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Abstract

PTX3-preopsonized conidia of Aspergillus fumigatus were
intra-tracheal administered to rats, immunosuppressed
with cortisone acetate. Reduction of lung fungal burden,
24 hours after infection, confirms PTX3 ability to promote
fungal clearance from the lung likely by enhancing
phagocytosis and killing of conidia by resident innate
immunity cells, thus indicating that the opsonic activity of
the protein is exploitable also on the respiratory mucosa.
Present results provide clues for the direct delivery of
PTX3 to the lung.
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Introduction
Invasive pulmonary aspergillosis (IPA) represents a

significant threat among subjects immunocompromised by a
number of conditions including: corticosteroid treatments,
ablative cancer chemotherapy or bone marrow
transplantation [1,2]. Soluble and cell-associate receptors are
involved in triggering a protective immune response [3]. The
multimeric glycoprotein PTX3 has been recognized as a key
element in the humoral harm of innate immunity against this
fungal infection [4]. PTX3 has functional plasticity, it
cooperates with other innate immunity proteins including
complement, Ficolins, MBL, and MD2, thus reducing microbial
burden [5]. In vitro experiments with phagocytes indicate that
the main mechanism of action of PTX3 against Aspergillus
relies on its opsonic activity [6]. The protein has shown a
protective role in several pharmacological models of infection
as evaluated by a reduction of the overall mortality,
enhancement of the mean survival time (MST) and reduction

of both blood and lung fungal burden [7-9]. The aim of this
study was to dissect further the opsonic activity of the PTX3,
quantifying the amount of protein effectively bound to conidia
and establishing the impact of differently opsonized conidia on
macrophages phagocytosis and lung clearance of the fungus.
In addition, this study provides new dosage insight on the
potential local therapeutic use of PTX3 on the respiratory
mucosa, such as aerosol.

Methods

PTX3 binding to A. fumigatus conidia
To estimate the amount of PTX3 effectively bound to

conidia, 5 × 107 conidia/ml in saline phosphate solution (PS)
(150 mM NaCl, 10 mM phosphate buffer pH 7-7.2) were
incubated 1 hour at room temperature with PTX3 at final
concentrations in the range 1000-2 µg/ml. To remove unbound
protein, conidia were collected by centrifugation and washed
three times with PS. Conidia pellet was then lysed in 0.2 ml of
Lamely buffer and the extracts (10 µl/line), as well as a PTX3
standard, resolved by SDS-PAGE. PTX3 was detected by
western blotting with anti-PTX3 monoclonal antibody (MNB4).
Densitometric analysis in comparison with PTX3 standard,
using IMAGEJ software, allowed calculating the amounts of
PTX3 effectively bound to conidia.

In vivo PTX3 opsonic activity
To investigate the effect of PTX3 opsonization on in vivo

clearance of Aspergillus conidia, a rat model of invasive
pulmonary aspergillosis (IPA) was used. Rats were
immunosuppressed and infected as previously described [8,9].
Briefly, Sprague-Dawley rats (Envigo) were immunosuppressed
with 150 mg of cortisone acetate (CA)/kg of body weight 6
days before and then every other day up to the day of
infection and maintained with 80 mg/kg every other day until
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the end of the experiment. Conidia were obtained from 4- and
5-day cultures in Sabouraud agar medium at 28°C and scraped
in a Sabouraud broth medium (0.05% Tween 80). Rats were
intratracheally inoculated with a single administration of 5 ×
107 conidia of A. fumigatus in 0.2 ml of sterile saline with or
without PTX3 pre-opsonization at the indicated
concentrations. This inoculum led to mortality within 12 to 13
days without proper therapy and provided an extensive lung
infection.

