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See “Hepatitis C virus infects the endothelial
cells of the blood-brain barrier,” by Fletcher
NF, Wilson GK, Murray J, et al, on page 634.

Hepatitis C is known to induce chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. The ab-

ence of symptoms is common even when the disease has
eached the stage of cirrhosis or hepatocellular carcinoma.
or this reason, infection with hepatitis C virus (HCV) is
requently called a “silent killer.” Fatigue is the most
requent complaint in infected subjects. HCV infection
as also been associated with cognitive dysfunction and
epression, which are not correlated with the severity of

iver disease and cannot be explained by hepatic enceph-
lopathy or drug abuse.

Numerous extrahepatic disorders have been attributed
o or are more frequent during HCV infection. The most
ommon mechanism underlying these disorders is auto-
mmunity. Thyroiditis, arthropathies, lymphocytic sialad-
nitis with or without sicca syndrome, and diabetes have
ong been known to be more frequent with HCV.1,2 The

second most frequent disorder associated with HCV in-
fection is type II or III cryoglobulinemia. Cryoglobulins
contain immune complexes made of HCV virions and
anti-HCV antibodies and are highly prevalent in infected
subjects. This can lead to symptomatic vasculitis with
purpura, arthralgias, and asthenia, as well as peripheral
nervous system and kidney involvement. Cryoglobulins
are considered to be the result of B-cell proliferation
owing to chronic antigenic stimulation, and B-cell lym-
phomas have been reported to be slightly more common
the fact that antiviral therapies have an antitumoral ef-
fect.4 The third group of extrahepatic symptoms associ-

ted with HCV infection could be a direct consequence of
CV infection of components of the central nervous

ystem. Indeed, HCV RNA has been detected at autopsy in
rain tissues.5– 8 Recently, an elegant study using micro-

dissection in brain tissues from HCV-positive patients
obtained at autopsy combined with measurement of cy-
tokine mRNA in cells that were positive for the HCV
nonstructural 3 protein suggested that brain macro-
phages/microglia cells were activated in HCV-infected pa-
tients.

The purpose of the paper by Fletcher et al,9 published
n this issue of GASTROENTEROLOGY, was to explore the
riginal hypothesis that HCV could infect and alter the
unction of blood– brain barrier (BBB) endothelial cells.
he authors first demonstrated that all of the known
iral receptor molecules (CD81, claudin-1, occludin,
DLR, and scavenger receptor-B1) are expressed at the
urface of BBB endothelial cells. It is important to note
hat scavenger receptor-BI expression was restricted to
he microvascular endothelium, whereas other recep-
ors were expressed by astrocytes. In a second step, the
uthors convincingly showed that HCV replicates in 2
istinct cell lines derived from these BBB endothelial
ells. Hepatitis C is known to infect nonhepatocyte
ells. There are numerous reports in the literature de-
cribing the presence of HCV RNA in immune cells10 as

well as in the brain.11 In immune cells (mainly B-cells)12

and in the central nervous system,13,14 the detection of
viral sequences different from those found in the blood
or the liver illustrates the compartmentalization of

viral quasispecies and supports the idea that replication
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Editorials, continued
takes place in these extrahepatic sites. Indeed, in the
absence of local replication, the presence of HCV RNA
would be because of the adsorption or internalization
of circulating viral particles produced in the liver; thus,
no phylogenetic differences would exist with majority
variants present in the serum (unless selection of liver-
generated viral variants takes place at the cell receptor
level). In almost all studies, the level of extrahepatic
replication of HCV has been reported to be low, so that
the contribution of these sites to circulating virions is
limited. The HCV genome is positively stranded, mean-
ing that it is directly translated into the viral polypro-
tein in the cell cytoplasm. The detection of negatively
stranded HCV RNA in tissues or cells demonstrates
that viral proteins have been translated and the HCV
replication complex is functional, at least for the syn-
thesis of negatively stranded HCV RNA. This interme-
diate of replication has frequently been detected in
extrahepatic sites. There are, however, numerous tech-
nical issues that challenge the specificity of such detec-
tion. The detection of viral proteins in tissues or cells is
also difficult because of their low level of expression.
However, their presence has been convincingly reported
recently in lymph nodes from the liver pedicle15 and in
he brain.16

