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Summary

Chronic hepatitis C virus infection has been associated with several extrahepatic manifesta-
tions, among these, renal and cardiac involvement. However, morphological evidence of hep-
atitis C virus localization in various organs remains to be clarified.
We used immunohistochemistry to analyze the hepatitis C virus core and nonstructural anti-
gens. Peripheral blood mononuclear cells were obtained from four patients with hepatitis C
virus infection. Liver, kidney, heart, and bone marrow were taken from autopsy specimens
from nine patients with hepatocellular carcinoma and three patients with cardiomyopathies
with positive hepatitis C virus infection.
Antibody against hepatitis C virus core antigen stained peripheral blood mononuclear cells, and
the majority of positive staining was seen in CD68-positive macrophages. Hepatitis C virus core
and NS4 antibodies stained mostly infiltrating cells in the liver, heart, kidney, and bone mar-
row, but not hepatocytes, myocytes, or globular cells. Serial sections stained by CD68, CD3,
and CD20 antibodies showed that most of the hepatitis C virus-positive cells were CD68-positive
macrophages.
We demonstrate for the first time clear distribution of hepatitis C virus antigen in mononuclear
cells in various organs from patients with hepatitis C virus infection. This study suggests that
macrophages are the major target of hepatitis C virus infection.
ª 2010 World Heart Federation. Published by Elsevier Ltd. All rights reserved.
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Introduction

Hepatitis C virus (HCV) has infected an estimated 170 mil-
lion individuals worldwide and, in the next few years, the
number of annual deaths from HCV-related liver disease
and cancer in the US may exceed the number of deaths
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caused by the human immunodeficiency virus [1]. A screen-
ing test developed in 1990 has nearly eliminated the
spread of HCV through blood transfusions in industrial
countries, and the sharing of contaminated needles is
now by far the most common mode of infection. As a re-
sult, the US Centers for Disease Control and Prevention
estimates that new infections have decreased from
approximately 230,000/year in the 1980s to fewer than
36,000 in the US in 1996. However, because most individ-
uals infected in earlier decades are alive, it is estimated
that 1.8% of the US population harbors the virus [2]. As
these patients become older, HCV-related liver disease,
now accounting for 8000–10,000 deaths/year in the US,
and the single most common indication for liver trans-
plants, is likely to increase [1].

HCV has been associated with several extrahepatic man-
ifestations, among which the best characterized are mixed
cryoglobulinemia associated with a risk of developing B-cell
non-Hodgkin’s lymphoma, and glomerulonephritis [3],
which has been thought to be probably related to inflamma-
tory disease of the small vessels [4]. Porphyris cutanea tar-
da is commonly associated with HCV infection, and other
disorders have been loosely associated with the virus,
including secondary Sjögren’s syndrome, Moorthen’s cor-
neal ulcer, hyper-and hypo-thyroidism, and myositis [5].
However, the pathogenesis of these extrahepatic complica-
tions is not well understood. The importance of HCV in pa-
tients with myocarditis and cardiomyopathies has recently
been noted [6–12].

Although the liver is considered the primary site of
HCV replication in vivo, results from in vitro studies indi-
cate that HCV is capable of low-efficiency replication in
hematopoietic cells under special conditions [13–15].
Numerous investigators have sought evidence of hemato-
poietic HCV replication in vivo by studying peripheral
blood mononuclear cells (PBMC) for the viral replicative
intermediate RNA using reverse-transcription polymerase
chain reaction (RT-PCR) methods. However, results using
this approach have yielded conflicting results, possibly be-
cause of the problem of non-specific priming during RT-
PCR of the HCV 50 noncoding region of HCV. Thus the
question of HCV in vivo hematotropism remains controver-
sial [16,17].

In the current study, we tested the hypothesis of extra-
hepatic HCV expression in vivo using a highly sensitive and
specific immunohistochemistry, which was designed to de-
tect structural and nonstructural HCV proteins.
Methods

Patients

Nine consecutive patients with hepatocellular cancer and
three patients with cardiomyopathies with HCV infection
who were autopsied between October 2001 and December
2006 at Kyoto University, Kyoto, Japan, were studied.

Blood samples were obtained from four patients (a wo-
men and three men; mean age, 46 years) with circulating
HCV RNA. Samples from five patients with hypertension with
negative anti-HCV-antibody served as negative controls.
These samples were obtained with informed consent.
Preparation of cells

PBMC were prepared from heparinized venous blood by Fi-
coll–Hypaque density gradient centrifugation (Ficoll–Hyp-
aque, Pharmacia, Uppsala, Sweden). The PBMC pellet was
washed three times by centrifugation in RPMI 1640 medium
(Gibco, Grand Island, NY, USA) and the cells were counted
in a hematocytometer. The cells (0.5–0.7 · 106/mL) were
fixed with 10% neutral-buffered formalin for 10 min and
embedded in paraffin.

