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Objectives: Chronic infections with the opportunistic pathogen Pseudomonas aeruginosa are responsible for the
majority of the morbidity and mortality in patients with cystic fibrosis (CF). While P. aeruginosa infections may
initially be treated successfully with standard antibiotics, chronic infections typically arise as bacteria transition
to a biofilm mode of growth and acquire remarkable antimicrobial resistance. To address the critical need for
novel antimicrobial therapeutics that can effectively suppress chronic bacterial infections in challenging physio-
logical environments, such as the CF lung, we have rationally designed a de novo engineered cationic antimicro-
bial peptide, the 24-residue WLBU2, with broad-spectrum antibacterial activity for pan-drug-resistant
P. aeruginosa in liquid culture. In the current study, we tested the hypothesis that WLBU2 also prevents
P. aeruginosa biofilm growth.

Methods: Using abiotic and biotic biofilm assays, co-culturing P. aeruginosa with polarized human airway epithe-
lial cells, we examined the ability of WLBU? to prevent biofilm biogenesis alone and in combination with currently
used antibiotics.

Results: We observed a dose-dependent reduction in biofilm growth on an abiotic surface and in association with
CF airway epithelial cells. WLBU2 prevented P. aeruginosa biofilm formation when co-cultured with mucus-pro-
ducing primary human CF airway epithelial cells and using CF clinical isolates of P. aeruginosa, even at low pH and
high salt conditions that mimic the CF airway. When used in combination, WLBU?2 significantly increases killing by
the commonly used antibiotics tobramycin, ciprofloxacin, ceftazidime and meropenem.

Conclusions: While other studies have demonstrated the ability of natural and synthetic antimicrobial peptides to
prevent abiotic bacterial biofilm formation, the current studies for the first time demonstrate the effective peptide
treatment of a biotic bacterial biofilm in a setting similar to the CF airway, and without negative effects on human
airway epithelial cells, thus highlighting the unique potential of this engineered cationic antimicrobial peptide for
treatment of human respiratory infections.

Introduction

The genetic lung disease cystic fibrosis (CF) is caused by mutations
in the chloride channel, CF conductance transmembrane regulator
(CFTR).! Defects in CFTR-mediated chloride secretion cause dehy-
dration of the airway surface liquid and a reduction in mucociliary
clearance, leading to an increase in respiratory infections.?~“ While
bacterial infections, such as those caused by Pseudomonas aerugi-
nosa, may initially be treated successfully with standard antibiotics,
chronic infections typically display high levels of antimicrobial
resistance.” Chronic pulmonary infections with P. aeruginosa, com-
bined with the ineffective immune response to those infections, are
responsible for the majority of the morbidity and mortality in

patients with CF.° Therefore, there is a critical need for novel anti-
microbial drugs that can effectively suppress bacterial infections in
the challenging environment of the CF lung.

Antimicrobial peptides (AMPs) have been intensely investi-
gated over the last several decades as potential antibiotics
against multidrug resistant bacteria.”~*2 Most AMPs are cationic
peptides with an amphipathic structure as a consensus motif
for antimicrobial activities that selectively target the membranes
of bacteria via electrostatic forces.’® '’ In contrast to standard
antibiotics, AMPs are effective against both quiescent and actively
growing bacteria as they generally do not require metabolic pro-
cesses for antimicrobial activity, display rapid (seconds or min-
utes) killing kinetics and demonstrate a low propensity to invoke
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selection of bacterial resistance in vitro.*®~?? However, AMPs dis-
play several limitations that have delayed their successful devel-
opment for clinical use, including inhibition of activity in the
presence of the acidic pH and increased salt seen in a CF lung
environment.”? During the last two decades, we have focused
on rationally engineering AMP amphipathic structures to over-
come these intrinsic limitations.” 8222425 We previously
reported the activity of the engineered cationic AMP (eCAP)
WLBU2 (24-mer containing valine, arginine and tryptophan)
that has been optimized as an idealized amphipathic helix to
maximize antimicrobial properties while minimizing epithelial
cell cytotoxicity.*®*? In sharp contrast to the natural AMP LL-37
and the membrane-interactive antibiotic colistin, WLBUZ2 displays
a broader spectrum of activity against extremely resistant clinical
isolates of bacteria, including a diverse panel from patients with
CF.?? In addition, WLBU?2 displays systemic antimicrobial activity
against P. aeruginosa in a mouse model of septicaemia.?’*?
Based on a previous report of the antibiofilm property of LL-37,%
we hypothesized that WLBU2 could prevent P. aeruginosa biofilm
growth.

