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ABSTRACT

Introduction: detection of hepatitis C virus RNA and proteins in the liver can not
only contribute to the knowledge of the mechanisms of HCV replication and
pathogenesis but also complement diagnostics and therapeutic studies.
Objective: to determine the presence of hepatitis C virus in the liver of patients
with chronic hepatitis C that were immunized with a therapeutic vaccine candidate.
Methods: detection of hepatitis C virus RNA and proteins were studied by in situ
hybridization and immunofluorescence assays in liver biopsies from 14 hepatitis C
virus -infected individuals.

Results: hybridization signals for hepatitis C virus-RNA of both positive and
negative polarity were detected in the cytoplasm of hepatocytes from most of the
samples analyzed. However, the HCV structural antigens could not be detected in
any of the samples. The hepatitis C virus RNA was observed on granular structures
in the cytoplasm of hepatocytes. This staining pattern is similar to that described
for stress granules and/or lipid droplets which are involved in hepatitis C virus
replication. The proportion of cells showing positive reactions for hepatitis C virus
RNA of negative polarity (which is a marker of ongoing viral replication) ranged
from 4.47 % to 15.94 %.
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Conclusions: results from this work suggest that hepatitis C virus infection occurs
in groups of neighbouring hepatocytes that are distributed sporadically in the liver.
This is consistent with the model of clustered spatial distribution of hepatitis C virus
infected cells and cell to-cell spread of hepatitis C virus in the liver, and suggests
that hepatitis C virus replication was constrained in these patients.

Keywords: HCV; viral replication; liver biopsies; in situ hybridization.

RESUMEN

Introduccion: la deteccién de proteinas y ARN del virus de la hepatitis C en el
higado no sélo puede contribuir al esclarecimiento de los mecanismos de replicacion
y patogénesis del VHC, sino también a complementar los estudios diagndsticos y
terapéuticos.

Objetivo: determinar la presencia de virus de hepatitis C en el higado de pacientes
con hepatitis C cronica que fueron inmunizados con un candidato vacunal
terapéutico.

Métodos: se determind la presencia de proteinas y ARN del virus de la hepatitis C
mediante hibridacion in situ e inmunofluorescencia en biopsias de higado de 14
pacientes infectados con el virus.

Resultados: se detectaron senales de hibridaciéon de ARN del virus de la hepatitis C
de polaridad tanto positiva como negativa en el citoplasma de hepatocitos de la
mayoria de las muestras analizadas. Sin embargo, los antigenos estructurales del
VHC no pudieron detectarse en ninguna de las muestras. El ARN del virus de la
hepatitis C se observd en estructuras granulares del citoplasma de hepatocitos. Ese
patrén de tincion es similar al descrito para los granulos de estrés y/o gotas de
lipidos que participan en la replicacion del virus de la hepatitis C. La proporcion de
células con reacciones positivas para ARN del virus de la hepatitis C de polaridad
negativa (que es un marcador de la ocurrencia de replicacion viral) oscild entre
4,47 % y 15,94 %.

Conclusiones: Los resultados del estudio sugieren que la infeccidén por el virus de
la hepatitis C tiene lugar en grupos de hepatocitos adyacentes que se distribuyen
de forma esporadica en el higado, lo que concuerda con el modelo de distribucion
espacial agrupada de las células infectadas con el virus de la hepatitis C y la
propagacion de célula a célula del virus de la hepatitis C en el higado, y ademas
sugiere que la replicacion del virus era limitada en esos pacientes.

Palabras clave: VHC; replicacién viral; biopsias de higado; hibridacion in situ.

INTRODUCTION

Hepatitis C virus (HCV) infection is a major health problem (130-170 million people
are estimated to be chronically infected) and is considered as a leading cause of
liver disease worldwide.! Most of infected persons develop chronic disease

(70-80 %) that can progress to cirrhosis, hepatocellular carcinoma (HCC) and liver
failure.! In addition, it is predicted that the prevalence of HCV-related cirrhosis and
HCC will considerably increase in the next decade.? With the recent development of
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directly acting antiviral agents (DAAs) for HCV, significant improvements in
sustained virological response rates have been obtained for patients infected with
HCV.3 However, as less than 5 % of the world's HCV-infected population are
estimated to be aware that they are infected; most individuals with HCV infection
will remain at risk for transmitting the virus to others.* Thus, development of
vaccines to prevent both persistent HCV infection and reinfection after cure of
chronic hepatitis C with costly DAAs, is an area of real unmet clinical need.*®

