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Feline infectious peritonitis virus (FIPV) causes a fatal disease called FIP in Felidae. The effusion in body cav-
ity is commonly associated with FIP. However, the exact mechanism of accumulation of effusion remains
unclear. We investigated vascular endothelial growth factor (VEGF) to examine the relationship between
VEGF levels and the amounts of effusion in cats with FIP. Furthermore, we examined VEGF produc-
tion in FIPV-infected monocytes/macrophages, and we used feline vascular endothelial cells to examine
vascular permeability induced by the culture supernatant of FIPV-infected macrophages. In cats with

IC(Z{ ;V:;fisr:us FIP, the production of effusion was related with increasing plasma VEGF levels. In FIPV-infected mono-
FIP cytes/macrophages, the production of VEGF was associated with proliferation of virus. Furthermore, the
VEGE culture supernatant of FIPV-infected macrophages induced hyperpermeability of feline vascular endothe-
Monocyte lial cells. It was suggested that vascular permeability factors, including VEGF, produced by FIPV-infected
Macrophage monocytes/macrophages might increase the vascular permeability and the amounts of effusion in cats
Effusion with FIP.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Feline infectious peritonitis virus (FIPV), a feline coronavirus
(FCoV) of the family Coronaviridae, causes a fatal disease called
FIP in wild and domestic cat species. FCoV is mainly composed
of nucleocapsid (N) protein, envelope protein, membrane protein,
and peplomer spike (S) protein (Pedersen, 2009). FCoV is classi-
fied into serotypes I and II according to the amino acid sequence
of its S protein (Motokawa et al., 1995, 1996). Both serotypes con-
sist of two biotypes: FIPV and feline enteric coronavirus (FECV).
FECV infection is asymptomatic in cats. In contrast, FIPV infection
causes FIP. Stoddart and Scott (1989) reported that the prolifer-
ation in macrophages was associated with the virulence of FIPV
because FECV exhibited a lower proliferation in macrophages than
FIPV. It has been proposed that FIPV arises from FECV by mutation
(Chang et al., 2010; Poland et al., 1996; Vennema et al., 1998), but
the exact mutation and inducing factors have not yet been clarified.
Recently, Brown et al. (2009) theoretically demonstrated that FIP
develops via the horizontal infection of FIPV. On the basis of their
theory, FIPV and FECV are prevalent among cats.

Macrophages/monocytes play an important role in the patho-
genesis of FIP. It has been reported that virus replication in
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monocytes/macrophages induced interleukin (IL)-1, IL-6 and
tumor necrosis factor (TNF)-a production (Regan et al., 2009;
Takano et al., 2007b, 2009a). The FIPV replication and cytokine
production are enhanced when monocytes/macrophages are
inoculated with FIPV in presence of anti-FIPV S antibodies
(antibody-dependent enhancement: ADE) (Hohdatsu et al., 1991;
Corapi et al,, 1992; Olsen et al., 1992). The phenomenon of ADE is
involved in aggravation of the FIP pathology (Pedersen and Boyle,
1980; Takano et al., 2007b, 2008, 2009a).

FIP is characterized by granulomatous lesions in several organs,
and the effusion in pleural and peritoneal cavities (Pedersen, 2009).
It has been suggested that TNF-«, G-CSF, and GM-CSF produced by
FIPV-infected monocytes/macrophages are involved in the forma-
tion of granulomatous lesions (Takano et al., 2009b). On the other
hand, the effusion has been considered to result from increased vas-
cular permeability induced by a type-III hypersensitivity reaction.
It was assumed that immune complex-mediated damage to ves-
sels causes increase in permeability of endothelial cells in cats with
FIP (Weiss and Scott, 1981a,b). However, it has been reported that
there are no immune complexes in the vascular lesions of cats with
FIP (Kipar et al., 2005). Specifically, factors other than the type-III
hypersensitivity reaction may also cause the effusion in cats with
FIP.

