt ata tca tct gaa
ccc-3=); fragments of TP53 and BCL6 were amplified as previously de-
scribed (13, 25). The PCRs had the following cycling conditions: a first
denaturation step of 95°C for 4 min, followed by 35 cycles of 50 s at 95°C,
30 s at 56°C, and 60 s at 72°C. A final incubation was performed for 5 min
at 72°C. The first-round multiplex PCR was followed by separate second-

round PCRs for each amplificate, with 35 cycles using the primer-specific
annealing temperatures of 56°C for BCL6, 61°C for TP53, and 50°C for
CTNNB1. The second-round CTNNB1 primers had the following se-
quences: for ß-Cat-Ex3-ForII, 5=-ttc aat ggg tca tat cac aga ttc-3=; for
ß-Cat-Ex3-RevII, 5=-aat gaa aaa taa tac tct tac cag-3=; for ß-Cat-Ex8-ForII,
5=-tct agg tgg aat gca agc ttt ag-3=; and for ß-Cat-Ex8-RevII, 5=-aag agt ccc
aag gag acc ttc cat c-3=.

The PCR products were further incubated with Taq DNA polymerase
(Fermentas, St. Leon-Rot, Germany) and 0.2 mM dATP for 20 min at
72°C to generate a 3= A overhang at both ends and ligated into pGEM
T-Easy vector (Promega, Mannheim, Germany). After transformation in
XLB1 Blue (Stratagene, Waldbronn, Germany), plasmids were isolated.
For each PCR product, 10 to 20 individual clones were sequenced by
Sanger sequencing on an ABI 3010 sequencer (Applied Biosystems,
Darmstadt, Germany). Sequences of PCR products were compared to the
corresponding germ line sequences with SeqScape v2.5 software (Applied
Biosystems). Identical base changes in different sequences (shared muta-
tions) were counted only once.

For statistical reasons, we cannot exclude the possibility that a few
plasmid sequences derive from the same cell, in particular, as not all DNA
molecules might be available for PCR (due to DNA strand breaks or in-
complete release of DNA from chromatin after proteinase K digestion).
However, as we observed the expected pattern of about one-third mutated
BCL6 sequences in memory B cells (presented in Results), and as we
observed mostly unique BCL6 mutations in the mutated sequences, this
validates for BCL6 that the plasmids represent many different B cells in the
sample and that there was not a preferential amplification of BCL6 from a
single or very few B cells. As CTNNB1 and TP53 were coamplified from
the very same DNA samples as BCL6, this argumentation can be extended
to the two other genes as well, although here most sequences were unmu-
tated.

Statistical analysis. Statistical analysis of the data was performed by
Fisher’s exact test. Values of P � 0.05 were considered to be statistically
significant.

RESULTS

To assess whether HCV induces a mutator phenotype in B cells in
vivo, we analyzed the mutational status of the genes BCL6, TP53,
and CTNNB1 in B cells of chronically HCV-infected patients. The
mutation analysis included the three main PB B-cell subsets,
namely, naive B cells, class-switched memory B cells, and IgM�

IgD� memory B cells (27, 28). The analysis was performed on
different B-cell subpopulations to determine whether mutations
are generally present in the PB B cells, or only in post-GC, i.e.,
memory B cells.

The analysis was initially done with B cells from two patients
(HCV1 and HCV2). Fluorescence-activated cell sorter (FACS)-
sorted CD3� T cells from a healthy donor served as a negative
control. The PCR was carried out using an Expand High Fidelity
DNA polymerase mix. We amplified the known mutation hot spot
regions of the three genes, which are exons 4 to 8 of TP53, parts of
intron 1 of BCL6, and exons 3 and 8 of CTNNB1. PCR products
were cloned into plasmids, and 14 to 66 plasmids were sequenced
per cell subset per PCR fragment. The sequence analysis showed
mutation frequencies between 0.42 and 3.1 � 10�4 for TP53 and
between 2.8 and 8.0 � 10�4 for CTNNB1 in the B cells (Table 1).
However, no significant difference in the mutation frequencies of
the selected genes was seen between the B cells isolated from HCV-
infected patients and the T cells from the healthy donor (Table 1).
These values were indeed in the range expected from the intrinsic
error rate of the High Fideltiy enzyme mix. The observed muta-
tion frequencies in the BCL6 gene were largely in concordance
with previously published data for healthy individuals (28, 29),
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with mutations above the experimental background in both class-
switched and one of the two IgM� memory B-cell isolates from
the two patients. Mutations in naive B cells were at the back-
ground level determined with T cells from healthy donor HD1.
Hence, there was no increased BCL6 mutation load in B cells from
HCV� patients in comparison to B cells from healthy individuals.

