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Abstract It has been suggested that antibody overpro-

duction plays a role in the pathogenesis of feline infectious

peritonitis (FIP). However, only a few studies on the B-cell

activation mechanism after FIP virus (FIPV) infection have

been reported. The present study shows that: (1) the ratio of

peripheral blood sIg? CD21- B-cells was higher in cats

with FIP than in SPF cats, (2) the albumin-to-globulin ratio

has negative correlation with the ratio of peripheral blood

sIg? CD21- B-cell, (3) cells strongly expressing mRNA of

the plasma cell master gene, B-lymphocyte-induced mat-

uration protein 1 (Blimp-1), were increased in peripheral

blood in cats with FIP, (4) mRNA expression of B-cell

differentiation/survival factors, IL-6, CD40 ligand, and

B-cell-activating factor belonging to the tumor necrosis

factor family (BAFF), was enhanced in macrophages in

cats with FIP, and (5) mRNAs of these B-cell differentia-

tion/survival factors were overexpressed in antibody-

dependent enhancement (ADE)-induced macrophages.

These data suggest that virus-infected macrophages over-

produce B-cell differentiation/survival factors, and these

factors act on B-cells and promote B-cell differentiation

into plasma cells in FIPV-infected cats.

Introduction

Feline coronavirus (FCoV) belongs to group 1 of the

family Coronaviridae. FCoV is classified into two biotypes

based on differences in pathogenicity: feline enteric coro-

navirus (FECV) and feline infectious peritonitis virus

(FIPV). FECV infection is asymptomatic in cats. In con-

trast, FIPV infection causes a fatal disease, feline infectious

peritonitis (FIP). The difference in pathogenicity between

FECV and FIPV in cats is considered to be associated with

macrophage tropism of the viruses [27, 29]. It has been

proposed that FIPV arises from FECV by mutation [11, 26,

37], but the exact mutation and inducing factors have not

yet been clarified.

When anti-FCoV antibody-positive cats are inoculated

with FIPV, the onset time of FIP is earlier than that in

antibody-negative cats, and symptoms are severer [25].

This phenomenon is known as antibody-dependent

enhancement (ADE) of FIPV infection. A similar phe-

nomenon has been observed with other virus infections,

such as dengue and human immunodeficiency virus

infections [10, 33, 35]. ADE of FIPV infection has been

reported to be induced by antibodies against FIPV spike (S)

protein [5, 12, 23]. In ADE-induced macrophages (ADE

macrophages), TNF-alpha production increases with viral

replication, and this TNF-alpha acts on macrophages and

promotes virus receptor (feline aminopeptidase N; fAPN)

expression [31].

There are several events suggested to involve anti-FIPV

antibodies in FIP development, other than ADE. For

example, antibodies produced due to FIPV infection bind

to the virus and form immune-complexes [1, 24]. These

complexes are deposited in micro blood vessels. Comple-

ment binding to the deposit injures the vascular tissue and

causes vasculitis (immune-complex-mediated vasculitis).

Hyperproteinemia also develops with an increase of

gamma-globulin in FIP cats [1]. Moreover, increased levels

of interleukin (IL)-6, a cytokine involved in the survival of

B-cells and their differentiation into plasma cells, in ascites
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and culture supernatant of peritoneal exudative cells (PEC)

from FIP cats have been reported [8].

This suggests a close involvement of antibodies in FIP

pathogenesis. However, the mechanism leading to the

alteration of B-cells into plasma cells has not been inves-

tigated. Overproduction of the virus and TNF-alpha also

occurs in ADE macrophages in FIPV infection [31], but it

is not clear whether the production of B-cell differentia-

tion/survival factors, such as IL-6, is involved in the

induction of ADE.