Hence, the goal of this study was to evaluate if the naturally
inspired, rationally engineered synthetic AMP WLBU?2 could pre-
vent the biofilm growth of bacteria associated with chronic infec-
tions in patients with CF. Our results in abiotic and biotic biofilm
models demonstrate that WLBU2 reduces biofilm growth of
P. aeruginosa. Moreover, the WLBU2 peptide retains its activity in
an environment rich in mucus, low pH and high salt concentra-
tions, all characteristic of the airways of patients with CF. These
observations with the WLBU2 peptide antibiotic are to date
unmatched among evaluations of numerous natural and syn-
thetic AMPs,?>?7 highlighting the unique potential of WLBU2 for
treatment of human respiratory infections in patients with CF.

Materials and methods

AMP synthesis

The eCAP WLBU2 (RRWVRRVRRWVRRVVRVVRRWVRR) and the naturally
occurring AMP LL-37 (LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES) were
synthesized by the University of Pittsburgh Peptide Synthesis Facility
using the previously described standard Fmoc (9-fluorenylmethoxy car-
bonyl) synthesis protocols.?! Synthetic peptides were characterized and
purified by reversed-phase HPLC on Vydac Cy5 or C4 columns (The
Separations Group, Hesperia, CA, USA) and the identity of each peptide
was confirmed by MS (Electrospray Quatro I1 triple quadrupole mass spec-
trometer; Micromass, Inc., Manchester, UK). Peptide concentrations were
determined by using a quantitative ninhydrin assay, as previously
described.?! For comparison purposes, 1 uM WLBU2 represents a peptide
concentration of 3.4 mg/L.

Bacterial strains

P. aeruginosa strains PAO1, strain PAO1 with plasmid (pSMC21) to express
constitutively the green fluorescent protein (gfp) and CF clinical isolate
1595 used in this study were gifts from George O’Toole (Geisel School of
Medicine at Dartmouth).?® Late isolates 31, 33 and 74 were from the
University of Washington collection, previously published in Smith et al.>®

Reagents

The reagents used in this study were tobramycin (APP Pharmaceuticals,
Schaumberg, IL, USA), ceftazidime (Sagent Pharmaceuticals), ciprofloxacin

(Fluka), colistimethate (XGen Pharmaceuticals), meropenem (NovaPlus),
and LB broth, LB agar and Triton X-100 (Sigma, St Louis, MO, USA).

Abiotic biofilm prevention Crystal Violet assay

Overnight PAO1 cultures were diluted 1:30 in sterile MEM supplemented
with 2 mM t-glutamine and varying doses of WLBU?2 or LL-37. The dilutions
were then plated in a flexible 96-well plate (Corning Life Sciences,
Kennebunk, ME, USA) with four replicates per dose and incubated at
37°C for 24-26 h. The bacteria were then removed, wells were washed
with H,0, the plate was dried inverted on paper towels and stained with
41% Crystal Violet in 12% ethanol in deionized H,0 for 15 min. The wells
were again washed with distilled deionized water and allowed to dry. Wells
were first imaged on an Epson scanner and then reconstituted with 30%
glacial acetic acid, transferred to a new plate and read on a plate reader
at 550 nm.

