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use. Seven micrometers of coronal frozen sections were cut
on a cryostat JUNG CM 3000 (Lica), mounted onto silanized
slides (DAKQ), air-dried, and stored at —80 °C until were
used for immunohistochemistry.

2.4. Western blotting

Rats were anesthetized with diethylether 6 h after spinal
cord impaction and their spinal cord from the top and bottom
1.5 em (100 mg) of the lesion were dissected, homogenized
in 10 times of the sample buffer (62.5 mM Tris, pH 6.8, 2%
SDS, 10% glycerol, 5% 2-mercaptethanol, and 0.01%
bromophenol blue), lysed, and denatured. Five mircoliters of
each sample was loaded on to an 8% SDS-polyacrylamide
gel. Proteins were transferred to a nitrocellulose membrane,
The membrane was probed with mouse monoclonal
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spinal cord
T8-T10
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aniibody to COX-2 (dilution: 1:100; Transduction) and
proteins were detected using a chemiluminescent detection
system (Amersham Bioscience). '

2.5, Immunohistochemistry

Spinal cord sections were incubated in blocking solution
(10% normal donkey serum with 0.4% Triton X-100 in PBS)
for 30 min, COX-2 antibody for 48 h at 4 °C, and Cy3-
conjugated donkey anti-rabbit IgG for 1h. For double
staining, the sections were incubated with the appropriate
combination antibodies against COX-2, iNOS, or celi-
specific monoclonal antibodies. After washing with PBS,
they were stained with a combination of FITC-labeled anti-
rabbit IgG or Cy3-labeled anti-mouse IgG for 1 h. They
were rinsed in PBS, mounted with Fluoroguard (Bio Rad),

24 h

®

Fig. 2. (a) Western blot analysis of protein extracts obtained from spinal cord of rat 6 h and 24 h after traumatic spinal cord injury (SCI) and control rat. (b) A
sketch of rat spinal cord (T8-T10) where each photograph of immuncfinorescent staining specimen was obtained. Tmmunofiuorescent staining for COX-2 in rat
spinal cord around the perivascular zone (¢ and &) and pia matter (d and f); 6 h after travmatic SCI (c and d) or normal control (e and f). COX-2 positive cells were
visualized with FITC-conjugated donkey antibody against rabbit IgG as a secondary antibody. Scale bar = 50 um.
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and examined under a fluorescent microscope with a camera
attachment (Olympus).

2.6. Antibodies for immunchistochemistry

Rabbit anti-COX-2 polyclonal antibody was purchased
from Cayman and used at 1:200 dilution. Mouse anti-COX-2
monoclonal antibody was purchased from Transduction and
used at 1:100 dilution. Rabbit anti-INOS polyclonal
antibody was prepared using GST-iNOS (N-terminal}
fusion protein as reported previously (Fan et al., 1995)

and used at 1:250 dilution. Cell-specific monoclonal
antibodies were purchased and used as described below:
ED1, specific for monocyte, macrophage, and dendritic cells
{(BMA Biomedical) at 1:500; ED2, specific for macrophage
(BMA Biomedical) at 1:500; OX42, specific for macrophage
and microglia (BMA Biomedical} at 1:100; Cy3-conjugated
glial fibrillary acidic protein (GFAP) for astrocyte (Sigma) at
1:400; MAP2, specific for neuron (Chemicon) at 1:200; and
RECA-1, specific for endothelial cells (Monosan) at 1:200
Fluorescent secondary anti-mouse and rabbit antibodies
{Chemicon) at 1:100 were also used.

Fig. 3. Double-immunofluorescent staining of rat spinal cord, 6 h after traumatic SCI for COX-2 (green) and cell-specific markers (red). COX-2 positive cells
were visnalized with FITC-conjugated donkey anfibody against rabbit IgG as a secondary antibody (a, d, g, j.m, p, s, and v), GFAP (n) was visualized using Cy3-
conjugated mouse monoclonal antibody, and RECA-1 (b, ¢, and h), MAP2 (%), ED1 (g), ED2 (), and OX-42 (w) immunoreactivities were visualized with Cy3-
conjugated donkey antibody against mouse IgG as a sscondary antibody. COX-2 positive cells were observed around the perivascular zone (b), the blood vessel
(e), and pia matter (), but did not coincide with MAP2 (k), GFAP (n), ED1 (q), ED2 (1), and OX42 (w) positive cells. COX-2 positive cells were shown in yellow
by superimposing the two color images (¢, f, and i). Scale bar = 50 pm. (For interpretation of the references to colour in this figure legend, the reader is referred

to the web version of the article).
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Fig. 3. (Continued).