It has been reported that vascular endothelial growth factor
(VEGF) is increased in blood by systemic vasculitis or granuloma-
tous lesions (Bragado et al., 1999; Li et al., 1998; Maeno et al., 1998;
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Fig. 1. Relationship between plasma VEGF levels and amounts of effusion. (A) Plasma VEGF level of SPF cats and cats with FIP. (B) Plasma VEGF level in cats with FIP correlated

with pleural/peritoneal fluid balance.

Viacetal., 1999). VEGFis a potent factor involved in vascular perme-
ability and angiogenesis (Dvorak et al., 1999). VEGF-producing cells
include monocytes, macrophages, fibroblasts, and keratinocytes. It
has been reported that VEGF is involved in effusion in body cav-
ities, for example, plasma leakage in dengue hemorrhagic fever
and ascetic fluid accumulation in ovarian cancer (Kraft et al., 1999;
Tseng et al., 2005). Based on these findings, VEGF may also be
increased in cats with FIP. However, it is unknown whether VEGF
is involved in effusion in cats with FIP.

We determined plasma VEGF levels of cats with FIP and inves-
tigated their relationship with the amounts of the effusion in
body cavity. In addition, we examined the relationship between
viral proliferation and VEGF production in FIPV-infected monocytes
and macrophages. Furthermore, we used feline vascular endothe-
lial cells to examine vascular permeability induced by the culture
supernatant of FIPV-infected macrophages.

2. Result

2.1. Plasma VEGF level of specific pathogen-free (SPF) cats and
cats with FIP

We compared the levels of VEGF in plasma from SPF cats and cats
with FIP. The VEGF levels were significantly higher in the plasma
of cats with FIP than those of SPF cats (Fig. 1A). In cats with FIP,
the amounts of effusion per weight were positively correlated with
plasma VEGF levels (Fig. 1B).

2.2. Relationship between plasma VEGF levels and the amounts of
effusion

Time-dependent changes in the plasma VEGF levels of FIPV-
infected cats were investigated. No change was noted for the
plasma VEGEF levels in cats that developed no FIP symptoms (FIPV-
infected non-FIP cats) after FIPV infection until the experiment was
completed (for 60 days after FIPV infection) (Fig. 2A; Cat 1-Cat 3).
In cats with FIP, plasma VEGF levels increased after FIPV infection
(Fig. 2A; Cat 4-Cat 12). In addition, in cats that persistently pro-
duced VEGF after FIPV infection until FIP development, the amounts
of effusion per weight tended to be increased (Fig. 2A and B; Cat 6,
Cat 8, Cat 9, and Cat 12).

2.3. VEGF mRNA and FCoV N gene expression levels in monocytes
and macrophages of SPF cats and cats with FIP

We compared the levels of VEGF mRNA and FCoV N gene expres-
sion in monocytes and alveolar macrophages derived from SPF cats

and cats with FIP. VEGF mRNA and FCoV N gene expression levels
were increased in monocytes and alveolar macrophages derived
from cats with FIP (Fig. 3).

2.4. FIPV infection and VEGF production in monocytes and
macrophages

To investigate the relationship between FIPV infection and
VEGF production in monocytes and alveolar macrophages, SPF
cat-derived monocytes and alveolar macrophages were inoculated
with medium alone, virus alone, and MAb 6-4-2 alone, and a mix-
ture of FIPV and MAb 6-4-2. After 2 days, the culture supernatant
and cells were collected, and FIPV replication and VEGF production
were measured. The virus titer and VEGF production were signifi-
cantly higher in the culture supernatant of monocytes and alveolar
macrophages inoculated with a mixture of FIPV and MAb 6-4-2,
than in that of monocytes and alveolar macrophages cultured with
medium alone, virus alone, and MAb 6-4-2 alone (Figs. 4A and 5A).
The intracellular FCoV gene and VEGF mRNA expression levels were
significantly increased in monocytes and alveolar macrophages
inoculated with a mixture of FIPV and MAD 6-4-2 (Figs. 4B and 5B),
showing that VEGF production was increased as virus replication
in monocytes and alveolar macrophages.

