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(57) Abrégée/Abstract:

The present invention relates to methods of inducing a T-cell response against a EGFRVIIl in a subject. These method comprise
administering to a subject a composition which expresses at least one iImmunogenic polypeptide, the amino acid sequence of
which comprise a plurality of EGFRVIII polypeptide sequences, the sequence of which each comprise EEKKGNYV (SEQ D NO:
3), and/or administering the polypeptide itself.
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(87) Abstract: The present invention relates to methods of inducing a T-cell response against a EGFRVIII i a subject. These meth-
od comprise administering to a subject a composition which expresses at least one immunogenic polypeptide, the amino acid se-
quence of which comprise a plurality of EGFRVIII polypeptide sequences, the sequence of which each comprise EEKKGNYV (SEQ

o ID NO: 3), and/or administering the polypeptide itself.
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METHODS AND COMPOSITIONS FOR INDUCING AN IMMUNE RESPONSE
TO EGFRvilI

CROSS REFERENCE TO RELATED APPLICATIONS

0001 ] The present invention claims priority from United States Provisional
Patent Application No. 61/414,850, filed November 17, 2010, which is hereby

incorporated 1n 1ts entirety, including all tables, figures and claims.
BACKGROUND OF THE INVENTION

10002] The following discussion of the background of the invention 1s merely
provided to aid the reader 1in understanding the invention and 1s not admitted to describe

Or constitute prior art to the present invention.

10003] The EGFR3 gene (c-erbB-1) 1s often amplified and overexpressed in malignant
human tissues. Frequently, this amplification is correlated with structural rearrangement
of the gene, resulting 1n in-frame deletion-mutants deficient in the intracellular and
transmembrane domains of wild-type c-erb-1. One class of deletion-mutant 1dentified 1n
some malignant gliomas and non-small cell lung carcinomas 1s referred to as EGFRvIILL
EGFRvVIII 1s a mutation 1in which amino acids 6—273 (in the extracellular domain, with
residue 1 being the residue immediately tollowing the signal sequence) are deleted, and a

glycine 1s inserted between residues S and 274. The sequence of the N-terminal 10

residues of the EGFRvIII mutation 1s LEEKKGNYVYV (SEQ ID NO: 1).

10004] Patients with EGFRVIII expressing breast cancers have detectable humoral
and cellular immune responses against this peptide, suggesting that it serves as an
immunogenic neo-antigen. A 13 amino acid peptide from this junction
(LEEKKGNYVVTDH; SEQ ID NO: 2), referred to as PEPvIII, has been used to
vaccinate humans with EGFRvIII-expressing tumors. In a recently published study,
PEPvVIII conjugated to KLLH was administered to newly diagnosed glioblastoma
multiforme (“GBM?”) patients treated by gross total resection (>95%), radiation and
temozolomide who had no radiographic evidence of progression. Humoral immune
responses to EGFRVIII were observed in 6 of 14 immunized patients, while 3 of 17

showed a positive DTH response. The median overall survival for patients treated with
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vaccine and temozolomide was 26.0 months from the time of histologic diagnosis, versus
15.0 months for a matched cohort recerving only temozolomide. These encouraging
results support the utility of EGFRvIII-expressing vaccines and suggest that a more potent
vaccine, one that elicits a robust, durable and potent antigen-specific T cell response,

could improve the magnitude and duration of the anti-EGFRvVIII response.

[0003] Listeria monocytogenes 1s a gram-positive intracellular bacterium being
explored for its utility as a vaccine vector. Infection with L. monocytogenes elicits a
potent CD&+ T cell response, necessary for the killing of L. monocytogenes-intected cells
and control of infection. Attenuation of L. monocytogenes improves the safety of the
vector 100-1,000 fold while maintaining or enhancing its immunogenicity. The ease with
which the vector can be genetically manipulated, together with the straightforward
production methodologies make L. monocytogenes an attractive plattorm for cancer

vacclnes.

10006] There remains a need in the art for compositions and methods for stimulating

an effective immune response to of EGFRvIII-expressing maligancies.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention provides compositions and methods for delivery of a
multimeric EGFRVIII antigen vaccine using a bacterium recombinantly encoding and

expressing such antigens.