3. Resulis

Hematoxylin-Eosin staining was performed to observe
the spread of damage following weight drop impact on the
rat spinal cord. Damage caused by traumatic SCI spread
from the dorsal white matter to central gray matter 6 h after
the injury and even the ventral gray matter began to become
cavernous 3 days after the injury (data not shown, Satake et
al., 2000a). First, we confirmed the time-course of COX-2
induction in the spinal cord after the injury using semi-
quantitative RT-PCR. COX-2 mRNA began to increase
within 30 min, peaked at 3 h, gradually began to decline at
6 h, and returned to basal levels about 1 week after the injury
(Fig. 1). Sequence analysis confirmed that the 209-bp band
corresponded to the rat COX-2 ¢cDNA fragment. Next, COX-
2 protein level and localization were examined in the spinal
cord after traumatic SCI. Western blotting -analysis showed

that COX-2 protein significantly increased 6 h and remained
at a high level until 24 h after the injury compared with those
in control animals (Fig. 2a). Although COX-2 protein has
been previously reported to compose of 72 kDa and 74 kDa
forms due to the heterogeneity of N-glycosylation (Otto et
al., 1993; Garavito et al., 2002), only the smaller one was
increased by the traumatic insults to the spinal cord. Using
an immunohistochemical method, the spatial expression
pattern of COX-2 protein induced in the spinal cord after
traumatic SCI was investigated. Six hours after injury, COX-
2 immunoreactivity was detected along the pia matters and
blood vessels around the contused spinal cord (Fig. 2¢ and
d), whereas no COX-2-positive cells were detected in any
cells of the normal controls (Fig. 2e and f). Next, we
performed double-immunofluorescence labeling to identify
COX-2-positive cell types. COX-2-positive cells were
positive for RECA-1, the marker protein of endothelial
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Fig. 3. (Continued).

Fig. 4. Double-immunofiuorescent staining of rat spinal cord injury, for COX-2 (red) and iNOS (green). COX-2 positive cells were visualized with Cy3-
conjugated donkey antibody against mouse IgG as a secondary antibody (a and d). iNOS positive cells were visualized with FITC-conjugated donkey antibody
against rabbit IgG as a secondary antibody (b and e). Superimposing the two-color images show that COX-2-positive cells were negative for iNOS and vice
versa, and that there were some COX-2 positive cells nearby iNOS-positive cells (c and f}, Scale bar = 50 pm. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of the article).
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cells, in spinal cord 6 h after the injury (Fig. 3a—i). However,
the COX-2 immunoreactivity in the spinal cord did not
coincide with MAP2, GFAP, ED1, ED2, or OX42 expressed
by neurons, astrocytes, monocytes, macrophages, or micro-
glia, respectively, (Fig. 3j—x). Finally, we examined the
spatial positional relation of COX-2 and iNOS after SCI. Six
hours after injury, iNOS-positive cells appeared in intra-and
perivascular zones, while some were scattered in the
damaged area. There were some iNOS-positive cells
standing nearby COX-2-positive celis (Fig. 4).

