Lysin CF-301 (exebacase) Activates Latent Host Factors in Human Blood to Potentiate Bacteriolysis
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Abstract
Background: CF-301 (exebacase) is novel cell wall hydrolase in Phase 2 for the treatment of
Staphylococcus aureus endovascular infections, including bacteremia and infective
endocarditis (IE). CF-301’s rapid bacteriolysis, anti-biofilm activity and synergy with standard
of care anti-S. aureus antibiotics have been reported (1,2). We now describe a novel activity
of CF-301 to potentiate bactericidal activity by synergizing with serum albumin and lysozyme
(LYZ) in human blood.

Results: CF-301 was 32 to 160-fold more potent vs. S. aureus in human, rabbit and dog blood,
serum and plasma (but not in rodent blood matrices) compared to caMHB as measured by
MIC, time-kill, and checkerboard assays with and without antibiotics. While caMHB alone did
not support synergy with CF-301 against S. aureus, the supplementation of caMHB with
recombinant albumin and/or LYZ (at physiologically-relevant concentrations) did recapitulate
the synergy with CF-301. In animal models, this translated into a substantially lower CF-301
dose/exposure (AUC) requirement in rabbits as compared to rats to effect similar reductions in
CFUs in the heart valve vegetations in the two IE models (0.18 mg/kg vs 10 mg/kg doses of CF301, respectively). A microscopic analysis revealed a putative mechanism of action in which
albumin coats the bacterial cell surface and facilitates the CF-301 binding to S. aureus and, in
turn, LYZ, promoting CF-301 mediated bacteriolysis.
Conclusions: CF-301 (with and without antibiotics) synergizes with two key blood components
found in human and rabbits that have no intrinsic antistaphylococcal activity on their own.
The in vitro synergy among CF-301, blood components and anti-S. aureus antibiotics correlates
with species-specific enhancement of in vivo bactericidal activity (as reflected in increased
clearance of S. aureus from experimental vegetations). This observation has important
therapeutic implications for improving clinical outcomes in patients treated with CF-301.
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Background: CF-301 Activity in Animal Blood Matrices (Time-Kill Assay)

Supplementation

We performed CF-301 time-kill assays using MRSA strain MW2 in caMHB and blood matrices from various
animal species. A surprising hierarchy of CF-301 activity was observed, based on minimal sterilizing
concentrations of 3.2 μg/mL in human and rabbit (A-C), 32 μg/mL in rat (D), and ≥320 μg/mL in mouse and
caMHB (E,F). Mean values (±SEM) are shown for each time-point using up to 34 replicate cultures. Limit of
detection is <2-log10 CFU/mL.
• ≥100-fold reductions in
CF-301 concentration
needed for sterilization
in human and rabbit
serum
• Observed using 10
staphylococcal strains
(data not shown)
• Observed in blood from
multiple different
individuals and pooled
sources

Methods: Antimicrobial susceptibility testing of CF-301 (with and without antibiotics) was
performed on a set of up to 149 S. aureus strains as described by CLSI methods, using cationsupplemented Mueller Hinton Broth (caMHB) or blood matrices from human, rabbit, dog, rat
and mouse sources. Fluorescence microscopy and scanning electron microscopy (SEM) were
used to investigate mechanisms of synergy. The well-characterized rat and rabbit models of
MRSA IE were used to validate in vitro observations.

The activity of CF-301 (exebacase) in blood matrices (including human) is important to
consider since the intended clinical use as a systemic therapy (3). Toward this end, we
examined CF-301 activity using different antimicrobial susceptibility test (AST) formats in both
caMHB and a variety of mammalian and rodent blood matrices, and identified wide variance
in activity depending on the blood matrix tested compared to caMHB. For example, CF-301
MICs in rabbit, dog, horse, and human blood matrices were up to 64-fold lower compared to
MICs measured in rat or mouse sera. These observations led to the hypothesis that CF-301
synergizes with and/or activates latent anti-staphylococcal activity of blood components to
facilitate more rapid and potent antimicrobial activity in some species (i.e., humans and
rabbits) but not in others (i.e., mice and rats). Because these observations have important
implications for the dosing and human medicinal use of CF-301, we sought to confirm the in
vitro findings in the standard infective endocarditis (IE) model to compare the efficacy of CF301 in animals in which CF-301 was expected to activate host factors in blood (i.e., rabbits) to
the efficacy in animals in which this synergistic effect was not predicted (i.e., rats). We further
sought to determine the mechanism by which CF-301 activates/synergies with latent host
factors in human blood to potentiate anti-staphylococcal bacteriolysis.
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HSA (40 mg/mL)
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Mouse SA (40 mg/mL)

Fold decrease in CF-301 MIC
compared to base media with no
supplementation
caMHB
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2
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1
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• Our findings suggest that CF-301’s activation of/synergy
with HuLYZ and HSA are associated with enhanced activity
• The unique ability of CF-301 to activate and synergize with
otherwise dormant bystanders (with respect to killing
staphylococci) has important implications for the medicinal
use of CF-301

