Further evidence for a role for CD134 in
viral infection was provided by down-
regulation of CD134 from the surface of
FlV.infected cells (fig. S2). Moreover,
CD134-expressing cells expressed levels of
CXCR4 similar to those expressed by control
cells, indicating that CD134 did not mediate
its effect on FIV infection by modulating
CXCRA4 expression (fig. S3).

‘We have shown that CD134 functions as a
primary receptor for an immunodeficiency-
causing lentivirus. CDI134 expression is
largely restricted to CD4* T lymphocytes
(72, 15-20); however, in humans and mice,
CD134 is also expressed at lower levels on
activated CD8™* T cells (J8, 21), macro-
phages, and activated B cells (22). CD4* T
cells are the primary target for FIV in early
infection, whereas in chronic infection CD8*
T cells and B cells are also infected (23, 24).
The tropism of FIV in vivo therefore appears
to be consistent with the predicted expression
of CD134. In addition, the viral coreceptor
CXCR4 is expressed widely in the cat [in
activated T cells, B cells, and monocytes
(25)], and because some primary and cell
culture—adapted strains of FIV can infect via
CXCR4 alone (26) {CD134-independent in-
fection), the breadening of cell tropism of the
virus in chronic infection may represent a
shift toward CD134-independent infection.

Signaling through CD134 plays a crucial role
in the survival and preliferation of CD4* T cells
that have encountered antigen {20). By targeting
CD134-expressing cells, FIV would selectively
deplete a subset of CD4* T cells that is integral to
the development of antigen-specific T cell re-
sponses. In contrast, by using CD4 as a primary
receptor, HTV has the potential to infect all CD4+
T cells and induce a more profound immune
defect. However, the cell tropism of HIV is re-
stricted by the expression of the viral coreceptor
which, for the majority of strains that are trans-
mitted, is CCRS5. CCRS expression on CD4™ T
cells is restricted to an effector/memory T cell
subset {27, 28). Thus, despite the use of distinct
primary binding receptors, both the human and
feline viruses selectively impair antigen-specific
helper T cell responses.

Vaccination may lead to enhancement of
infection in the feline model of AIDS (29). Qur
new data may shed new light on the mechanism
of enhancement, because CD134 is a T cell
activation antigen, with expression in vivo re-
stricted predominately to CD4™ T cells. Vacci-
nation may induce an expansion of a population
of cells expressing the viral receptor, so that if
sterilizing immunity is not achieved, vaccina-
tion may prove counterproductive.

That two lentivirases with host species as
divergent as human beings and the domestic cat
should use distinct primary receptors to target
similar T cell subsets underlines the central role
of CD4* T lymphocyte infection in the patho-
genesis of AIDS, Whether the feline and human
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lentiviruses evolved from a ¢common ancestor,
such as a CD4- or CD134-independent virus, is
an intriguing question regarding the develop-
ment of viral virulence, and this study repre-
sents a first step toward providing a solution.

References and Notes
. Q. ]. Sattentau, R. A. Weiss, Cell 52, 631 {1988).
. E. A. Berger, P. M. Murphy, ). M. Farber, Annu. Rev.
immunol. 17, 657 (1999).
. P. D. Kwong et al,, Nature 393, 648 (1998).
R. W. Doms, |. P. Moore, J. Cell Biol. 151, F9 {2000).
. M.C. Pedersen, E.W. Ho, M, L. Brown, J. K. Yamamoto,
Science 235, 790 {1987),
6. N. C. Pedersen, in The Retroviridae, ). A Levy, Ed.
(Plenum, New York, 1993), vol. 2, chap. 3,
. A. deParseval, |. H, Elder, 1. Virol. 75, 4528 (2001}
. B. ). Willett, M. J. Hosie, ). C. Neil, ], . Turner, J. A.
Hoxie, Nature 385, 587 (1997).
9. J. Richardson et al,, J. Virol. 73, 3661 {1999).
10. T. Miyazawa et af., Arch. Virof. 108, 131 {1585).
11. M. Shimojima et al., Anal. Biochem. 315, 138 {2003}
12. D. J. Paterson et al, Mol. Immunol, 24, 1281 {1987).
13. S. Mallett, $. Fossum, A, N. Barclay, EMBG J. 9, 1063
{1990).
14. M. ]. Endres et al., Cell 87, 745 {1996),
15. M. . Hosie et af,, f. Virol. 72, 2097 {1998).
16. B. ). Willett et at, J. Virol. T1, 6407 (1997).
17. B. ). Willett et al., /. Virol. 72, 6475 {1998}
18. A. Al Shamkhani et af., Fur. ). immunol. 26, 1695
{1996).
19, E. Stuber, W. Streber, J. Exp. Med. 183, 579 (1956).
20, ). Gramaglia, A. D. Weinberg, M. Lemon, M. Croft,
. tmmunol. 161, 6510 (1988).

N

bW

o~

REPORTS

21. P. R. Baum et al, EMBO J. 13, 3992 (1994).

22. H. Durkop, U. Latza, P. Himmelreich, H. Stein, Br. f
Haematol, 91, 927 (1995).

23. R V. English, C. M. Johnson, D. H. Gebbard, M. B.
Tompkins, /. Virel. 67, 5175 [1993).

24. G_A. Dean, G, H. Reubel, P. F. Moore, N. C. Pedersen,
. Virel. 70, 5165 (1996),

£5. B.). Willett, C. A. Cannon, M. J. Hosie, §. Virol. 77, 709
(z003).