In this study, we collected peripheral blood mononu-

clear cells (PBMCs) from FIP cats and analyzed the B-cell

surface antigens as well as measured the mRNA expression

level of the plasma cell master gene, B-lymphocyte-

induced maturation protein 1 (Blimp-1). We also collected

macrophages from FIP cats and measured the expression

levels of the viral RNA and mRNA of B-cell differentia-

tion/survival factors: IL-6, CD40 ligand (CD40L), and B-

cell-activating factor belonging to the tumor necrosis factor

family (BAFF). Furthermore, we investigated the rela-

tionship between FIPV infection-induced ADE activity of

macrophages and IL-6, CD40L, and BAFF mRNA

expression levels.

Materials and methods

Experimental animals

Type-II FIPV strain 79-1146 (104 TCID50/ml) was

administered orally to 6- to 8-month-old, specific-patho-

gen-free (SPF) cats. Thirteen cats that developed FIP

symptoms (FIP cats), such as fever, weight loss, perito-

neal or pleural effusion, dyspnea, ocular lesions, and

neural symptoms, and thirteen 6- to 8-month-old SPF cats

as controls were used in this study. FIP diagnosis was

confirmed upon postmortem examination, revealing peri-

toneal and pleural effusions and pyogranuloma in major

organs.

All experiments were performed in accordance with the

guidelines for animal experiments of Kitasato University.

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 lg/ml streptomycin. Feline alveolar macrophages

and PBMCs were maintained in RPMI 1640 growth med-

ium supplemented with 10% FCS, 100 U/ml penicillin,

100 lg/ml streptomycin, 50 lM 2-mercaptoethanol, and

2 lg/ml of polybrene. 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 Utr-

echt, The Netherlands.

Antibodies

Phycoerythrin (PE)-conjugated anti-CD21 monoclonal

antibody (MAb) (anti-canine CD21 homologue of feline

CD21 and human CD21: MAb CD2.1D6) and fluorescein

isothiocyanate (FITC)-conjugated IgG F(ab0)2 fragments of

rabbit anti-feline IgG(anti-feline sIg Ab) were used to stain

feline B-cells. PE-conjugated MAb CD2.1D6 was obtained

from Serotec Ltd (UK). FITC-conjugate anti-feline sIg Ab

was obtained from Rockland Inc. (USA).

MAb 6-4-2 (IgG2a) used in the present study recognizes

S protein of type-II FIPV, as demonstrated by immuno-

blotting [13]. It has been reported that MAb 6-4-2 exhibits

a neutralizing activity in Fcwf-4 and CrFK cells, but

exhibits an enhancing activity in feline macrophages,

depending on the reaction conditions [14].

Separation of PBMCs

Heparinized blood (10 ml) was diluted twofold with

phosphate-buffered saline (PBS) and subjected to Ficoll-

Hypaque density gradient centrifugation at 1,700 rpm for

20 min. The PBMC layer was collected, washed twice with

PBS, and resuspended at 2 9 106 cells/ml.

Flow cytometric analysis

A total of 2 9 106 cells were incubated with PE-conju-

gated MAb CD2.1D6 or FITC-conjugated anti-feline sIg

Ab at 4�C for 45 min. After the cells were washed three

times with PBS containing 0.1% NaN3, the number of

stained cells was determined by counting 5,000 cells on a

FACS 440 (Becton Dickinson, USA).

Albumin-to-globulin ratio

For plasma samples, blood was collected from cats using a

heparinized syringe and centrifuged at 3,000 rpm for

10 min, and the supernatant was collected. The albumin

and globulin levels were determined in plasma samples of

SPF cats and in FIP cats, using an automatic analyzer. The

albumin-to-globulin ratio was calculated by dividing the

albumin levels by the globulin levels.

Recovery of alveolar macrophages

Feline alveolar macrophages were obtained from SPF and

FIP cats by broncho-alveolar lavage with Hank’s balanced

salt solution (HBSS), as previously described by Hohdatsu

et al. [12].
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RNA isolation and cDNA preparation

RNA isolation and cDNA preparation were performed by

the method of Takano et al. [30, 32].