Epithelial cell culture

The cells used in our experiments were human bronchial epithelial cells
[CFBE4107; hereafter called CF airway epithelial cells (AECs)] isolated
from a patient with homozygous AF508 CF stably transduced with
wt-CFTR, which were originally developed by Dr D. Gruenert and colleagues
and were a gift from Dr J. P. Clancy (University of Cincinnati, Cincinnati, OH,
USA). Cells were maintained in minimal Earle’s growth medium supple-
mented with 10% FBS, 2 mM t-glutamine, 50 U/mL penicillin, 50 mg/L
streptomycin and 2 wg/mL puromycin in a 5% C0,/95% air incubator at
37°C.CFBE410™ cells were seeded on to collagen-coated 12 mm transwell
semi-permeable membrane inserts with a 0.4 pm pore size (Corning Life
Sciences) at 2.5x10° cells per filter and grown at an air - liquid interface at
37°C for 8-10 days to allow for cell polarization, as previously published.>°
Primary human bronchial epithelial cells were cultured from explanted
lungs of patients with CF, under an Institutional Review Board approved
protocol at the University of Pittsburgh (PRO11070367 and IRB970946).
Cells were enzymatically dissociated, expanded in growth medium and
seeded on to Transwell inserts at the air-liquid interface. Cultures were
used when well polarized and differentiated.° 32

Transepithelial electrical resistance measurements

Transepithelial electrical resistance was measured hourly for 5 h on air-
liquid interface differentiated AECs treated with 10 or 50 uM WLBU2 or
LL-37 peptides using a Ag/AgCl electrode (EVOM meter).°

Static co-culture biotic biofilm assays

Biotic biofilm prevention assays on polarized CF AECs were performed with
PAO1 P. geruginosa with a starting moi of 25, as previously published.*%33 CF
AECs were inoculated with bacteria in minimal Earle’s growth medium for 1 h
before removing unattached bacteria and adding the AMPs (10-100 M)
diluted in 0.4% L-arginine in sterile minimal Earle’s growth medium for 5 h.
After atotal of 6 h, the biofilms were disrupted with 0.1% Triton X-100 in min-
imal Earle’s growth medium, serially diluted and enumerated on LB agar
plates to determine cfu counts. Antibiotic concentrations were used as follows:
1000 mg/L tobramycin, 0.5 mg/L ciprofloxacin, 350 mg/L ceftazidime, 5 mg/L
meropenem and 20 mg/L colistimethate.

Statistics

All data are plotted as mean + SD. Data were log transformed and tested
by one-way ANOVA for statistical significance. If an effect was present, a
Tukey post-hoc test was used for individual comparisons using PRISM soft-
ware (GraphPad, La Jolla, CA, USA).
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Results

WLBU2 prevents abiotic P. aeruginosa biofilms

The eCAP WLBU?2 has previously been reported to have dose-
dependent bactericidal activity for P. aeruginosa in liquid culture.
As P. geruginosa forms bacterial biofilms associated with medical
devices and within the host, we examined if WLBU2 could prevent
P. aeruginosa biofilm growth. We first determined the dose
dependence of abiotic biofilm prevention by WLBU?2 in a microtitre
dish assay. In the presence of 5-90 wM WLBU?2 peptides for 24 h,
we observed a dose-dependent decrease in P. aeruginosa biofilm
growth (Figure 1a). Using three clinical isolates of P. aeruginosa
from patients with CF, we demonstrated that WLBU?2 significantly
(P<<0.05) decreased P. aeruginosa biofilm growth on an abiotic
surface (Figure 1b). Interestingly, at a concentration of 10 pM
WLBU2 showed increased efficacy on the clinical isolates, as com-
pared with PAO1, a lab strain of P. aeruginosa (horizontal broken
line in Figure 1b).