Immunohistochemistry

Slides of PBMC or tissue sections were fixed in 10% neutral-
buffered formalin, and 5 lm sections of formalin-fixed
paraffin blocks subjected to immunohistochemistry. The
sections were deparaffinized with xylen and rehydrated by
passage through gradually more diluted ethanol solutions,
finishing with water. Endogenous peroxides were suppressed
by treatment with 1% hydrogen peroxide in methanol for
30 min. Non-specific background staining was suppressed
by preoccupation with 10% normal horse serum for 30 min.
Mouse monoclonal antibodies against HCV-core [18] were
used at 1:500 dilution and incubated at 4 �C overnight. Sec-
tions were incubated with the Vectastain Elite ABC kit (Vec-
tor Laboratories, Burlingame, CA) for 30 min at room
temperature and revealed by using DAB solution for 2 min.

HCV-core positive cells were semiquantitatively counted
and classified into four groups: 1+, 0–25%; 2+, 26–50%; 3+,
51–75%; 4+, 76–100% of the total number of cell infiltra-
tions in a blinded fashion. One thousand infiltrating cells
were counted, and the number of cells with positive staining
for HCV-core antigen was counted.

The specificity of the reaction for the detection of HCV-
specific antigens was confirmed by examination of unin-
fected liver tissue and preadsorption of the antisera with
their specific synthetic peptides before immunostaining.
Preadsorption of HCV-core antibody (20 lg/ml) was per-
formed by intubation with 10 lg/ml of HCV-core peptide
(39–74 amino acid) for 2 h at room temperature. Immuno-
staining for clustering of differentiation (CD) markers
[CD68 for macrophage (Dako Cytomation, Carpinteria,
CA), CD3 for helper T (Calbiochem, Damstadt, Germany),
and CD20 for B lymphocytes (Lab Vision, Fremont, CA)]
was also performed.

For the double staining, CD3, CD20, and CD68 were
stained first using the TSA Biotin Systemkit (NEN Life Sci-
ence Products, Boston, MA) to enhance the reaction, and
then the Vector SG substrate kit was used. Then, the sec-
tions were treated with 1% hydrogen peroxide in methanol
for 30 min. Non-specific background was blocked by prein-
cubation with 10% normal horse serum for 30 min. The sec-
tions were incubated at 4 �C overnight with anti-HCV-core
antibody (1:500). Biotinylated anti-mouse IgG (Vector Labo-
ratories) was used as the secondary antibody at room tem-
perature for 30 min, and the sections were able to
undergo color development by DAB solution for 2 min.

To confirm the specificity of the staining with HCV anti-
gen, we also stained PBMC and the tissues from patients
with or without HCV using a monoclonal antibody against
nonstructural (NS) protein 4, which was kindly provided by
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Dr. Isao Fuke of the Research Foundation for Microbial Dis-
eases at Osaka University, because the presence of NS4 pro-
tein indicates that HCV replicates in the tissues [19,20].

Results

Fig. 1 demonstrates positive staining for HCV-core antigen
in various organs from patients with hepatocellular cancer
and cardiomyopathies with HCV infection. Unexpectedly
the majority of HCV-core antigen positive cells in the liver
(Fig. 1Ab), heart (Fig. 1Bb), kidney (Fig. 1Cb), and bone
marrow (Fig. 1Db) were mononuclear cells. After adsorption
of antisera with specific core peptide, most of the positive
signals disappeared (Fig. 1Ac–Dc). Prevalence of positive
staining in various organs was variable (Table 1). In cardio-
myopathic patients, the number of HCV-positive cells
tended to be increased in the heart. HCV-positive cells were
Fig. 1 Identification of HCV-core antigens in the liver (A), hear
chemistry. (a) Hematoxylin and eosin stain. (b) Immunostained wit
negative after adsorption with HCV-core antigen. (d) Immunostaini
antibody and anti-CD68 antibody.
most abundant in bone marrow. Double staining by CD68,
CD4, or CD20 antibody showed that most of the HCV antigen
positive cells were CD68-positive macrophages. Immunohis-
tochemical data implicate macrophages as the primary site
of HCV replication in the liver, heart, kidney, and bone mar-
row. Fig. 2 shows staining of peripheral blood mononuclear
cells. Most of positive cells for HCV-core were CD68-positive
macrophages (Table 2). Monoclonal NS4 antibody demon-
strated positive staining in the liver, heart, kidney, bone
marrow, and PBMC from HCV-positive patients, but no stain-
ing was found from those without HCV infection (Fig. 3).