Determination of levels of feline GAPDH mRNA, IL-6

mRNA, CD40L mRNA, BAFF mRNA, Blimp-1

mRNA and FCoV N gene expression

cDNA was amplified by PCR using specific primers for

feline GAPDH mRNA, IL-6 mRNA, CD40L mRNA,

BAFF mRNA, Blimp-1 mRNA, and the FCoV N genes.

The primer sequences are shown in Table 1. PCR was

performed by the method of Takano et al. [30, 32].

Band density was quantified under appropriate UV

exposure by video densitometry using Scion Image soft-

ware (Scion Corporation, USA). IL-6 mRNA, CD40L

mRNA, BAFF mRNA, Blimp-1 mRNA, and the FCoV N

genes were quantitatively analyzed in terms of the relative

density value to the mRNA for the housekeeping gene

GAPDH.

Sequencing and analysis of Blimp-1 and BAFF cDNA

PCR products (21 ll) were electrophoresed with DNA

markers on a 1.5% agarose gel. Singlet bands were excised

and transferred to microtubes, and DNA was purified using

a QIAquick Gel Extraction Kit (QIAGEN GmbH, Ger-

many). The purified DNA was sent to Shimadzu

Corporation (Japan) for sequencing, and the partial base

sequences of Blimp-1 cDNA and BAFF cDNA were

determined. The sequences determined were then analyzed

with the GENETYX computer program (Software Devel-

opment, Japan).

Inoculation of feline alveolar macrophages with FIPV

Equal volumes a viral suspension (FIPV strain 79-1146,

2 9 103 TCID50/0.1 ml) and a MAb 6-4-2 solution were

mixed and reacted at 4�C for 1 h, and 0.1 ml of this

reaction solution was used to inoculate feline alveolar

macrophages (2 9 106 cells) cultured in each well of 24-

well multi-plates. As controls, medium alone, virus sus-

pension alone, or MAb 6-4-2 solution alone was added to

feline alveolar macrophages. After virus adsorption at 37�C

for 1 h, the cells were washed with HBSS and 1 ml of

growth medium. The cells and culture supernatant were

collected every 24 h thereafter. The cells were used for

measurement of the FCoV N genes, IL-6 mRNA, CD40L

mRNA, and BAFF mRNA, and the culture supernatant was

used for measurement of the virus titer.

Plaque assay

Confluent Fcwf-4 cell monolayers in 24-well multi-plates

were inoculated with 100 ll of the sample dilutions. After

virus adsorption at 37�C, the cells were washed with

HBSS, and 1 ml of growth medium containing 1.5% car-

boxymethyl cellulose was added to each well. The cultures

were incubated at 37�C for 2 days, fixed in 10% buffered

formalin, and stained with 1% crystal violet.

Statistical analysis

Data were analyzed by Student’s t test. The data in Fig. 1a

and b were also analyzed by the Mann–Whitney test. P

values \0.05 were considered to indicate a significant

difference between compared groups.

Table 1 Sequences of PCR primers for feline GAPDH, Blimp-1, IL-6, CD40L, BAFF and FCoV N

Orientation Nucleotide sequence Location Length (bp) Reference

GAPDH Forward 50-AATTCCACGGCACAGTCAAGG-30 158–178 97 [4]

Reverse 50-CATTTGATGTTGGCGGGATC-30 235–254

Blimp-1 Forward 50-TTTTGGCGGATCTATTCCAG-30 719–738a 186 GenBank accession no. U08185

Reverse 50-GCTCTCCGGGATAAGGGTAG-30 943–961a

IL-6 Forward 50-GCAGAAAACAACCTGAATCTTCG-30 247–270 426 [4]

Reverse 50-GAGAAAGGAATGCCCGTGAAC-30 651–672

CD40L Forward 50-CCCCAAAGGCTACTACACCA-30 423–443 191 GenBank accession no. AF079105

Reverse 50-GACTCTCTCGGATCCACTCG-30 594–613

BAFF Forward 50-TGCAACTGATTGCAGAC-30 728–744a 164 GenBank accession no. NM033622

Reverse 50-TCCCCAAAGACATGG-30 939–953a

FCoV N Forward 50-CAACTGGGGAGATGAACCTT-30 876–895 788 GenBank accession no. X56496

Reverse 50-GGTAGCATTTGGCAGCGTTA-30 1,644–1,663

a Mouse mRNA sequences

B-cell activation in cats with feline infectious peritonitis 29

123



Results

Emergence of sIg? CD21- B-cells with FIPV infection

and its counts and ratio in PBMCs

The sIg? CD21? B-cell counts and sIg? CD21- B-cell

counts at the time of blood sampling are shown in Fig 1a.

