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Abstract

Little is known about the life cycle of hepatitis C virus. Determination of the subcellular localization of HCV proteins may

contribute to our understanding of the in vivo functions of the viral proteins. HCV core protein regulates multiple functions in host

cells and it has been detected both in the cytoplasm and in the nucleus using different expression systems. In this study, nucleocapsid-

like particles were observed in the nucleus of hepatocytes from a chronically HCV-infected patient. They were similar in size and

shape to those of HCV core-like particles purified from recombinant Pichia pastoris cells. In addition the HCV core protein was

detected not only in the cytoplasm but also in the nucleus and nucleolus of hepatocytes by immunoelectron microscopy. This is the

first report showing nuclear localization of HCV core protein and nucleocapsid-like particles in hepatocytes during in vivo HCV

infection.

� 2003 Elsevier Inc. All rights reserved.
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Hepatitis C virus (HCV) infection represents a major

problem of public health with around 350 millions of

chronically infected individuals worldwide [1]. The HCV

genome is a 9.5 kb single-stranded positive sense RNA

that contains a single open reading frame encoding a

polyprotein of 3010–3030 amino acid (aa) residues.
Upon its synthesis, this polyprotein is processed into at

least 10 mature cleavage products, including the core

(HCcAg), the envelope E1 and E2, and p7 structural

proteins, as well as the NS2, NS3, NS4A, NS4B, NS5A,

and NS5B non-structural proteins [2,3].

HCcAg is believed to be the viral capsid protein.

Several additional functions, such as transformation and

modulation of host cells, have been suggested for
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HCcAg [4–6]. Besides, HCcAg has been detected either

in the cytoplasm or in the nucleus depending on the

construct [7–10]. However, nuclear localization of

HCcAg has not been proved during the natural HCV

infection.

Previous reports had described the presence of HCV-
related virus-like particles (VLPs) in different models [11–

20]. In addition, it has been suggested that transmission

electron microscopy (TEM) and Immunoelectron mi-

croscopy (IEM)might be particularly useful for diagnosis

in clinical situations where serological markers and HCV

RNA in serum are negative [11]. However, the limited

sensitivity of the applied methods, cross-reactivity of

employed antibodies with host-derived antigens, and the
low levels of HCV particles in sera, plasma, and liver

preparations indicated that additional experimental data

are necessary before these techniques can be generalized.
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On the other hand, detection and localization of
hepatitis C virus (HCV) antigens in the liver could be

important to study the host–viral interactions at the

cellular level. The presence of unenveloped VLPs re-

sembling nucleocapsid-like structures with 20–30 nm in

diameter and HCcAg in the nuclei of some hepatocytes

was the most interesting finding of this work
Materials and methods

Patient. A liver needle biopsy sample was taken at the time of

routine diagnostic biopsy from a patient with chronic HCV infection.

This patient was selected based upon the criteria previously described

[20]. It was not seropositive for markers of hepatitis B virus, hepatitis

A virus, and human immunodeficiency virus by enzyme immunoassays

(Tecnosuma International, Havana, Cuba). In addition, a liver needle

biopsy sample was taken from an HCV-uninfected healthy donor liver

for transplantation purpose as negative control.

Antibodies. The following mouse monoclonal antibodies (mAbs)

were used for IEM studies: anti-HCcAg CBSS-HepC.1 mAb recog-

nizing 5–35 aa, anti-HCcAg CBSS-HepC.4 mAb recognizing 95–

100 aa, and anti-HCcAg CBSS-HepC.5 mAb recognizing 1–120 aa [20].

HCV-core like particle purification. HCV-core like particles were

obtained as previously described [21]. In brief, recombinant Pichia

pastoris MP-36 strain expressing HCcAg and the first 148 aa of the

HCV E1 protein was grown in minimal glycerol medium (MYG) (1.3%

yeast nitrogen base, 1% glycerol, and 0.4lg/mL biotin) at 30 �C for

48 h. HCcAg expression from the methanol oxidase promoter was

induced by replacing MYG with minimal methanol medium (MM)