2.5. Identification of feline vascular endothelial cells

Vascular endothelial cells were collected from the vessels of SPF
cats (see Section 4). The incorporation efficiency of DiL-labelled
acetylated low-density lipoprotein (Dil-Ac-LDL), a characteris-
tic function of endothelial cells, was compared between CrFK
cells (non-vascular endothelial cells) and human umbilical vein
endothelial cell (HUVEC; human vascular endothelial cells). The
cells collected from the vessels of SPF cats showed an epithelial
cell-like morphology and incorporated DiL-Ac-LDL (Fig. 6). Similar
results were observed for feline endothelial cells and HUVEC. CrFK
cells showed no Dil-Ac-LDL incorporation.

2.6. The presence of permeability factor in FIPV-infected
macrophage culture supernatant

The presence of permeability factor in the FIPV-infected
macrophage culture supernatant was investigated. Feline vascular
endothelial cells were exposed for 24 h to recombinant feline VEGF
(rfVEGF) and the culture supernatant of macrophages inoculated
with a mixture of FIPV and MADb 6-4-2. The culture supernatant
was heated at 56 °C to inactivate viruses. As the control, alveolar
macrophages were cultured with heat-inactivated culture super-



T. Takano et al. / Virus Research 158 (2011) 161-168 163

600 k Cat1 L Cat2 L
450 -
300
150 F -
0 QO*C-0—00—00 0O-0-0—00—0~

Cat4 Cat5b

VEGF (pg/ml)

600
450

300 F i
150 i
0

cat7 | Cat 8

VEGF (pg/ml)

600
450
300

VEGF (pg/ml)

o

00 cat1o | Cat11 |

—
o o
o o

VEGF (pg/ml)

o

L e L

Cat3

@

Cat9

Volume of effusion
(ml/kgbodyweight)

o

Cat4 Cat5 Cat6 Cat7 Cat8 Cat9 Cat10Cat11Cati2
Cat12

AN D A

0 102030405060 0 102030405060 0O 1020 30 40 50 60
Day post infection Day post infection Day post infection

Fig. 2. Relationship between plasma VEGF levels and the amounts of effusion after FIPV inoculation. (A) Time-dependent changes in plasma VEGF levels in FIPV-infected
cats. Plasma was periodically sampled after the FIPV inoculation of SPF cats until FIP development to measure plasma VEGF levels by ELISA. Cat 1-Cat 3: FIPV-infected non
FIP cats. Cat 4-Cat 12: cats with FIP. (B) The amounts of exudate accumulation when cats with FIP were euthanized (Cat 4-Cat 12). The individual numbers on the horizontal
axis correspond to those of (A). Fin the (A) indicates the day when a cat was euthanized due to worsening of the clinical conditions.

natant of uninfected macrophages. Endothelial permeability was
increased by rfVEGF and the culture supernatant of macrophages
inoculated with a mixture of FIPV and MAb 6-4-2 compared to those
in cells cultured with the control supernatant (Fig. 7). Particularly,
feline vascular endothelial cells, exposed to the culture supernatant
of macrophages inoculated with a mixture of FIPV and MAb 6-4-2,
showed a markedly increased endothelial permeability.

Relative density value
(VEGF/GAPDH)

3. Discussion

VEGF is a major factor of vascular permeability. It has been
reported that the potency of VEGF of vascular permeability is 50,000
times stronger than that of histamine (Dvorak et al., 1999). In
patients with inflammatory diseases and cancer, the production
of effusion in body cavity was related with increasing plasma VEGF

Relative density value
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Fig. 3. VEGF mRNA and FCoV N gene expression levels in monocytes and macrophages of SPF cats and cats with FIP. Monocytes and macrophages were collected from SPF
cats and cats with FIP, and VEGF mRNA and FCoV N gene were detected by RT-PCR. VEGF mRNA and FCoV N gene were quantitatively analyzed in terms of the relative density

compared to that of mRNA for the housekeeping gene GAPDH. N.D.: not detected.



