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This study evaluated the pharmacological activity of PTX3, administered in combination with voriconazole, in a rat model of
pulmonary aspergillosis. The data indicated additive therapeutic activities of these compounds, as demonstrated by the amelio-
ration of respiratory function changes, reduction of lung fungal burden, and increased survival. Overall, we provide clear evi-
dence that the combination of PTX3 with a suboptimal dose of voriconazole might represent a therapeutic option under those
clinical conditions where the use of voriconazole alone is not warranted for efficacy and tolerability reasons.

Aspergillus-acquired azole resistance and azole side effects rep-
resent relevant clinical limitations to the treatment of fungal

infections by these organisms (1, 2). The use of combinations of
azoles with different classes of antifungal agents is currently
under preclinical and clinical evaluation to overcome these
problems (3).

Voriconazole (VRC) is the first line of treatment for invasive
aspergillosis (4). Recent evidence indicated that VRC administra-
tion was associated with a profile of gene expression in monocytes
that included cytokines and members of the Toll-like receptor
(TLR) family (5, 6). Consistently, an enhanced antifungal activity
was shown when VRC was administered in combination with
monocytes and neutrophils in mice infected with Aspergillus fu-
migatus (7).

PTX3 is a multimeric glycoprotein expressed by a variety of
somatic cell types and mainly characterized in monocytes as in-
ducible by primary inflammatory stimuli, such as those mediated
by interleukin-1�, tumor necrosis factor alpha, and agonists of the
TLR family (8, 9). The protein has been shown to be a nonredun-
dant factor in host resistance to A. fumigatus, and it has been
successfully used, as a recombinant protein, in several animal
models of invasive pulmonary aspergillosis (IPA) (10, 11, 12, 13).

The aim of this study was to determine whether coadministra-
tion of PTX3 and VRC, in rats immunosuppressed with cortisone
acetate (CA) and infected with A. fumigatus conidia, resulted in
additive or synergistic activities of these compounds against the
fungus.

Two experiments were performed in randomized block de-
signs on rats immunosuppressed with CA and infected with A.
fumigatus, as described previously (13). In the first experiment, we
evaluated the activities of PTX3, VRC, and their combination on
respiratory parameters, lung weight, and lung fungal burden. In
the second experiment, we evaluated the effects of these com-
pounds or their combination on survival. Control animals were
administered saline. PTX3 was administered intraperitoneally
(i.p.) at doses of 0.15 and 1.5 mg/kg of body weight from day 3
before lung infection until day 3 after lung infection. VRC was
administered orally at doses of 20 or 30 mg/kg on the day of in-
fection and then once daily for another 4 days in the first experi-
ment and for another 8 days in the second experiment. The dose of
VRC was chosen based on an earlier experiment in which a dose of
30 mg/kg was able to counteract the infection, whereas a dose of 20
mg/kg had little effect. Combination treatments of 20 mg/kg VRC

with 0.15 or 1.5 mg/kg PTX3 were performed following the sched-
ule and the administration route described above for each com-
pound. Kaplan-Meier survival analysis and analysis of variance
(ANOVA) was used to compare groups, followed by Dunnett’s t
test.

Respiratory parameters were evaluated on day 4 after infection.
Animals were individually placed in a whole-body single plethys-
mography chamber (EMKA Technologies), and respiratory func-
tion parameters were recorded (Table 1). Enhanced pause (Penh)
was chosen as the index of respiratory distress and was calculated
according to the following formula: Penh � [(TE � RT)/RT](PEF/
PIF), where TE is the expiratory time (in seconds), RT is the relax-
ation time (time to pressure decay to 36% of total box pressure at
expiration, in seconds), PEF is the peak expiratory pressure (in
ml/s), and PIF is the peak inspiratory pressure (in ml/s). In rats
infected by Aspergillus and treated with saline, the tidal volume
(TV) was reduced, while respiratory frequency (F; number of in-
halations/min) and Penh increased compared to uninfected rats
(Table 1). PTX3 and VRC, given alone or in combination, re-
turned the respiratory parameters close to the values recorded in
uninfected rats, with variable efficacy depending on dose. Penh
was significantly reduced in the group that received PTX3 at 1.5
mg/kg and in the group that received the combination of PTX3 at
1.5 mg/kg and VRC at 20 mg/kg (Table 1).