HCV was first identified in 1989 using molecular biology techniques from sera of
experimentally infected chimpanzees.” HCV is an enveloped positive-strand RNA
virus classified as the type member of the genus Hepacivirus in the family
Flaviviridae.® The HCV genome is a 9.6 kb single-stranded positive sense RNA that
contains a single open reading frame (ORF) encoding a polyprotein of 3010-3030
amino acids (aa) residues.® The ORF is flanked by 5 - and 3 "-terminal
nontranslated regions (NTRs important for viral RNA translation and replication.
Upon its synthesis, the HCV polyprotein is co- and post-translationally processed by
cellular and viral proteases into at least 10 mature cleavage products, including the
structural (core, E1 and E2) and the non-structural (NS) proteins (p7, NS2, NS3,
NS4A, NS4B, NS5A and NS5B). Core, E1, E2, p7 and NS2 are primarily involved in
HCV assembly while NS3 to NS5B are primarily involved in viral RNA replication.®

A major advance in HCV research occurred in 2005 with the discovery that the
highly replicative HCV JFH1 strain (genotype 2a) was capable of producing
infectious virions from select hepatoma cell lines in culture.1%12 Despite recent
advances in the knowledge of HCV replication and morphogenesis in cell culture
systems little is known about HCV life cycle and the mechanisms of viral
pathogenesis in the liver of virus infected persons. Although detection of HCV
components in the liver of infected patients have been hampered by the low levels
and complexity of HCV morphogenesis, we have previously provided evidences
suggestive of HCV replication and assembly in vivo. Thus, detection of HCV RNA
and proteins in the liver can not only contribute to the knowledge of the
mechanisms of HCV replication and pathogenesis but also complement diagnostics
and therapeutic studies. The goal of this study was to determine the presence of
HCV in the liver of patients with chronic hepatitis C that were immunized with a
therapeutic vaccine candidate.

METHODS

PATIENTS AND SAMPLES

Patients infected with HCV genotype 1b have been previously described.!®* They had
a diagnosed chronic hepatitis by liver biopsy and had no other documented cause of
liver disease. Patients were non responders to previous IFN-a plus ribavirin
treatment. Liver needle biopsy samples were taken at the time of routine diagnostic
biopsy from all patients before and after treatment with the therapeutic HCV
vaccine candidate (CIGB-230) (composed of a recombinant HCV Core and a plasmid
expressing HCV Core, E1 and E2) as shown before.!3 Biopsies were immediately
snap-frozen and stored at -80 °C until further processing. A liver needle biopsy
sample was taken from a HCV-uninfected healthy donor liver for transplantation
purpose as a negative control. All procedures were conducted in accordance with
the national ethics guidelines and the Helsinki Declaration of 1975, as revised in

http://scielo.sld.cu



Revista Cubana de Medicina Tropical. 2017;69(1)

1983. Fresh frozen liver biopsies samples from 7 patients were analysed before
HCV treatment and biopsies from 14 patients were investigated after HCV
treatment (table).

ANTIBODIES AND PRIMERS

The following mouse monoclonal antibodies (mAbs) were used for immunodetection
studies: anti-core SS-HepC.1 mAb recognizing aa 5 to 35 of core, anti-E1 SS-
HepC.2mAb recognizing aa 190 to 219 of E1 and anti-E2 SS-HepC.3 mAb
recognizing aa 643 to 671 of E2. These mAbs have been described elsewhere
(Falcon, 2003). The following synthetic probes corresponding to the highly
conserved 5' noncoding region of HCV have been shown before (14): To detect the
HCV-RNA of positive strand the biotin-labelled antisense probe (HCV-1) (5'- biotin-
GTTTATCCAAGAAAGGACCC-3', position 188-207) was used. To detect the HCV-RNA
of negative strand the biotin-labelled sense probe (HCV-2) (5'-biotin-
TTCACGCAGAAAGCGTCTAG-3', position 63-82) was used.!*

IN SITU HYBRIDIZATION (ISH) ASSAY

Samples were immediately fixed with 4 % paraformaldehyde in PBS at4 °C and
then mounted on gelatine-coated glass slides and stored for 2 days at -200 °C. The
specificity of the ISH assay was confirmed in sample obtained from a HCV-
uninfected individual as previously described.4

