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Feline a1-acid glycoprotein (fAGP) modifies both its serum concentration and its glycan moiety during
diseases. fAGP is hyposialylated in cats with feline infectious peritonitis (FIP), but not in clinically healthy
cats or in cats with other diseases. This study was aimed to determine whether hyposialylated fAGP influ-
ences phagocytosis. A flow cytometric method based on ingestion of fluoresceinated bacteria and adapted
to feline blood was used to assess phagocytosis of leukocytes incubated with ‘non-pathological’ fAGP
(purified from sera with normal concentrations of AGP) and ‘pathological’ fAGP (purified from sera with
>1.5 mg/mL hyposialylated AGP). The flow cytometric method provided repeatable results for neutrophils
(coefficients of variations, CVs <15%) but not for monocytes (CVs > 20%) which had also a high individual
variability. Compared with saline solution and with non-pathological fAGP, pathological fAGP signifi-
cantly decreased phagocytosis in neutrophils and monocytes. This study demonstrated that hyposialylat-
ed fAGP down-regulates the phagocytic activity of feline neutrophils.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction the feline coronavirus (FCoV) able to replicate into macrophages
Feline a1-acid glycoprotein (fAGP) works as an acute phase protein
in cats (Paltrinieri, 2008) and increases in the serum of cats with several
inflammatory and non-inflammatory conditions (Paltrinieri et al.,
2007b; Paltrinieri, 2008). The functions of AGP include the dampening
of the inflammatory status to minimise tissue damages associated with
the release of reactive oxygen species that characterizes the last phase
of the phagocytic process of granulocytes and monocytes recruited in
tissues during inflammation (Tilg et al., 1993; Atemezem et al., 2001;
Hochepied et al., 2003; Miranda-Ribera et al., 2010). In addition to its
serum concentration, post-translational glycosylation and phosphory-
lation of AGP can be modified during inflammation or diseases
(Ceciliani and Pocacqua, 2007).

The glycan moiety influences several immunomodulatory activ-
ities of AGP (Hochepied et al., 2003; Ceciliani and Pocacqua, 2007).
Carbohydrate moiety modifications could be important in the
inflammatory response but may also be responsible for impair-
ment of innate defences by modifying phagocyte functions. Most
of the experiments focusing on the relationship between the gly-
can moiety of AGP and its involvement in defensive responses were
performed on experimentally desialylated AGP, due to the difficul-
ties to retrieve a sufficient number of unhealthy animals (Ceciliani
et al., 2007; Miranda-Ribera et al., 2010).

In cats, hyposialylated AGP, in a(2-6)-linked and a(2-3)-linked
sialic acid, has been found in feline infectious peritonitis (FIP)
(Ceciliani et al., 2004). FIP is sustained by mutated viral variants of
ll rights reserved.
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trinieri).
(Pedersen, 2009). The development of the disease depends on the
immune response of the host (Pedersen, 1987), as suggested by
the different number of lymphocytes and by the different concentra-
tion of molecules involved in inflammation or immunity found in
cats with FIP compared with FCoV-infected, clinically healthy cats
(Kipar et al., 2001; Berg et al., 2005; Gelain et al., 2006; Giordano
and Paltrinieri, 2009). Hyposialylation seems to be a unique feature
of FIP, since it does not occur in diseases other than FIP, except in a
few cats infected by the feline leukemia virus (FeLV) or by the feline
immunodeficiency virus (FIV) (Pocacqua et al., 2005) or in clinically
healthy FCoV-infected cats, which exhibit transient increases of
hypersialylated fAGP (Giordano et al., 2004; Paltrinieri et al., 2007a).