After recording the respiratory function values, rats were anes-
thetized (50 mg/kg pentobarbital, i.p.) and sacrificed, and lungs
were excised and weighed. Fungal burden was evaluated both in
lung samples and in blood, as described previously (13) (Table 1).
Pulmonary infection with Aspergillus conidia induced an increase
of lung weight in saline-treated rats, likely due to edema. Lung
weight was progressively reduced as a function of dose in both the
VRC- and PTX3-treated rats (Table 1). The combinations of
PTX3 at 0.15 or 1.5 mg/kg with VRC at 20 mg/kg proved to be
more effective than either single compound administered alone,
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with lung weight reduction showing an additive effect. Lung fun-
gal burden was evaluated on serially diluted (1:10, 1:100, and
1:1,000) lung homogenates either as CFU or as the galactomannan
index (GMI; Platelia Aspergillus; Bio-Rad Laboratories), as de-

scribed previously (13) (Table 1). The GMI was also evaluated in
blood (Table 1). Both VRC and PTX3, at the highest doses, re-
duced the lung CFU (about 70% and 60%, respectively), while
VRC at 20 mg/kg and PTX3 at 0.15 mg/kg reduced the lung CFU

TABLE 1 Respiratory parameters and lung fungal burden in immunosuppressed rats treated with PTX3, VRC, and combinations of the two agents

Treatment n
Dose
(mg/kg) Schedulea (route)

Respiratory parametersb

(mean � SEM)
Mean � SEM
lung wt (g)

Fungal burden, as log10 CFU or
GMIc

Uninfectedd 14 TV, 1.03 � 0.04; F, 88 � 2;
Penh, 0.53 � 0.03

1.0 � 0.06

Saline 4 �3, �3 (i.p.) TV, 0.66 � 0.01***; F, 125 � 18;
Penh, 1.07 � 0.11**

2.0 � 0.3* Lung CFU, 4.7 � 0.3; lung GMI,
6.2 � 1.2; serum GMI, 4.5 � 0.5

PTX3 5 0.15 �3, �3 (i.p.) TV, 0.74 � 0.06; F, 132 � 16;
Penh, 0.97 � 0.21

1.6 � 0.1 Lung CFU, 3.3 � 1.0; lung GMI,
5.0 � 1.7; serum GMI, 4.4 � 2.0

PTX3 5 1.5 �3, �3 (i.p.) TV, 0.75 � 0.08; F, 107 � 21;
Penh, 0.57 � 0.07f

1.3 � 0.1*f Lung CFU, 1.7 � 0.9; lung GMI,
2.7 � 2.2; serum GMI, 2.7 � 1.8

VRC 5 20 0, �4 (os) TV, 0.81 � 0.04; F, 119 � 12;
Penh, 1.10 � 0.33

1.7 � 0.2 Lung CFU, 3.4 � 0.8; lung GMI,
5.0 � 1.4; serum GMI, 5.4 � 1.6

VRC 6 30 0, �4 (os) TV, 0.73 � 0.09; F, 118 � 15;
Penh, 0.65 � 0.07

1.1 � 0.1*f Lung CFU, 1.3 � 0.8*f; lung GMI,
3.0 � 1.9; serum GMI, 2.2 � 1.4

PTX3 � VRCe 4 0.15/20 �3, �3 (i.p.)/0, �4 (os) TV, 0.66 � 0.05; F, 133 � 15;
Penh, 1.04 � 0.06

1.4 � 0.1 Lung CFU: 3.8 � 0.3*f; lung GMI,
8.5 � 0.3; serum GMI, 7.5 � 1.7

PTX3 � VRC 6 1.5/20 �3, �3 (i.p.)/ 0, �4 (os) TV, 0.75 � 0.07; F, 108 � 7;
Penh, 0.60 � 0.05***f

