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Equine herpesvirus-1 (EHV-1) and -4 (EHV-4) belong to the order Herpesvirales,
family Herpesviridae, the subfamily Alphaherpesvirinae and the genus Varicellovirus.
These viruses have linear double-stranded genomes of 150 and 145 kb, respectively, and
both encode 76 distinct genes. EHV-1 causes acute upper respiratory disease, occasional
central nervous system disorder and contagious abortion in horses. On the other hand,
EHV-4 infects young horses in breeding farms and causes pyrexia and respiratory disease.
Both viruses have shown a wide geographic distribution and cause serious economic losses
in horse industry worldwide. EHV-1 and -4 are closely related both genetically and
antigenically, and show cross-reactivity in many serological tests such as
virus-neutralization (VN), complement-fixation (CF) and immunoblot analysis. However,
they are different in some characteristics, including their pathogenesis. Notably, EHV-1
can grow in some non-equine cells, whereas the growth of EHV-4 appears to be restricted to
equine cells. Furthermore, it is reported that only EHV-1 could agglutinate equine red
blood cell (RBC). Until now, there is only inactivated vaccine against EHV-1 in Japan.
However, EHV-1 with a deletion of the glycoprotein E (gE) gene, which is responsible for
the pathogenesis of EHV-1, is ongoing attempts to introduce as a new live modified vaccine.

The aim of this study is to clarify the virulence factor of EHV-1 by comparing
differences between EHV-1 and -4 and to contribute to the vaccine development.

First of all, we established a new equine cell line, FHK-Tcl3.1. As equine cell lines
were very rare, it was so difficult to isolate, propagate and analyze EHV-4. Therefore,
comparative analysis between EHV-1 and -4 is difficult. To resolve the problem, we
established a new cell line, named FHK-Tcl3.1, which was derived from fetal horse kidney
and immortalized by SV40 large T antigen. FHK-Tcl3.1 cells grew well and could support
propagation of EHV-1, -2 and -4 with clear cytopathic effect (CPE). These results indicated
that FHK-Tcl3.1 cells are useful for the research on EHVs.

Next, we identified the haemagglutinin of EHV-1 using expression plasmids
encoding EHV-1 glycoproteins. Haemagglutination (HA) test and haemadsorption assay

using 293T cells transfected with the expression plasmid encoding major EHV-1
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glycoproteins, gp2, gB, gC, gD, gE, ¢G, gl, gM and gN, were performed. As the result, only
293T cells expressing gC adsorbed and agglutinated equine RBC. In addition, the HA
activity was inhibited by monoclonal antibodies (MAbs) against EHV-1 gC, suggesting that
gC is certainly responsible for the HA activity. Furthermore, the HA activity was not
inhibited by addition of heparin, indicating that the EHV-1 gC has a different character
from gCs of other herpesviruses. Therefore, it is hypothesized that HA activity of EHV-1
might be related to EHV-1-specific virulence.
Finally, we identified EHV-1 gE-specific epitope to develop a new diagnosis method.
To identifiy EHV-1 gE specific epitope, the various fragments of EHV-1 gE were expressed
as fusion proteins with glutathione S-transferase (GST) in FKscherichia coli and their
antigenicities were compared by immunoblot analysis using EHV-1-infected horse serum.
As the result of immunoblot analysis, it was indicated that EHV-1 gE-specific epitope was
located in gE1 (169-201). For further identification, three 20-mer synthetic peptides, gE1
(169-188), gE1 (176-196) and gE1 (182-201), were analyzed by ELISA, resulting in
identification of the EHV-1-specific epitope, g1 (169-188). In addition, we established a
new ELISA assay using the gE1 (169-188) peptide as the antigen. The ELISA could
sensitively detect EHV-1 infection, but not react with EHV-1 AgE inoculation. The new
ELISA using synthetic peptides is a simple method to distinguish between EHV-1 and
EHV-4 infections and will be available as a vaccine marker after introduction of EHV-1
AgE into field horses.
In conclusion, some novel findings are shown in the study.
1. The novel cell line derived from horse, FHK-Tcl3.1, was established.
2. EHV-1 gC is responsible for the HA activity and the HA activity is not inhibited by
heparin. This is the first report of a herpesviral gC capable of agglutinating the RBCs of its
respective host.
3. EHV-1 gE-specific epitope is located in amino acid position 169 -188 (gE1 (169-188)).
4. New ELISA using the epitope peptide gE1 (169-188) is useful for the diagnosis of EHVs
infection.
These findings must be available for the research on EHVs and the development of

effective vaccine.
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Functional and immunological analysis of glycoproteins gC and gE of
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EARENSRE Sz, EHV-1 oC 2350 HA FEMEIEA~RY AT K O BRE SRRV &0 5 458
DDAV AT AR gC O HATRE L IEB R D HE 2oL O TH Y | EHV-1 OFFR
PECHE L TR AR RR S e, E5IT, EIV-1 of HRMZTE A —71% 169-188
OEFIET D EBHP L, Z 0T F FEFAWT=5# ELISA X BV OB E A TH
B ERTENTE,
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