A relationship between the degree of sialylation of AGP and the clin-
ical outcome of the infection can be hypothesised. Due to its involve-
ment in down-regulating the inflammation, it is possible that the
hyposialylation of AGP may increase the susceptibility of cats by alter-
ing the responses of phagocytes. The aim of the present study was to
determine whether hyposialylated AGP purified from unhealthy cat
interferes with phagocytic activity of feline granulocytes and mono-
cytes. To fulfil this aim, we used a flow cytometric method previously
employed in cats (Hoffmann-Jagielska et al., 2003, 2006) to evaluate
phagocytosis of fluoresceinated bacteria in whole blood.
2. Materials and methods

2.1. Animals and sample collection

Blood samples were taken from 16 clinically healthy client-
owned cats under informed consent during routine wellness visits.

http://dx.doi.org/10.1016/j.rvsc.2013.04.026
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Therefore, according to the regulations of our Institution, it was not
necessary to obtain a formal authorisation by the Animal Care
Committee. Blood was placed either in tubes with lithium heparin
(15 U/mL), or in plain tubes and immediately transported to the
laboratory to be analysed within 1 h. Specifically, anticoagulated
blood was used to perform routine hematology and to assess phag-
ocytic activity, while plain tubes were used to obtain serum by
centrifugation to perform the biochemical analyses described
below.

The inclusion criterion was the absence of any clinical sign and
of laboratory abnormalities in a routine laboratory hematological
and biochemical screening. Specifically biochemical analyses were
run on serum using an automated spectrophotometer (Cobas Mira,
Roche, Basel, Switzerland) using reagents provided by Real Time
S.r.l (Viterbo, Italy) by measuring the following analytes: total pro-
teins (biuret method), albumin (bromochresol method), glucose
(GOD-POD method), urea (urease method), creatinine (Jaffè meth-
od), alanine aminotransferase (ALT, kinetic IFCC method), aspartate
aminotransferase (AST, kinetic IFCC method), alkaline phosphatase
(ALP, kinetic IFCC method), cholesterol (COD-POD-PAP method),
Triglycerides (GPO-POP-PAP method), calcium (orthocresoftaleine
method), phosphate (phosphomolibdate method), c-glutamyl
transferase (GGT, kinetic IFCC method), creatine kinase (CK, CK-
NAC method). The serum concentration of AGP was also measured
using the method described below, and only cats with results with-
in the reference intervals were enrolled in this study. Routine
hematology was performed using an automated laser hematology
analyzer (Sysmex XT-2000iV, Sysmex Co., Chuo-ku, Kobe, Japan),
already validated for feline blood (Lilliehöök and Tvedten, 2009)
equipped with a multispecies software for veterinary use, followed
by micrscopical analysis of May Grunwald Giemsa stained blood
smears to perform the differential leukocyte counts.

Heparinized blood from the first 10 cats enrolled in the study
was also used to optimize the flow cytometric method described
below (cats 1–5) and to evaluate the precision of this method (cats
6–10). As regards the leukocyte populations of interest for this
study, differential cell counts of these cats were normal
(4.52 ± 2.02 neutrophils � 103/lL; 2.86 ± 1.08 lymphocytes � 103/
lL and 0.20 ± 0.07 monocytes � 103/lL). Then, additional six hep-
arinized samples (cats 11–16) were used to assess the phagocytic
responses in the presence of fAGP. Blood was placed in tubes with
lithium heparin, transported to the laboratory and analysed within
1 h. Differential cell counts from blood of these cats were normal
(5.27 ± 3.10 neutrophils � 103/lL; 3.02 ± 1.57 lymphocytes � 103/
lL and 0.23 ± 0.11 monocytes � 103/lL).