4, Discussion

We investigated the early stage temporal and spatial
expression of COX-2 gene after traumatic SCI. We found
that COX-2 gene was already induced at a half-maximal
level 30 min after injury and COX-2 protein accumulation
was observed in endothelial cells of blood vessels 6 h after
injury. In cases of COX-2 gene induction, Resnik reported
that by using in situ hybridization COX-2 mRNA expression
was detected in spinal cord neurons and around blood
vessels at 2 h, 4 h, and 8 h following impaction (Resnick et
al., 1998) and Tonai reported that by using Northern blotting
COX-2 mRNA level was seen to increase 2h after
compression of the spinal cord (Tonai et al., 1999). In our
experiment, COX-2 gene induction after the injury was
found to begin within 30 min; therefore, it seems that no new
protein synthesis is required for its transcription. In addition,
this immediate early expression in the spinal cord coincides
well with those of INOS (Satake et al., 2000a) and GDNF
(Satake et al., 2000b). Therefore, it was postulated that the
COX-2 gene expressed in endothelial cells in addition to
iNOS in macrophages and GDNF in microglia and
macrophages seems to be induced by a common unidentified
trigger that stimulates a pathway toward the NF-xB
signaling. There are few reports of the localization of
COX-2 after SCI (Resnick et al., 1998; Tonai et al., 1999),
and none of them directly defined the types of cells or tissues
where COX-2 protein was induced. Tonai reported that no
clear expression of COX-2 was detected in any particular
cell at 8 h after the injury, but instead showed that COX-2
protein was detected in polymorphonuclear leukocytes, glial
cells, and vascular endothelial cells after intraparenchymal
injection of 2 ng IL-1c., suggesting that induction of COX-2
gene may be mediated by IL-1o (Tonai et al., 1999).

In this study, COX-2 protein induced after the acute
injury was clarified to localize in endothelial cells using
immunohistochemical double staining. However, we pre-
viously reported that iNOS-positive cells, macrophages and/
or perivascular cells, appeared around the perivascular space
at 6 h after traumatic SCI (Satake et al., 2000a). NO is
known to cause the inflammation and the production of
FGE; (Iyengar et al., 1987; Ialenti et al., 1992; Wong et al.,
1996). In the present study, we observed that macrophages
and endothelial cells co-existed along the pia matter and in

blood vessels of the spinal cord 6 h after injury (Fig. 4).
There are some reports on regulation of COX-2 activity and
induction by NO using iNOS deficient mice (Guhring et al.,
2000; Nogawa et al., 1998). Therefore, NO released by
macrophage via iINOS seems to sustain high expression level
of COX-2 gene at least until 3 days after traumatic SCI since
INOS-positive cells were observed around the damaged area
2 days after the injury (Satake et al., 2000a). Further studies
on the relationship of the mutual control between iNOS and
COX-2 are required for development of better clinical
treatments for patients who have suffered traumatic SCL

5, Conclusion

COX-2 mRNA is induced within 30 min and COX-2
protein is increased in endothelial cells of blood vessels at
6 h following contusion injury of the spinal cord. COX-2
gene induction after traumatic SCI seems not to require any
new protein synthesis, and COX-2 protein accumulated in
endothelial cells may be a component of the successive
inflammatory processes in the damaged area.
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Abstract

The DA subgroup strains of Theiler’s murine encephalomyelitis virus (TMEV) synthesize L* protein, which is translated out of frame
with the polyprotein from an alternative AUG, 13 nucleotides downstream from the authentic polyprotein AUG. By a ‘loss of function’
experiment using a mutant virus, DAL*-1, in which the L* AUG is mutated to an ACG, L* protein is shown to play an important role in virus
persistence, TMEV-induced demyelination, and virus growth in macrophages. In the present study, we established an L* protein-expressed
macrophage-like cell line and confirmed the importance of L* protein in virus growth in this cell line.

© 2004 Elsevier B.V. All rights reserved,
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Theiler’s murine encephalomyelitis virus (TMEV) belongs
to the genus Cardiovirus of the family Picornaviridae and is
divided into two subgroups (Chara and Roos, 1987; Lipton
and Jelachich, 1997; Obuchi and Ohara, 1998; Roos, 2002).
DA (or TO) subgroup strains induce a non-fatal polioen-
cephalomyelitis in weanling mice followed by virus persis-
tence and chronic demyelination in the spinal cords. This late
demyelinating disease serves as an experimental model of the
human demyelinating disease, multiple sclerosis. In contrast,
GDVII subgroup strains cause acute fatal policencephalo-
myelitis without demyelination. The precise mechanisms of
virus persistence and demyelination caused by DA subgroup
strains are still unknown. A 17kDa protein, called L%, is
translated out of frame with the polyprotein from an alter-
native AUG, 13 nucleotides downstream from the authentic