164 T. Takano et al. / Virus Research 158 (2011) 161-168

A VEGF (pg/ml) Virus titer (TCIDs,/0.1ml)
400 300 200 100 0 10° 10* 105 108
Medium N.D.
S @-FIPV S MAb | N.D.
B
Q. o - o
v |2 FIPV A
Q o
v o
4 FIPV o
+ 2
o-FIPV S MAb
B Relative density value Relative density value
(VEGF/GAPDH) (FCoV N/GAPDH)
08 06 04 02 O 0 0.3 0.6 0.9
H Medium N.D.
5 o-FIPV S MAb | N.D.
‘3 S a
alels FIPV S
v P A
Q o
v [ FIPV b=
Q + =
a-FIPV S MAb
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a-FIPV MAD alone for 2 days, and the cells and culture supernatant were collected. The virus titer in the culture supernatant was measured (A, right), and VEGF production
was measured using ELISA (A, left). In addition, the FCoV N gene (B, right) and VEGF mRNA (B, left) in the cells were detected by RT-PCR. The FCoV N gene and VEGF mRNA
were quantitatively analyzed in terms of the relative density value to the mRNA for the housekeeping gene GAPDH. n=7, N.D.: not detected.

levels and the vascular permeability. For example, in patients with
rheumatoid arthritis, the amounts of synovial fluid related with
plasma VEGFlevel (Favaetal., 1994).In addition, it has been demon-
strated that VEGF is involved in the ascites of patients with ovarian
cancer (Hu et al,, 2002; Mesiano et al., 1998). In this study, we
observed significantly increased plasma VEGF levels in cats with
FIP. We also demonstrated a correlation between plasma VEGF lev-
els and the amounts of effusion in cats with FIP. Specifically, it was
strongly suggested that VEGF is involved in effusion in cats with
FIP.

We investigated FIPV-infected monocytes/macrophages as
VEGF-producing cells in cats with FIP. FIPV-infected mono-
cytes/macrophages are major component cells that produce
cytokines (TNF-q, IL-1, IL-6, etc.) involved in pathological deteri-
oration (Regan et al., 2009; Takano et al., 2007b, 2009a). Here, we
demonstrated that the production of VEGF associated with FIPV
proliferation in monocytes/macrophages. The mechanism of FIPV-
induced VEGF production is unknown. Regan et al. (2009) reported
that FIPV activates p38-MAP kinase (p38-MAPK) to induce TNF-
a production in FIPV-infected monocytes. In addition, p38-MAPK
activation induces VEGF production (Yoshino et al., 2006). In the
future, the relationship between p38-MAPK activation and the pro-
liferation of FIPV in monocytes/macrophages should be examined.

We demonstrated that vascular permeability-associated factors
existed in the culture supernatant of FIPV-infected macrophages,
and that the factors were thermostable. It was reported that VEGF
was thermostable (Clauss et al., 1990). Based on these facts, VEGF
may be a vascular permeability-associated factor existing in the
culture supernatant of FIPV-infected macrophages. To verify this

concept, we should examine whether an anti-feline VEGF antibody
can inhibit the permeability of feline vascular endothelial cells,
induced by the culture supernatant of FIPV-infected macrophages.
However, to the best of our knowledge, there are no antibodies
that neutralizes feline VEGF activity. We will create a mono-
clonal antibody to neutralize feline VEGF and examine whether
this antibody can inhibit the vascular permeability induced by
the culture supernatant of FIPV-infected macrophages. The cul-
ture supernatant of FIPV-infected macrophages contained VEGF in
a smaller amount (about 20 pg/ml VEGF) than rfVEGF (400 pg/ml).
However, it showed increased vascular permeability. Thus, the
culture supernatant of FIPV-infected macrophages contained vas-
cular permeability factors other than VEGF. According to a recent
report, TNF-a increases the vascular permeability induced by VEGF
(Stathopoulos et al., 2007). Like VEGF, TNF-a is thermostable
(Takano et al., 2007b). We should also examine whether TNF-q,
like VEGEF, is involved in the vascular permeability induced by the
culture supernatant of FIPV-infected macrophages.

