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(57) ABSTRACT

Methods for enhancing opsonophagocytosis of a pathogen of
interest are disclosed. The disclosed methods include admin-
istering to asubject an isolated P4 peptide, which includes the
amino acid sequence set forth as SEQ ID NO: 1 and option-
ally an isolated opsonic antibody or a fragment thereof that
specifically binds to an antigen present on the surface of the
pathogen of interest. In some examples isolated complement
protein or a fragment thereof (for example, a C3a, C3b, iC3b,
C3d, C4b, or C5a fragment of a complement protein) is also
administered. Compositions containing isolated P4 peptide
and one or more isolated opsonic antibodies or a fragment
thereof that specifically binds to an antigen present on the
surface of a pathogen of interest are also disclosed. In some
examples, the compositions also include isolated comple-
ment protein or fragment thereof, such as one or more of C3a,
C3b, iC3b, C3d, C4b, or C5a.

4 Claims, 6 Drawing Sheets
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1
USE OF A PNEUMOCOCCAL P4 PEPTIDE
FOR ENHANCING OPSONOPHAGOCYTOSIS
IN RESPONSE TO A PATHOGEN

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a divisional of U.S. patent application Ser. No.
13/056,522, filed Jan. 28,2011, now U.S. Pat. No. 8,431,134,
issued Apr. 30,2013, whichis the §371 U.S. National Stage of
International Application No. PCT/US2009/052384, filed
Jul. 31, 2009, which was published in English under PCT
Article 21(2), which in turn claims the benefit of U.S. Provi-
sional Patent Application No. 61/085,208 filed on Jul. 31,
2008, all of which are incorporated herein by reference in
their entirety.

FIELD

This disclosure relates to compositions and methods for the
treatment and/or prevention of pathogenic infections and spe-
cifically to enhancing the effectiveness of opsonic antibodies
in the opsonophagocytosis of pathogens.

BACKGROUND

Over the past century the development of agents to combat
infections, such as viral infections, fungal infections, bacte-
rial infections and the like, has vastly increased the average
lifespan throughout the world. However, pathogens are
increasingly developing ways to avoid or circumvent existing
therapeutics. For example, the widespread use of traditional
antibiotics, such as penicillin and related compounds has
resulted in the development of bacteria that are resistant to
these traditional antibiotics, as exemplified by the rise of
methicillin resistant Staphylococcus aureus (MRSA). Simi-
larly, viral pathogens, such as HIV, are able to acquire resis-
tance to antivirals within a few replication cycles.

To combat the ever-changing landscape of pathogens and
emerging resistance to the current therapies, the standard
course of action for pharmaceutical companies is to develop
an ever-increasing array of small molecule therapeutic
agents. As an alternative, vaccines have been developed
which stimulate the body to fight an infection by eliciting
antibody responses to the target pathogen(s).

Antibodies protect against pathogen attack by recognizing
and binding to antigens on the pathogen to facilitate the
removal or “clearance” of the pathogens by a process called
phagocytosis, wherein phagocytic cells (for example neutro-
phils and macrophages) identify, engulf, and subsequently
destroy the pathogens. However, some pathogens, such as
certain bacteria, can avoid phagocytosis. Bacteria can pro-
duce a “capsule” that inhibits phagocyte adherence. Opsonic
antibodies overcome these defenses by binding to the capsule
orto other target antigens on the bacterium, in a process called
opsonization. This triggers the complement cascade, to pro-
duce a set of serum proteins with opsonic and lytic activities.
Opsonic antibodies with complement components, such as
C3aand C5a, bind the bacteria to make the bacteria extremely
attractive to phagocytes and enhance the rate of clearance
from the bloodstream. Recently, researchers have exploited
opsonic antibodies by purifying opsonic antibodies and
administering these antibodies to subjects in order to treat
infections. While the use of opsonic antibodies has shown
some promises in treating and/or preventing infection by
pathogens, the need exists for enhancing the efficacy of these
antibodies, for example to reduce the amount of the opsonic
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antibodies needed to achieve a therapeutically effective
result. The methods disclosed herein meet those needs.

SUMMARY

The disclosed methods relate to enhancing the opsonic
properties of opsonic antibodies to augment opsonophagocy-
tosis of pathogens. This enhancement is based on the surpris-
ing discovery that P4 peptides, which include the amino acid
sequence set forth as SEQ ID NO: 1, increase the ability of
effector cells to internalize pathogens bound by opsonic anti-
bodies. Because P4 peptides increase the ability of effector
cells to opsonophagocytose pathogens bound by opsonic
antibodies in a non-discriminate way, P4 peptides can poten-
tially be used to target any pathogen of interest by using an
opsonic antibody specific for any pathogen of interest. In
specific examples, a P4 peptide is administered in conjunc-
tion with an opsonic antibody that is specific (for example
specifically binds) for a selected pathogen of interest. Thus,
the methods disclosed herein can be used to inhibit and/or
treat an infection from any pathogen of interest.

The disclosed methods of enhancing opsonophagocytosis
of'a pathogen of interest in a subject include administering to
the subject a therapeutically effective amount of an isolated
P4 peptide that includes the amino acid sequence set forth as
SEQ ID NO: 1. A therapeutically effective amount of an
isolated opsonic antibody or a fragment thereof (or even
multiple opsonic antibodies) that specifically binds an anti-
gen present on the surface of the pathogen of interest can also
be administered to the subject, for example to target a patho-
gen of interest. By administering the P4 peptide the opsonic
activity of the opsonic antibody (whether the opsonic anti-
body is produced by the subject or administered to the sub-
ject) is increased, thereby enhancing the opsonophagocytosis
of a pathogen of interest. In some examples of the disclosed
method, isolated complement protein or a fragment thereof
(forexample, a C3a, C3b, iC3b, C3d, C4b, or C5a fragment of
a complement protein) is also administered to the subject. In
some embodiments of the disclosed method antibiotic is also
administered to the subject.

The disclosed methods can be used to enhance the
opsonophagocytosis of any pathogen of interest by using an
opsonic antibody that binds to a selected pathogen of interest
(or antibodies that bind to several pathogens of interest), for
example bacterial pathogens of interest, viral pathogens of
interest, virally infected cells, or fungal pathogens of interest,
such as those set forth in the summary of terms. In specific
examples, a pathogen of interest is Streprococcus pneumo-
niae, Streptococcus pyogenes, Neisseria meningitides or Sta-
phylococcus aureus, such as methicillin resistant Staphylo-
coccus aureus (MRSA). In some examples, the medicament
is used to enhance the opsonophagocytosis of any pathogen of
interest, for example in the treatment of an infection from a
pathogen of interest, such as a bacterial pathogen of interest,
viral pathogen of interest, virally infected cells, or fungal
pathogen of interest, such as those set forth in the summary of
terms.

Also disclosed are compositions, such as therapeutic com-
positions, for use in treating and/or inhibiting an infection by
a pathogen of interest, for use in the manufacture of a medi-
cament, and/or for use as medicament. The disclosed thera-
peutic compositions include a therapeutically effective
amount of isolated P4 peptide including the amino acid
sequence set forth as SEQ ID NO: 1 and a therapeutically
effective amount of one or more isolated opsonic antibodies
or a fragment thereof that specifically binds to an antigen
present on the surface of a pathogen of interest. In some