IMMUNOFLUORESCENCE STAINING

Samples were immediately fixed with 4 % paraformaldehyde in PBS at4 °C and
then mounted on gelatine-coated glass slides and stored for 2 days at -200 °C.
Later on, mounted samples were hydrated for 10 min in PBS and incubated with
0.2 % Triton X in PBS during 10 min. To block non-specific antibody reaction, best
results were obtained by incubating the sections with 0.2 % bovine serum albumin
(BSA) (free of IgG) (Sigma Chemical Co. St. Louis, Mo. USA), for 10 min at RT.
After two washes in PBS-T, samples were incubated overnight at 4 °C with either
the anti-core mAb or the anti-E1 mAb or the anti-E2 mAb (dilutions 1:20 inPBS-T).
Incubations were followed by washes with PBS-T. The second incubations were
accomplished with FITC-conjugated anti-mouse IgG (dilutions 1:60 in PBS-T, Vector
laboratories, Inc., Burlingame, CA., USA) for 1 hour at RT. After three washes with
PBS-T the sections from all samples were counter stained with propidium iodide
(dilution 1:1000, Vector laboratories, Inc. Burlingame CA., USA), followed by
extensive washing in PBS-T. Immunostained samples were cover slipped in
Vectashield mounting medium (Vector Laboratories, Inc. Burlingame, CA., USA),
sealed with nail polish and viewed on a confocal laser scanning microscope.
Negative controls were performed by substituting the primary antibodies with
normal mouse serum.
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LASER CONFOCAL SCANNING IMAGING AND SERIAL SECTION COLLECTION

Samples were viewed with a 60x (NA 1.4) objective on a Nikon microscope with
attached laser confocal scanning system MRC 600 (BioRad, Watfod).Ten to twelve
fields were imaged from each sample. Four to fifteen serial optical z-sections
(0.2-0.5 um thick) were collected from each observed field using the dual channel
imaging with filter (554 nm) for propidium iodide excitation and the filter (494 nm)
forthe fluorescein channel. Each series of confocal optical sections was scanned
through a total of 25 pm. The resulting optical sections were fully projected onto
two dimensional planes using the imaging processing system of the microscope
(Camos package). The proportion of hepatocytes showing positive labelling was
calculated using the Image] 1.38 software (Website: http://rsb.info.nih.gov/ij/).
Association of treatment and labelling of HCV-RNA of negative strand was analysed
with a 2 x 2 contingency table using the Fisher exact test (GraphPad
Prismv5.0).Comparison between proportions of HCV RNA detection before and after
vaccination was performed using the z-test (StatGraphics Centurion v15.1.02).

RESULTS

DETECTION OF HCV IN LIVER BIOPSY SAMPLES

All HCV infected patients analyzed before HCV treatment showed labelling for both
positive and negative strands of the HCV genome that were localized in the
cytoplasm of hepatocytes from liver biopsies (Fig. 1 A, B; Fig. 2 A, B and table).
However, no hybridization signals were observed in a liver biopsy specimen from a
non-infected individual (Fig. 1, C). Note that HCV RNA-specific signals localize to
granules-like structures (Fig. 1 and 2). Detection of negative HCV-RNA strand has
been related with ongoing viral replication. In this study, the proportion of cells
showing positive reactions for HCV RNA of negative polarity ranged from 4.47 % to
15.94 % (mean £ SD 9.52 % £ 5.1). Nonetheless, reaction products suggestive of
HCV antigens could not be detected on any of the samples (Not shown).

On the other hand, all HCV infected patients analyzed after HCV treatment showed
hybridization labelling for positive strands of the HCV genome while the HCV RNA of
negative polarity was detected in liver biopsies from 9 out 14 HCV-infected patients
(64.28 %) (table). Nevertheless, there was neither association between detection
of HCV RNA of negative polarity and HCV treatment (p= 0.1235 Fisher's exact test)
nor difference between proportions of HCV RNA detection before and after
vaccination (p= 0.07 Z test for comparison between proportions). Interestingly,
hepatocytes containing such reaction products were found in groups of adjacent
cells distributed sporadically or focally (Fig. 1 and 2).
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Bar= 3.09 pm in A&; 3.65 pym in B; 10 pm in C.

Fig. 1. Detection of HCY-RMNA of positive polarity (&) and of negative polarity (B
(shown in green; nucleus in red), in fresh liver biopsy specimens from an HCY-infected
patient. () Absence aof hybridization signals {green signals) in a sample obtained from
a non-infected individual.