In some cats, the volume of effusion was low in spite of the
plasma VEGF level was high. These cats were immediately sac-
rificed from a humane viewpoint because of dyspnea associated
with pneumonia. On the autopsy of these cats, slight effusion was
present in the thoracic and abdominal regions. If pneumonia had
not developed in these cats, effusive fluid may have accumulated,
as observed in the other cats.

Abalance between T helper (Th)-1/Th-2 in cats after FIPV infec-
tion is critical in examining whether FIPV-infected cats develop FIP.
The induction of interferon (IFN)-v, a Th-1 cytokine, inhibits FIP
development. In contrast, IL-6, a Th-2 cytokine, promotes FIP devel-
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opment (Gelain et al., 2006; Goitsuka et al., 1990; Gunn-Moore
et al., 1998; Kiss et al., 2004; Takano et al., 2009a). Interestingly,
VEGF production is inhibited by IFN-vy, but increased by IL-6 (Wen
et al,, 2003; Feurino et al., 2007). In this study, plasma VEGF lev-

els were not increased in cats that did not develop FIP. In contrast,
plasma VEGF levels were increased in cats that developed FIP. Based

on these findings, plasma VEGF levels may reflect the immune sta-
tus of FIPV-infected cats.

Feline vascular
endothelial cell

Bright-field ~
Dil-Acl-LDL

Merge

Fig. 6. Identification of feline vascular endothelial cells. To demonstrate that the cells isolated from the vessels of SPF cats were vascular endothelial cells, their morphology

and Dil-Ac-LDL incorporation were investigated. Human vascular endothelial cells (HUVEC) were used as a positive control and feline endothelial cells (CrFK cells) as a
negative control.
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VEGFisreportedly involved in the increased vascular permeabil-
ity of Orf virus and Hantavirus as well as FIPV (Lyttle et al., 1994;
Gavrilovskaya et al., 2008). It has been demonstrated that Orf virus
carries a gene encoding a VEGF homolog, and that VEGF produced
by the virus increases the permeability of vascular endothelial
cells (Lyttle et al.,, 1994). No gene encoding a VEGF-like pro-
tein could be found in the FIPV viral genome (data not shown).
Specifically, unlike Orf virus, FIPV may not produce VEGF. On the
other hand, Hantavirus reportedly shows increased susceptibility
to VEGF and increased vascular permeability in virus-infected vas-
cular endothelial cells (Gavrilovskaya et al., 2008). It is unknown
whether FIPV infects vascular endothelial cells. No report has been
published on FIPV antigen detection from the vascular endothelial
cells of cats with FIP. However, we demonstrated that FIPV pro-
liferated in vascular endothelial cells into which a high-titer FIPV
79-1146 strain was inoculated (Takano and Hohdatsu, unpublished
data). The effects of FIPV infection on vascular endothelial cells
should be investigated in the future.

FIP is characterized by vasculitis (Hayashi et al., 1976; Pedersen,
2009). To elucidate the pathology of FIP, it is desirable to conduct
experiments using feline vascular endothelial cells. However, no
report has been published on the use of feline vascular endothelial
cells in FIP research. One of the reasons for this, no feline vascu-
lar endothelial cell line is available. In addition, as experienced
in this study, a method to isolate vascular endothelial cells from
SPF cats requires many cats and skills. Even if cells are successfully
isolated, their use in experiments is limited by the number of pas-
sages. When a feline vascular endothelial cell line is established,
it will allow the easy handling of cells and may facilitate further
elucidation of the mechanism of pathological deterioration in FIP.

