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GROWTH OF HEPATITIS A VIRUS IN MURINE CELLS

Y. TAKEDA, M.ASHIDA®, C. HAMADA

Department of Virology, Niigata University School of Medicine, 1-757 Asahimachi-dori, Niigata 951, Japan

Received August 5, 1996

Summary. — In order to investigate the growth of hepatitis A virus (HAV) in murine cells, L929 cells of the
established mouse cell line were transfected with the virion RNA or infected with the virions and examined for the
formation of negative-strand RNA and the rise of the viral infectivity titer. In both the transfected and infected cells,
the formation of negative-strand HAV RNA was assayed by the reverse transcription-polymerase chain reaction
(RT-PCR). In the transfected cells, infectious HAV of an average titer of 10"* TCID_/dish was obtained. The
experiment with the virion infection was further extended by using other mouse cell lines, namely Balb/3T3 clone
A31,NIH/3T3, and Swiss/3T3. Here, only NIH/3T3 cells were found capable to support the formation of negative-
strand HAV RNA. Thus some murine cell lines are considered to have a complete cellular machinery for supporting
the growth of HAV, though the efficiency of virus growth therein was considerably lower as compared to that in the
susceptible primate cells.
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Introduction

HAV is an unenveloped small spherical virus belonging
to the Picornaviridae family, The virus particle has
a genome of single-stranded RNA of positive polarity, which
replicates via negative-strand RNA of virus, that is de novo
synthesized after infection by virus-coded RNA polymerase
using the viral genome as template (Siegl and Frosner, 1978;
Gauss-Miuiller et al,, 1984).

For experimental propagation of HAV in vivo, the initial
host was non-human primates as chimpanzees (Dienstag et
al, 1975), marmosets, tamarins (Deinhardt et al., 1975),
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Abbreviations: DEAE-dextran = diethylaminoethyl-dextran;
EDTA = ethylendiamine tetraacetate; EIA = enzyme immunoassay;
HAV = hepatitis A virus; MoAb = monoclonal antibody;

p.i. = postinfection; RT-PCR = reverse transcription-polymerase
chain reaction

lesser bush babies (Grabov and Prozesky, 1975), stump-
tailed monkeys (Mao ef af., 1981), and owl monkeys (Lem-
on et al., 1982). Later, the virus adaptation to the cultured
primate cells enabled serial propagation of virus in vitro
(Provost and Hilleman, 1979; Daemer ef a/., 1981; Binn et
al, 1984) and provided with sufficient amounts of viral
materials for experimental as well as vaccination purposes.

On the other hand, the host animals for experimental
model of HAV infection are still confined to the non-hu-
man primates. Although the animals are well susceptible to
the virus and manifest apparent signs of the acute hepatitis
(Zachoval and Deinhardt, 1993), they are quite expensive.
This aspect restrains investigators from frequent use of these
animals for experimental purposes.

In an attempt to expand the model system for HAV in-
fection to conventional experimental animals, we investi-
gated the growth of HAV in an established mouse cell line,
1929, by pursuing the formation of the negative-strand vi-
ral RNA and the rise of the virus infectivity titer, For detec-
tion of the negative-strand RNA, cells were transfected with
the virion RNA or infected with the virions and subjected
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Materials and Methods
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mainly emp Iwr d; o oaddi EM] other muring
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stored at -70°C as the virus stock. Tty infectivity titers ranged
at 10707, /mib

Virus infectivity titration, The end-point dilution method
coupled with enzyme immunosssay (EIA) was adopted
(Ashida ef al, 19891, The serial 10-fold dilutions of virus
samples in DMEM were inoculated into S.1a/Ve-1 cell cul-
tures in microtiter plates (Corning) using 10 wells per
dilution (100 ul of inoculum/well). Infected plates were
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Separator Kit (Clontech Laboratoriesy was used, Density-puri-
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mfected cells were extracted according to the manufacturer’s
mstructions. Briefly, they were denaturated by guanidinium
extracted by phenol-chloroform mixture, and
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Fig 1
Schematic illustration of the genomic HAY RNA and the strategy to detect negative-strand HAV RNA by RT-PCR
P1-3: subgenomic regions; VP1-4: genes coding for structural proteins; AAA: poly(A)-tail; positive HAV RNA: indicator stretch for the RT-PCR;
negative HAV RNA: direct target for the RT-PCR; tail HA-1 (bold line): sense primer; HA-2 (bold line): antisense primer; tail (bold line): another sense

primer; HAV probe: probe region for Southern blot hybridization.

for 3 weeks. Thereafter, the cells were separately processed.
For the RT-PCR, cells from one dish were taken into 500 nl
of denaturing solution (4 mol/l guanidium thiocyanate,
25 mmol/l sodium citrate, 0.5% N-lauroyl sarcosinate, and
0.1 mol/l 2-mercaptoethanol) pH 7.0 subjected to RNA
extraction described above. For the EIA of virus infectivity
titer, cells from one dish were harvested into 2 ml of PBS
by a treatment with ethylenediamine tetraacetate (EDTA)-
trypsin mixture. The cell suspensions were then extracted
by two cycles of freeze-thawing in acetone-dry ice mixture
and sonication for 1 min, and centrifuged at 2000 rpm for
10 mins. The resulting supernatants were subjected to EIA.