The blood sIg? CD21? count in SPF cats and FIP cats

was 1,966.39 ± 254.27 ll-1 (mean ± SD) and 378.97 ±

416.31 ll-1, respectively. The blood sIg? CD21- count in

SPF cats and FIP cats was 194.38 ± 223.49 ll-1 and

89.92 ± 121.42 ll-1, respectively. The ratios of sIg?

CD21? B-cells and sIg? CD21- B-cells in PBMCs at the

time of blood sampling are shown in Fig. 1b. The ratio of

sIg? CD21? B-cells in PBMCs was not significantly dif-

ferent between SPF and FIP cats. In contrast, the ratio of

sIg? CD21- B-cells was significantly higher in FIP than in

SPF cats. Figure 1c shows the time-course of change in the

B-cell surface antigens after experimental FIPV infection.

The sIg? CD21- B-cell ratio gradually increased with time

following FIPV infection. sIg? CD21? B-cells mostly

disappeared at the onset of FIP (30 days after FIPV

infection), whereas the ratio of sIg? CD21- B-cells was

markedly increased.

Correlation between the albumin-to-globulin ratio

and the ratio of sIg? CD21- B-cells

By correlation analysis, the albumin-to-globulin ratio

showed a negative correlation with the ratio of sIg? CD21-

B-cells in PBMCs of eight SPF cats and eight FIP cats

(r = -0.623, P \ 0.01). A linear correlation between the

albumin-to-globulin ratio and the ratio of sIg? CD21- B-

cells is shown in Fig. 2.

Partial base sequence analysis of Blimp-1 cDNA,

deduction of amino acid sequence, and comparison

with other animal species

Tedder et al. [34] reported that CD21 molecules disap-

peared when B-cells differentiated into antibody-producing

cells. Based on this concept, the increased sIg? CD21- B-

cells in PBMC in FIP cats may have been differentiated

antibody-producing cells (plasma cells). Thus, we attemp-

ted to measure the mRNA expression level of the plasma

A

B

C

Fig. 1 Emergence of sIg? CD21- B-cells after FIPV infection and

their counts and ratio in PBMCs: PBMCs were isolated from SPF and

FIP cats, and B-cell surface antigens (sIg and CD21 molecules) were

analyzed by flow cytometry. a The counts of sIg? CD21? B-cells and

sIg? CD21- B-cells in PBMCs, b the ratio of sIg? CD21? B-cells

and sIg? CD21- B-cells in PBMCs, c sIg and CD21 antigen

expression on the feline B-cell surface upon FIPV infection (Dpi 0),

day 18 after FIPV infection (Dpi 18), and the FIP onset time (Dpi 30).

N.S. not significant, Dpi day post-inoculation

Fig. 2 Correlation between the albumin-to-globulin ratio in plasma

samples and the ratio of sIg? CD21- B-cells in PBMCs of cats. Circle
SPF cats (n = 8), triangle FIP cats (n = 8)
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cell master gene, Blimp-1, in PBMC from FIP cats. Since

the base sequence of feline Blimp-1 mRNA has not yet

been determined, we partially identified the cDNA base

sequence of feline Blimp-1 mRNA.