* Comesponding author. Tel.: +81 76 218 8096; fax: +81 76 286 3961,
E-mail address: ohara@kanazawa-med.ac.jp (Y. Ohara).
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polyprotein AUG (Kong and Roos, 1991; Obuchi and Ohara,
1998; Roos, 2002). L* protein is only synthesized in the DA
subgroup strains since the L* AUG is present in DA subgroup
strains, but not in GDVII subgroup strains (Michiels et al.,
1995; Obuchi and Ohara, 1998; Roos, 2002). Therefore, L*
protein is thought to be a key protein regulating DA biologi-
cal activities. A ‘loss-of-function’ experiment using a mutant
virus, DAL*-1, in which the L* AUG initiation codon is mu-
tated to an ACG, demonstrated that L* protein plays an im-
portant role in DA persistence and demyelination (Chenetal.,
1995; Ghadge et al., 1998). However, that finding is still con-
troversial since the absence of the L* AUG initiation codon
in a different DA infectious clone had only a weak influence
on the persistence of DA strain (van Eyll and Michiels, 2000,
2002).

We previously reported that DA strain grows in J774-1
cells, an H-2¢ macrophage-like cell line detived from a tumor
of a BALB/c mouse (Ralph et al., 1975), while the GDVII
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strain does not (Obuchi et al., 1997). This phenomenon is
of great interest since a major site for TMEV persistence
is thought to be macrophages (Lipton and Jelachich, 1997;
Obuchi and Ohara, 1998; Roos, 2002). The important role
of L* protein in this in vitro phenomenon can be demon-
strated by using DAL*-1 virus, DAL*-1 virus does not grow
in murine monocyte/macrophage [ineage cell lines, butit does
grow in other cell lines, including neural cells (Obuchi et al.,
1999), A recombinant virus, DANCL*/GD, which has the
DA 5’ noncoding and L* protein coding regions replacing
the corresponding regions of GDVII and therefore synthe-
sizes L* protein, had a rescue of growth activity in J774-1
* cells, suggesting that L* protein plays an important role in
vitus growth in macrophages (Obuchi et al., 2000).

A challenge in research related to L* protein is that its
sequence overlaps with that of the polyprotein, making it im-
possible to introduce the DA L* coding sequence into the
parental GDVII strain without changing the polyprotein se-
quence. The generation of macrophage cells that constitu-
tively express L* protein would allow a confirmation of the
role of this protein in virus growth with a ‘gain of function’
expetiment. This system would also allow the synthesis of L*
protein in the cytoplasm, as has been described (Obuchi et
al., 2001), without being incorporated into virions. Therefore,
the goal of the present study was to establish a macyophage
cell line that constitutively expresses L* protein.

We used a lentiviral expression system in order to achieve
a stable and efficient gene transfer of L* protein. The vector
was constructed by using the transfer vector plasmid pCSII-
EF-MCS-IRES-hrGFP, constructed by Dr. Hiroyuki Miyoshi
and Dr. Tomoyuki Yamaguchi, Laboratory of Genetics, The
Salk Institute for Biological Studies. The plasmid has se-
quences of a human elongation factor (EF) 1 « subunit gene
promoter, a multiple cloning site (MCS), an internal ribo-
some entry site (IRES), and the coding region of a ‘human-
ized, red-shifted’ green fluorescent protein (hrGFP) in tan-
dem. L* coding sequence was inserted into MCS, resulting
in the production of L* protein independently from hrGFP
and not as a fusion protein. The expression of both proteins
is regulated by one promoter. Another construct, in which the
3xFLAG epitope sequence is tagged to the N-terminus of L*
protein, was generated as an additional control since the 5
one third of the L* protein coding region is important for its
function (Obuchi et al., 2001). In order to generate vesicular
stomatitis virus (VSV) G protein-pseudotyped lentiviral vec-
tor particles, the transfer vector plasmid pCSI-EF-(cDNA
of L* or 3xFLAGL* protein)-IRES-hrGFP with the packag-
ing plasmid pMDLg/pRRE, pRSV-Rev, and the VSV-G pro-
tein envelope plasmid pMD.G (Naldini et al., 1996) were
tansfected into subconfluent 293T cells, a human embry-
onic kidney epithelial cell line expressing the simian virus 40
large T antigen, using a high-efficiency calcium-phosphate-
mediated transfection method (Miyoshi et al., 1997; Miyoshi
et al., 1998; Sambrook and Russell, 2001). High-titer virus
stocks were prepared by centrifugation (43,600 x g, 3h,
21°C). The infectious titers were determined by counting