In Vitro PTX3 opsonic activity
A. fumigatus inactivated conidia (108/ml) were labelled by

incubation with the pH-sensitive Amine-Reactive pHrodo™
Green Dye 0.5 mM (Thermo Fisher Scientific P35369). Conidia
labelling and pH-dependence of fluorochrome emission were
assessed by suspending them in different buffers (pH range
4-8) and using the Glomax Multimode plate reader (Promega;
Exc. 520 nm, Emis. 580-640 nm). RAW cells were cultured with
conidia (1:5, being previously assessed as the optimal ratio)
with or without PTX3 opsonization at different concentrations
(0-50 µg/ml). After 6 or 18 hours, cells (2 × 104) were washed
and analyzed by flow cytometry by suspending them in PBS
(pH 7.4) and using a FACSCalibur (BD Biosciences) to detect
fluorescence.

Results
Saturation of PTX3 binding to conidia was obtained at 500

µg/ml of the pre-opsonization mix. A dose dependent binding
was observed (Figure 1A). The lowest detectable binding was
obtained at 2 µg/ml, that corresponds to 742 ng of bound
PTX3 for 5 × 107 conidia. Assuming a molecular weight for
PTX3 of 340 kDa [10,11] the number of pmoles of PTX3 bound
to 5 × 107 conidia at each concentration of PTX3 in the pre-
opsonization mix was calculated (Table 1). Multiplying PTX3
molarity with the Avogadro number we estimated that the
number of molecules of PTX3 bound to single conidia, at 2
µg/ml pre-opsonization mix, was about 2.4 × 104.

Noteworthy, during conidia collection by centrifugation, the
amount of floating conidia (fraction resistant to
sedimentation) was progressively less with the increase in
PTX3 concentration (Figure 1B). This suggests that PTX3 might
either work as a surfactant protein thus reducing hydrophobic
interaction between conidia and plastic or that it might
promote the formation of large aggregates of protein and
conidia with a high sedimentation rate compared with less or
non-opsonized conidia.

In order to evaluate the contribution of PTX3 opsonic
activity in the clearance of the fungus from the respiratory
mucosa, infection with PTX3 pre-opsonized conidia was
investigated in rats. Twenty-four hours after infection, rats
were sacrificed, lungs were collected and fungal CFU counted.
A first experiment was performed with PTX3 at 2-500 µg/ml.
Pre-opsonization of conidia with PTX3 at 500 µg/ml slightly
worsened the lung CFU outcome (16552 CFU) as compared to
naked conidia (13692 CFU) (p=0.7). Increased, but not
significant, reduction of lung CFU was observed at PTX3

concentrations of 30 µg/ml (2145 CFU; vs. saline 13692 CFU
p=0.15) and 2 µg/ml (4142 CFU; vs. saline 13692 CFU p=0.27).

In a second experiment, conidia were pre-opsonized with
PTX3 at 0.5-500 ng/ml. A reduction of lung CFU was observed
at all tested concentrations, being significant at 50 (p=0.04),
and 0.5 (p=0.02) ng/ml (Table 2). To assess the effects of PTX3
on phagocytosis, conidia were incubated with the monocytic-
macrophagic cell line RAW264. In buffers at pH 7-8, the
fluorescence of pHrodo-labelled conidia was undetectable or
barely detectable whereas at pH 6 it could be clearly detected
and raised al lower pH values (not shown). Results in Figure 1C
and 1D, show that the percentage of cells that had
phagocytized naked A. fumigatus conidia and disposed them
to the acidic environment of phagolysosomes was 3.9% and
12.3% after 6 and 18 hours, respectively. In the presence of
PTX3, the percentage of pHrodo positive cells was higher,
reaching a maximum (8.9% after 6 h, 18.1% at 18 h) at 0.5
µg/ml. The addition of cytochalasin D dropped the percentage
of fluorescent cells, confirming that the observed signal was
associated with phagocytosis of fluorescent conidia.
Interestingly, the number of fluorescent cells was lower at
higher PTX3 concentrations (1.8% and 6.4% at 50 µg/ml) at
both 6 and 18 hours, respectively, suggesting that an optimal
“stoichiometric” ratio between conidia and PTX3 is required
for optimal phagocytosis.