2.2. Evaluation of phagocytic activity

Phagocytic activity was assayed in heparinised whole blood
using a commercial kit (Phagotest, Glycotope Biotechnology) based
on the incubation of blood with fluoresceinated (fluorescein isothi-
ocyanate, FITC-labelled) Escherichia coli, followed by flow cytomet-
ric quantification of phagocytosis. Aliquots of 100 lL blood were
prepared to assess in duplicate either non-activated phagocytosis
(basal phagocytic activity of resting cells incubated on ice) or acti-
vated phagocytosis (phagocytic activity of cells incubated for
10 min in a water bath at 37 �C followed by rapid blocking of
phagocytosis by immersion on ice). Before incubation, each aliquot
was mixed with different amounts (see below) of FITC-labelled
E. coli. After incubation, a quenching solution (100 lL) was added
to inactivate the fluorescence of non-phagocytosed E. coli. Cell sus-
pensions were washed twice with phosphate buffered saline (PBS)
at 4 �C, centrifuged (5 min, 250g, 4 �C) and mixed with the lysing
solution provided in the kit. After 5 min, cells were washed again
and 200 lL DNA staining solution was added, followed by incuba-
tion on ice for 10 min.
Phagocytosis was assessed at 488 nm wavelength using a flow
cytometer (FACSCalibur, Becton Dickinson) equipped with the Cell-
Quest software (Becton Dickinson) by analyzing a volume of blood
containing 10,000 cells in the gate of neutrophils and monocytes
were gated on dot plots of side scatter (SSC) and forward scatter
(FSC) analysis (Supplementary Fig. 1). These gates were designed
during a previous study (Paltrinieri et al., 2012) based on cell dis-
tribution assessed using monoclonal antibodies against each leu-
kocyte population. To exclude artifacts due to the residual
fluorescence of aggregates of E. coli the intensity of positivity of
DNA staining was assessed on histograms of the gated population
to differentiate aploid bacteria from diploid nucleated cells. Diploid
cells were back-gated to evaluate phagocytosis: two histograms
(neutrophils and monocytes) were generated and data were ex-
pressed as percentage of phagocytosing cells and as median chan-
nel fluorescence (MCF) emitted by the cells. The MCF is
proportional to the amount of ingested bacteria per cell. Data were
recorded on a logarithmic scale and values of non-activated sam-
ples were subtracted from those of activated samples to determine
the percentage of phagocytic cells and the MCF of each sample.

Different concentrations of E. coli were tested in preliminary as-
says. In the first test, 20 lL E. coli suspension (1 � 109 E. coli/mL)
were added to each aliquot of blood. Further tests were performed
using 10 lL, 5 lL and 2.5 lL E. coli suspension. Intra-assay preci-
sion was assessed on duplicate measurement of five samples ana-
lysed using the optimised method by calculating the coefficient of
variation (CV = mean/standard deviation � 100).

2.3. Purification of fAGP from pooled sera and evaluation of the pattern
of sialylation

Feline AGP was purified from two pools of feline sera received
at our institution for routine diagnostic investigation and stored
at �20 �C for a maximum of 6 months. The concentration of AGP
was assessed at admission using a single radial immunodiffusion
(SRID) kit (Feline a1AG Plate, Tridelta) (Paltrinieri et al., 2007a).
Sera were pooled based on their AGP concentration. Forty-six sam-
ples from cats with a clinical suspicion of FIP and serum AGP con-
centrations >1.5 mg/mL (total volume 20.9 mL) were included in
the ‘pathological pool’. Fifty-nine sera (total volume 29.9 mL) from
clinically healthy cats with serum AGP concentrations <0.5 mg/mL
were used to form the ‘non-pathological pool’, since this value is
within the reference interval of our laboratory (<0.56 mg/mL).
The concentrations of AGP assessed by SRID were 0.42 mg/mL in
the non-pathological pool and 3.84 mg/mL in the pathological pool.

Feline AGP was purified from both the pools as described previ-
ously (Ceciliani et al., 2004), with the addition of a third reverse
phase high performance liquid chromatography (RP-HPLC) purifi-
cation step to remove contaminants such as lipopolysaccharide
(LPS), which might interfere with in vitro experiments with cells.
This additional step completely remove LPS from the purified pro-
tein, as demonstrated using the LAL test in a previous study
(Ceciliani et al., 2007). Protein peaks recorded at each chromato-
graphic step are reported in the Supplementary Fig. 2).

After each step of the purification protocol, protein concentra-
tions were quantified by spectrophotometric measurement at
280 nm and fAGP concentrations were determined by SRID. The
presence of fAGP in the purified protein fractions was assessed
by Western blot analysis using an anti-fAGP polyclonal antibody
raised in sheep kindly provided by Professor David Eckersall (Uni-
versity of Glasgow, UK) and an alkaline phosphatase-conjugated
goat anti-sheep secondary antibody. Western blots were devel-
oped using the Amplified AP Immun-Blot Kit (Bio-Rad).