WLBU2 prevents P. aeruginosa biofilms grown in
association with human CF AECs

P. aeruginosa biofilms grown in association with the host have
remarkable resistance to current antimicrobials used in the clinic.”®
We next examined if WLBU2 would prevent P. aeruginosa biofilm
growth in the presence of the airway epithelium with negligible cyto-
toxicity, using a previously published biotic biofilm model.*° In this
model, P. aeruginosa biofilms are grown for 6 h on AECs and cfu
are enumerated. In this time, P. aeruginosa rapidly forms biofilms
resembling those observed in lung samples from transplant and aut-
opsy. Moreover, biofilms grown in association with AECs reach matur-
ity much more rapidly (within 6 h) than on an abiotic surface, as
demonstrated in a previous report showing dramatically increased
antimicrobial resistance profiles, exopolysaccharide matrix produc-
tion, induction of quorum sensing and gene expression changes
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consistent with mature biofilm growth.?® Using increasing doses,
we observed that WLBU?2 prevented P. aeruginosa biofilms in associ-
ation with CF AECs in a dose-dependent manner (Figure 2a). In add-
ition, when compared with the naturally occurring lung AMP,
cathelicidin (LL-37), WLBU2 was significantly more effective at redu-
cing biotic biofilm growth (i.e. in association with a biotic surface;
Figure 2a). For example, WLBU2 at 20 pM reduced bacterial biofilm
by 90% while LL-37 failed to reduce bacterial cfu at the same con-
centration of peptide. To assess if WLBU2 or LL-37 is cytotoxic to
the airway epithelium at the doses studied, we examined transe-
pithelial electrical resistance of the polarized CF AECs. Neither
WLBU2 nor LL-37 reduced epithelial integrity over the 5 h period
examined in these studies (Figure 2b). We also observed significant
reductions in P. aeruginosa biofilm growth of 90% in association
with mucus-producing, primary AECs cultured from a CF lung
(Figure 2c) and even better biofilm reduction on a clinical isolate of
P. aeruginosa from a patient with CF (Figure 2d). Thus, while both
WLBU2 and LL-37 displayed negligible cytotoxicity, the effect of
WLBU2 on the prevention of biofilm formation was significantly
greater than that of LL-37 at all test concentrations up to 50 pM.

WLBU?2 retains biofilm prevention activity in high salt and
low pH environments

The CFairway thwarts the activity of many naturally occurring AMPs
because of the high salt content (~100 uM) and low pH (~6.5-7.0)
that manifest as a result of the primary defect in CF, altered chloride
secretion by the airway epithelium.?3**3> We next examined if
WLBU?2 retained its biofilm prevention activity in the presence of
NaCl concentrations and pH levels similar to CF airway surface
liquid. Interestingly, WLBU?2 reduced P. aeruginosa biofilm growth
by 2 log on CF AECs in the presence of high NaCl concentrations
(100 mM NaCl), similar to those that have been shown to inactivate
endogenous AMPs in CF (Figure 3a and Widdicombe®*). In addition,
WLBU?2 retained activity at pH 6.5 (Figure 3b). In marked contrast to
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Figure 1. WLBU?2 prevents abiotic biofilm growth by P. aeruginosa. (a) WLBU2 shows dose-dependent prevention of P. aeruginosa biofilms grown on an
abiotic surface. P. aeruginosa strain PAO1 was grown in minimal Earle’s growth medium for 24 h in a 96-well microtitre biofilm assay and biofilm growth
was assessed by Crystal Violet staining and absorbance measurement at 550 nm. Biofilm values are normalized to the untreated control, set to
1. Representative image is shown above the quantification of results. n=3, *P<0.0001 by ANOVA. (b) WLBU2 prevents biofilm growth on an abiotic
surface by CF clinical isolates of P. aeruginosa. Clinical isolates were grown in minimal Earle’s growth medium for 24 h in a 96-well microtitre biofilm
assay in the presence of 10 M WLBU2 and biofilm growth was assessed by Crystal Violet staining and absorbance measurement at 550 nm. The
horizontal broken line represents PAO1 biofilm levels with 10 uM WLBU2, for comparison. Error bars represent standard deviations for replicates of

each clinical isolate, *P<<0.01 as compared with isolate control.