Mechanism of Enhancement
We hypothesized that the mechanism of synergy is based both on the accumulation of CF-301 at the cell
surface in a preferential manner via interactions with HSA and the facilitation of HuLYZ activity. We tested
this as follows: (A) Western blot analysis (anti-CF-301 antibodies) of MIC well samples from conditions
with and without enhancement effect; (B) Effect of serum and media pretreatments on CF-301 binding to
S. aureus; (C) Effect of HSA on CF-301 binding to S. aureus; (D) Effect of CF-301 on HuLYZ binding to S.
aureus. (E) Bactericidal activity of CF-301 in human serum and caMHB by TEM. Scale bars = 1 μm.
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Background: CF-301 Potentiates Enhanced Killing in Human Serum (MIC assay)
S. aureus type

N

MSSA
MRSA
Other*

74
75
22

MIC50
16
32
4

MIC in caMHB (μg/mL)
MIC90
32
32
32

Range
8-32
2-128
0.5-32

MIC50
0.5
0.5
0.5

MIC in Human serum (μg/mL)
MIC90
1
1
1

Range
0.25-1
0.25-2
0.25-2

*150 kDA band = HSA and CF-301 by MS

*S. aureus types tested include 12 vancomycin-resistant strains, 5 linezolid-resistant strains, and 5 daptomycin-resistant strains.

•
•
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A 32-fold decrease in the MIC90 for CF-301 was observed for each staphylococcal strain set tested in
human serum compared to caMHB
Identical MIC values were observed for MRSA strain MW2 tested in 61 different pooled and individual
human donor samples (whole blood, serum and plasma) from different commercial sources with
variations in age, sex, blood type, and anticoagulant (data not shown)

Enhanced Synergy Between CF-301 and Antibiotics in Time-Kill Assay

Objectives
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•
•

A potent antistaphylococcal activity was observed with CF-301 concentrations as low as 0.025 μg/mL
in human/rabbit serum (160x lower than the MIC of 4 μg/mL required in caMHB (1))
The same effect was observed in checkerboard assays using 8 staphylococcal strains (data not shown)

HuLYZ:
• CF-301 facilitates binding of HuLYZ to S. aureus (possibly enabling access to HuLYZ-sensitive PG)
HSA:
• Interaction between CF-301 and HSA is associated with enhanced activity of CF-301
• Human and rabbit serum (and HSA) promote high-level binding of CF-301 to S. aureus
• In human serum, staphylococci become coated in host material (possibly HSA) and are rapidly killed
• The ability of staphylococci to coat themselves with HSA in the bloodstream, and thus evade human immune
surveillance, may be their Achilles’ heel with respect to the binding capacity of HSA for CF-301, which leads to
enhanced bacteriolysis

CF-301’s Potentiation of Bacteriolysis in Rabbit (not Rat) Serum Confirmed In Vivo

CF-301 Synergizes with Human Lysozyme and Serum Albumin

Rat (A) and rabbit (B) IE models examined efficacy of various CF 301 dosing regimens added to daptomycin (DAP)

To identify effector/s in human blood, a range of serum proteins were tested for synergy with CF-301 in
caMHB which lacks the capacity (without supplementation) for high-level CF-301 activity. Human lysozyme
(HuLYZ) and albumin (HSA) were identified in checkerboards (A), the lytic assay (B), and time-kills (C). In the
MIC format with CF-301, supplementation with physiological levels of HuLYZ (10 μg/mL) and HSA (40 mg/mL)
“recapitulated” the 32-fold reduction observed for human serum vs. caMHB (D).
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Description

FICmin

Interaction

Lysozyme

Human, recombinant

Lysozyme

Hen egg-white

≤0.05
≤0.563

Synergy
Additive

Lysozyme

Human neutrophil derived

≤0.056

Synergy

Serum albumin

Human, fraction V

≤0.086

Synergy

Serum albumin

Human, recombinant

≤0.1

Serum albumin

Rabbit, from serum

≤0.1

Agent

C

Supplement
(concentration)

Specific activity
(Units/mg)

Fold increase in
specific activity

None

2419

n.a.

HSA (40 mg/mL)

43067

17.8

Synergy

HuLYZ (10 μg/mL)

23706

9.8

Synergy

HSA + HuLYZ

60475

25.0

• These in vivo studies demonstrated that a >50 fold higher dose was
required to achieve similar efficacy in rats (10 mg/kg) compared to
rabbits (0.09 mg/kg), confirming the in vitro observations of
enhanced CF-301 activity in rabbit (but not rat) serum
• In the rat, CF-301 at 10 mg/kg plus a DAP human therapeutic dose
(HTD) equivalent (40 mg/kg) resulted in a ~6-log10 drop compared to
~3-log10 drop in CFU/g with DAP alone (A)
• In the rabbit, a ~6-log10 decrease was achieved using a CF-301 at
≤0.09 mg/kg in addition to a DAP dose (4 mg/kg) below the HTD
equivalent (B)

Conclusions
• CF-301’s unique ability to activate and synergize with host factors in rabbit serum and human blood
(HSA and HuLYZ) results in enhanced anti-staphylococcal bacteriolysis.
• These observations differentiate CF-301, a therapeutic enzyme, from small molecule antibiotics which
frequently exhibit diminished systemic activity because of binding to albumin.
• These findings further support the clinical dose (0.25 mg/kg) being studied in the ongoing Phase 2
study which testing the use of CF-301 in addition to standard of care (SOC) antibiotics to improve
clinical cure rates for S. aureus bacteremia including endocarditis compared to SOC alone.