The disease types of FIP are divided into wet (effusive) and dry
(non-effusive) forms based on the presence of effusion (Pedersen,
2009). The cat with FIP that we experimentally generated showed
various disease types; some cats showed the typical wet-form FIP,
and others showed the form of pyogranulomatous lesions in var-
ious organs accompanying effusion in body cavity. However, no
dry-form FIP was noted. The reason for this is unknown. In the
future, the relationship with plasma VEGF levels should be inves-
tigated using dry-form FIP.

4. Materials and methods
4.1. Experimental animals

Type Il FIPV strain 79-1146 (10° TCID5o/ml) was administered
orally to 12-month-old SPF cats. Cats with developed FIP symp-
toms (cats with FIP), such as fever, weight loss, peritoneal or pleural
effusion, dyspnea, ocular lesions, and neural symptoms were used
in this study. FIP diagnoses were confirmed upon postmortem
examination, revealing peritoneal and pleural effusions, and pyo-
granuloma in major organs. Age-matched SPF cats were used as
controls. The protocol for the experiments in the present study
using cats was approved by the Ethics Committee of Kitasato Uni-
versity, School of Veterinary Medicine (No. 10-015).

4.2. Plasma sample

Blood collected from cats using a heparinized syringe was cen-
trifuged at 3000 rpm for 10 min, and the supernatant was used as
a plasma sample. The plasma samples were stored at —30°C until
day of analysis.

4.3. Measurement of plasma VEGF concentration

Plasma concentrations of VEGF were determined with human
VEGF ELISA kit (R & D Systems, U.K.), according to the manufac-
turer’s protocol. The ELISA kit detects primarily the feline VEGF
isoform 164 (Koga et al., 2002).

4.4. Cell cultures and virus

Felis catus whole fetus-4 (Fcwf-4) cells was grown in Eagles’
minimum essential medium containing 50% L-15 medium, 5% fetal
calf serum (FCS), 100 U/ml penicillin, and 100 p.g/ml streptomycin.
Feline monocytes and alveolar macrophages were maintained in
RPMI 1640 growth medium supplemented with 10% FCS, 100 U/ml
penicillin, 100 pg/ml streptomycin, and 50 .M 2-mercaptoethanol.
Feline vascular endothelial cells and HUVEC (Cell Systems, U.S.A.)
were cultured in endothelial growth medium (Cell systems, U.S.A.)
containing 10% FCS, defined cell boost (recombinant growth fac-
tors; Cell systems, U.S.A.), 100U/ml penicillin, and 100 pg/ml
streptomycin. Type II FIPV strain 79-1146 was grown in Fcwf-
4 cells at 37°C. FIPV strain 79-1146 was supplied by Dr. M. C.
Horzinek of State University Utrecht, The Netherlands.

4.5. Recovery of feline monocytes, alveolar macrophages and
vascular endothelial cells

Feline monocytes were isolated from SPF cats as previously
described by Dewerchin et al. (2005). Feline alveolar macrophages
were obtained by broncho-alveolar lavage with Hanks’s balanced
salt solution (HBSS) from anti-FCoV antibody-negative SPF cats, as
previously described by Hohdatsu et al. (1991).

Feline vascular endothelial cells were obtained from feline aorta
of SPF cats by the modified methods based on the report described
by Ryan (1984). The aorta was rinsed three times with HBSS. After
treatment with collagenase Il (Wako, Japan), the intimal surface
was lightly scraped with a sterile scalpel blade. The scraped cells
were washed twice, and placed into collagen-coated 24-well plas-
tic plate. After three days, the supernatant was removed and was
replaced with fresh medium. When the cells became confluent,
they were washed twice and are placed into collagen-coated 25 cm?
culture flasks. The endothelial specificity of the cells was verified
by the uptake of DiL-Ac-LDL (Invitrogen, U.S.A.).
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Table 1
Sequence of PCR primers for feline GAPDH, VEGF, and FCoV N.
Region Orientation Nucleotide sequence Location Position Reference
GAPDH Forward 5'-AATTCCACGGCACAGTCAAGG-3' 158-178 97 Takano et al. (2007a)
Reverse 5'-CATTTGATGTTGGCGGGATC-3' 235-254
VEGF Forward 5-CACGGAGGAGTTCAACATCA-3’ 287-306 168 Genbank accession no. AB071947
Reverse 5'-AAATGCTTTCTCCGCTCTGA-3' 435-454
FCoV N Forward 5'-CAACTGGGGAGATGAACCTT-3’ 876-895 788 Genbank accession no. X56496
Reverse 5'-GGTAGCATTTGGCAGCGTTA-3' 1644-1663

