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1. ABSTRACT

Human coronaviruses (HCV) have been associated mainly with infections of the respi-
ratory tract. Accumulating evidence from in vitro and in vivo observations is consistent with
the neurotropism of these viruses in humans. To verify the possibility of a persistent infection
within the central nervous system (CNS), various human cell lines of neural origin were
tested for their ability to maintain chronic infection by both known strains of HCV, OC43 and
229E. Production of infectious progeny virions was monitored by an immunoperoxydase as-
say on a susceptible cell line and viral RNA was observed after RT-PCR. Astrocytic cell lines
U-373 MG and U-87 MG did not sustain a persistent HCV-229E infection, even though they
were susceptible to an acute infection by this virus. On the other hand, these two cell lines
could maintain a persistent infection by HCV-OC43 for as many as 25 cell passages (about
130 days of culture). Relatively stable titers of infectious viral particles, as well as apparently
constant amounts of viral RNA were detected throughout the persistent infection of U-87 MG
cells. However, persistent infection of U-373 MG cells was accompanied by the detection of
infectious viral particles from passage 0 to passage 13 and then from passage 20 to the end of
the experiment. This gap in the production of infectious virions was correlated by a drop in
the apparent amount of viral RNA detected at passages 15 and 20. These results confirm the
ability of HCV-OC43 to persistently infect cells of an astrocytic lineage and, together with
our previous observations of HCV infection of primary cultures of human astrocytes and the
detection of HCV RNA in human brains, are consistent with the possibility that this human
coronavirus could persist in the human CNS by targeting astrocytes.

2. INTRODUCTION

Human coronaviruses (HCV) cause up to one-third of common colds (Myint 1994).
Neonatal nosocomial respiratory coronavirus infections appear to be frequent and may be
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associated with apnea (Sizun et al. 1995). Other pathologies have sporadically been asso-
ciated with HCV such as pneumonia, perimyocarditis, meningitis, radiculitis (Riski and
Hovi, 1980), as well as diarrhea (Resta et al. 1985). Increasing evidence from animal
models and studies in humans suggest a neurotropism for these viruses.

The murine counterpart of HCV, murine hepatitis virus (MHV), has been studied as
an animal model of a virus-induced disease of the central nervous system (CNS) (ter
Meulen et al. 1989). After intranasal inoculation, MHV enters the CNS of mice via the ol-
factory nerve and then spreads to the brain (Barnett and Perlman 1993). Moreover, a
neurotropic MHV was shown to enter the CNS of primates after peripheral inoculation
(Cabirac et al. 1994).

Salmi et al. (1982) detected intrathecal antibody synthesis to HCV in humans, par-
ticularly in multiple sclerosis patients, suggesting a CNS infection. Moreover, HCV RNAs
have repeatedly been detected in human brains (Stewart et al. 1992, Murray et al. 1992,
Arbour and Talbot 1997). Finally, we have recently shown that HCV could infect primary
cultures of human neural cells (Bonavia et al. 1997). We speculate that HCV could persist-
ently infect human neural cells since MHV RNA could be detected in the brains of in-
fected mice for a long period of time after the initial infection (Adami et al. 1995, Rowe et
al. 1997) and that HCV were detected in human brains and are able to infect human neural
cells both in primary and immortalized cultures. Since primary cultures do not allow us to
perform a long time-scale study that is involved for viral persistence, we have used cell
lines representative of different neural cell types to verify the possibility of persistent
HCV infections. Viral RNA and infectious viral particles were monitored during a pro-
longed infection cycle.

3. MATERIALS AND METHODS

3.1. Virus and Cell Lines

Both HCV strains (229E and OC43) were originally obtained from the American
Type Culture Collection (ATCC; Rockville, MD), plaque-purified twice and grown on
either L132 cells (229E) or HRT-18 cells (OC43), as described previously (Jouvenne ef al.
1992, Mounir and Talbot 1992). The third passage of HCV-229E with a titer of 5.5 x 10°
TCID,,/ml and the fourth passage of HCV-OC43 with a titer of 5.15 x 10° TCID,y/ml,
from laboratory stocks kept at -90°C, were used for all experiments. Human neuronal and
glial cell lines: H4, SK-N-SH, M03.13, U-373 MG, U-87 MG, were obtained and cultured
as already described (Talbot et al. 1994). Cell monolayers at 60—80% confluence were in-
fected in 25 cm? culture flasks with 0.5 ml of viral suspension and incubated 2 hours at 33
°C, with periodical agitation. Cell monolayers were then washed with PBS and grown in
the regular cell culture medium at 37°C. Cells were passaged by trypsination every 48
days. Samples of supernatants and cells were kept for viral titration at each passage and
cells kept at each fifth passage for RNA extraction.