26. D. L. Lerner, J. H. Elder, f. Virol. 74, 1854 {2000}

27. C. C. Bleul, L W, ). A. Hoxie, T. A. Springer, C, R,
Mackay, Proc. Natl Aced. Sci. U.S.A. 94, 1925
(1997},

28, L Wu et al, /. Exp. Med. 185, 1681 (1957),

29. M. J. Hosie, R. Osbome, G. Reid, ). C. Neil, ©. Jarrett,
Vet Immunol, immunopathol. 35, 191 (1992).

30. Supported by the Japanese Ministry of Education,
Culture, Sports, Science and Technology and by PRES-
TO, Japan Science and Technology Agency {T.M.);
NIH grant ROT AI49Y65-01AT (EM, MJH, and
B.JW.): The Wellcome Trust {MJ.H. and HH.); fapan
Society for the Promotion of Science [M.S.); and the
Medical Research Coundil (Y.T.} and Cancer Research
UK (Y.1). We are grateful to R. A. Weiss for critical
evaluation of the manuscript, A. N. Barclay for the
provision of antisera, and N. Ishii for the human
OX40 cDNA.

Supporting Online Material
www.sciencemag.org/egi/content/full/303/5661/1192/
[s]a]

Materials and Methods

SOM Text

Figs. 51 to 53

References

2 October 2003; accepted 9 January 2004

Regulation of Fasted Blood
Glucose by Resistin
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The association between obesity and diabetes supports an endecrine role for
the adipocyte in maintaining glucose homeostasis. Here we report that mice
lacking the adipocyte hormone resistin exhibit low blood glucose levels after
fasting, due to reduced hepatic glucose production, This is partly mediated by
activation of adenosine monophosphate-activated protein kinase and de-
creased expression of gluconeogenic enzymes in the liver. The data thus support
a physiological function for resistin in the maintenance of blood glucose during
fasting, Remarkably, lack of resistin diminishes the increase in post-fast blood
glucose normally associated with increased weight, suggesting a role for resistin
in mediating hyperglycemia associated with obesity.

The parallel epidemics of obesity and type
2 diabetes suggest a relation between in-
creased adipose mass and insulin resistance
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Department of Medicine, and The Penn Dizbetes Cen-
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(1). Adipocytes secrete several signaling
molecules that affect glucose homeostasis,
such as fatty acids, adiponectin, leptin, in-
terleukin-6, and tumor necrosis factor-a
(2). Resistin is an adipocyte-secreted hor-
mone that has been linked to diabetes (3,
4}, a view supported by increased blood
glucose and increased hepatic glucose pro-
duction when resistin is administered
acutely in rodents (5, 6). However, the role
of resistin in glucose metabolism is contro-
versial (7), and the normal physiological
function of resistin is unknown.
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Downmodulation of CD3¢ expression in
CD8ua™f~ T cells of feline immunodeficiency
virus-infected cats
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Feline immunodeficiency virus (FIV) infection in cats is associated with an increase of feline
CD (fCD)8a™*§~ and fCDBa* " celis in peripheral blood. To investigate these cells in more
detail, an anti-tCD3s mAb, termed NZM1, was generated, which recognizes the extracellular
epitope of the {CD3e molecule. The anti-fCD3¢ mAb proved 1o be more suitable for identifying
feline T cells than the anti-fCD5 one, which has been used as a pan-T-cell reagent in cats,
because of the presence of {CD5+fCD3e™ cells among lymphocytes. Although the CD8g+ 5~
and fCD8a™ f' cells in the FIV-infected cats expressed fCD3¢, a subset of fCD8a* 5™ cells

:R_ecéivgéii.o M_arc?;' 2004 o

:._chepte'd_ 1 May2‘004 Sl fCDBa* f T cells.

expressed fCD3¢ antigen at a lower level than the T cells whose phenotype was fCD4*, or
fCDBa* §'°". The lower expression of f{CD3e may be associated with the immune status of

CD8™ T cells play potential roles in the immunopatho-
genesis of human immunodeficiency virus type 1 (HIV-1)
infection (Yang & Walker, 1997). The CD8 antigen con-
sists of two polypeptides, CD8x and CD8f, and exists
as a heterodimer (CD8«f) or a homodimer (CDS8oo). In
humans, T-cell receptor (TCR) af T cells express the CD8aff
heterodimer, and TCRyd T cells and natural killer cells
express the CD8ax homodimer (Moebius et al, 1991).
Feline immunodeficiency virus (FIV) infection in cats has
been studied extensively as an animal model for the
persistent infections and pathogenesis caused by HIV (for

tPresent address: Department of Virology I, National Institute of
Infectious Diseases, Gakuen 4-7-1, Musashimurayama-shi, Tokye 2C8-
0011, Japan,

tPresent address: Division of Virology, Depzartment of Microbiclegy and
Immunology, Institute of Medical Science, University of Tokyo, 4-6-1
Shiroganedai, Minato-ku, Tokyo 108-8639, Japan.

§Present address: Department of Pathobiology, College of Veterinary
Medicine, University of Florida, Gainesville, FL 32611, USA.

lIPresent address: Department of Biological Chemistry, UC Davis
Schael of Medicine, UC Davis Cancer Center, Sacramento, CA 85817,
USA.

YIPresent address: Food Safety Commission, The Cabinet Office,
Japanese Government, Nagata-cho, Chiyoda-ku, Tokyo, .Japan.

a review see Miyazawa, 2002). Previously, we found that
feline CD (fCD)8a*f~ and fCD8x™* " cells increased
in number in the peripheral blood of FIV-infected cats
(Shimojima et al, 1998a). These subsets were reported to
play roles in the suppression of FIV replication (Bucdi et al,,
1998; Flynn et al, 2002; Gebhard et al, 1999; Shimojima
et al., 2004). The induction of similar subpopulations was
also confirmed in human diseases, such as HIV infection
(Schmitz et al, 1998). However, it remains unknown
whether the fCD8«* §~ and fCD8a* f cells are T cells
or natural killer cells. The phenotypic characterization of
fCD8a* B~ and fCD8a™ " cells in FIV-infected cats is
difficult due to a Jack of monoclonal antibodies (mAbs)
against appropriate surface markers.