RT-PCR. The strategy of RT-PCR for detection of nega-
tive-strand HAV RNA followed Chaves et al. (1994) (Fig. 1).
The nucleotide sequence nt 2,172-2,414 (VP3 3-tail to
VP15 -head) of the viral genome was chosen for amplifica-
tion (Margolis and Nainan, 1990). The primer (“tail HA-
17} for the initiation of reverse transcription was 5"-TTGG-
GATTAGCGAGTATG-GCTCCTCTTTATCATGCTATG-3
(0t 2,172-2,192 for the non-underlined sequence) includ-
ing the underlined tail structure lacking sequence comple-
mentarity to HAV genome (Chaves er al., 1994); the sense
primer (“tail” to read cDNA) was 5" -TTGGGATTAGCGAG-
TATG-37, which was equivalent to the tail structure of the
“tail HA-1"; and the antisense primer (“HA-27) was 5°-
GGAAATGTCTCAGGTACTTTCTTTG-3 (nt 2,390-
2,414). All these primers were purchased from Kurabo Co.,
Osaka, Japan.

Thirty pg of RNA extracted from the infected cells was
dissolved in 10 pl of distilled water and subjected to reverse
transcription with 40 pl of RT-reaction buffer (50 mmol/I Tris-
HCIpH 8.3, 5 mmol/l MgCl,, and 70 mmol/l KC1), supple-
mented with 2.5 mmoV/1 dithiothreitol, 20 U of RNase inhib-
itor (Perkin-Elmer), 2.5 mmol/l each of ANTPs in mixture,
5 pmoles of the “tail-HA-1” primer, and 50 U of murine leu-
kemia virus (MullV) reverse transcriptase (Perkin-Elmer). The
reverse transciption proceeded for 1 hrat 42°C and ceased by
heating of the mixture at 99°C for 1.5 hr (the inactivation of
the reverse transciptase). Then followed the treatments with
I ng of RNase A (Worthington Biochemical) and 2 U of
RNase H (Toyobo) at 37°C for 1 hr to digest the RNA tem-
plate.

The ¢DNA sample obtained was then diluted to 50 pl
with PCR buffer solution (10 mmol/l Tris-HCl pH 8.3,
1.5 mmol/l MgCl,, 50 mmol/I KCI, and 0.1% gelatin) sup-
plemented with 2.5 U of AmpliTag DNA polymerase (Per-
kin-Elmer) and 50 pmoles each of the “tail” and “HA-2"
primers for PCR. The latter consisted of 30 cycles of heat-
ings at 94°C for 1.5 min (denaturation), at 55°C for 1.5 min
(annealing), and at 72°C for 2 mins (clongation). The prod-
ucts obtained were analyzed by electrophoresis in 2% aga-
rose gel with ethidium bromide staining.

Southern blot hybridization. PCR products were blot-
ted onto nitrocellulose membranes and hybridized with the
“HAV probe”. The latter [5-TCAACAACAGTTTCTACA-
GACAGAATGTT-2", nt 2,232-2,262 of HAV genome (Co-
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criteria of the autonomous growth of virus in cells were
observed. Dotzauer e al. (1994) reported recently that the
cell lines derived from guinea pig, dolphin, and probably
from pig, were capable of supporting the growth of HAV
after the adaptation of the virus to cell cultures. In this
report, mouse cells were also included, but with negative
results. Thus, there are no reports on the g ‘growt] of HAV in
murine cells except for the present paper

The present study was motivated hy an idea to extend
the experimental model of HAV infection to the murine
species. The results obtained indicate that L929 cells are
apable to support the growth of HAV, and that NIH/3T3
cells can replicate HAV RNA. Thus, it is likely that some
murine cells have a complete cellular machinery needed

for the growth of HAV. On the other hand, the efficiency of

HAV growth in the murine cells was considerably low as
compared with that in the primate cells. The HAV strain
employed was adapted to primate but not murine cells. It is
clear that HAV cannot grow efficiently in cell cultures with-
out adaptation by repeated passages. This was exemplified
in the case of HAV field strains growing in primate cell
cultures (Provost, 1984) and of primate cell culture-adapt-
ed strains growing in non-primate cell cultures after over-
coming the species barriers (Dotzauer ef al., 1994). In con-
clusion, it seems worthwhile to make further trials for adapt-
ing HAV to murine cell cultures by repeated passages.
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