Since the observed mutation frequencies were quite variable
and in the range of the experimental background introduced by
the DNA polymerase mixture, we performed the analysis on B
cells from two additional HCV-positive patients (HCV3 and
HCV4) and T cells from a further healthy donor (HD2) using
Phusion DNA polymerase, which has about a 10-fold-lower error
rate than the High Fidelity system. Indeed, the experimental mu-
tation background level as seen in the T cells was clearly lower with
the Phusion polymerase than with the Expand High Fidelity sys-
tem (0.5 to 1.1 � 10�4/bp and 3.4 to 6.4 � 10�4/bp, respectively).
Using Phusion polymerase, the mutation level for CTNNB1 in all
B-cell subsets was in the range of the experimental background
(Table 2). The TP53 gene showed a slightly but statistically signif-
icantly higher mutation frequency in the naive B-cell subset from
patient HCV3 and in the non-class-switched B cells from patient
HCV4 than in the control T cells (P � 0.05). However, the four
other B-cell samples did not show mutations above the back-
ground. For BCL6, naive B cells did not show a significantly higher
mutation frequency than the control T cells (Table 2). The IgM�

IgD� memory B cells harbored BCL6 mutations with frequencies
of 6.4 � 10�4 and 8.7 � 10�4 for patients HCV3 and HCV4,
respectively, and the class-switched memory B cells of these two
patients showed BCL6 mutation frequencies of 6.1 � 10�4 and
14 � 10�4. These mutation frequencies are similar to the respec-
tive frequencies in memory B cells of healthy individuals (ca. 4 to
8 � 10�4 for IgM� IgD� and ca. 8 to 9 � 10�4 for class-switched
memory B cells) as previously published (28). This is particularly
true when one considers that the experimental background mu-
tation level of 1.1 � 10�4 (value for control T cells) should be
subtracted from the values determined in our study, whereas the
published data (28) are devoid of polymerase errors.

As there were hardly any HCV-associated mutations in the PB
B cells, we wondered whether B cells in the liver, being in more
direct contact with HCV, might be targeted by mutations. Since
proliferating B-cell populations within follicle-like structures are
frequently detected in the liver of chronically HCV-infected pa-
tients (11, 30), we analyzed B cells isolated from the liver of two
HCV-positive patients, using the Phusion polymerase. Microdis-
sected CD3-positive T cells from a reactive tonsil of an HCV-
negative patient were used as a negative control. CD20-positive
follicle-like structures were isolated by laser microdissection (Fig.
1). The mutation analysis was performed on 3 distinct follicles per
liver, of about 100 isolated B cells each (Table 3). The analysis
showed no statistically significant difference in the mutation fre-
quency of TP53 and CTNNB1 in the intrahepatic B cells compared
to the tonsilar T cells. For BCL6, one donor did not show muta-
tions above the experimental background level, whereas the other
patient showed a BCL6 mutation frequency (4 � 10�4/bp) not
higher than that seen with post-GC B cells in healthy individuals.
These results strongly suggest that HCV does not induce muta-
tions of the selected cellular genes, even in B cells from the liver
microenvironment.T

A
B

LE
1

M
u

ta
ti

on
al

an
al

ys
is

of
ce

llu
la

r
ge

n
es

in
P

B
B

-c
el

ls
u

bp
op

u
la

ti
on

s
fr

om
H

C
V

-p
os

it
iv

e
pa

ti
en

ts
an

d
T

ce
lls

fr
om

a
h

ea
lt

h
y

do
n

or
u

si
n

g
an

E
xp

an
d

H
ig

h
Fi

de
lit

y
P

C
R

sy
st

em
a

D
on

or
C

el
lt

yp
e

T
P

53
C

T
N

N
B

1
B

C
L6

N
o.

of
cl

on
es

m
u

ta
te

d/
n

o.
of

cl
on

es
se

qu
en

ce
d

N
o.

of
m

u
ta

ti
on

s/
to

ta
ln

o.
of

n
u

cl
eo

ti
de

s
M

u
ta

ti
on

fr
eq

u
en

cy
�

10
�

4

N
o.

of
cl

on
es

m
u

ta
te

d/
n

o.
of

cl
on

es
se

qu
en

ce
d

N
o.

of
m

u
ta

ti
on

s/
to

ta
ln

o.
of

n
u

cl
eo

ti
de

s
M

u
ta

ti
on

fr
eq

u
en

cy
�

10
�

4

N
o.

of
cl

on
es

m
u

ta
te

d/
n

o.
of

cl
on

es
se

qu
en

ce
d

N
o.

of
m

u
ta

ti
on

s/
to

ta
ln

o.
of

n
u

cl
eo

ti
de

s
M

u
ta

ti
on

fr
eq

u
en

cy
�

10
�

4

H
C

V
1

C
la

ss
sw

it
ch

ed
4/

43
4/

17
,1

00
2.