Cells of the T-cell lineage bear a TCR-CD3 complex
consisting of variable af or y8 TCR chains associated with
invariant CD3 chains of y, &, ¢ and ¢ (Ashwell & Klausner,
1990). The CD3¢ chain appears to be the most immuno-
genic and exposed part of CD3, as anti-human CD3 mAbs
are predominantly directed to epitopes of the CD3e sub-
unit (Transy et al, 1989). Only completely assembled TCR-~
CD3 complex can be expressed on the T-cell surface (Clevers
et al, 1988). Therefore, mAbs for CD3¢ have exquisite
specificity for T cells and are widely used to identify T cells

0008-0102 © 2004 SGM Printed in Great Britain
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in both humans (Reinherz et al, 1979) and mice (Leo et al,
1987). To investigate feline T cells, Joling et al. (1996)
reported that an anti-human CD3e polyclonal antibedy,
prepared from rabbits immunized with peptides of the
cytoplasmic domain of human CD3e, cross-reacted with
feline CD3¢ and could be used for immunohistochemical
studies in cats. However, this antibody was inconvenient
as the permeabilization of cells is necessary for flow cyto-
metric analysis. Instead of a specific anti-fCD3 mAb,
fA3 mAb, which recognizes the feline homologue of the
CDS5 antigen, has been used as a pan-T-cell reagent in cats
(Ackley & Cooper, 1992). However, the CD5 molecule is
also expressed on a subset of B cells in humnans, rabbits and
mice {Caligaris-Cappio et al,, 1982; Manohar et al,, 1982;
Raman & Knight, 1992), therefore f43 mAb appears to be
inappropriate for the detection of feline T cells. In order
to solve this problem, we prepared a mAb termed NZM1
that detects the fCD3¢ antigen in immunoblotting and
flow cytometric analyses, and characterized the fCD8a™ g~
and fCD8a* §'°* cells in FIV-infected cats.

Hybridomas were generated from BALB/c mice immunized
with insect cells (Sf9 cells) infected with the recombinant
baculovirus rAcfCD3¢, which carries ¢<DNA encoding the
fCD3¢ molecule (Nishimura et al, 1998). A positive hybri-
doma designated NZM1 (IgG3) was selected based on the
reactivity with a T-lymphoblastoid cell line, MYA-1 cells
(Miyazawa et al, 1989b), by an indirect immunofluores-
cence assay using a fluorescein isothiocyanate {FITC)-
conjugated secondary antibody. The specificity of NZM1
was confirmed by the immunoblotting analysis using Sf9
cells infected with rAcfCD3¢ and feline peripheral blood
mononuclear cells (PBMCs) as antigens (Fig. 1). As a

(kDa) 1 2 38 4 5 6 7 8 ¢ 10
710 —
41-8 =
306 ~—

B~ -
178—
s.g-—ﬂl—,

Fig. 1. Immunoblotting analysis of Sf8 cells (lanes 1-2 and
6-8), MYA-1 cells (lanes 4 and ) and feline PBMCs (lanes 5
and 10) using anti-human CD3e polyclonal antibody (fanes
1-5} and NZM1 mAb (lanes 6~10). Positive reaclions were
visualized by 83,3'-diaminobenzidine tetrahydrochloride staining.
The Sf9 cells were mock-infected (lanes 1 and 6) or infected
with the control baculovirus {lanes 2 and 7) or rAciCD3e (lanes
3 and 8). Specific bands were observed in lanes 3-5 and
8-10.

control, a rabbit polyelona) antibedy against the cytoplasmic
region of human CD3¢ (Dako A/S) was used. Secondary
antibodies conjugated with horseradish peroxidase were
used to detect positive signals as described previously
{Miyazawa et al,, 1989a). NZM1 recognized several bands
of about 25 kDa in §f9 cells infected with rAcfCD3¢ (Fig. 1,
lane 8) but not in mock-infected cells (Fig. 1, lane 6) or
cells infected with the control baculovirus (Fig. 1, lane 7).
NZM]1 was confirmed to react with a 25 kDa molecule of
MYA-1 cells (Fig. 1, lane 9) and feline PBMCs (Fig. 1, lane
10), which was identical to the molecule recognized by the
anti-human CD3¢ polyclonal antibody (Fig. 1, lanes 1-5).
These findings indicate that the mAb NZM1 is directed
against the fCD3¢ molecule.

Next, we investigated whether the engagement of fCD3e
with NZM1 also induced T-cell proliferation as demon-
strated with anti-CD3 mAbs of other species {Leo et al,
1987; Tsoukas et al., 1985; Yang et al., 1996). Feline PBMCs
{2x 10°) separated from heparinized whole blood of a
specific-pathogen-free (SPF) cat were suspended in 100 pl
RPMI 1640 medium containing fetal calf serum (10 %, v/v)
and antibiotics, and plated in a well of a 96-well flat-
bottomed microculture plate. The PEMCs were cultured in
the presence of the anti-fCD4 mAb[4D9 (IgG1); Shimojima

et al, 1997, anti-fCD8« [12A3 (IgG2a); Shimojima et al.,

1998b] or NZM1 (final dilution, ascites 1:10°, 1:10% or
1:10%) for 72 h at 37°C in a humidified atmosphere of
5% CO; in air. The proliferation of PBMCs was measured
by MTT assay (Mosmann, 1983). The cells proliferated to
a greater extent when cultured with NZM1 than with 4D9
or 12A3 (P<0-005, n=3; data not shown}. We considered
that NZM1 recognizes the extracellular epitope of fCD3¢,
as it could stain feline PBMCs without permeabilization in
the immunofluorescence analysis and induce the prolifera-
tion of feline PBMCs in the co-cultivation experiments.