The nucleotide sequences of mouse (GenBank accession

number: MMU08185), human (NM_ 182907), bovine

(XM_ 618588), and canine (XM_539068) Blimp-1 mRNA

have been determined. Using a highly conserved region,

we prepared primers for the detection of feline Blimp-1

mRNA (Table 1). Using these primers, RT-PCR was per-

formed on PBMCs from FIP cats, and a 186-bp band was

specifically amplified. This amplified DNA was sequenced,

and the base sequence was partially identified (partial base

sequence) (data not shown). The amino acid sequence was

also deduced from the partial base sequence. Homologies

among the partial base sequences of feline, canine, bovine,

mouse, and human Blimp-1 mRNA and the deduced amino

acid sequences are shown in Table 2.

PBMC Blimp-1 mRNA expression level

in SPF and FIP cats

The Blimp-1 mRNA expression level in PBMCs was

measured in SPF and FIP cats. RT-PCR was performed

using feline Blimp-1-specific primers, and the Blimp-1

mRNA expression level in PBMCs was compared between

FIP and SPF cats. The Blimp-1 mRNA expression level

was significantly elevated in PBMC from FIP cats, com-

pared to that in SPF cats (Fig. 3).

Partial base sequence analysis of BAFF cDNA,

deduction of amino acid sequence, and comparison

with other animal species

IL-6, CD40L, and BAFF are known as B-cell differentia-

tion/survival factors. We investigated whether these factors

in macrophages were increased in FIP cats by measuring

mRNA expression. Since the nucleotide sequence of feline

BAFF mRNA has not yet been determined, we partially

sequenced the cDNA of BAFF mRNA.

The sequences of mouse (GenBank accession number:

NM_033622), human (NM_006573), and bovine

(XM_864542) BAFF mRNA have been determined.

Primers corresponding to a highly conserved region were

prepared for the detection of feline BAFF mRNA

(Table 1). Using these primers, RT-PCR of PBMCs from

FIP cats was performed, and a 164-bp band was specifi-

cally amplified. This amplified DNA was partially

sequenced (data not shown), and the amino acid sequence

was deduced from this. Homologies among the partial

nucleotide sequences of feline, canine, bovine, mouse, and

human BAFF mRNA and their deduced amino acid

sequences are shown in Table 2.

Measurement of FCoV N gene expression and IL-6,

CD40L, and BAFF mRNA expression in alveolar

macrophages of SPF and FIP cats

The production of B-cell differentiation/survival factors

in FIP cats was investigated. Macrophages, one of the

target cells of FIPV, were collected from FIP cats. The

IL-6, CD40L, and BAFF mRNA expression levels in these

cells were measured by RT-PCR and compared to those in

SPF cats.

Table 2 The percentage of partial nucleotide sequence and deduced

amino acid sequences identity of Blimp-1 mRNA and BAFF mRNA

between felines and other animals

Blimp-1 BAFF

Nucleotide Amino acid Nucleotide Amino acid

Homology to feline sequence (%)

Canine 98 98 – –

Bovine 93 97 91 100

Mouse 94 100 79 82

Human 96 98 86 93

Fig. 3 Blimp-1 mRNA expression levels in PBMCs of FIP and SPF

cats. PBMCs (2 9 106 cells) were collected from FIP and SPF cats,

and the Blimp-1 mRNA was detected by RT-PCR. Blimp-1 mRNA

was quantitatively analyzed in terms of their relative density

compared to that of the mRNA for the housekeeping gene GAPDH
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Virus replication in macrophages was investigated in FIP

cats by measuring FIPV negative-strand RNA expression.

In all FIP cats investigated, FIPV negative-strand RNA was

expressed in alveolar macrophages (Fig. 4a). When the

mRNA expression levels of B-cell differentiation/survival

factors were measured, expression of IL-6, CD40L, and

BAFF mRNA was significantly enhanced in FIP cats

compared to SPF cats (Fig. 4b).