3
4/

34
5/

7,
75

8
6.

4
10

/2
2

14
/1

5,
46

6
9.

0
Ig

M
�

Ig
D

�

C
D

27
�

2/
38

2/
14

,2
12

1.
4

3/
29

2/
6,

54
4

3.
0

5/
14

5/
9,

84
2

5.
0

N
ai

ve
3/

34
2/

11
,7

36
1.

7
2/

29
2/

6,
99

6
2.

8
9/

22
11

/1
5,

46
6

7.
1

H
C

V
2

C
la

ss
sw

it
ch

ed
1/

62
1/

23
,7

98
0.

4
2/

37
3/

8,
62

2
3.

4
12

/1
8

33
/1

2,
65

4
26

.0
Ig

M
�

Ig
D

�

C
D

27
�

5/
65

6/
25

,0
40

2.
4

2/
42

3/
9,

83
6

3.
0

10
/1

7
12

/1
1,

95
1

10
.0

N
ai

ve
7/

66
8/

25
,5

47
3.

1
8/

44
8/

10
,1

86
8.

0
8/

20
9/

14
,0

60
6.

4

H
D

1
T

11
/9

6
12

/3
3,

71
8

3.
6

5/
65

5/
14

,7
65

3.
4

13
/2

9
13

/2
0,

38
7

6.
4

a
M

u
ta

ti
on

fr
eq

u
en

ci
es

(m
u

ta
ti

on
s

pe
r

ba
se

pa
ir

)
ar

e
ca

lc
u

la
te

d
as

th
e

to
ta

ln
u

m
be

r
of

si
n

gl
e

n
u

cl
eo

ti
de

m
u

ta
ti

on
s

in
al

lc
lo

n
es

ve
rs

u
s

th
e

to
ta

ln
u

m
be

r
of

n
u

cl
eo

ti
de

s
se

qu
en

ce
d.

H
D

,h
ea

lt
h

y
do

n
or

.

Tucci et al.

2958 jvi.asm.org Journal of Virology

http://jvi.asm.org


DISCUSSION

Comprehensive studies with B-cell lymphoma lines have shown
that HCV can induce a mutator phenotype in B cells by causing
mutations in proto-oncogenes (BCL6, CTNNB1) and tumor sup-
pressor genes (TP53) in in vitro HCV-infected B cells (12, 14).
Moreover, increased mutation frequencies of these genes were
also seen in PBMC of chronically HCV-infected individuals (12).
As B cells typically account for only about 10% of PBMC (the
other 90% being composed of T cells, monocytes, and natural
killer cells), the previous study did not clarify whether B cells are
indeed a target for HCV-induced mutations in vivo. Since ex-
panded B-cell clones in HCV-associated lymphoproliferations
carry somatically mutated Ig V genes, suggesting a post-GC deri-
vation (7), we wanted to define in which B-cell subpopulations,
pre- or post-GC B cells, virus-induced mutations might occur.
Therefore, to further assess the impact of HCV infection on the
mutational status of cellular genes in vivo, we analyzed the muta-
tion frequencies of TP53, CTNNB1, and BCL6 in naive and mem-
ory PB B cells isolated from chronically HCV-infected individuals.
Unexpectedly, the analysis of PB B cells of four patients revealed
that TP53 and CTNNB1 did not acquire mutations in naive or
memory B cells, as shown by the low number of nucleotide differ-
ences observed, which were in the same range as those of the
control T cells from healthy individuals. Hence, they represent the
experimental background. Slightly higher values were seen for
TP53 in naive B cells from one and IgM� IgD� CD27� B cells
from another of the four patients, but these may represent outli-
ers, considering the overall rarity of the mutations. Moreover,
even these values (3.2 and 4.3 � 10�4) were only one-third of
those reported for HCV-exposed B-cell lymphoma lines (12).
Mutations were consistently identified in the BCL6 gene in both
subsets of PB memory B cells of all four patients. However, BCL6
is a physiological target of somatic hypermutation, and the muta-
tion frequencies seen here are in the same range as those previ-
ously reported for memory B cells in healthy individuals (13). No
BCL6 mutations were found in naive B cells. Hence, there is also
no increased mutation targeting of BCL6 in PB B cells of HCV-
positive patients.