AGP sialylation was characterised in a further Western blotting
experiment using the biotin-conjugated lectins Sambucus nigra
agglutinin (SNAI, 2 lg/mL; Vector Laboratories) and Maackia
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amurensis agglutinin (MAA, 5 lg/mL; Vector Laboratories) specific
for sialic acid a(2-6)-linked and a(2-3)-linked to galactose,
respectively.

Glycan analysis of fAGP-lectins binding was performed follow-
ing a peroxidase reaction using the Vectastain ABC Kit (Vector Lab-
oratories) as described previously (Ceciliani et al., 2004) and
developed using the HRP Immun-Blot Assay Kit (Bio-Rad Laborato-
ries). Pathological and non-pathological AGP were analysed in the
same blot. Densitometric analysis was then performed using the
Imagemaster 1D software (Amersham Biosciences) that analysed
digital images of the membranes acquired with a scanner in order
to display profile plots of fAGP peaks and to calculate the area un-
der each peak.

2.4. Effects of fAGP on the phagocytic activity of feline leucocytes

The effect of fAGP on phagocytosis was assessed on blood from
six clinically healthy cats with AGP concentration ranging from
0.24 to 0.31 mg/mL. Samples were divided in six aliquots (200 lL
each) that were added with 30 lL of the following solutions: (1)
saline solution, to be placed on ice after incubation (non-activated
negative control); (2) saline solution to activate phagocytosis as
described above (activated negative control: baseline phagocyto-
sis); (3) albumin, to evaluate the effect on phagocytosis of a
non-specific protein (i.e. non-AGP); (4) ‘non-pathological fAGP’,
prepared as described above; (5) AGP from clinically healthy cattle
(Ceciliani et al., 2007): bovine AGP (bAGP) served to test the effect
on phagocytosis of a AGP from a species other than cats; and (6)
‘pathological fAGP’, prepared as described above. The final protein
concentration in wells 3–6 was 1.5 mg/mL. The 6 aliquots of blood
added with saline solution or with the proteins listed above, were
used to assess the phagocytic activity in duplicate. To this aim each
aliquot was used to fill two wells of a microtitre plate (100 lL
each). The plate was then incubated for 30 min at 37 �C with 5%
CO2. After incubation, blood from each well was used to assess
phagocytosis using the optimised protocol described above.
Fig. 1. Examples of histograms obtained in non-activated neutrophils (A), activated ne
designed in the non-activated population to identify the percentage of non-specific phago
B and D, respectively demonstrates the increased fluorescence obtained after stimulatio
detectable as a peak in the M1 area, that is not present in non activated cells.
2.5. Statistical analysis

Statistical analyses were performed using an Excel spreadsheet
with the Analyse-it set of macroinstructions (Analyse-it Software,
version 2.21). Non parametric analyses were used since a Kol-
gomorov Smirnov normality test demonstrated that data did not
have a normal distribution. Results recorded after incubation in
the different experimental conditions were compared to each other
with the Friedmann test. Results obtained with each protein were
then compared with those obtained with saline solution with a
Wilcoxon signed rank paired t test. The same test was used to com-
pare the results obtained with non pathological feline AGP and
those obtained with pathological feline AGP or bovine AGP. Values
were considered to be significant when P < 0.05.