1.1 � 0.1*f Lung CFU: 0.1 � 0.1***g; lung
GMI, 0.4 � 0.2***g; serum GMI,
0.4 � 0.4***f

a The numbers identify start and finish of administration days with the day of infection as day zero.
b The evaluated respiratory parameters (means � SEM) refer to results for rats sacrificed 4 days after infection with A. fumigatus, which was administered intratracheally with 5
�107 conidia in 0.2 ml of saline. TV, tidal volume, the air displaced between normal inspiration and expiration (in ml); F, frequency of breathing (number of inspirations/min).
The calculation of Penh is described in the text. These data were evaluated with a one-way ANOVA for each of the three main treatment groups, PTX3, VRC, and the combination
of the two, compared to the group of rats that received only saline. *, P � 0.05; **, P � 0.01; ***, P � 0.001 (based on ANOVA). For the saline-treated group, the one-way ANOVA
compared this group with the uninfected group.
c The GMI values were calculated according to the following formula: optical density (OD) of the sample/mean cutoff control OD.
d Uninfected rats received only CA.
e For combination treatments, the doses and schedules are reported as PTX3/VRC data.
f Significantly different (P � 0.05) from comparison group according to Dunnett’s t test.
g Significantly different (P � 0.01) from comparison group according to Dunnett’s t test.

FIG 1 Survival rates for rats (n � 16) immunosuppressed with cortisone acetate and infected intratracheally with A. fumigatus conidia (5 �107 conidia in 0.2 ml
of saline) and then treated with saline or PTX3, VRC, or a combination of the two, as indicated. (Left) Survival of rats receiving the combination of PTX3 at 0.15
mg/kg and VRC at 20 mg/kg and the corresponding single treatments. (Right) Effects of the combination of PTX3 at 1.5 mg/kg and VRC at 20 mg/kg and the
corresponding single treatments. The PTX3 administration schedule was begun on day 3 before lung infection until day 3 after lung infection. Voriconazole was
administered on the day of infection and then once daily for the next 8 days. The same administration schedule for each compound was maintained for the drug
combinations. *, P � 0.05, and **, P � 0.001, based on Kaplan-Meier analysis.
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to 30% of that of rats that received saline. Comparable results were
obtained only for the highest doses when fungal burden was eval-
uated based on the GMI in lung and serum (Table 1), while VRC
at 20 mg/kg and PTX3 at 0.15 mg/kg were less active (20% GMI
reduction compared to saline). A significant reduction was ob-
served in the lung CFU of rats treated with the combination of
PTX3 at 0.15 mg/kg and VRC at 20 mg/kg. The combination of
PTX3 at 1.5 mg/kg with VRC at 20 mg/kg resulted in a synergistic
effect on both the lung CFU and GMI (more than 90% reduction)
(Table 1).

After IPA induction, the median survival time of saline-treated
rats was 6 days (interquartile range [IR], 4 to 12). Rats treated with
30 mg/kg VRC had a significant reduction in mortality rate (me-
dian survival time, �21 days) (data not shown). The treatments
with 20 mg/kg of VRC or with 0.15 mg/kg of PTX3 had only a
slight effect on mortality compared to saline-treated rats, while the
combination treatment significantly reduced mortality (median
survival time, 12 days; IR, 7 to �21 days; P � 0.01) (Fig. 1, left
graph). PTX3 at the highest dose of 1.5 mg/kg significantly re-
duced mortality (median survival time, 13 days; IR, 8 to �21 days;
P � 0.05). Again, the combination treatment exerted a more sig-
nificant protective effect (median survival time, 18 days; IR, 8 to
�21 days; P � 0.01) (Fig. 1, right graph), indicating the additive
activities of the compounds.

Our data provide evidence that coadministration of PTX3 and
VRC is effective in ameliorating respiratory function changes and
in reducing lung fungal burden. Combinations of VRC and PTX3
led to IPA resolution in rats, enhancing both survival rate and
median survival time. The mechanism underlying such an activity
remains to be elucidated. However, it is reasonable to speculate
that PTX3 further enhances the already-described immune-mod-
ulating activity of VRC against this fungus (5, 6). This study sug-
gests that coadministration of PTX3 and VRC, in a clinical setting

of therapy or prophylaxis, might represent a valid strategy to
counteract infection by A. fumigatus.
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