We further extended the analysis to B cells isolated from HCV-
positive livers. The liver is the primary target for HCV replication,
and one main histologic characteristic of chronic HCV infection is
the presence of lymphoid aggregates in the liver, which resemble
GC structures where B cells proliferate and are clonally restricted
(21, 30). The distribution of HCV within the liver is patchy (31),
with infected cells generally appearing in clusters consistent with
cell-to-cell spread of virus. Moreover, the retention of B cells in
the liver parenchyma has been shown to be promoted by the viral
infection which stabilizes B-cell/hepatocyte interactions, perhaps
allowing viral transmission between the two cell types (32). Based
on these observations, it is conceivable that in the B-cell aggregates
in the liver, the interaction between HCV and B cells is more direct
than in other biological compartments. Our analysis performed
on the CD20� follicle-like structures isolated from the liver of two
HCV-positive patients, however, showed an absence of mutations
in TP53 and CTNNB1 (Table 3). For BCL6, the mutation loads
were even lower than those seen in PB memory B cells. This may
be due to the presence of a mixed population of pre- and post-GC
B cells within the intrahepatic follicles, even though the composi-
tion of these B-cell clusters in the liver has not yet been investi-
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gated. Moreover, among the microdissected areas, some non-B
cells with an unmutated BCL6 gene may be present.

We do not have direct information about the clonality of the B
cells we studied. However, there is no clear indication in the liter-
ature that naive or class-switched PB B cells in HCV patients are
clonally restricted. Moreover, our BCL6 mutation analysis re-
vealed, in addition to unmutated cells, many B cells with distinct
(physiological) BCL6 mutations among IgM� IgD� CD27� or
class-switched B cells, indicating that they were polyclonal. In any
case, our observation of a lack of mutations in the genes analyzed
in B cells exposed to HCV in vivo is relevant and conclusive re-
gardless of the clonality of the B cells.

Taking these data from the PB and the liver of six HCV-in-
fected individuals together, it clearly emerges that B cells in these

patients are not acquiring HCV-driven mutations in the three
genes analyzed. This is an unexpected finding with respect to a
previous report (12). Regarding the in vitro studies with B-cell
lines, it has to be considered that these were Burkitt lymphoma cell
lines (12). It is conceivable that these transformed B cells, which
also have a GC B-cell phenotype, are particularly susceptible to
mutation induction by HCV. It may also be that in the in vitro
cultures, the viral titers are much higher than in vivo, causing a
stronger mutagenic effect of HCV on the B cells.

Whether HCV directly infects the B cells analyzed was not
studied either in the previous in vitro study or in the present work.
However, our aim was to clarify the consequences of the exposure
of human B cells to HCV independently of the controversial issue
about HCV lymphotropism.

FIG 1 Representative immunohistochemical staining for CD20-positive B cells in two different HCV-positive liver specimens. The staining shows the presence
of B-cell clusters around the portal areas.
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The discrepancy between the previously reported data on
PBMC of HCV-infected individuals (12) and our study of B cells
from chronically HCV-infected patients is difficult to reconcile.
The previous work did not identify in which cell type among the
PBMC the mutations were present. Hence, the mutations might
potentially be present only in T cells, monocytes, or NK cells,
which we did not analyze. However, this scenario appears un-
likely. The reported mutagenic effect of HCV on PBMC should
affect not only T cells, monocytes, and/or NK cells but also B cells,
considering the mutagenic effect of HCV seen with B-cell lines
(12). In addition, as in PB only B cells express low levels of BCL6
transcripts (transcription of a gene is essential for somatic hyper-
mutation of the gene) (33, 34), it is unlikely that a presumed AID
induction in non-B cells would cause BCL6 mutations in these
cells. In line with our findings, another study of BCL6 mutations
in PBMC (not isolated B cells) of HCV-positive patients with or
without lymphoproliferative disorders or B-NHL also did not find
BCL6 mutations (35). In any case, even if mutations occur in PB
non-B cells in vivo, they would not be relevant for B-cell transfor-
mation in HCV carriers.

Taken together, although genetic alterations of TP53 and
CTNNB1 genes are implicated in the development of hepatocel-
lular carcinoma associated with HCV infection (26, 36), the re-
sults of the present work revealed that these genes, as well as the
BCL6 proto-oncogene, are not (frequent) targets of HCV-in-
duced mutagenesis in PB or intrahepatic B cells of HCV-infected
patients. In this regard, it is also notable that aberrant hypermu-
tation of the proto-oncogenes PIM1, PAX5, RHOH, and MYC,
which is seen in diffuse large B-cell lymphomas (37), has not been
detected in HCV-associated B-cell lymphomas (38), in line with
our finding that HCV does not induce a general mutator pheno-
type in B cells. Hence, it remains to be clarified how HCV contrib-
utes to the development of B-cell lymphoproliferative diseases in
chronic virus carriers, and whether the contribution of the virus to
the pathogenesis of these diseases includes direct mutagenic ef-
fects.
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