3. Results

3.1. Optimisation of the protocol to evaluate phagocytosis of feline
leukocytes

The application of the manufacturer’s protocol demonstrated
that the signal exceeded the maximum visible fluorescence (Sup-
plementary Fig. 3). Conversely, fluorescence histograms were com-
pletely visible using 5 lL or 2.5 lL E. coli suspension containing
respectively 2.5 � 108 and 1.25 � 108 E. coli/mL. The former dilu-
tion (5 lL) was finally selected, since an excess of bacteria is
needed to not underestimate phagocytic activity. At this dilution,
the FSC vs. SSC plot showed that most of the phagocytic cells were
neutrophils and monocytes, although a residual non-specific signal
was found on lymphocytes. Histograms of gated neutrophils and
monocytes demonstrated a moderate background signal in non-
activated cells (Fig. 1a and c; Table 1) and a strong positive signal
in activated neutrophils. Positivity was less intense for activated
monocytes, which also showed a high individual variability
(Fig. 1c and d; Table 1). Intra-assay imprecision of the modified
method was high in non-activated samples (Supplementary
utrophils (B), non-activated monocytes (C) and activated monocytes (D). The gate
cytosis is indicated with ‘M1’. The comparisons of histograms A and C with those in
n compared with non-activated cells (i.e. cells kept on ice to block phagocytosis),



Table 1
Results obtained in five clinically healthy cats using the optimised flow cytometric method.

Non-activated Activated Difference
Mean ± SD (median) Min–Max Mean ± SD (median) Min–Max Mean ± SD (median) Min–Max

% PMN 0.8 ± 0.2 (0.9) 0.5–1.0 75.6 ± 9.3 (70.7) 67.2–89.9 74.7 ± 9.2 (70.2) 66.3–88.9
MCF PMN 1.1 ± 0.1 (1.0) 1.0–1.2 614.6 ± 79.3 (578.5) 545–709 613.6 ± 79.3 (577.5) 544–708
% Mono 10.6 ± 8.1 (7.8) 2.5–20.8 39.1 ± 15.8 (37.3) 17.5–55.3 28.5 ± 9.9 (34.5) 13.1–36.3
MCF Mono 14.5 ± 19.8 (8.0) 1.0–48.5 147.3 ± 116.8 (103.5) 47.0–344.5 132.8 ± 113.1 (102.5) 46.0–330.5

SD, standard deviation; Min, minimum; Max, maximum;% PMN, percentage of phagocytic neutrophils; MCF PMN, median channel fluorescence intensity of neutrophils;%
Mono, percentage of phagocytic monocytes; MCF PMN, median channel fluorescence intensity of monocytes.
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Table 1) and low (CVs < 15%) in activated samples, although indi-
vidual cases had CVs > 20% (especially for monocytes).
3.2. Purification of AGP

After purification, 0.66 mg non-pathological fAGP and 2.20 mg
pathological fAGP were recovered. Coomassie blue staining con-
firmed that AGP was purified to homogeneity and Western blot
Fig. 2. Western blot analysis of non-pathological (NP) and pathological (P) fAGP
stained with the lectins Sambucus nigra agglutinin (SNAI) and Maackia amurensis
agglutinin (MAA) that are specific for sialic acid a2-6)-linked and a2-3)-linked to
galactose, respectively. In Western blots for both lectins (A), each lane was loaded
with 2 lg purified protein. Non-pathological protein reacts strongly with both
lectins when compared with the pathological protein. The signal recorded with the
two lectins in the pathological pool is weak. For each lectin, the reactivity with SNAI
and MAAI has been quantified by a densitometry and the quantification of the area
under the peaks (B) confirms that for both lectins, the value corresponding to
pathological fAGP is lower than that of non pathological fAGP.
analysis confirmed that the purified protein was AGP in both sam-
ples (Supplementary Fig. 5). The densitometric analysis of the gly-
cosylation patterns of non-pathological and pathological fAGP
(Fig. 2) revealed that, compared with non-pathological AGP, the
sialic acid a(2-6)-linked content of pathological fAGP (lectin SNAI)
decreased to 63% and the sialic acid a(2-3)-linked to galactose (lec-
tin MAA) decreased to 42%. These results confirmed that patholog-
ical fAGP was hyposialylated.
3.3. Effect of AGP on phagocytosis of feline phagocytes