A
Bar= 8 pgmin &, B,

Fig. 2. Detection of HCW-RNA of negative polarity (shown in green;
nucleus in red) in liver biopsy specimens from an HCW-infected
patient. Hepatocytes containing such reaction products  were
distributed sporadically or focally,
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DISCUSSION

Detection of HCV RNA and proteins in the liver of virus infected individuals is
essential to elucidate the mechanisms of HCV replication and pathogenesis at the
cellular level. It is also important to complement diagnostics and therapy studies.
HCV replication proceeds via synthesis of a complementary negative-strand RNA
using the genome as a template and the subsequent synthesis of genomic positive
strand RNA from this minus-strand RNA intermediate.!> Therefore, detection of
negative HCV-RNA strand can be regarded as a marker of ongoing viral replication.
We have previously shown that HCV-RNA of both positive and negative polarity can
be detected in patients negative for viral RNA in serum, thus showing the relevance
of this approach in therapeutic studies.'* The proportion of viral infected or
replicating hepatocytes has been shown to range from 1 to 54 % depending on the
serum HCV detection and viral load.#16-18 Thus, the proportion of HCV-replicating
hepatocytes has been estimated to be around 10 % in the liver of patients negative
for serum HCV-RNA.'* This is similar to results from this study showing positive
reactions for HCV RNA of negative polarity in 9.52 % of the hepatocytes analyzed,
suggesting that HCV replication were restricted in these patients, possibly by the
host immune response and/or the previous IFNa+ribavirin treatment (Fig. 3).

Hybridization signals for both positive and negative strands of HCV RNA were
detected in all liver biopsies taken before treatment. On the other hand, after the
therapeutic HCV vaccination, HCV RNAs of positive and negative polarity were
labelled in 100 % and 64.28 % of individuals, respectively. These results are in
agreement with previous quantitative analysis of the relative amount of the minus-
strand of HCV-RNA describing that it can be from 10 to 100 times lower than that
of the plus one in liver tissue of patients with chronic hepatitis.'® On the other
hand, a diminished proportion of patients showing immunolabelling of the HCV RNA
of negative polarity after vaccination might suggest a reduction in HCV replication
rates but not in viral clearance because the HCV RNA of positive polarity was
detected in all samples. In addition, these results are consistent with preceding
investigation describing that HCV titers in sera were not affected by HCV
vaccination.!3 Moreover, no association was shown between HCV RNA labelling and
HCV treatment. Nevertheless, one limitation of this study is the small number of
patients, which increases the variance and may compromise the certainty of the
findings.
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Distribution of HCW REMA in groups of neighbouring hepatocytes suggests that the
predominant mode of infection in the liver is through viral spread of HCY to adjacent cells,
viral infection could be transmitted to adjacent cells either directly from intracellular HCY ar
viral EM& (1) or through extracellular HCW wirions and exosomes carrying HCW BNA (20, HCW
infection in focal areas of the liver can explain the low average levels of HCWV RMA in liver
biopsy samples. It also suggests that HCW replication is restricted, possibly by the host
immune response induced by HCWY andfor the previous IFMo+ribavirin treatment (3.
Activation of an antiviral state may induce clearance of infected hepatocytes and/or protects
uninfected hepatocytes from de novo infection (3), Generation of neutralizing antibodies
(mabs) may block HCY infection mediated by estracellular virions (4), On the other hand,
spreading of intracellular virus directly from cell to cell (1) and through exosomes (2] are
mechanisms of viral escape from mabs (4) and may partially explain persistent viral levels
despite induction of mabs after therapeutic HCY vaccination,

Fig. 3. Hypothetical model of clustered distribution of HCW-infected hepatocytes and spread
to adjacent cells.

Results from this work indicate that HCV infection and replication take place in
groups of neighbouring hepatocytes that are distributed sporadically in the liver
(Fig. 3). This is in accord with previous studies showing that detection of HCV RNA
in hepatocytes occurs in focal areas of the liver.6-18 Based on the clustered spatial
distribution of HCV infected cells, it has been proposed that the predominant mode
of infection in the liver is by cell to-cell spread of HCV.%-18 Viral infection could be
transmitted to adjacent cells either directly from intracellular HCV or viral RNA20:21
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or through extracellular HCV virions and exosomes carrying HCV RNA (Fig. 3).%?
Spreading of intracellular virus directly from cell to cell is a mechanism of viral
escape from neutralizing antibodies (mAbs) and may partially explain persistent
viral levels despite induction of mAbs after therapeutic HCV vaccination (Fig. 3).13