Two cats infected with each of the FIV TM1 (cat 103) and
TM2 (cat 104) strains for 11 years (Miyazawa et al,, 198%a)
and one infected with the Petaluma strain for 2 years (cat
115) were used in the flow cytometric analysis. Three adult
SPF cats aged 8-10 years (cats 102, 201 and 202) were used
as uninfected controls. All cats were clinically healthy.
PBMCs were suspended in a sorter buffer (PBS containing
39% fetal calf serum and 0-05 % sodium azide) and centri-
fuged at 800 r.p.m. to remove platelets. The mAb NZM1 was
labelled with FITC {fCD3-FITC) according to a standard
procedure. PBMCs were washed twice in the cold sorter
buffer and incubated with fCD3:~FITC. After washing with
the sorter buffer, stained cells were analysed after gating for
lymphocytes based on light (forward and side) scatters
using a flow cytometer FACScan with CELLQUEST software
{Becton Dickinson). The different subpopulations were
expressed as percentages of the total lymphoeyte popula-
tion. The uninfected and FIV-infected groups gave dis-
tinctive patterns of fCD3e expression, and representative
results are shown in Fig. 2. In FIV-uninfected SPF cats, the
fCD3¢ molecule was expressed on 57-2+9:5% (n=3) of
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Fig. 2. Flow cytometric analysis of feline peripheral blood lym-
phocytes. Isolated PBMCs were stained with fCD3e=FITC
(NZM1, FL1-H) only (a, c) or fCD3:-FITC and fCD5-PE (43,
FL2-H} (b, d). The x axis gives the fluorescent intensity for
fCD3e. The y axis shows the fluorescent intensity for fCD5 (b,
d). Numbers in the corner of each pane! indicate the percen-
tage of cells expressing fCD3¢ at indicated levels (a, ¢) or the
percentage of cells in each area (b, d). Three cats infected
with FIV and three SPF cats as uninfected controls were used.
Representative results of uninfected (cat 102) (a, b) and FIV-
infected (cat 104) (¢, d) cats are shown.

peripheral lymphocytes (Fig. 2a). On the other hand, two
subsets of {CD3 ™ cells, fCD3™M® (33:1 4 16-5%, n=3) and
fCD3'°" (20-7 493 %, n=3), were detected in the FIV-
infected cats (Fig. 2¢). As the fCD5 antigen has been
considered a pan-T-cell molecule in cats, PBMCs were
labelled with fCD3e-FITC and phycoerythrin  (PE)-
conjugated anti-fCD5 mAb (fCD5-PE), 43 (Ackley &
Cooper, 1992) and analysed by flow cytometry (Fig. 2b, d).
Although most of the fCD5 cells expressed the fCD3z
molecule, there was a substantial number of fCD5 ™ fCD3¢™
cells in FIV-uninfected SPF cats (2:0+ 1-7 %, n=3; Fig. 2b).
So anti-fCD5 mAb appears to be unsuitable for the
detection of feline T cells. The expression of fCD5 antigen
on feline B cells has not been characterized in detail, and it
is unknown whether this subset corresponds to CD5* B
cells in humans and mice. It should also be noted that the
fCD5" population consisted of fCD3:Me" and fCD36°%
subsets (Fig. 2d), which indicates that fCD8a™ ™ cells in
FIV-infected cats consist of fCD3:"'8" and fCD3¢' subsets
(Shimojima et al., 1998a; Stievano et al, 2003).

Next the PBMCs were stained with mAb fCD3e~FITC
and either fCD4-PE (Fel7; Ackley et al,, 1990), f{CD8S-PE
(FT2; Klotz & Cooper, 1986), f{CD8x« (2D7; Shimojima et al,

Characterization of feline CD8a™ 8~ and CDBa* f°¥ cells

1998b), or the mixture of fCD4-PE, fCD8« and fCD8S-
PE. A secondary rat anti-mouse IgG2a antibody con-
jugated with PE (Zymed Laboratories) was used for the
detection of fCD8a. The uninfected and FIV-infected
groups gave distinctive patterns, and representative results
are shown in Fig. 3. Most of the fCD4™" and fCD8™ cells
were fCD3:¥. The fCD3:™ cell population consisted of
fCD4* (46-34+2-4%; Fig. 3a), fCD8a™ (41-9+2-30%;
Fig. 3b) and fCD4™ fCD8a™ 7 (9-3+0-6 %; Fig. 3d) cells
in the SPF cats (rn=3). Most of the fCD3"°" cells in the FIV-
infected cats were fCD5"" fCD4~ fCD8*“4™ (Fig. 3d—g).
In addition, fCD8"™ cells whose population expanded in
FIV-infected cats also expressed fCD3e (Fig. 3¢, g).