the number of GFP-positive cells by fluorescence-activated
cell sorting (FACS) analysis (FACSCalibur: BD Biosciences,
San Jose, CA). J774-1 cells (2 x 10°) were infected and
transduced at a multiplicity of infection (M.O.L) of 5. Af-
ter the infection, the third subculture of L*-transduced and
3xFLLAGL*-transduced J774-1 cells were seeded at a density
of 0.5 cells per well onto 360 wells and 1200 wells of HLA
plates (Greiner bio-one, Tokyo, Japan), respectively.

Cell propagation was observed in 27 wells of L*-
transduced cells and 105 wells of 3xFLAGL"-transduced
cells. During the first several passages, the cells in approxi-
mately 50% of wells were GFP-positive and propagated more
slowly than the original J774-1 cells. Some showed a dif-
ferent morphology, such as enlargement (20-30 pwm, about
1.5-fold larger in diameter) and an amoebic shape. We se-
lected four I*-expressed (1.*/1774) and eight 3XFLAGL*-
expressed (3XFLAGL*/J774) clones by FACS analysis using
expression of GFP. The cells formed clusters easily when
replated in new culture dishes. These properties reverted to
those of the original J774-1 cells after seven passages. When
both cells were seeded in a 35 mm plastic culture dish at the
density of 1 x 10° cells/ml, the cultures reached to the den-
sity of 1 x 10° cells/ml within about four days, with a dou-
bling time of 2430 h, Seven empty vector-transduced clones
(control/J774) were also obtained from the empty vector-
transduced J774-1 cells and served as a control. The prop-
erties of these cells were not different from those of the orig-
inal J774-1 cells. Fig. 1 shows the histograms of L*/J774/6,
3xFLAGL*/1774/33 and control/Y774/6 clones, which gave
the highest GFP expression,

The expression of L* and 3xFLAGL* proteins was fur-
ther confirmed by Western blotting using polyclonal rabbit
anti-L* antibody (Ab) (Obuchi et al., 2000, 2001) or mono-~
clonal mouse anti-FLAG M2 Ab (Sigma, St. Louis, MO). En-
hanced chemiluminescence reagents, ECL plus (Amersham
Biosciences, Buckinghamshire, UK), detected biotinylated
secondary Ab and horseradish peroxidase-conjugated strep-
tavidin (Fig. 2). The expression of 1.* or 3XFLAGL* protein
was stable after forty passages of culture.

We examined and compared the growth Kinetics of DAL*-
! virus in those cells. The culture supernatants and cell Lysates
of 1.5 x 105 cells infected with DAL*-1 virus at an M.O.L.
of 10 PFU per cell were harvested at 0, 3, 6, 12,24, and 48 h
post-infection (p.i.), and the infectivity was assayed by a stan-
dard plaque assay on BHK-21 cells. In L*/I774/6 cells, the
titers of cell-free and cell-associated DAL*-1 virus reached
apeak at 12h p.i. (6.3 x 10° and 3.8 x 10° PFU/ml, respec-
tively) and then gradually decreased (Fig. 3B). On the other
hand, the titers gradually decreased in control/J774/6 cells
(Fig. 3A). The data indicated that L* protein is essential for
DA growth in J774-1 cells. The titers of DAL*-1 virus also
gradually decreased in 3xFLAGL*/J774/33 cells (Fig. 3C),
suggesting that the N-terminus is important for the function
of L* protein, as previously reported (Obuchi et al., 2001). In
addition, even though the 3XxFLAG epitope is a small peptide
(2.7kDa), it may have changed the higher-order structure of
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Fig. 1. Flow cytometric analysis of green fluorescent protein (GFP) fluorescence. J774-1 cells were infected and transduced with leniiviral vector containing
the L* or 3xFLAGL* protein sequence. The transduced cells were cloned by a limiting dilution. Figure shows the histograms of GFP fluorescence in the
representative clone of the vector-transduced J774-1 cells {open area). The original J774-1 cells served as a control (closed area). {A) Control/J774/6, which was
transduced by an empty vector as described in the text; (B) L*/J774/6, which was transduced by the vector containing the L* sequence; (C) 3XFLAGL*/J774/33,