(1.3% yeast nitrogen base, 0.5% methanol, 0.4 lg/mL biotin) and fur-

ther incubation at 30 �C for 96 h. At the end of the yeast cell culture,

cells were harvested and washed twice in Ten buffer (50mM Tris–HCl,

pH 8.0, 1mM EDTA, and 150mM NaCl). Cell disruption was per-

formed using glass beads in Ten buffer. The lysate was clarified by

centrifugation at 12,000g for 20min and supernatant and pellet frac-

tions were obtained. The yeast cellular debris was treated with 0.5%

sarkosyl in Ten buffer (a ratio of 10mL for each g of cellular debris was

used). The suspension was incubated for 120min at room temperature

with gentle agitation and then centrifuged at 12,000g for 20min. Then,

the supernatant containing HCcAg (1mg/mL) was applied to a column

(90� 1.5 cm diameter) of Sepharose CL-4B (Pharmacia Biotech,

Uppsala, Sweden). It was run at a flow rate of 0.5mL/min. Fractions

containing HCcAg with more than 80% of purity were pooled.

Transmission electron microscopy. The hepatic tissue samples were

fixed for 1 h at 4 �C in 1% (v/v) glutaraldehyde and 4% (v/v) parafor-

maldehyde, rinsed in 0.1M sodium cacodylate (pH 7.4), post-fixed for

1 h at 4 �C in 1% OsO4, and dehydrated in increasing concentrations of

ethanol. The embedding was done as previously described with minor

modification [22]. Briefly, ultrathin sections (400–500�AA) made with an

ultramicrotome (NOVA, LKB) were placed on 400 mesh grids, stained

with saturated uranyl acetate and lead citrate, and examined with a

JEOL/JEM 2000 EX transmission electron microscope (JEOL, Japan).

In order to avoid sample bias, 100 microphotographs were analyzed in

this study.

Immunoelectron microscopy. Samples of hepatic tissue were fixed

with 4% (v/v) paraformaldehyde containing 0.2% (v/v) glutaraldehyde

in 0.1M phosphate buffer (pH 7.3) at 4 �C for 3 h and washed with

0.1M phosphate buffer, pH 7.3. Fixed cells were dehydrated as de-

scribed above, embedded in Lowicryl, and polymerized by exposure to

ultraviolet light at room temperature (RT) for 72 h. Ultrathin sections

of liver biopsies were incubated with a mixture of anti-HCcAg mAbs

(CBSS-HepC.1, CBSS-HepC.4, and CBSS-HepC.5) in phosphate

buffer, for 45min at RT. The sections were rinsed three times for

30min at RT with 0.1% bovine serum albumin in phosphate-buffered
saline, pH 7.3 (BSA-PBS), and incubated for 1 h at RT with gold-la-

beled (15 nm) anti-mouse IgG (Amersham, UK) diluted 1:100 in BSA-

PBS. As control the primary antibody was substituted by normal

mouse serum. All sections were stained and analyzed with a trans-

mission electron microscope as mentioned above.

Indirect immunofluorescence analysis. Samples of hepatic tissue

were fixed in 2% paraformaldehyde in PBST (0.1% Tween 20, phos-

phate-buffered saline). The fixed cells were blocked with 1% skimmed

milk and incubated with a mixture of anti-HCcAg mAbs (CBSS-

HepC.1, CBSS-HepC.4, and CBSS-HepC.5) in phosphate buffer. After

washing twice, the cells were incubated with FITC-conjugated goat

anti-mouse IgG (Sigma). The cells were then mounted and observed by

confocal laser scanning microscopy.
Results and discussion

The determination of the subcellular localization of

HCV proteins and VLPs may contribute to our un-

derstanding of the in vivo functions of the viral pro-

teins. In the liver biopsy sample studied, ultrastructural

cell damages typical of acute viral hepatitis and en-

veloped virus-like particles (VLPs) were observed.
They were similar to those recently detected in liver

biopsies from chronically HCV-infected patients [20].

However, the presence of unenveloped VLPs resem-

bling nucleocapsid-like structures with 20–30 nm in

diameter in the nuclei of some hepatocytes was the

first interesting finding of this work (Fig. 1A). Note

that in some cases VLPs co-localized with the nuclear

chromatin. These particles were also observed in close
contact with the nuclear membranes of some hepato-

cytes (Fig. 2).

In addition, these VLPs were similar in size and shape

to the HCV core-like particles purified from re-

combinant P. pastoris cells (Figs. 1A and B), but smaller

and more homogeneous than the naturally occurring

core particles found in serum of HCV-infected individ-

uals and those obtained in the baculovirus expression
system [19].