Relationship between FIPV replication and IL-6,

CD40L, and BAFF mRNA expression levels

in alveolar macrophages

To investigate the relationship between FIPV replication

and B-cell differentiation/survival factor production in

macrophages, alveolar macrophages from SPF cats were

inoculated with FIPV alone or a mixture of FIPV and anti-

FIPV S MAb (MAb 6-4-2). The culture supernatant and

cells were collected every 24 h for 3 days, and FIPV rep-

lication and B-cell differentiation/survival factor

production were measured. In the measurement of FIPV

replication, the virus titer in the macrophage culture

supernatant was measured by the plaque method, and

intracellular virus production was measured using FIPV

negative-strand RNA expression as an index. To assess B-

cell differentiation/survival factor production, the IL-6,

CD40L, and BAFF mRNA expression levels in the cells

were measured. FIPV negative-strand RNA was strongly

expressed in macrophages inoculated with a mixture of

FIPV and anti-FIPV S MAb compared to that in macro-

phages inoculated with the virus alone, and the virus titer in

the culture supernatant was also significantly higher

(Fig. 5a and b). The mRNA expression levels of all B-cell

differentiation/survival factors, IL-6, CD40L, and BAFF,

were also significantly increased in macrophages inocu-

lated with the mixture (Fig. 5c), suggesting that virus

production increased in ADE macrophages, in which B-cell

differentiation/survival factor production also increased.

Discussion

In FIP cats, the gamma-globulin level increases, and

immune-complex-mediated vasculitis develops, suggesting

that overproduced antibodies are closely involved in the

pathogenesis of FIP. However, only a few studies on B-cell

characteristics and their activation mechanism after FIPV

infection in FIP cats have been reported.

Here, we show that the ratio of sIg-positive, CD21-

negative cells increases in PBMCs of FIP cats, and corre-

lates with the albumin-to-globulin ratio in plasma samples.

We also show that the Blimp-1 mRNA expression level is

significantly elevated in PBMCs from FIP cats. Tedder

et al. [34] reported that CD21 molecules disappeared from

the cell surface, when B-cells differentiated into antibody-

producing cells. Shapiro-Shelef and Calame [28] reported

that Blimp-1 is the master gene that causes the final dif-

ferentiation of B-cells into plasma cells. Thus, the number

of plasma cells may increase in the peripheral blood of FIP

cats. Plasma cells are mainly present in the bone marrow,

spleen, and lymph nodes, but not in peripheral blood.

An increase in plasma cells in peripheral blood may be

evidence of enhanced B-cell activation.

B-cells are stimulated by antigen-presenting cells

(dendritic cells and macrophages) in lymphatic tissues, and

start to differentiate into plasma cells. For B-cells to dif-

ferentiate into plasma cells, various factors (cytokines,

antigens, etc.) are necessary. We focused on IL-6, CD40L,

and BAFF as B-cell differentiation/survival factors. IL-6 is

involved in the differentiation of B-cells into plasma cells,

and signal transmission via the IL-6 receptor inhibits B-cell

apoptosis [7, 18, 36]. CD40L inhibits the induction of B-

cell apoptosis by binding to CD40 expressed on the B-cell

surface, activating B-cells [3, 16, 17, 20]. BAFF induces an

apoptosis-inhibitory gene, Bcl-2, by binding to the BAFF

receptor expressed on B-cells, inhibiting B-cell apoptosis

[6, 22]. We clarified that IL-6, CD40L, and BAFF mRNA

expression was increased in macrophages in FIP cats. The

IL-6, CD40L, and BAFF mRNA expression levels were

also increased with virus replication in macrophages

inoculated with FIPV, suggesting that FIPV replication

A

B

Fig. 4 FCoV N gene, IL-6, CD40L and BAFF mRNA expression

levels in alveolar macrophages of FIP and SPF cats. a Alveolar

macrophages (2 9 106 cells) were collected from FIP and SPF cats,

and the FIPV negative-strand RNA was detected by RT-PCR. b
Alveolar macrophages (2 9 106 cells) were collected from FIP and

SPF cats, and IL-6, CD40L and BAFF mRNA was detected by RT-

PCR. IL-6, CD40L and BAFF mRNA were quantitatively analyzed in

terms of their relative density compared to that of the mRNA for the

housekeeping gene GAPDH
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induced BAFF, IL-6, and CD40L production in macro-

phages of FIP cats, and these factors promoted B-cell

differentiation into plasma cells.