The most important information in the article by
Fletcher et al9 is that human cell lines derived from BBB
endothelial cells can be infected by HCV. The authors first
tested HCV binding using HCV pseudoparticles (HCVpp)
formed by the incorporation of the envelope glycopro-
teins E1 and E2 into lentiviral core particles. HCVpp
closely mimic the functionality of wild-type viruses during
the early steps of the viral lifecycle. HCVpp binding to
endothelial cells was quantitatively similar to that ob-
served with hepatocyte cell lines. The authors then used
the JFH1 strain, the only HCV strain that effectively in-
fects and replicates in primary human hepatocytes and in
the hepatocyte cell line Huh7.5.17 Not surprisingly, HCV
eplicated at much lower levels in endothelial cells than in
epatocytes. Definitive confirmation of viral replication in
ndothelial cells was provided by using specific HCV pro-
ease inhibitors, which decreased the amount of HCV
NA in these cells. Micro-RNA (miR)-122 is hepatocyte

pecific and its fixation at 2 sites in the 5= untranslated
egion of the virus genome is required for efficient HCV
eplication. As expected, miR-122 was not detected in
ndothelial cell lines. The transfection of these cells to
xpress functionally active miR-122 RNA duplexes failed
o promote HCV replication, demonstrating that replica-
ion is miR-122 independent in endothelial cells. Indi-
ectly, this result also suggested that liver-specific factors
re required for the action of miR-122 on HCV replication

n hepatocytes.
Another important group of findings in this paper
as the observation of functional consequences of HCV

nfection of endothelial cells. Indeed, HCV increased
ndothelial cell permeability and this effect was re-
ersed when replication was inhibited by antiviral mol-
cules. Neutralization of HCV infection with pooled
nti-HCV immunoglobulins also restored endothelial
ell permeability, demonstrating the direct effect of
CV on this parameter. Furthermore, the authors
oted that HCV-infected endothelial cell lines express-

ng nonstructural protein NS5A were TUNEL positive,
uggesting an effect of infection on brain endothelial
ell apoptosis. Altogether, these findings suggest that
he infection of endothelial cells by HCV and HCV
eplication in these cells in vivo are highly plausible.

These findings raise the important question of the
mpact of HCV replication in BBB endothelial cells on
eurocognitive and psychological symptoms frequently
eported by subjects infected by this virus. This issue has
een evaluated in case-control and in longitudinal studies
ssessing patients before and after a sustained virologic
esponse to antiviral therapy. In these works, neurologic
nvolvement was evaluated by means of neurocognitive
ests combined with quality-of-life questionnaires or by

easuring magnetic resonance spectroscopy (MRS) sig-
als. Such case-control studies raise the issue of matching
atients with HCV infection who know their status and
ave past or present addictive behaviors and HCV-nega-
ive controls. Despite these limitations, most studies re-
orted more fatigue, more depression, and less effective-
ess in HCV-infected patients than in controls. The

ongitudinal approach also has drawbacks. Subjects know
he results of therapy and have experienced the adverse
ffects of antiviral drugs for many months. Although
umerous studies have reported an improvement of the
uality of life after achieving a sustained virologic re-
ponse,18 only a few recent papers investigated changes in

neurocognitive functions and MRS in relation to the
response to therapy. The results of these studies are con-
flicting. In 1 study, the authors concluded that HCV
eradication had a beneficial effect on cerebral metabolism
and selective aspects of neurocognitive functions, espe-
cially in patients with mild disease.19 In contrast, another
comparable study concluded that HCV had a measurable
effect on brain integrity in patients screened for other
medical and/or psychiatric comorbidities, but that these
abnormalities did not improve after viral eradication.20

Both studies were based on a very small number of pa-
tients and the evaluation of neurocognitive functions and
MRS were performed early after viral clearance. The sec-
ond study20 questioned the reversibility of brain involve-
ment once HCV infection is cured. Indeed, because brain

cells have a very low rate of regeneration, the effect of
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Editorials, continued
HCV infection could be prolonged by months or years
after the virus has been cured.

The main interest of the article by Fletcher et al9 is to
how that the brain is a likely target for HCV. More impor-
ant, the results with BBB endothelial cells suggest that other
ndothelial cells could be targeted and altered by HCV. For
xample, a study in an Egyptian population showed higher
arotid intimal media thickness in HCV-infected than in
oninfected patients.21 If this is confirmed, the possibility

that HCV infection could induce brain or vascular disorders
could modify the current indications for therapy, which are

Figure 1. All the receptors of HCV exist both on hepatocytes and on the
n part to interactions between HCV and extrahepatic sites of infection.
essentially based on the severity of liver disease or the pres-

430
ence of extrahepatic manifestations of immune origin, such
as symptomatic cryoglobulinemia or B-cell lymphoma. Fur-
ther studies are thus needed in the field of HCV neuroinva-
sion to better define the actual consequences of infection
and their reversibility if infection is eradicated. However, it
must be emphasized that the effects of HCV on neurocog-
nitive functions, depression, or fatigue are generally mild.
Many HCV-infected patients are highly successful and cre-
ative. Because stigmatization of HCV infected people exists,
the notion of a brain involvement in these patients could
have devastating consequences. The results of the present

B endothelial cells. Extrahepatic manifestations of HCV could be related
BB
study should therefore be interpreted as what they are, cer-
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Editorials, continued
tainly not overinterpreted as the demonstration that HCV
infection leads to severe brain disease (Figure 1).

