SYMPOSIUM

213

In vitro assays for drug testing : continuous cell lines

C. Clarysse, J. Fevery, S.-H. Yap
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Hepatitis C virus (HCV) is the major cause of par-
enterally transmitted and community-acquired non-A,
non-B hepatitis, affecting about 3% (0.6-5%) of the pop-
ulation worldwide (1). It frequently leads to chronic
hepatitis and cirrhosis and is associated with the devel-
opment of hepatocellular carcinoma (2). Currently
chronic hepatitis C virus infection is treated with inter-
feron-a (IFN-a), preferably in combination with ribavi-
rin. However, from many studies it is clear that a signifi-
cant number of patients either fail to respond or relapse
after cessation of therapy (3). Consequently there is an
urgent need for the development of new therapeutics.
Such studies, however, are hampered by the lack of an
effective in vitro infection and longterm propagation
system for HCV.

Several groups have examined the ability to propa-
gate HCV in cell culture following infection with virus-
containing inoculum. In vitro replication has been
demonstrated in a limited number of cell types including
primary human and chimpanzee liver cells (4-6), hepa-
tocyte cell lines (7-15), B lymphocytes (13,16-19),
T lymphocytes (9,11,13,18,20-22,24), and in monkey
and porcine kidney and hamster lung cell lines (9,12,
15,27). However, in most cases the replication was low
with fluctuating titers and with the tendency of the virus
to become undetectable or intermittently detectable
within days or weeks after infection.

In order to enhance viral infection and replication,
various groups have examined several infection and cul-
ture conditions. Seipp et al. (12) noticed that supple-
mentation with PEG, DMSO and lovastatin during inoc-
ulation did not enhance virus replication substantially,
but continued stimulation of the low-density lipoprotein
(LDL) receptor expression resulted in infections which
persisted over 4 months in PK15, Hep G2 and Huh7
cells. Recently Morrica et al. (15) described a centrifu-
gation-facilitated inoculation method, known to enhance
the recovery of many viruses in tissue cultures. In con-
trast to the conventional infection procedure yieling only
5% (9), 20% of the cell lines tested now contained HCV
RNA 15 days post inoculation. However duration and
levels of virus replication were generally modest, sug-
gesting that unknown factors which limit HCV replica-
tion in vitro are not overcome by this procedure.
Mizutani et al. (24) investigated whether viral replica-
tion might be affected by conditions of host cell growth.
The effect of several antibiotics on HCV replication was
tested. Addition of hygromycin B resulted in a pro-

longed retention of HCV in MT-2C cells compared to
the untreated cells. Reduction of the culture temperature
from 37°C to 32°C results in an increase of the cell dou-
bling time and led to an HCV infection that persisted
during 6 months and 70-100 days in MT-2C and PHSCH
cells respectively (14,25)

Several groups using different cell lines, respectively
the HPB-Ma, MT-2, PHSCH and Vero cell line, have
experienced that some clones were able to support HCV
replication more persistently than the parental cells
(14,21,23,24,27).

Infectivity of in vitro propagated HCV has been
demonstrated by two different methods : by cell-cell
transmission and by infection of the cells with culture
supernatant from the HCVcarrier cultures. To demon-
strate cell-cell transmission of HCV, Shimizu ef al. (28)
produced drug-resistant HPB-Ma cells. During cocul-
tures, the HCV-infected drug-sensitive cells were able to
transmit the virus to the drug-resistant cells. Bertolini ez
al. (16) used intracellular HCV from frozen and thawed
infected cells for serial passage in CE cells. Infections of
cells with the culture supernatant from the HCV-infect-
ed HPB-Ma 10-2, MT-2C, HepG2 and Huh7 cells
(12,24,25,28) were also successful. Shimizu er al. (29)
recently infected a chimpanzee with culture supernatant
from Daudi cells harvested 58 days after infection. Five
to 7 weeks after inoculation, HCV RNA could be detect-
ed in its serum, liver and PBMC.

Comparison of sequence analysis of the HCV hyper-
variable region 1 (HVR1) populations in infected cells
with the populations obtained from the inoculum,
revealed that despite the complicated quasi-species of
the HVRI in the inoculum, limited HVRI sequences
became predominant in the cultured cells (8-11,13,18,
25,26). Sugiyama et al. (26) examined whether this
phenomenon also occurred in other regions of the viral
genome. They observed that in more than half of the
compared regions, the HCV populations became
homogenous. Ikeda et al. (13) noticed that when they
infected the human T-cell line MT-2 and the human
hepatocyte cell line PHSCH with several inocula, differ-
ent sera had different infectivities in these cell lines.
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These findings suggested that the infective potency of
each serum may depend on the type of target cell. To
further characterise this cell tropism of HCV, the HCV
dynamics in the cultured cells after virus inoculation
was examined using the MT-2, PH5CH cell lines and
their clones (11,13). They noticed that HCV populations
in the infected cells gradually altered with time and
converged to two different HCV populations in either
cell types. Moreover, Kato et al. (11) identified several
amino acids positions in the viral core and in the E2 and
NS2 proteins which might be involved in the cell
tropism of HCV.

Using the previously described infection systems,
some preliminary experiments have been performed to
examine the influence of interferon (IFN) and antisense
oligonucleotides on the HCV replication in vitro.
Mizutani er al. (23,24) demonstrated that antisense
oligonucleotides complementary to the sequences of the
core region of the HCV genome could inhibit viral repli-
cation in the HCV-infected MT-2C cell line. Using the
cell lines HPB Ma 10-2, MT-2C and PH5CHS8, Shimizu
et al. (28), Mizutani et al. (24) and Ikeda er al. (14)
demonstrated an inhibition of viral replication by the
addition of IFN-a. Dependent upon the dose and method
of administration, a decrease of HCV genomes in the
cells or a complete inhibition of viral replication could
be achieved.

In a recent study performed in our laboratory, a cell
line derived from the human hepatoblastoma cell line
Hep G2 was used for HCV infection studies. A new cul-
ture method was designed and evaluated in order to pre-
vent unfavourable circumstances coherent with mono-
layer cultures such as: a) trypsinization which is re-
quired for cell passage but can lead to possible tempo-
rary loss of permissiveness of the cells for infection, and
b) refreshment of the medium, which can result in loss
of infectious particles necessary for perpetuation of the
infection. Cells were grown in the extracapillary space
of a hemodialysis cartridge, in the presence of a HCV
positive inoculum, while the culture medium was recir-
culated through the intracapillary space, supplying the
cells with nutrients and oxygen. HCV-RNA could con-
tinuously be detected in the cells up to 77 days of cul-
ture. Sequence analysis of the HCV hypervariable
region 1 (HVR1) revealed that respectively 56% and
75% of the clones obtained from the cells at day 20 and
40 after start of the infection were different from the
clones present in the original inoculum. Furthermore,
certain nucleotide positions in this region were more
susceptible to mutations, leading to an alteration in
amino acid sequence. As none of these sequences were
present in the clones from the inoculum, it is suggested
that new HCV quasispecies have emerged as a result of
viral replication in the hepatocytes in vitro. This in vitro
HCV propagation system, after improvement of the
culture conditions, may therefore be used for drug
testing.
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