Results recorded in controls and in the presence of fAGP or
other proteins are summarised in Fig. 3. Pathological fAGP de-
creased in all the four flow cytometric parameters either compared
with saline solution or compared with non-pathological fAGP. A
significant decrease of phagocytosing monocytes compared with
saline solution was induced by bAGP. No other significant differ-
ences were found, but non-pathological fAGP had a strong individ-
ual variability, due to a single cat that had extremely low values,
and monocytes had a wide individual variability for almost all
the parameters. The inhibitory activity on neutrophils was AGP-
specific, since the same concentration of other proteins was
ineffective.
4. Discussion

This study demonstrated that hyposialylated fAGP purified from
unhealthy cats can interfere with phagocytosis. The phagocytic
activity of feline neutrophils and monocytes was determined by
a flow cytometric protocol that copes with the need to work with
low volumes of blood, as frequently occurs in cats, and provides
the opportunity to work with whole blood, which paints a more
reliable picture of cell–cell interactions that occur in blood. The
main limitation of tests performed in whole blood is that other
substance in plasma (cytokines, pro-inflammatory molecules, or
even endogenous AGP) may interfere with cell responses. The
study design adopted in this study, however, minimized the possi-
ble influence of endogenous substances since on one side all the
cats were clinically healthy and have a normal concentration of
AGP, and on the other side an aliquot of whole blood was incubated
with saline solution. Therefore, the only difference between this
aliquot and activated aliquots was the amount (and, as regards
fAGP, the type of sialylation) of activator(s). Therefore, it is very
likely that the different responses recorded after incubation with
AGP or albumin actually depend on the presence of activators
rather than on endogenous molecules.

This or similar methods were already been employed in cats,
(Hoffmann-Jagielska et al., 2003, 2006; Hanel et al., 2003; Chen
et al., 2006; Jaso-Friedmann et al., 2008; Craig et al., 2009; Webb
et al., 2009; Keegan and Webb, 2010). However, the methods cited
above were not specifically customed for feline cells. A preliminary
step of optimisation to feline blood was therefore carried out, fol-
lowed by the evaluation of imprecision. This approach allowed us



Fig. 3. Results obtained after incubation of whole blood with saline solution (Neg), bovine albumin (Alb), non-pathological feline AGP (fAGP-NP), bovine AGP (bAGP) and
pathological feline AGP (fAGP-P). The four graphs display the percentage of phagocytosing neutrophils (A), the median channel fluorescence (MCF) of neutrophils (B), the
percentage of phagocytosing monocytes (C) and the MCF of monocytes (D). The boxes indicates the I–III interquartile range (IQR), the horizontal line indicates the median
values, whiskers extend to further observation within the I quartile minus 1.5 ⁄ IQR or to further observation within the III quartile plus 1.5 ⁄ IQR. Asterisks indicate values
that are significantly different from the negative control (saline solution) and the symbols � indicate values that are significantly different from non pathological fAGP: as
regards neutrophils, both the percentage of the phagocytic cells and the MCF were significantly lower after incubation with pathological fAGP compared with controls and
with non pathological fAGP. Conversely, as regards monocytes, the percentage of the phagocytic cells and the MCF were significantly lower after incubation with pathological
fAGP compared with controls and with non-pathological fAGP. The incubation with bovine AGP induced a significant decrease of the percentage of the phagocytic cells only
compared with controls but not with non-pathological fAGP.
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to improve the quality of the signal by decreasing the number of
E. coli added to cell suspensions, likely due to a decreased non spe-
cific binding of bacteria to cell surfaces. The residual positivity on
lymphocytes, possibly due to non-specific adherence of bacteria
or to the low phagocytic activity of lymphocytes (Tizard, 2009;
Parra et al., 2012) did not influence the interpretation of neutrophil
and monocyte, since the phagocytic activity of these cells was eval-
uated on gated cell populations that do not contain lymphocytes
(Paltrinieri et al., 2012).

Using the optimized method, intra-assay imprecision was high-
er in non-activated cells, as expected for datasets with low mean
values (Westgard, 2003), but acceptable in activated cells, with
CVs comparable to those reported previously (Hoffmann-Jagielska
et al., 2003). Neutrophils had a higher phagocytic activity than
monocytes, since phagocytosis of monocytes must be activated
by cytokines (Netea et al., 2008; Tizard, 2009). Results of mono-
cytes were also biased by the high imprecision and individual
variability.