2202



eCAP prevents P. geruginosa biotic biofilms JAC

(a) (b) - Control
» ; & WLBU2 (10uM)
g 1074 600 & WLBU2 (50uM)
3 = LL-37 (10uM)
© <~ 500 < LL-37 (50uM)
3 106 | €
(&}
2 & 400
[S)
S S
o 105 E 300
¥ & LL-37 o
S WLBU2 = 200
104 T T T T 100 T T T T T T
Control 10 20 50 0 1 2 3 4 5
I—Peptide (uM)—' Peptide treatment (h)
(c) (d) 107,
- 107 4 IS
£ £
e 2
(&)
o
2 . 3 106
£ )
S 1085 * S *
< =t
T T T 105 -
Control 50 100 Control WLBU2

WLBU2 (uM)

Figure 2. WLBU2 prevents P. geruginosa biofilms on human CF AECs. (a) WLBU2 shows dose-dependent prevention of P. aeruginosa biofilms grown on CF
AECs. In a static co-culture biofilm model, CF AECs were inoculated with P. aeruginosa strain PAO1 at moi 25 for 1 h, unattached bacteria were removed
and the remaining bacteria were incubated in the presence of 10-50 pM LL-37 (filled triangles) or WLBU2 (open circles) for 5 h. Biofilm growth was
assessed by cfu enumeration. Hereafter referred to as the static co-culture biofilm model. n=3, *P<0.05 as compared with control. (b) WLBU2 and
LL-37 do not alter epithelial integrity. Transepithelial electrical resistance (TEER) was measured hourly for polarized CF AECs treated with 10-50 uM
LL-37 or WLBU2. Results are presented of a representative experiment; the experiment was repeated three times. (c) WLBU2 prevents P. aeruginosa
biofilms grown on primary CF AECs. The static co-culture biofilm model was used with the substitution of primary CF AECs. P. aeruginosa strain PAO1
bacteria were incubated in the presence of 50-100 uM WLBU2 for 5 h. n=3, *P<0.05 as compared with control. (d) WLBU2 prevents biotic biofilm
growth of a CF clinical isolate of P. aeruginosa on CF AECs. The static co-culture biofilm model was used with the substitution of a late P. aeruginosa
CF clinical isolate and biofilm growth was assessed in the presence of 50 uM WLBU?2 for 5 h. n=3, *P<<0.05.
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Figure 3. WLBU2 prevents biofilm growth in high salt and low pH environments. (a) WLBU2 maintains efficacy in preventing P. aeruginosa biofilms grown
on CFAECs in a high salt environment. In a static co-culture biofilm model, CF AECs were inoculated with P. aeruginosa strain PAO1 at an moi of 25 for 1 h,
unattached bacteria were removed and the remaining bacteria were incubated in the presence of 100 mM NaCl and 50 uM LL-37 (filled triangles) or
WLBU2 (open circles) for 5 h. Biofilm growth was assessed by cfu enumeration. n=3, *P<0.001 as compared with control conditions. (b) WLBU2
maintains efficacy in preventing P. aeruginosa biofilms grown on CF AECs in a low pH environment. In the same experimental conditions as in (a),
bacteria were incubated at pH 6.5 and treated with 50 wM LL-37 or WLBU?2 for 5 h. Biofilm growth was assessed by cfu enumeration. n=3, *P<<0.05.
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Figure 4. WLBU?2 improves killing of P. aeruginosa biotic biofilms by antibiotics. In a static co-culture biofilm model, CF AECs were inoculated with
P. aeruginosa strain PAO1 at moi 25 for 1 h, unattached bacteria were removed and the remaining bacteria were incubated in the presence of 20 pM
WLBU2 and various currently approved antibiotics for 5 h. (a) Tobramycin (1000 mg/L). (b) Ciprofloxacin (0.5 mg/L). (c) Ceftazadime (350 mg/L). (d)
Meropenem (5 mg/L). (e) Colistimethate (CMS; 20 mg/L). Biofilm growth was assessed by cfu enumeration. Horizontal broken line represents killing

by WLBU2 alone, for comparison. n=3. NS, not significant.