CYRILLE FÉRAY
Service d’Hépatogastroentérologie
Hôtel-Dieu Hospital
Nantes, France

References

1. Pawlotsky JM, Roudot-Thoraval F, Simmonds P, et al. Extrahepatic
immunologic manifestations in chronic hepatitis C and hepatitis C
virus serotypes. Ann Intern Med 1995;122:169–173.

2. Rostoker G, Pawlotsky JM, Bastie A, et al. Type I membranopro-
liferative glomerulonephritis and HCV infection. Nephrol Dial
Transplant 1996;11(Suppl 4):22–24.

3. Giordano TP, Henderson L, Landgren O, et al. Risk of non-Hodgkin
lymphoma and lymphoproliferative precursor diseases in US vet-
erans with hepatitis C virus. JAMA 2007;297:2010–2017.

4. Hermine O, Lefrere F, Bronowicki JP, et al. Regression of splenic
lymphoma with villous lymphocytes after treatment of hepatitis C
virus infection. N Engl J Med 2002;347:89–94.

5. Radkowski M, Wilkinson J, Nowicki M, et al. Search for hepatitis C
virus negative-strand RNA sequences and analysis of viral se-
quences in the central nervous system: evidence of replication.
J Virol 2002;76:600–608.

6. Forton DM, Thomas HC, Taylor-Robinson SD. Central nervous
system involvement in hepatitis C virus infection. Metab Brain Dis
2004;19:383–391.

7. Fishman SL, Murray JM, Eng FJ, et al. Molecular and bioinformatic
evidence of hepatitis C virus evolution in brain. J Infect Dis 2008;
197:597–607.

8. Murray J, Fishman SL, Ryan E, et al. Clinicopathologic correlates of
hepatitis C virus in brain: a pilot study. J Neurovirol 2008;14:17–27.

9. Fletcher NF, Wilson GK, Murray J, et al. Hepatitis C virus infects
the endothelial cells of the blood-brain barrier. Gastroenterology
2012;142:634–642.

0. Roque Afonso AM, Jiang J, Penin F, et al. Nonrandom distribution
of hepatitis C virus quasispecies in plasma and peripheral blood
mononuclear cell subsets. J Virol 1999;73:9213–9221.

1. Laskus T, Radkowski M, Adair DM, et al. Emerging evidence of

hepatitis C virus neuroinvasion. Aids 2005;19(Suppl 3):S140–144.
2. Ducoulombier D, Roque-Afonso AM, Di Liberto G, et al. Frequent
compartmentalization of hepatitis C virus variants in circulating B
cells and monocytes. Hepatology 2004;39:817–825.

3. Laskus T, Radkowski M, Bednarska A, et al. Detection and anal-
ysis of hepatitis C virus sequences in cerebrospinal fluid. J Virol
2002;76:10064–10068.

4. Forton DM, Karayiannis P, Mahmud N, et al. Identification of
unique hepatitis C virus quasispecies in the central nervous sys-
tem and comparative analysis of internal translational efficiency of
brain, liver, and serum variants. J Virol 2004;78:5170–5183.

5. Pal S, Sullivan DG, Kim S, et al. Productive replication of hepatitis
C virus in perihepatic lymph nodes in vivo: implications of HCV
lymphotropism. Gastroenterology 2006;130:1107–1116.

6. Wilkinson J, Radkowski M, Laskus T. Hepatitis C virus neuroinva-
sion: identification of infected cells. J Virol 2009;83:1312–1319.

7. Wakita T, Pietschmann T, Kato T, et al. Production of infectious
hepatitis C virus in tissue culture from a cloned viral genome. Nat
Med 2005;11:791–796.

8. Ware JE Jr, Bayliss MS, Mannocchia M, et al. Health-related
quality of life in chronic hepatitis C: impact of disease and treat-
ment response. The Interventional Therapy Group. Hepatology
1999;30:550–555.

9. Byrnes V, Miller A, Lowry D, et al. Effects of anti-viral therapy and
HCV clearance on cerebral metabolism and cognition. J Hepatol
2011 Oct 23 [Epub ahead of print].

0. Pattullo V, McAndrews MP, Damyanovich A, et al. Influence of
hepatitis C virus on neurocognitive function in patients free from
other risk factors: validation from therapeutic outcomes. Liver Int
2011;31:1028–1038.

1. Mostafa A, Mohamed MK, Saeed M, et al. Hepatitis C infection
and clearance: impact on atherosclerosis and cardiometabolic
risk factors. Gut 2010;59:1135–1140.

Reprint requests
Address requests for reprints to: Cyrille Féray, MD, PhD, Service

d’Hépatogastroentérologie, Hôtel-Dieu Hospital, 1 place A. Ricordeau,
Nantes, 44000, France. e-mail: cyrille.feray@chu-nantes.fr

Conflicts of interest
The author discloses no conflicts.

© 2012 by the AGA Institute
0016-5085/$36.00
doi:10.1053/j.gastro.2012.01.010

431

mailto:cyrille.feray@chu-nantes.fr