which was transduced by the vector containing the 3xFLLAGL* sequence.

L* protein since L* protein is relatively small (17 kDa). Also,
the predicted hydrophilicity of 3xFILAG epitope may have in-
terfered with the strong hydrophobicity of L* protein (Ohara
et al., 1988; Obuchi et al., 2001), and thereby disturbed the
function of L* protein.

To further investigate which step of virion formation is
affected by L* protein, viral RNA synthesis of DAL*-1 virus
following the infection of those celis was analyzed by RNase
protection assay (RPA) (Fig. 4A). RPA was performed with

(A) anti-L* Ab

kDa

1 2

0
37

10

the BD RiboQuant™ Non-Radioactive RPA system (BD
Biosciences, San Jose, CA), according to the manufacturer’s
instructions. Briefly, pDAFL3, a full-length infectious DA
cDNA clone (Roos ¢t al., 1989), was cleaved at the Hincll
site (nt 7783) in the viral genome in order to prepare an anti-
sense probe. The linearized plasmid was transcribed by an
in vitro transcription system with T3 RNA polymerase in
the presence of biotin-16-UTP (Roche Diagnostics GmbH,
Mannheim, Germany). The biotin-labeled RNA probe con-

anti-FLAG M2 mAb

; 2

Fig. 2. Protein expression of the transgenes (L* and 3xFLAGL?* sequences) in L*/J774/6 and 3xFLAGL*/F774/33 cells. The expression of L* gene in L*/J774/6
cells or 3XFLAGL"* gene in 3xFLAGL*/J774/33 cells was analyzed by Western blotting as described in the text. L* (lane 1) and 3xFLAGL* (lane 2) proteins
were detected with anti-L* antibody (A) and anti-FLAG M2 monoclonal antibody (B), respectively.
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Fig. 3. Growth kinetics of DAL*-1 virus in control{J774/6 (A}, L*/J774/6 (B}, and 3xFLAGL*/}774/33 (C) cells. The culture supernatants (solid lines, open
squares) and cell tysates (broken lines, open circles) of cells infected at a multiplicity of infection (M.O.L) of 10 were harvested at indicated time points and
subjected to titer determination by a standard plaque assay on BHK-21 cells. Data are expressed as the mean + standard deviation (S.D.) in three independent

experiments.

tained 310 nt of sequence complementary to the 3’ region of
the viral genome and 52 nt of vector sequence (Ohara et al.,
1988: Roos et al., 1989). At 0, 3, 6, and 9h p.i., total RNA
was extracted and purified from 9.3 x 10* virus-infected
cells by using RNeasy Mini Kit (QIAGEN, Tokyo, Japan).
The RNA and 10ng of biotin-labeled RNA probe were hy-
bridized, and then treated with RNase A and RNase T1. The
protected RNA probes were separated by electrophoresis on
5% polyacrylamide gels containing 8 M urea, and transferred
to positively-charged nylon membranes by. electroblotting,
The signals were detected by chemiluminescent detection
system. As shown in Fig. 4A, the amount of viral RNA of

Control/)774/6

DAL*-1 virus clearly increased and reached a peak 6 h p.i. in
all the cells examined.