WLBU?2, LL-37 was completely inhibited in the high salt or lower pH
environments (Figure 3a and b). Taken together, these data suggest
that in conditions of the CF airway, WLBU?2 effectively prevents
P. aeruginosa biofilm growth, thus highlighting enhanced activity
of the eCAP compared with the reference natural AMP, LL-37
under these conditions.

WLBU2 improves antibiotic killing of P. aeruginosa
biotic biofilms

As antimicrobials are often combined in an attempt to control
infections involving antimicrobial-resistant bacteria, we next
examined if WLBU2 improved the prevention of P. aeruginosa
biotic biofilm growth by standard antimicrobials used in treating
P. aeruginosa infections. When WLBU2 was applied with subinhi-
bitory doses of antibiotics, WLBU2 significantly increased the
observed prevention in biotic biofilm formation by P. aeruginosa
for tobramycin (Figure 4a), ciprofloxacin (Figure 4b), ceftazidime
(Figure 4c) and meropenem (Figure 4d). The combination of colis-
timethate and WLBU2 did not have an additional benefit for pre-
venting biotic biofilm growth (Figure 4e), indicating a specificity of
the WLBU2-mediated enhancement of the other antibiotics.

These results are consistent with the conclusion that WLBU2 is
capable of improving the bacterial killing of a number of front-line
antimicrobials used to treat chronic P. aeruginosa infections.

Discussion

The development of new antimicrobials to treat chronic bacterial
infections in CF lung disease is a critical unmet need. In the current
study, we demonstrate the ability of the eCAP, WLBU2, to prevent
biofilm formation on abiotic surfaces, as well as on the surface of
polarized human CF AECs without cytotoxicity. Importantly, WLBU?2
prevented biofilm growth by clinical isolates of P. aeruginosa from
patients with CF. WLBU? also prevented biotic biofilm growth in the
presence of mucus (from primary CF AECs), low pH and high salt
conditions similar to those of the CF airway. Finally, we demon-
strate additional benefit of WLBU2 co-administration with existing
antibiotics used to treat P. aeruginosa infections. WLBU2 enhanced
the activity of tobramycin, ciprofloxacin, ceftazidime and merope-
nem, raising the exciting possibility of combining AMP therapy with
existing antibiotics to treat chronic P. aeruginosa infections.

Over 2000 AMPs have been identified from diverse species of
animals, plants and bacteria, offering the potential for development
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of novel therapeutics for bacterial infections in humans.3®
However, in vitro evaluations of candidate natural AMPs have
revealed intrinsic limitations of natural AMPs when tested against
diverse bacteria or in different bioenvironments (high salt, low pH,
serum, etc.).'® These observations suggest that the remarkable
diversity of AMPs in nature reflects a natural evolution of peptide
structures to optimize activity against specific pathogens in
defined biological environments; changes in target pathogen or
environment can then negatively impact peptide activity. For
example, due to defective CFTR chloride channel function, the
CF airway has an acidic pH, is high in salt and coated in a thick,
dehydrated mucus layer.?**>3” This altered airway environment
prevents the action of several natural AMPs with a critical anti-
microbial role in host defence of the airway, including lysozyme,
lactoferrin, human B-defensin-3 and LL-37.233° To address the
confounding limitations of natural AMPs as clinical therapeutics,
we have engineered a series of naturally inspired, rationally
designed cationic peptides that consist of two to three different
amino acids arranged in a sequence to achieve an optimized amphi-
pathic helix that maximizes bacterial membrane interaction and
killing. WLBU2 is a 24-mer consisting of only valine, arginine and
tryptophan.’® We have previously demonstrated the ability of
WLBU?2 to inactivate a broad spectrum of Gram-negative and
Gram-positive bacteria in vitro, including clinical strains that are
resistant to standard antibiotics, colistin (drug of last resort) and
LL-37 (reference natural AMP produced in the lung).?**? Our previ-
ous studies on the structural determinants of AMP activity have
revealed the importance of amino acid composition, peptide length,
overall positive charge and amphipathic potential, all factors opti-
mized in the rational design of WLBU2. As such, WLBU?2 is highly
amphipathic and shows a strong propensity to form helices, which
correlates with its antimicrobial activity in high salt environments.*?
Thus, we speculated that the structural features of the engineered
WLBU2, compared with LL-37, would result in enhanced bacterial
membrane interactions that are not effectively suppressed by fac-
tors such as serum, salt, pH or divalent cations, which suppress
LL-37 activity. In addition to host factors that can limit AMP activity,
biofilm lifestyle growth increases antimicrobial resistance and
induces exopolysaccharide production that may limit antibiotic
penetration, raising concemns that the effectiveness of WLBU2 will
be reduced against bacterial biofilms. In the current study, we dem-
onstrate that WLBU2 overcomes the limitations of many natural
and synthetic AMPs and shows efficacy in preventing biofilm growth
on both abiotic and biotic surfaces.