3.2. Immunoperoxidase Assay for Quantitation of Infectious Virus
Titers

The immunoperoxydase assay for quantitation of infectious virus titers was per-
formed as described (Bonavia et al. 1997). Antiviral mouse monoclonal antibody 1.10-C.1
(anti-HCV-0C43) was produced in our laboratory by standard hybridoma technology.
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3.3. Preparation of RNA and Reverse-Transcription Polymerase Chain
Reaction

To extract total cellular RNA from infected or controls cells, cell monolayers were
washed twice with PBS and then kept at -90 °C until RNA extraction. Cells were lysed
with GIT buffer (4 M guanidine isothiocyanate, 2.5 mM Na acetate, 12 mM 2-mercap-
toethanol). Lysates were passed through a 26G needle at least 6 times and then layered
onto a cesium chloride cushion (5.7 M cesium chloride, 2.5 mM Na acetate) for a 12 to 20
hours centrifugation at 150 000 x g. The supernatant was removed and the RNA pellet re-
suspended in sterile dd H,O. The pair of primers used for HCV-OC43 amplification as
well as the one for control gene (glyceraldehyde-3-phosphate dehydrogenase) are de-
scribed in Table 1. A mixture of 40 pmol (4 pl) of the inverse-complementary primer and
about 5 pg of total cellular RNA was incubated at 65 °C for 5 min to denature RNA, fol-
lowed by a slow cool down to 37 °C for annealing. Reverse transcription with Moloney
murine leukemia virus reverse transcriptase (50 U; Boehringer Mannheim) was performed
at 42 °C for 90 min in the presence of 60 U of RNA Guard (Pharmacia), 0.4 mM of each
dNTP (Boehringer Mannheim), 1X Reverse Transcriptase buffer [SO mM Tris-HCI pH 8.3,
40 mM KCl, 5 mM MgCl, 0.5% Tween® 20 (v/v)] and 10 mM dithiothreitol (Boehringer
Mannheim). For PCR, one fifth of the synthesized cDNA was incubated in the presence of
20 pmol of the Ol and O3 primers, or 50 pmol of the GAPDH-H and GAPDH-I primers,
2.5 mM MgCl, (1.5 mM in the case of GAPDH) (BIO/CAN), 1X PCR buffer (10 mM
Tris-HCI1 pH 8.3, 1.5 mM MgCl,, 50 mM KCl) (Boehringer Mannheim) and 0.4 mM of
each ANTP (Boehringer Mannheim) at 94°C for 5 min and at 60°C (50°C for GAPDH) for
another 5 min. After addition of the 7ag DNA polymerase (2.5 U; Boehringer Mannheim),
30 cycles of 2 min at 72 °C, 1 min at 94 °C and 2 min at 60°C (50°C for GAPDH) were
performed with a final elongation step of 10 min at 72 °C. The DNA amplicons were sepa-
rated by electrophoresis in a 1.5% (w/v) agarose gel containing 1 pg/ml ethidium bromide.

4. RESULTS and DISCUSSION

4.1. Quantitation of Infectious Progeny Virions

Although the human astrocytic glial cell lines U-373 MG and U-87 MG were pre-
viously shown to be acutely infectable by HCV-229E (Talbot et al. 1994), no infectious vi-
ral particles could be detected after the Sth cell passage during a persistent infection (data
not shown). Therefore, it appears that astrocytic cell lines did not sustain a persistent in-
fection by HCV-229E. These results could be easily compared with the ones obtained with

Table 1. Primers for RT-PCR

RNA amplified Primers-corresponding region
HCV-0C43 nucleoprotein' 57 - CCCAAGCAAACTGCTACCTCTCAG -3’ Ol-sense: 215- 238

5’ -GTAGACTCCGTCAATATCGGTGCC-3’ O3- antisense: 497-520
GAPDH’ 5’ - GTGAAGGTCGGAGTCAACG- 3’ GAPDH-H-sense: 10-68