In the second part of the experiment, we determined the
phagocytosis-modulatory activity of fAGP by incubating feline
blood with AGP purified from healthy and unhealthy animals.
This study was not focused to assess the phagocytic responses
of cats with FIP. Nevertheless, AGP purified from sick cats was
strongly hyposialylated for both a(2-3)-linked and a(2-6)-linked
sialic acid, with a magnitude similar to that found in cats with
FIP (Ceciliani et al., 2004). This finding, coupled with the high
AGP concentration in sera from sick animals, which is also con-
sistent with FIP (Duthie et al., 1997), suggests that, although the
clinical diagnosis of FIP was not confirmed post-mortem, it is
very likely that most of the pathological sera came from FIP af-
fected cats.

The last step of purification (RP-HPLC) that removes contami-
nating LPS reduced the purification yield, as already reported
(Ceciliani et al., 2007). By consequence, the amount of purified
AGP was sufficient only for a limited number of replicas. In spite
of this limitation, the pathological and strongly hyposialylated
fAGP down-regulated phagocytosis of neutrophils and, to a lesser
extent, of monocytes, when added at concentrations similar to
those found in FIP. The high variability of monocytes depends on
the intrinsic variability of their responses, potentially amplified
by the low number of cats tested, rather than on a true effect of
AGP. The possible influence of subclinical conditions was also un-
likely since the cats were clinically and clinico-pathologically
healthy.
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In humans and cattle, AGP modulates monocyte and neutrophil
functions (Vasson et al., 1994; Lecchi et al., 2008; Rinaldi et al.,
2008; Miranda-Ribera et al., 2010). AGP interacts with target cells
through its glycan moiety, and the experimental desialylation
inhibits immunomodulatory activities such as the apoptosis pro-
tecting function (Ceciliani et al., 2007) and the degranulatory
inhibitory activity (Miranda-Ribera et al., 2010).

The finding that hyposialylated fAGP purified from unhealthy
cats can down-regulate phagocytosis is remarkable and gives some
insight in the relationship between the sialylation degree of AGP
and the modulation of its functions during diseases where post-
translational modifications of the proteins occur. The results of this
study do not allow us to formulate any hypothesis on the mecha-
nism(s) responsible for this finding. Hyposialylation has been
found to be specific in FIP, but not in clinically healthy, FCoV in-
fected cats (Ceciliani et al., 2004; Paltrinieri et al., 2008). Although
previous report, performed with methods different from those re-
ported in this study, suggested that phagocytosis is not suppressed
in cats wit FIP (Knotek et al., 2000), the hyposialylation of fAGP,
which we found to down-regulate phagocytosis, may influence
the clinical outcome of FCoV infection by inducing a failure of cel-
lular responses to the virus. Macrophages and neutrophils are in-
volved in FIP immunopathology, being the most abundant, while
hardly effective, populations in pyogranulomatous lesions (Kipar
et al., 1998; Paltrinieri et al., 1998). It would be interesting to
investigate whether other cell-mediated functions are hampered
by desialylated fAGP. Among these, the potential of AGP of modu-
late apoptosis through variations in the glycan moiety (Williams
et al., 1997; De Vries et al., 2004; Kagaya et al., 2005; Ceciliani
et al., 2007) could be interesting, since lymphocyte apoptosis oc-
curs in cats with FIP (Takano et al., 2007), but not in FCoV-infected,
clinically healthy cats (Paltrinieri et al., 2003).

In conclusion, using a modified flow cytometric method to eval-
uate phagocytosis in feline whole blood, hyposialylated fAGP
down-regulated neutrophil phagocytosis, thus supporting the
hypothesis that post-translational modifications of AGP contrib-
utes to the pathogenesis of diseases involving cell-mediated re-
sponses, such as FIP (Ceciliani et al., 2004). Further experiments
on the phagocytic activity in FIP affected cats are envisaged to con-
firm this hypothesis.
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