Viral protein synthesis was also examined in those cells.
At3,6,and 9h p.i., 1 x 106 cells infected with DAL*-1 virus
were scraped and dissolved in sample buffer (0.01 M Tris-Cl
[pH 6.8], L mM EDTA, 2.5% SDS, 5% 2-mercaptoethanot,
10% glycerol, 0.005% bromophenol blue). The cell lysates
were analyzed by Western blotting with DA-neutralizing
monoclonal antibody, DA mAb 2, which reacts to VP1 capsid
protein of DA strain (kindly provided from Dr. Raymond P.
Roos, University of Chicago, IL) (Fig. 4B). The amount of
VP1 capsid protein of DAL*-1 virus increased rapidly from

L*/1774/6 3xFLAGL"/J774/33

)

L’/3774/6

6 9 36 9

Fig. 4. (A) Viral RNA synthesis of DAL*-1 virus in control/J774/6, L*/1774/6, and 3XFLAGL*/J774/33 cells. Total RNA extracted from the virus infected-cells
(93 x 10* cells) was subjected to RNase protection assay as described in the text. The numbers at the top of panel indicate hours post-infection (p.i.). Lane
P is the starting probe. (B) Synthesis of viral protein in control/¥774/6, L*/1774/6, and 3xFLAGL*/J774/33 cells. The cells were infected with DAL*-1 virus
at an MLO.L of 10. After the infection, the cell Iysates were analyzed by Westem blotting with DA mAb 2 as described in the text. The numbers at the top of

panel indicate hours p.i.
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3h p.i., reaching a plateau at 6 to 9h p.i. in L*/J774/6 celis.
The same tendency was observed in both control/J774/6 and
3xFLAGL*/J774/33 cells.

The data obtained in the L*-expressed system have con-
firmed that L* protein is essential for virus growth in J774-1
cells. In fact, GDVII strain, which does not grow in J774-1
cells (Obuchi et al., 1997), also had a rescue of the growth
activity in L*/J774/6 cells (data not shown). As described
elsewhere (Obuchi et al., 1997), DA strain infects and ac-
tively replicates in J774-1 cells, with only a minimal damage
on these cells. This property is clearly important to set the
stage for a persistent infection of DA strain in macrophages
in vivo. Therefore, DA strain may be able to maintain its
genome in macrophages in the presence of L* protein, lead-
ing to virus persistence and consequently to demyelina-
tion.

As shown in Fig. 4A and B, L* protein had no effects
on viral RNA replication and viral protein translation, These
results differ from our previous reports (Takata et al., 1998;
Obuchi et al., 1999, 2000) that suggested that L* protein prob-
ably interferes with viral RNA replication, however, only two
time-points (3 and 9 h p.i.) were examined in these previous
studies. No effects of L* protein on virus attachment were
found in a previous report (Obuchi et al., 1999). As shown
in Fig, 3, the titers of cell-associated virus almost paralleled
those of cell-free virus in all cells, strongly suggesting that
the release of virions are not influenced by the presence or
the absence of L* protein. Therefore, L* protein may have
some effect(s) on the step of virion assembly. The effect of
L* protein is presumably in trans.

The formation of viral particles of picornaviruses is re-
ported to be coupled to RNA replication, both events oc-
curring on the surface of virus-induced membranous vesi-
cles found in the cytoplasm of infected cells (Blondel et al.,
1998). The poliovirus-induced vesicles are formed closely
related on the surface of intracellular membranes, such as
the endoplasmic reticulum (ER) (Suhy et al., 2000). Pro-
teins of the poliovirus replication complex, especially 2BC
and 3A, accumulate in patches on the ER. Double mem-
brane vesicles derive from the ER (Suhy et al., 2000). Mi-
crotubules are known io be closely associated with the ER
(Lodish et al., 1995). It may be that the association of L*
protein with microtubules is important in TMEV assembly
in J774-1 cells or other macrophage cell lines. Of inter-
est, the importance of L* protein to DA growth is not ob-
served in other types of cells (Obuchi et al., 1999). Some
unknown host cell factor(s) may have a key interaction with
L* protein that is important for virus growth. This may fos-
ter DA persistence in a cell key to carrying out DA-induced
demyelination. Two-hybrid system may identify this fac-
tor(s), and the study is under progress. The restricted growth
and persistence of TMEV in macrophages may be criti-
cal to the white matter disease. Therefore, the identifica-
tion of this factor(s) interacting with L* protein may clar-
ify the mechanism(s) of TMEV-induced demyelinating dis-
ease.
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