Figure 1: A: Western blotting analysis of conidia lysate after
incubation with the indicated concentration of PTX3. A
reference standard was used to perform a densitometry
analysis of the samples. B: Fifty million conidia were
incubated with the indicated concentrations of PTX3 (range
500-0.0005 µg/ml) in 1.5 ml Eppendorf tubes for an hour at
room temperature, centrifuged in Eppendorf microfuge for
10 min. at 12000 rpm, and visually inspected. C, D: FACS
analysis of Raw 264.7 cells incubated for 6 (C) or 18 hours
(D) with pHrodo-labeled conidia. p<0.05 for PTX3 at any
concentration (0.05-50 µg/ml) vs. control (no PTX3); p<0.05
for any effect due to cytochalasin D (CytD).

In previous experiments of pulmonary infection with A.
fumigatus, in bone marrow transplanted mice [7], the most
effective dose of PTX3 was 1 mg/kg [7]. In order to evaluate
whether the lung concentration of PTX3 was consistent with
our in vivo and in vitro results, 1 mg/kg of the protein was
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intravenously administered in PTX3 deficient mice (n=6) and
lung homogenate evaluated by ELISA for PTX3, 2 hours after
protein administration. PTX3 concentrations spanned between

7 and 60 ng/lung (mean 25.7 ± 20) thus in a range of
concentrations consistent with the results reported herein.

Table 1: the amounts of PTX3 bound to conidia as calculated from the densitometry of western blotting in Figure 1A.

PTX3 in the opsonization mix (µg/ml) PTX3 bound (ng/5 × 107 conidia) PTX3 bound (pmol/5 × 107 conidia)

1000 5183 15

500 5126 15

250 4608 14

125 3556 10

62.5 2971 9

31.5 2269 7

15.6 2016 6

7.8 1732 5

3.9 1498 4

2 742 2

0.0 0.0 0.0

Table 2: Lung fungal burden of rats intratracheally infected with A. fumigatus conidia pre-opsonized with the indicated
concentrations of PTX3.

PTX3 in the opsonization
mix (ng/ml)

n CFU (mean) SE T-test versus Vehicle

Vehicle 12 299083 83145 -

500 12 156633 57063 0.25

50 12 85626 35319 0.04

5 12 130950 46126 0.08

0.5 12 83350 22385 0.02

n: Number of Rat/Group, SE: Standard Error

Discussion
The present study provides clear evidence that the opsonic

activity of PTX3 plays a relevant role in the clearance of A.
fumigatus from the respiratory mucosa. The range of
phagocytosis-promoting concentrations used to opsonize
conidia was  found consistent with the concentrations
obtained in the lung after systemic administration of
pharmacologically effective doses of the protein. According to
the multimeric status of PTX3, previous studies suggest that
the protein might work as hub, thus clustering conidia to the
surface of innate immunity cells and enhancing both
recognition and conidia engulfment by phagocytes [12-14]. We
found that the number of molecules of PTX3 that remain
bound to conidia after pre-opsonization was considerably high
(up to 150.000 molecules/conidia) thus suggesting that the
protein is able to assemble in large complexes of proteins and
conidia. Our data indicate that high concentrations of PTX3
(500 µg/ml) in pre-opsonization experiments is ineffective or
even detrimental to lung fungal clearance, suggesting that if

these complexes became too large engulfment by phagocytes
could be unmanageable. In agreement with this hypothesis, in
vitro phagocytosis assays and in vivo infection experiments
revealed that the PTX3 concentrations promoting conidia
engulfment and those reducing lung fungal burdens in vivo
were falling in the same range (0.05 to 5 µg/ml). In conclusion,
the present study provides evidences that administration of
PTX3 to the respiratory mucosa might be effective in
enhancing lung fungal clearance. Direct delivery of PTX3 to the
lung, for instance by aerosol, might represent a new
therapeutic option and accordingly to opsonization results,
PTX3 dosage should be carefully estimated to prevent
detrimental effects on fungal clearance mechanisms.
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