On the other hand, using various anti-HCcAg mAbs

(CBSS-HepC.1, CBSS-HepC.4, and CBSS-HepC.5) the

presence of the HCcAg in the nucleus of hepatocytes

was confirmed in this patient by IEM. As shown in

Fig. 3B, HCcAg was detected in the nuclei and nucleoli

of hepatocytes. It is noteworthy that (as was observed

for VLPs) HCcAg also co-localized with the nuclear
chromatin. HCcAg-specific immunolabeling was also

observed in the cytoplasm and endoplasmic reticulum.

However, in liver biopsies from normal controls

(Fig. 3A) and sections where the first antibody was

omitted, no HCcAg was detected.

The localization of HCcAg in the nucleus of he-

patocytes from one HCV-infected patient may be of

great biological significance. Since HCcAg has been
shown to regulate cellular growth, a number of cellular

and viral promoters are involved in hepatocarcinogen-

esis in transgenic mice [4–6,23–27].



Fig. 1. Electron micrograph of nucleocapsid-like particles in the nuclei of hepatocytes. (A) Fragment of a hepatocyte nuclei from a chronically HCV-

infected patient showing abundant nucleocapsid-like particles of 20–30 nm in diameter. (B) Negatively stained nucleocapsid-like particles 20–30 nm in

diameter purified from recombinant P. pastoris cells. (Bar¼ 400 nm in A; 250 nm in B.)
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HCcAg can acquire either nuclear or cytoplasmic

localization, probably depending on the genotype of

HCV and the size of the processed protein [8,9,28].

Unfortunately, the genotype of the HCV species present
in the studied patient was not studied. However, the

HCcAg nuclear localization in hepatocytes of one HCV-

infected patient strongly suggests that the same cleavage

effects to described in previous experiments [4,7–9,28–

30] may take place during viral replication in vivo.

Those studies indicated that truncated forms of HCcAg

led to its localization in the nucleus, with a possible in-

volvement in the regulation of transcription of host and
viral genes. The finding of VLPs and HCcAg co-local-

ized with the nuclear chromatin suggests that these

proteins may play similar functions in vivo.

The nuclear localization of nucleocapsid-like parti-

cles, probably containing HCcAg, suggests that this

finding may be of relevance in the HCV life cycle. This
Fig. 2. Electron micrograph of nucleocapsid-like particles in close

proximity to the nuclear membrane of hepatocytes. An hepatocyte

nucleus from a chronically HCV-infected patient showing abundant

nucleocapsid-like particles of 20–30 nm in diameter in close proximity

to the nuclear membrane. (Bar¼ 200 nm.)
raises the interesting possibility of nuclear HCcAg as-

sembly in vivo. Recently, both enveloped and unenvel-

oped VLPs have been observed in the cytoplasm and in

the endoplasmic reticulum but not in the nucleus of
hepatocytes from four chronically HCV-infected pa-

tients [20]. In addition to the genotype of HCV and the

size of the processed HCcAg, other factors may regulate

either HCV nucleocapsid-like particles or HCcAg nu-

clear transport. A previous report using a hepatoma cell

line stably expressing HCV structural proteins demon-

strated that just 10–20% of the HCcAg expressing cells

were stained in the nucleus by an HCcAg specific mAb
Fig. 3. Immunolabeling of HCcAg in the nuclei of hepatocytes by

IEM. (A) Liver biopsies from healthy subjects, no HCcAg was im-

munolabeled in the nucleus (N). (B) Abundant identification of

HCcAg in the nucleus (N) with enrichment in nucleoli (Nu) from he-

patocytes of a chronically HCV-infected patient with a mixture of anti-

HCcAg mAbs (CBSS-HepC.1, CBSS-HepC.4, and CBSS-HepC.5) and

gold-labeled anti-mouse IgG (GP). (Bar¼ 250 nm in A, 200 nm in B.)
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[30]. Similarly, in this work, the analysis using confocal
laser scanning microscopy showed that 10% of the he-

patocytes of the HCV-infected patient were stained in

the nucleus and cytoplasm while 90% were stained just

in the cytoplasm by the anti-HCcAg mAbs (not shown).

Besides, we have recently shown that just a minor

fraction of core-like particles temporarily assembled in

the cell nucleus when expressing HCcAg in P. pastoris

cells [31]. These studies suggest that while the mecha-
nism of HCcAg migration into the nucleus is not clear it

seems to be regulated. A more profound study in this

field could further contribute to clarify the life cycle of

HCV.
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