5’ - CACCTGGTGCTCAGTGTAGC-3" GAPDH-I-antisense: 824-843

!(Stewart et al. 1992); (Kamahora et al. 1989)
Z(Ercohmi et al. 1988)
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primary cultures of human astrocytes where the HCV-229E infection could only be de-
tected by RT-PCR and not by immunofluorescence or by production of infectious progeny
virions (Bonavia et al. 1997). Therefore, it is possible that HCV-229E could infect astro-
cytic cells but that the infection is rapidly cleared. These results suggest that the presence
of HCV-229E in human brains may not involve astrocytes. However in situ hybridization
assays from HCV-229E RNA positive human brain samples will be necessary before such
a conclusion can definitively be reached.
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Figure 1. Infectious virus titers from HCV-OC43 persistent infections of astrocytic cell lines. Panel A: U-373
MG; Panel B: U-87 MG. B: extracellular, Q: intracellular.
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Persistent infection of the same astrocytic cell lines by HCV-OC43 did result in the
production of infectious virions as late as the 25th cell passage (about 130 days in cul-
ture). Figure 1 shows the infectious viral titers obtained from persistently infected U-373
MG and U-87 MG cell lines (panels A and B, respectively). In both cases, viral titers ob-
tained for the extracellular component were higher than for the intracellular components.
These astrocytic cell lines did produce infectious virions in amounts comparable to that
obtained after infection of the reference cell line HRT-18 (data not shown). Approximately
10% of U-87 MG cells were infected in the culture, as estimated by immunofluorescence
(data not shown). This percentage of infected cells appears to be sufficient to maintain the
presence of virus in the culture. Collins and Sorensen (1986) previously showed that U-87
MG cells could be persistently infected with HCV-OC43 and release infectious virions, al-
though infection was monitored on a much shorter time scale of 28 days.

No virus was detected between passages 13 and 20 of the persistently infected U-
373 MG cell culture, despite the presence of viruses at the beginning and at the end of the
culture, particularly in the extracellular compartment (Fig. 1, panel A). At the end of the
culture, about 5 % of U-373 MG cells were infected, as shown by immunofluorescence
(data not shown). Persistent infections by HCV-229E and HCV-OC43 of other neural cell
lines representative of human neurons (H4) and oligodendrocytes (MO3.13) were also ob-
served, including production of infectious virions after more than 100 days of culture
(data not shown).

4.2. Detection of HCV-0OC43 RNA

Figure 2 shows RT-PCR results obtained from HCV-OC43 persistent infection of U-
373 MG and U-87 MG cells. The RT-PCR assay was performed on RNA extracted from
acutely infected cells (lanes A) and non-infected cells (lanes N). GAPDH RNA could be
amplified in each case (data not shown), indicating that RNA was suitable for amplifica-
tion even for non-infected cells, where no viral RNA could be detected. Viral RNA could
be detected at every passage we looked at : P2, P5, P10, P15, P20 and P25 (both cell lines)
and P28 (U-87 MG only). Apparently comparable amounts of viral RNA were detected in

A A P2 P5 P10 P15 P20 P25 N C1 C2

B A P2 P5 P10 P15 P20 P25 P28 N C1 C2

Figure 2. Detection of HCV-OC43 RNAs in persistently infected cells by RT-PCR visualized on a 1.5% (w/v)
agarose gel containing ethidium bromide. Panel A: U-373 MG, Panel B: U-87 MG. A: acute infection, Px, cell
passage number, N: non-infected cells, C1: RT negative control and C2: PCR negative control.
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acute and persistently infected cells. For U-87 MG cells, comparable amounts of viral
RNA could be amplified at each passage, which is consistent with a more or less constant
amount of viral RNA in the culture. Other authors have been able to detect viral RNA dur-
ing a persistent HCV-OC43 infection of U-87 MG cells (Collins and Sorensen 1986). Dur-
ing the persistent infection of U-373 MG cells, we observed that apparently less viral
RNA was detectable at P15 and P20, even though the same amount of total cellular RNA
was used for RT-PCR in each case. When these results are compared to those of the immu-
noperoxydase experiments (Fig. 1, panel A), we observe that passages where no infectious
virus was detected (13—20) correspond to low viral RNA levels.

We have recently shown that HCV-OC43 could infect primary cultures of human fe-
tal astrocytes, adult microglia and adult astrocytes, as monitored by the immunofluores-
cence detection of viral proteins (Bonavia et al. 1997). It is therefore not surprising that
astrocytic cell lines also supported a HCV-OC43 infection. Interestingly, in mice, the mur-
ine strain MHV-JHM infects astrocytes after an intranasal inoculation (Sun and Perlman
1995). Moreover during the chronic demyelination induced in infected mice, astrocytes
are the predominant cells expressing inflammatory cytokines such as IL-1p and IL-6, as
well as nitric oxide (Sun et al. 1995) probably involved in tissue damage, such as demyeli-
nation. In addition, in situ hybridization combined with immunohistochemistry performed
on monkey brains after intracerebral infection has shown that astrocytes are the target
cells in white matter during acute infection by MHV-JHM (Murray et al. 1997). Our re-
sults, combined with the work of other research teams, are consistent with a potential role
of astrocytes in CNS infection by human coronaviruses.
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