Virus production and IL-6, CD40L, and BAFF mRNA

expression were markedly enhanced in ADE macrophages

in vitro compared to macrophages inoculated with the virus

alone. We reported previously that when the FIPV antigen

was detected by the fluorescent antibody method, 10–20%

of cells were positive when SPF cat-derived alveolar

macrophages were inoculated with FIPV ? anti-FIPV S

MAb, whereas 1–2% of cells were positive when alveolar

macrophages were inoculated with FIPV [12, 15]. It seems

that the increased number of virus-infected macrophages

leads to the over-expression of B-cell differentiation/sur-

vival factor mRNA in macrophages. However, there is no

evidence that this hypothesis is correct. A continued

examination of the mechanism of ADE activity in FIPV

infection would strengthen this hypothesis.

We reported previously that ADE activity in FIPV

infection of feline macrophages caused overproduction of

TNF-alpha, which may lead to serious FIP symptoms [31].

The increased IL-6, CD40L, and BAFF mRNA expression

levels in ADE macrophages may also be closely involved

in aggravation of pathogenesis, as well as TNF-alpha. That

is, our data suggest that FIPV re-infection induces ADE

and advances FIP development in cats. However, Addie

et al. [2]reported that FCoV re-infection of anti-FCoV

antibody-positive domestic cats might not result in the

development of ADE. Although the details are unclear,

differences in the immunological condition of FCoV-

infected cats may be the reason why the phenomenon noted

in ADE does not occur in domestic cats. It is necessary to

analyze mechanism of ADE in detail.

Of the B-cell differentiation/survival factors measured,

significant elevation of the ascitic and serum IL-6 levels in

FIP cats has been reported [8]. Regarding CD40L, tissue

deposition of immune-complexes, similar to that in FIP, is

involved in the pathogenesis of systemic lupus erythema-

tosus, rheumatoid arthritis, and Sjogren’s disease, in which

a significantly increased serum CD40L level has been

reported [9]. Similarly, increased levels of immune-com-

plexes in the blood of mice induced to overexpress BAFF

have been reported [21]. Therefore, it is easily predicted

that IL-6, CD40L, and BAFF are involved in the devel-

opment of immune-complex-mediated vasculitis. IL-6 has

also been reported to induce Blimp-1 expression in B-cells,

A B

C

Fig. 5 Relationship between FIPV replication and IL-6, CD40L, and

BAFF mRNA expression levels in alveolar macrophages: SPF cat-

derived alveolar macrophages (2 9 106 cells) were cultured with

medium alone, FIPV, FIPV ? anti-FIPV S MAb, or anti-FIPV MAb

alone. The cells and culture supernatant were collected every 24 h

thereafter. Intracellular FIPV negative-strand RNA was measured by

RT-PCR (a), and the virus titer in the culture supernatant was

measured by the plaque method (b). The intracellular IL-6, CD40L,

and BAFF mRNA expression levels were also measured by RT-PCR

(c). IL-6, CD40L, and BAFF mRNA were quantitatively analyzed in

terms of their relative density compared to that of the mRNA for the

housekeeping gene GAPDH (n = 8). Circle medium, triangle FIPV,

diamond FIPV ? anti-FIPV S MAb, square anti-FIPV S MAb,
#P \ 0.01 versus FIPV, **P \ 0.01 versus medium, *P \ 0.05

versus medium
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mainly by activating STAT3 [19], suggesting that IL-6 is

involved in the enhanced Blimp-1 mRNA expression in

PBMCs in FIP cats.

In this study, we showed that virus-infected macro-

phages overproduce B-cell differentiation/survival factors

and that these factors act on B-cells and promote B-cell

differentiation into plasma cells in FIPV-infected cats.

These findings may be important for the elucidation of the

pathogenesis of FIP.
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