4.6. Antibodies

MADb 6-4-2 (IgG2a) used in the present study recognizes S pro-
tein of type Il FIPV, as demonstrated by immunoblotting. It has been
reported that MAb 6-4-2 exhibits a neutralizing activity in Fcwf-
4 and CrFK cells, but an enhancing activity in feline macrophages
depending on the reaction conditions (Hohdatsu et al., 1993).

4.7. RNA isolation and cDNA preparation

RNA isolation and cDNA preparation were performed employing
the method of Takano et al. (2007a).

4.8. Determination of levels of feline GAPDH mRNA, VEGF mRNA,
and FCoV N gene expression

cDNA was amplified by PCR using specific primers for feline
GAPDH mRNA, VEGF mRNA, and FCoV N genes. The primer
sequences are shown in Table 1. PCR was performed using the
method of Takano et al. (2007a). The band density was quantified
under appropriate UV exposure by video densitometry using Scion
Image software (Scion Corporation, U.S.A.). VEGF mRNA and FCoV N
genes were quantitatively analyzed in terms of the relative density
value to the mRNA for the housekeeping gene GAPDH.

4.9. Inoculation of feline monocytes and macrophages with FIPV

Viral suspension (FIPV strain 79-1146, 2 x 103 TCIDs(/0.1 ml)
and MADb 6-4-2 solution were mixed at an equivalent volume ratio
and reacted at 4°C for 1h, and 0.1 ml of this reaction solution was
used to inoculate alveolar macrophages (2 x 108 cells) or feline
monocytes (2 x 10 cells) cultured in each well of 24-well multi-
plates. As the control, medium alone, and virus suspension alone
were added to feline alveolar macrophages. After virus adsorption
at37°Cfor 1 h, the cells were washed with HBSS and 1 ml of growth
medium. The cells and culture supernatant were collected after
48 h. The cells were used for measurement of the VEGF mRNA and
FCoV N genes, and the culture supernatant was employed for the
quantitative analysis of VEGF and the virus titer.

4.10. Permeability assays

Feline vascular endothelial cells (2 x 10% cells) were seeded on
collagen-coated Transwell filters (3 wm pore size; Costar, U.S.A.)
in 24-well plates and cultured with 150 .l of the culture medium
in the upper chamber and 750 ul of the same growth medium
in the lower chamber. When the cells became confluent (24h
after seeding), they were incubated with supernatant of mock-
inoculated monocytes/macrophages (diluted 1:20), supernatant of
FIPV- and MADb 6-4-2-inoculated monocytes/macrophages (diluted
1:20), rfVEGF (final concentration of 400 pg/ml; R & D Systems,
U.K.),and medium without supernatant and rfVEGF as control. After
24 h of incubation, the medium in both of chamber was removed,
150 pul of FITC-dextran (final concentration of 2 mg/ml) was added
to the upper chamber and 550 pl of medium was added to the lower
chamber. After 2 h, the medium in the lower chamber was removed

and the amount of FITC-dextran was determined spectrometrically
at 492 nm. Data were the relative permeability percentage (%) of
indicated conditions in that treated the medium without super-
natant and rfVEGF is defined as 100%, as described by Chen et al.
(2008).

4.11. Statistical analysis

Data of two-group were analyzed by Student’s t test, and multi-
ple groups were analyzed by one-way ANOVA. Fig. 1B was applied
to determine statistical significance using Pearson correlation coef-
ficient. P-values<0.05 were considered to indicate a significant
difference between compared groups.
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