Discussion

HCV infection is a major cause of hepatocellular carcinoma
and the primary reason for liver transplantation in the Uni-
ted States. While hepatocytes have been reported to be the
t (B), kidney (C), and bone marrow cells (D) by immunohisto-
h anti-HCV-core antibody. (c) Positive immunostaining became
ng of anti-CD68 antibody. (e) Immunostaining of anti-HCV-core



Table 1 HCV-core positive cells in patients with hepato-
cellular cancer and cardiomyopathics.

Age Sex Diagnosis Liver Heart Kidney Bone marrow

54 F HCC 1 1 1 1
58 M HCC 2 1 1 4
65 M HCC 2 1 1 3
66 M HCC 1 1 1 2
68 M HCC 1 1 1 1
70 M HCC 2 3 2 4
73 M HCC 2 2 2 3
76 F HCC 1 1 1 1
81 M HCC 1 1 1 3
73 F CM 2 2 1 3
81 M CM 1 2 1 2
84 F CM 2 4 1 2

HCC: hepatocellular cancer.
CM: cardiomyopathies.
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major site of viral replication, a broad clinical spectrum of
extrahepatic complication and diseases are associated with
chronic HCV infection. We found positive and negative
strands of HCV RNA from the hearts of many types of cardio-
myopathies and myocarditis, and HCV was found to be an
important cause of these diseases.

Recently, we were able to identify anti-HCV antibodies,
HCV RNA, NT-proBNP, and cardiac troponin I and T in sera
stored for up to 17 years and found the antibodies to be
more prevalent in patients with myocarditis than in the gen-
eral US population. The amounts of HCV RNA recovered var-
ied widely among patients. Furthermore, whereas the
prevalence of HCV infection in patients with active myocar-
ditis tended to be higher than in patients without active
myocarditis, the latter also had a higher prevalence of
infection than the general population. It appears that, as
observed with liver disease, the severity and time course
of myocarditis associated with HCV infection is highly vari-
able [10].

Immunohistochemistry has been used to detect HCV anti-
gens. In paraffin-embedded tissue, however, conflicting re-
sults have been reported with the use of the commercially
available antibody. One group of investigators found it to
be a very specific and fairly sensitive test for HCV in fixed
liver tissue [21], while others found it to be non-specific
[22]. In a recent study, the majority of stained cells were
Fig. 2 Identification of HCV-core antigen in the peripheral blo
Immunostained with anti-HCV-core antibody. (c) Positive immunosta
(d) Immunostaining of anti-CD68 antibody. (e) Immunostaining of a
hepatocytes, with granular cytoplasmic reaction [23]. Previ-
ous studies applying non-commercial monoclonal and poly-
clonal antibodies to either NS proteins or to HCV-core
identified a similar immunohistochemical staining pattern
[24]. These were seen to correlate well with HCV status as
identified by nested PCR and by in situ hybridization [25].
Occasional positive staining of lymphocytes was identified
[24]. Associated bile duct epithelial staining was identified
in a small percentage [21,23,24]. Other investigators ob-
served occasional nuclear reaction and identified constant
nuclear staining of hepatocytes in a study [26]. These were
almost always in association with the cytoplasmic staining
of hepatocytes. Actually there is no available explanation
for these occasionally identified staining patterns other
than possible cross reactivity, or non-specific reaction that
needs further investigation.

In the present study, antibody against HCV-core antigen
stained PBMC, and the majority of positive staining was
seen in CD68-positive macrophages. HCV-core antibody
stained mostly mononuclear cells in the liver, heart, kid-
ney, and bone marrow, but not hepatocytes, myocytes,
or globular cells. Positive staining was found in PBMC and
mononuclear cells of various tissues by antibody against
NS4 protein, which also supports that HCV replicates in
mononuclear cells. Therefore, mononuclear cells may be
a primary target of HCV infection. The notion that HCV
is a lymphotropic virus is supported by findings of replicat-
ing HCV found in B-cells [27], T cells [28], and PBMCs from
patients with chronic hepatitis C [29]. Recently, occult
HCV infection, defined as the presence of low levels of
HCV genomes in serum, PBMCs, and/or liver in the absence
of clinically evident liver disease, was identified in patients
years after apparent complete resolution of hepatitis C
[30]. More recently, immune cells have been shown to be
reservoirs of HCV in symptomatic and occult infections
[31,32].