The lack of efficacy of current antibiotics against infections
associated with biofilm has stimulated interest in AMPs as poten-
tial antibiofilm agents. Previous studies have demonstrated the
ability of diverse natural and synthetic AMPs to prevent bacterial
biofilms in an abiotic environment.?” However, it is not clear
whether these AMPs would be able to overcome limitations to
salt and acidic environments displayed by natural peptides in
the context of biotic bacterial biofilms. Since LL-37, despite its
antibiofilm properties, is ineffective under conditions associated
with chronic respiratory infections (e.g. CF), it was appropriate to
compare LL-37 with WLBU2 under high salt and low pH conditions
known to occur in CF. The observation of higher effective concen-
trations of WLBU2 required to prevent P. aeruginosa biofilm
growth compared with activity against planktonic bacteria must
be appreciated in the context of biofilm-AEC co-culture. As previ-
ously demonstrated, the increased effective concentrations of

WLBU?2 against P. aeruginosa in blood compared with activity in
PBS were also associated with reduced cytotoxicity and with sys-
temic efficacy in mice. Hence, effective concentrations should
always be considered in the context of environment and mamma-
lian toxicity. While much more progress is still needed, the current
study further illustrates our potential to overcome limitations to
test conditions proven to dampen activity of most AMPs.

The ability of WLBU2 to prevent abiotic biofilms is similar to
that previously published with various natural and synthetic
AMPs, with effective peptide concentrations in the micromolar
range (extensively reviewed in Batoni et al.*®). However, the
unique aspect of the current study is the demonstration of
WLBU2 efficacy in preventing biotic biofilms associated with
AECs, without obvious deleterious effects to the sensitive cell sub-
strate and the retention of WLBU?2 activity in a complex biological
environment (salt, pH, mucus) that suppresses natural AMP activ-
ity. It is important to note that the effective concentration of AMP
in biofilm prevention does not necessarily correlate with the MIC
values determined against planktonic bacteria;**“° published
effective peptide concentrations for abiotic biofilm prevention
can be higher or lower than the respective MIC values for the
same peptide-bacteria combination.*® In the case of WLBU?2
treatment of abiotic and biotic biofilms, we observed an effective
concentration of peptide that is two to four times higher than the
MIC determined for planktonic P. aeruginosa.”? It might be
expected that the observed effective concentrations of WLBU2
will be highly dependent on the specific experimental conditions
of the in vitro assay and not likely to predict the effective concen-
tration of peptide in vivo, particularly in the case of the CF lung
environment.

The success of WLBU?2 in vitro as an antibacterial and a biofilm
prevention agent is complemented by published in vivo studies
demonstrating the efficacy of a single dose (intravenous or intra-
peritoneal) of WLBU?2 to clear lung infections in mice inoculated
with a lethal dose of P. aeruginosa.*®2%“! The in vivo activity fur-
ther demonstrates the unique ability of WLBU? to retain its activ-
ity in a complex biological environment that presents numerous
potential suppressive factors, including inhibitory factors in
serum and mucosal secretions, limitations in biodistribution and
toxicity. In conclusion, the eCAP WLBU2 shows promise as a
novel antimicrobial therapy to treat chronic P. aeruginosa infec-
tions in the challenging setting of the CF airway.
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