The fCD8x* A~ and fCD8a™ F° cells in the FIV-infected
cats expressed fCD3e, hence these subsets are T cells. It is
still unknown at present whether fCD8a™ 87, fCD8a™ gl°
and fCD3e* fCD4™ fCD8a ™~ cells are ¥ T cells, as no
reagent specific for the feline TCR y- or §-chain is available.
We also found a lower level ‘of expression of the fCD8x
molecule in fCD8x™ B~ subsets. A decreased expression of
CD8a is reported in CD3™ cells but not natural killer cells
in HIV-infected individuals (Ginaldi et al, 1997). Down-
regulation of fCD8 expression may contribute to the pro-
gressive reduction of fCD8% cell function in FIV-infected
cats. Several factors may be involved in the change of
fCD3z expression in FIV infection. In general, the CD3"
T cell is a recently antigen-activated or memory cell. It is
reported that both activated and non-activated T cells from
HIV-positive patients express less CD3 than those from
control subjects (Ginaldi et al, 1997). As CD3¢ E]ays an
important role in signalling of TCR/CD3, fCD3£° cells
might raise the activation threshold and contribute to the
lack of effective immune surveillance. There is a continuous
loss of naive CD4 and CD8 T cells and expansion of memory
cells in HIV-infected patients (Bass et al, 1992). As the
majority of fCD8a* ™ cells show an increase in fCD11a
expression, one of the activation antigens (Shimojima
et al, 2003} and CD8x* B~ memory T cells descend directly
from clonally expanded CD8a* B T cells (Konno ef al,
2002), we speculate that fCD3°*fCD8«* ™ T cells con-
sist of activated memory subsets. Hohdatsu et al. (2003)
reported controversial anti-FIV activities of fCD8x™ 8~ and
fCD8a™ £ subsets. Not all fCD8a™ §™ and fCD8x™ o
cells, but some with enough fCD3z expression, may have
strong anti-FIV activity.

Trimble & Licberman (1998) reported the expansion of
CD3{~ subsets in a substantial fraction of CD8" T cells
in HIV-infected patients. They classified the CD8* cells
into the subpopulations CD8YCD3{™ and CD8*CD3 ™,
They did not mention the fluorescent intensity of the
CD3¢ molecule on CD3™ cells, and concluded that the
downregulation of CD3e expression is independent of
other TCR/CD3 components. A decrease in CD3{ mRNA
levels was also reported in T cells from AIDS patients
{Geertsma et al., 1999), but that of CD3s mRNA levels has
not yet been discussed. Although downregulation of CD3

hitp://vir.sgmjournals.org
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Fig. 3. Two-colour flow cytometric analysis of feline peripheral blood lymphocytes. lsolated PBMCs were stained with
{CD3e~FITC (NZM1) and either {CD4—PE {Fel7) (a, €}, {CD8x (2D7) (b, f), {CD8S-PE (FT2) (c, g) or a mixture of {CD4-PE,
fCD8x and fCD8-PE (d, h). Binding of {CD8x was visualized using PE-conjugated secondary antibody. The x and y axes
show fluorescent intensities for fCD3¢ and molecules, respectively. Numbers in the corner of each panel indicate the
percentage of cells in each area. Three cats infected with FIV and three SPF cats as uninfected controls were used,
Representative results for uninfected (cat 202) (a~d) and FlV-infected (cat 104) {(e-h) cats are shown,

expression on CD4* and CD8™ cells is reported in HIV-
infected patients, its relationship with CD3{ expression is
unclear {Ginaldi et al, 1997). In the fCD3 complex, f{CD3e
is the only molecule whose ¢DNA has been identified, and
NZM!1 is the first mAb specific to the fCD3 component.
Therefore it is not known at present whether the {CD3¢
downregulation involves a decrease of other feline TCR/
CD3 components, including fCD3{. If the downregula-
tion of fCD3g in the fCD8™ cells of FIV-infected cats
correlates with disease progression, as does that of CD3{
in HIV infection {Geertsma ef al, 1999), the measurement
of fCD3¢ expression may contribute to our understanding
of the immune status of FIV-infected cats.
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Summary. Nine isolates of Canine parvovirus (CPV) were obtained from
Vietnamese dogs and cats. One canine isolate showed a unique antigenic property
which indicates a novel antigenic variant of CPV-2b when examined with hemag-
glutination inhibition tests using our monoclonal antibodies, 21C3 and 19D7,
which were recently developed. This isolate had an amino acid substitution of
residue 426, Asp to Glu, and the same substitution has recently been found in
CPV from Italian dogs. This study first showed that such substitution caused an
antigenic difference demonstrable by monoclenal antibodies and that a similar
evolution may have occurred in CPV in Vietnam.

*

Canine parvovirus (CPV} is a small, non-enveloped virus that possesses single-
stranded DNA. The CPV capsid is composed of two structural proteins, VP1 and
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VP2, which are translated from alternatively spliced mRNAs [20]. VP2 is 2 main
component of capsid and amino acid substitutions in VP2 cause antigenic changes
of CPV [18, 21].

As CPV has shown several antigenic and host range changes since its emer-
gence, it is thought to be an interesting model of viral evolution. CPV or CPV-2
suddenly emerged in dogs in the late 1970°s and rapidly spread worldwide [6].
After the emergence of CPV-2, two new antigenic variants, designated CPV-
2a and CPV-2b, have arisen consecutively [17, 19]. These two variants have
almost completely replaced CPV-2 and have been distributed worldwide [7, 8,
17, 22). Five conserved amino acid differences in VP2 are observed between
CPV-2 and CPV-2a [19]. CPV-2b has two additional substitutions in VP2 of
residue 426 Asn (Asn-426) to Asp and Ile-555 to Val [19]. Asp-426 is an important
substitution that distinguishes CPV-2b from the other antigenic types, including
the related feline panleukopenia virus (FPLV) and mink enteritis virus (MEV)
[19].

Recently, another antigenic change was observed. We isolated CPV-2a- and
CPV-2b-related viruses from domestic and leopard cats in Vietnam [10, 11, 13].
Three isolates from leopard cats were shown to be a new antigenic type by the
absence of reactivity with several monoclonal antibodies (MAbs) {11]. They were
designated CPV-2¢ and further divided into CPV-2¢(a) and CPV-2¢(b) by varia-
tion of residue 426, which distinguishes CPV-2b from CPV-2a. CPV-2¢ viruses
have the substitution of Gly-300 to Asp, which is thought to be responsible for
the characteristic antigenicity of them.