The question of whether or not HCV is capable of replica-
tion in hematopoietic tissues remains controversial, despite
a large number of published studies on the topic. Hemato-
poietic reservoirs of HCV infection could potentially play
an important role in viral persistence through mechanisms
such as immune escape and viral modulation of host immune
responses. From a clinical perspective, hematopoietic infec-
tion may help explain the diverse clinical biology of chronic
hepatitis C, including the existence of multiple extrahepatic
disease syndromes, the association with non-Hodgkin’s lym-
phoma, resistance to anti-viral therapy, relapse successful
od mononuclear cells. (a) Hematoxylin and eosin stain. (b)
ining became negative after adsorption with HCV-core antigen.
nti-HCV-core antibody and anti-CD68 antibody.



Fig. 3 Identification of HCV NS4 antigen in the liver (A), heart (B), kidney (C), bone marrow (D), and peripheral blood mononuclear
cells (E). (a) Immunostained with anti-NS4 antibody with HCV-positive patients. (b) Immunostained with anti-NS4 antibody with HCV
negative patients.
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therapy, and recurrent infection after liver transplantation.
Recent study showed that HCV commonly infects and repli-
cates in perihepatic lymph nodes in vivo, documenting a
new viral reservoir during natural infection in man [27]. All
models to date have been based on the assumption that pro-
ductive HCV replication occurs in extrahepatic reservoirs at
an insignificant level compared with the liver [33,34].

The current results suggest a new model for extension of
HCV infection in hepatitis C. Monocytes may become in-
fected in blood or in bone marrow. Another possibility is
that HCV infection may spread locally through the lymphat-
ics to perihepatic lymph nodes, at which time peripheral im-
mune cells might become productively infected prior to
recirculation. In our study, bone marrow cells are positive
in all patients, suggesting that bone marrow may be the pri-
mary site of HCV infection. Shimizu et al. [15] provided
strong evidence of HCV hematotropism in both cell culture
and the chimpanzee model. Based on previous studies the



Table 2 Relationship between HCV-core positive cells and
CD68, and CD3, and CD20 in peripheral blood mononuclear
cells.

Patient HCV-core +
cells fin PBMC

Percentage in HCV-core + cells

CD68 CD3 CD20

1 32.5 52.3 0.0 0.0
2 46.5 66.7 0.0 0.0
3 26.5 1.9 0.0 0.0
4 77.0 4.5 0.0 0.0
5 52.0 82.7 0.0 0.0
6 44.5 15.7 0.0 0.0
7 12.5 24.0 0.0 0.0

%, Mean
± SEM

41.6 ± 7.8 35.4 ± 12.1 0.0 ± 0.0 0.0 ± 0.0

Fig 3. (continued)
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evidence supporting tissue compartmentalization of HCV
quasispecies replication in vivo is overwhelming. The previ-
ous studies have found that perihepatic lymphadenopathy is
a common finding in patients with chronic hepatitis C
[35,36]. Although it was originally assumed that perihepatic
lymphadenopathy was a direct result of liver inflammation,
recent findings raise the possibility that viral infection may
play a direct role in perihepatic lymph node hyperplasia,
possibly contributing to HCV-associated non-Hodgkin’s lym-
phoma and other B-cells lymphoproliferative disorders [37–
39], although this association is also controversial [40,41]. A
recent study by Sung et al. [42] provided a strong link be-
tween HCV infection and lymphoma by demonstrating pro-
ductive HCV replication in patient-derived lymphoma cells
in vitro. Finally, the highly significant association between
hepatitis C and immune complex disorders may be a direct
consequence of HCV infection of B-cells in perihepatic
lymph nodes, a question that deserves further study. It is
also possible that lymph node and/or PBMC infection is a
barrier to successful treatment with interferon regimens.

The present study suggests that CD68 monocytes/macro-
phages are the major target of HCV, and that CD3-positive T
cells or CD20-positive B-cells are not major targets. Phar-
macologic preparations targeting leukocytes infection might
be a reasonable approach. Clinical applications to test this
new concept include evaluating effects of anti-viral agents
ex vivo using patient’s mononuclear cells before treatment.
Or, the effects of new therapeutic agents can be assessed
in vitro by cultured mononuclear cells. Also, apheresis of
mononuclear cells can be a possible treatment of HCV
infection.
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