Focal distribution of infected hepatocytes can also explain the low average levels of
HCV RNA in biopsy samples. Although previous reports have shown that activation
of innate immune responses and the endogenous IFN system do not affect the
proportion of infected hepatocytes and the serum viral levels,'® other studies have
suggested that IFNB expression correlates with viral but not interferon stimulated
genes (ISGs) levels.” Therefore, it has been proposed that activation of an antiviral
state may induce clearance of infected hepatocytes and/or protects uninfected
hepatocytes from de novo infection suggesting that HCV replication in hepatocytes
may be transient.!” Interestingly, increased mRNA detection of the ISGIFI27 has
been reported in both HCV-infected hepatocytes and adjacent cells of patients
infected with HCV suggesting that the stimulus driving the ISG mRNA expression
originated from HCV infected hepatocytes.!® In addition, HCV RNA and ISG mRNA
levels have been shown to be comparable across all sites from an individual liver in
end-stage liver disease.?* Nevertheless, HCV persist in the liver of most infected
individuals and those exhibiting high levels of hepatic ISGs are less responsive to
pegylated IFN-a and ribavirin treatment.?3-26 HCV-infected patients studied in this
work were non responders to IFN-a and ribavirin treatment. As a result, it is
possible that the IFN-mediated innate immune response was activated in these
patients contributing to control of viral infection in the liver (Fig. 3).

HCV RNA was detected on granular structures in the cytoplasm of hepatocytes
which are similar to those described in the HCV cell culture system.27:28 HCV has
been shown to replicate its genome in a cytoplasm microenvironment, called the
membranous web "MW ".2° On the other hand, components of the HCV replication
complex have been detected in various cytoplasmic structures showing punctate
spots or speckle-like arrangement.?”:28 These subcellular organelles have been
shown to be stress granules (SGs) and/or lipid droplets (LDs). Interestingly, at
early stages of HCV infection host factors such as DEAD Box Helicase 3, X-Linked
(DDX3X) and I-Kappa-B Kinase-Alpha (IKKa) and the HCV 3'unstranlated region
(HCV 3'UTR) localize to SGs.?” HCV NS proteins also localize with SGs suggesting
the involvement of SGs in HCV replication.3%3! In fact, several SGs proteins
including GTPase-activating protein (SH3 domain)-binding protein 1 (G3BP1), TIA-
1, TIAR, ataxin-2 (ATX2), and poly(A)-binding protein 1 (PABP1), have been shown
to be required for HCV RNA replication, assembly and secretion.30-32 Then, when
HCV core is present in sufficient levels on LDs, DDX3X and SGs may redistribute
from endoplasmic reticulum (ER) to LDs contributing to the viral life cycle.?” Further
studies will be necessary to elucidate the nature of the cytoplasmic granular
structures containing HCV RNA that were observed in hepatocytes and their role in
HCV viral life cycle and pathogenesis.

We could not detect the HCV structural proteins in the samples analysed. This is in
contrast with our previous immunoelectron and immunofluorescence microscopy
studies showing that core and envelope proteins localize mainly to ER membranes
in hepatocytes of HCV-infected patients.'#33 Nonetheless, detection of HCV proteins
in human liver has only been sporadically reported and involved samples with very
high viral load. It has been suggested that the focal distribution of HCV infection,
the low average levels of HCV RNA and the very low expression of viral proteins in
the liver may hamper detection of HCV antigens.16:17:34
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CONCLUSIONS

Hybridization signals using probes specific for HCV-RNA of both positive and
negative polaritywere detected in the cytoplasm of hepatocytes from most of the
samples analyzed. No association was shown between labelling of the negative
strand of HCV RNA and the HCV treatment. In addition, HCV RNA was observed on
granular structures which are similar to subcellular organelles described as stress
granules and/or lipid droplets and that have been shown to be required for
replication, assembly and secretion of HCV in the cell culture system. Nevertheless,
reaction products suggestive of HCV structural antigens could not be detected in
any of the samples. HCV RNA was shown in groups of neighbouring hepatocytes
that were distributed sporadically in the liver. This is consistent with the model of
clustered spatial distribution of HCV infected cells and cell to-cell spread of HCV in
the liver. It also suggests that HCV replication were constrained in these patients,
possibly by the host immune response.
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