The emergence of CPV-2c indicates that CPV is still evolving in Vietnam.
Therefore, it is important to research on field isolates in this area. In this study,
we isolated CPV from rectal swab samples of dogs and cats collected in Vietnam
and determined genetic and antigenic properties of the isolates. Interestingly,
one canine isolate showed a unique antigenic property which indicates a novel
antigenic variant of CPV-2b.

Eighty-six rectal swab samples from domestic dogs and 40 rectal swab sam-
ples from domestic cats were collected in Ho Chi Minh City and Hanoi in
Vietnamin 2002. Samples were suspended in Dulbecco’s modified Eagle’s medium
and filtrated through Millipore filter (pore size 0.22 wm). Samples were inoc-
ulated onto Crandell feline kidney (CRFK) cells, Madin-Darby canine kidney
(MDCK) cells, or the thymic lymphoma cell line 3201, followed by blind passages
one to three times until cytopathic effects (CPEs) were observed. The isolates
were propagated in CRFK or MDCK cells and used for antigenic and sequence
analyses.

Hemagglutination inhibition (HY) tests were performed for antigenic analysis
of Vietnamese isolates as previously described [12]. The HI titer was determined
as the reciprocal of the highest dilution that completely inhibited viral hemag-
glutination. MAbs A3B10, B6DS5, B4E1L, A4E3, C1D1, B4A2 [16], and P2-215
[9] were previously reported elsewhere. MAbs 2G5, 21C3, 19D7, and 20G4 were
generated in our previous work [15]. The viruses used as reference strains in
the antigenic analysis were FPLV TU-1 [14], MEV-2 M-1 [11], CPV-2 CPV-b
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[16] and Cp49 (2], CPV-2a CPV-31 [17] and 97-003 [11], CPV-2b CPV-39 [17]
and 97-008 [11}, CPV-2c(a) V139 [10], and CPV-2¢(b) V203 [10]. In addition to
Vietnamese isolates, recent isolates from Japanese dogs and cats [unpublished]
were also analyzed.

For sequence analysis, the VP2 gene was amplified by PCR with the primer sets
reported previously [11]. After the amplified DNA fragments were purified from
the agarose gel, they were used for the sequencing reaction with a Big Dye Termi-
nator cycle sequencing kit (Applied Biosystems, Foster City, Calif.). The samples
were resolved on an automated DNA sequencer (model 3100-Avant; Applied
Biosystems). The sequences of the VP2 genes of the previously published isolates
were obtained from the DDBJ database. Phylogenetic analysis was carried out
using GENETYX-MAC ver 12.0 (Genetyx Co., Tokyo, Japan). Pair-wise genetic
distances were calculated by using the Jukes-Cantor method. Phylogenetic trees
were constructed by using the neighbor-joining method and bootstrap analysis
was performed with 1000 trials,

Eight isolates from dogs and one isolate from a cat were obtained (Table 1).
HNI-3-4 was isolated and propagated in MDCK cells. HCM-8 and HNI-4-1 were
isolated in 3201 cells and propagated in CRFK cells. The other six isolates were
obtained and propagated in CRFK cells. Seven of the eight isolates obtained
from Vietnamese dogs were classified into CPV-2b type by HI assay (Table 1),
suggesting that CPV-2b viruses were predominant in the dog population in this
area. CPV-2b viruses were isolated from Vietnamese cats in our previous study
[10, 11, 13] and also in this study (HNI-1-18) (Table 1). The isolates from
Vietnamese dogs were not phylogenetically separated from those from Vietnamese
cats (Fig. 1). These data suggest that transmission of CPV-2b between dogs and
cats has occurred in Vietnam.

The sequence analysis of the VP2 gene confirmed the classification of these
isolates and revealed some amino acid substitutions. HCM-8 had the substitutions
of Pro-13 to Ser and Thr-265 to Lys (Table 2). A similar substitution, Thr-265
to Pro, was observed in Italian isolates [3, 4]. HCM-18 and HNI-2-13 had a
common substitution of Phe-267 to Tyr (Table 2). Because residues 265 and 267
are not exposed on the capsid surface [1, 25], substitutions of these residues
may not affect antigenicity of the viruses. All isolates have the common sub-
stitution of Ser-297 to Ala (Table 2), which has been observed in most recent
CPV-2a- and CPV-2b-related isolates in Asia [11], Italy [3-5], and Germany
[23].

Usually, CPV-2b has been distinguished from CPV-2a by a single MAb B4A2
[19] which recognizes CPV-2a but not CPV-2b. In addition to the MAb, we
recently developed an MAb, 21C3, which distinguishes CPV-2b from CPV-2a
[15], recognizing CPV-2b but not CPV-2a. By using these MAbs, we can clearly
distinguish CPV-2b from CPV-2a. Both MAbs recognize the antigenic site A
(13, 21], which is located on the tip of the threefold spike in the capsid structure
[24]. This antigenic site A contains the residue 426, which causes antigenic
changes of CPV-2a to CPV-2b by substitution of the residue from Asn to Asp. In
this study, one isolate, HNI-4-1, showed a unique antigenic property different from



M. Nakamura et al.

2264

SUel]s 2JU312]a1 SB Pasn aiam
£OTA (G)9T°AdD PUE 6ETA (2J52-AdD *800-L6 ‘6€-AdD GC"AdD ‘€007L6 ‘1£°AdD BT-AdD *6¥4D '4-AdD TALD “I-W AT ‘1-NL Alddq

PRIS31 10U [N,
000'821 000'8T1 00Z'€  000'v9 N IN LN LN LN IN LN (@)7z-AdD
000'7IS 000'Z€ 001>  QQO'9ZI LN JIN .IN LN IN IN IN (®)97-AdD
0091 000'8Z1 00Tt Q009  000'1> > 08201 ¥9 0l o9 00v'9 qT-AdD
00Z'e 000°T¢  OOT> 0009  000°1> Sl 0¥9 8T1 0¢ 08Z°1  (QOv'9 BZ-AdD
oclL=> 000°ZE 001> 000°T>  000°1> 91 Q1~ ¥9 08Tl 081 008'ZI TAdD
qSURNS 001> 000'%9 001> QOO'L> LN LN IN LN LN IN LN AINW
PUBILIY 01> 000'c€ 001>  QOO'I>  000'91 i ol> ¥> 0821 0F9  OOF'9 N1dd
z-AdD  00T°€ 000'8T1  008‘TI 00G'+9 LN IN AN LN IN JIN LN D BI-1"INH
ueLeA gZ-AdD  Q0T'C 000°8 00¥ 000TE  000'T> = 0v9 ¥9 0l or9  008°CI 2oqg [-#-INH
qz-AdD  00T'¢ 000°87T 008TI 000'%9 LN AN IN LN IN IN LN dogq  11-¢-INH
az-AdD  00T'¢ 000'871 009  000'¥9  000'T> P> 0821 8Z1 01 0rg 08Tl 0@  p-¢-INH
aZ-AdD  009°1 000%9  00¥'¢  000CTE LN LN LN IN IN AN LN 3oq  €1-ZINH
az-AdD  00T'E 000°8TT 00F'9  000'¢9  000'1> P> 08Z°1 821 01 ov9  008CI 3oq  €7-WOH
9Z-AdD 0091 000%9  00F'9  O000TE  00O'I> > 08Z°1 821 01 ove  008°Tl dod  QI-WDH
q9T-AdD  00T'¢ 000'8ZI 009  000'¢9 Q001> ¥> 08T'I 8C1 01 o¥g  008'CI dog 8-WOH
qz-AdD 00T°¢ 000'8T1 009 000'TE N LN IN IN 1IN IN elN Jog S-WOH
dc Y002 Lasl €217 $O¢ ¢letd Tvvd 1GID €3FY 19pd €A99 OldEV
AN
ouadnuy QYA Buimoro] syl yia Lnandesy  wdug $21B]0S]

S$3)B[0S1 25aWRUIAIA ISuLeSe SQYN JO A1IAIORAI [I ‘I ?IqEl,



2265

A novel antigenic variant of CPV

uemie], ‘WML TWewRA ‘NIA ‘ueder ‘Ndf eo Emﬂ_ow_ T ned
susswop ‘3 ‘Sop onssWop ‘g "PAIL[OS] Sem ULels ) usym Jeak a1 sugaw sasayjumied Ul JAqUINY JU T, PAIRIIPUL 2Xam sanjea de11siooq pue
wesgoid Fururol-10qySieu oty Sursn £q pajonnsuoo a1am 5391 SYL (HZZHSOTY) E0TA (A9T-AdD (€TTYSOLY) 0¥ 1 A PUR (TTTFSOE V) 6E LA (B)T
-AdD (17TH509Y) FOTA PUR {0ZZHS0E V) L1ZA “(61TH509V) 60TA (81Z+S0AY) ETIA ‘HOSSTTHY) 800-L6 (TSBPLIAN) £51-AdD {6F3FLIAD
6E-AdD AZ-AdD (LIZHSOTV) PSIA Pue (S1THS04VY) 0ZIA “(P1ZHS0GY) LL-ALDT E£1ZPS08Y) 6uemiel, {(S8s8LM FiE-Add (E00FTN) §1
-AdD (000FZN) 1E-AdD BT-AdD ‘(SPZSEI Jdqunu uoIssandy) q-AdD Z-AdD 9seqEiep [ SY3 WOl PIUreIqo aiam sa)ejosl paysiqnd
Kisnoraard 2u; Jo sual zJA 29Ul Jo saouanbag 'sage[ost AdD) JO ssousnbas spnosjonu zJA 219[dwos a1y uo peseq sisA[eue snsuadodyd 1 314

z-Ado [ (SN °Ad ‘6L 4-AdD
B (e2'sn°aq‘es) _m->muu|_r
“ -
(S ez-Ad3 | {22 °SN.°Qq ¥8) $1-AdD
- ton . _ 0§
() T-AdD (a7 *sn 'ad ‘v8) 6€ »mu_ . 19
| {9z ‘sn ‘a@‘o6) E€1-AdD" |
(uedef) ez-AdD [ (67 *NdI ‘DA '€6) ¥1E-AdT
B ((®)3Z 'NLA. '77°L6) OP1A _ %
(wewsrp) {(2)o7 ‘NLA "DT'L6) 6E1A L5
(22 ‘BT-AD (22 ‘NLA ‘D0 *L6) ¥STA —
| (22 'NLA *0d “L6) 0TIA
(uedef) qz-AdD [~ (qz 'Nd( ‘ad “L6) B00-L6 9
B (¥Z 'NML "D 86) 6 WemrL
(uemmey) eZ-AdD L4

(B2 *NAML *DT'66) 11-AdDT
(92 "NIA DA L6} £TIA

(@97 "NLA ‘DT'L6) E0TA
(97 ‘NLA ‘Qd ‘€0) £T-WOH ——

{92 ‘NILA ‘Qd ‘t0) 9-WOH

(42 "NIA 07T °L6) POTA

(9z ‘NIA ‘ad ‘€0 mf
(wewajA) . (42 "NLA 'ad '€0) $1-WOH

(927 ‘q7-AdD e
(92 ‘NIA ‘ad ‘o) 11-¢-INH

1000

(qz ‘NLLA 'ad '€0) 8-WOH

(42 'NLA "DQ '£6) LITA

{4z ‘NILA "04 'L6) 60TA —

(reira 7 ‘NILA *Ad ‘€0) (92 *NIA *DQ *£0} 81-1-INH
I-+-INH

(97 “NLA ‘A< '€0) b6 INH




M. Nakamura et al.

2266

mcm.mbm oo:o._v.uoh se ﬁoﬂ.. I3
£0ZA (A)9Z-AdD PuE ‘61 A (BI9T-AdD ‘6§-AdD 9T-AdD “1£-AdD BT-ALD ‘Q-AdD TALD vosuyof p-AgIW AHIW ‘0D 9-Add ATdde

(@o7AdD  JeA dsy usy 1AL dsy ey oyd L usy ne] Ay oy yTersody " E0TA
(®PZ-AD  IBA usy usy  3f] dsy gy oy L usy ne] Hiy oy Teeysody GETA
qQz-AdD IBA  dsy usy JAL AD  1»g  oyd ML usy 0] diy oy 6V8TLIAN 6€-AdD
®-ADD 9l usy usy AL LD 1w oyd gL usy nop fiy oy 000FTI 1€-AdD
TAdD IBA usy usy dsy ey 1§ oyd 1yl usy W By oy SHTSEN q-AdD
AW [PA  usy dsy dsy eA  »g oy 1y s&] W ST o 00PN uosuyof p-AHIN
Aldd [TeA  usy dsy dsy ey S oyd 2yl SAT W s&] o YOOVTIN o110 AAd
qQAdD A dsy usy aAL A9 [ely] eyd L usy nel Sy od  gzL0z1dv 1-1-INH
wewea ZAJD  BBA [mID] usy AL L9 [uv] eud gL usy ne] By oid  £z071EY I-p-INH
qzAdD IeA  dsy usy AL LD [®v] eyd L usy me] Sy od 9zL0ziAY 11-€-INH
GAdD A dsy usy AL KD [gy] oud WL usy woT Ry o SzL0zIAY ¥-€INH
qeAdD 1A dsy usy AL A0 [elv] {HAL| L usy w7 Sty o pziozIAV €1-T7INH
GTAdD A dsy uwsy AL Ap [Ely] eud  myp usy me fiv oid £7.0719Y €T-WOH
QEAdd A dsy usy AL &D [mv] ALf L wsy ney @iy oid Tzozigy 81-WDH
Q@AdD [eA  dsy usy KL Ao [ey] eud [s61] uwsv w1 @y [BF]  1ecozigy $-WOH
GQTAdD A dsy usy AL KD [ey] eyd gL uwsy ney 81y o QgLoTIEY 9-WOH
€SS 9Tb €TE€ SOE 00€ L6T 19T 9T €6 L8 08 €I
ad&i-Adg uonisod je pIoe OUIWY  "OU UQISSan0Y $31B10S]

urajod ZJ A Ul UOHELIEA PIOR OUIWLY *7 2qBL



A novel antigenic variant of CPV 2267

Table 3. Antigenic characterization of recent parvovirus isolates from Japanese cats and dogs by HI tests

Year of isolation  Isolates

FPLV CPV-2 CPV-2a CPV-2b CPV-2b variant
2001 4942, 495 NDP ND OM-4, 1074D, 1080D ND
2002 501,502,2045C ND 2054D OM-%, OM-10 ND
2003 ND ND ND 03-003, MD03-007, ND

MDO03-008, MD03-021

2[solates 494, 493, 501, 502, and 2045C were obtained from cats and the other isolates were obtained
from dogs
bND not detected

typical CPV-2b strains by HI assay. This isclate had no reactivity against MAb
B4A2, showing the CPV-2b phenotype (Table 1). However, the reactivity of this
isolate against MAb 21C3 was 8 to 32 times lower than that of the other CPV-2b
isolates (Table 1). Furthermore, its reactivity against MAb 19D7 [15] was also §
to 16 times lower than that of the other CPV-2b isolates (Table 1). MAb 19D7
reacts with all antigenic types and recognizes an epitope in the same antigenic site
as MAb 21C3 does [15]. Sequence analysis revealed that the residue 426 of the
isolate is Glu (Table 2) and suggested that this unique amine acid at the position
is responsible for the characteristic antigenicity of the isolate. In addition, this
variant is phylogenetically located in the cluster of Vietnamese CPV-2b isolates
(Fig. 1). These results indicate that HNI-4-1 is a novel antigenic variant of CPV-2b.
Buonavoglia et al. [5] have also reported the Glu-426 variants, strains 56/00 and
136/00, in Italian isolates. They detected these variants by RFLP assay but not by
HI assay because CPV-2b-specific. MAb (such as MAb 21C3} was not available
[5]. Our study first showed that such substitution caused an antigenic difference
which could be demonstrated by MAbs. .

(Glu-426 variants have been overlooked in antigenic analysis using the usual
MAbs [5]. Therefore, it is important to re-examine CPV isolates classified into
CPV-2b using MAb 21C3. Although we could not detect the Glu-426 variant in
recent Japanese CPV-2b isolates (Table 3), a similar evolution may have occurred
in CPV-2b. The evidence that Glu-426 variants are independently detected in the
distinct areas, Vietnam and Italy, supports this assumption. Further monitoring of
field isolates will provide us important information for research on the evolution
of CPV.
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