10003 ] In a first aspect of the invention, the invention relates to methods of inducing a
T-cell response against EGEFRVIII 1n a subject. These method comprise administering to a
subject a composition comprising a bacterium which expresses one or more 1mmunogenic
polypeptides, the amino acid sequence of which comprise a plurality (2, 3, 4, 5, or more

copies) of EGFRVIII polypeptide sequences, the sequence of which each comprise

EEKKGNYYV (SEQ ID NO: 3). In certain embodiments, these EGFRvIII-derived
sequences can comprise or consist of LEEKKGNYV (SEQ ID NO: 4),
LEEKKGNYVVTDH (SEQ ID NO: 2), or PASRALEEKKGNYVVTDHGSC (SEQ ID
NO: 5). As described hereinafter, most preferred are L. monocytogenes bacterium

expressing the immunogenic polypeptide(s) described herein.
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|0009] As also described herein, such methods can stimulate an immune response,
including one or more of a humoral response and antigen-specific T cell (CD4+ and/or
CD3+) response, in said subject to the recombinantly expressed EGEFRVIII polypeptides.
The ability of such polypeptides to generate a CD4+ and/or CD&+ T cell response may be
confirmed by a variety of methods described 1n detail herein and that are well known 1n
the art. Preferably, when delivered to the subject, the compositions of the present
invention induce an increase in the serum concentration of one or more, and preferably
cach of, proteins selected from the group consisting of 1L-12p70, IFN-y, 1L-6, TNF o, and
MCP-1 at 24 hours following said delivery; and induce a CD4+ and/or CD8+ antigen-
specitic T cell response against EGFRvIIIL

|0010] In a related aspect of the invention, the invention relates to compositions
useful for inducing a T-cell response against EGFRVIII 1n a subject. Such compositions
comprise a bacterium which comprises a nucleic acid molecule, the sequence of which
encodes one or more immunogenic polypeptides, the amino acid sequence of which
comprise a plurality (2, 3, 4, 5, or more copies) of EGFRVIII polypeptide sequences, the
sequence of which each comprise EEKKGNYV (SEQ ID NO: 3). In certain
embodiments, these EGFRvIII-derived sequences can comprise or consist of
LEEKKGNYYV (SEQ ID NO: 4), LEEKKGNYVVTDH (SEQ ID NO: 2), or
PASRALEEKKGNYVVTDHGSC (SEQ ID NO: 5). As described hereinafter, most
preferred are L. monocytogenes bacterium expressing the immunogenic polypeptide(s)
described herein. In certain embodiments, the nucleic acid sequences encoding the
EGFRvIII-dertved sequences are codon optimized for expression in the desired

bacterium.

[0011] In another related aspect, the invention relates to a 1solated nucleic acid
molecule, the sequence of which encodes one or more immunogenic polypeptides, the
amino acid sequence of which comprise a plurality (2, 3, 4, 5, or more copies) of
EGFRVIII polypeptide sequences, the sequence of which each comprise EEKKGNYV
(SEQ ID NO: 3), or the corresponding polypeptides themselves. In certain embodiments,
these EGFRvIII-derived sequences can comprise or consist of LEEKKGNYV (SEQ ID
NO: 4), LEEKKGNYVVTDH (SEQ ID NO: 2), or PASRALEEKKGNYVVTDHGSC
(SEQ ID NO: 5).
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10012] Methods for deriving appropriate immunogenic polypeptide sequences are
described 1n detail hereinafter. In certain embodiments, at least two of the EGFRvIII
polypeptide sequences are separated by a polypeptide linker which 1s configured to be
processed by proteases present 1n the subject. By way of example, one EGFRvIII
polypeptide sequence may be separated from an adjacent EGEFR polypeptide sequence by
a sequence which 1s configured to be cleaved by the proteasome. In certain embodiments,
cach EGFRVIII polypeptide sequence 1s flanked by (and thereby separated from adjacent
EGFR polypeptide sequence(s)) a sequence which 1s contigured to be cleaved by the
proteasome. Suitable polypeptide sequences, and the nucleic acid sequences encoding

them, are described in detail hereinafter.

10013] In certain embodiments, the immunogenic polypeptide(s) comprise one or
more ““cleavable” amino acid sequences selected from the group consisting of

ASKVL |ADGSVK; ASKVA |GDGSIK; LSKVL|ADGSVK; LAKSL | ADLAVK;
ASVVA|GIGSIA; GVEKI|NAANKG; and DGSKKA |GDGNKK (SEQ ID NOS: 6-12).
In these sequences, the antigenic sequence is placed at the location indicated by the
arrow, such that the “cleavable™ amino acid sequence flanks the antigenic sequence.
These sequences may be combined such that any sequence to the left of an arrow may be

combined with any sequence to the right of an arrow to create a new tlanking pair.

10014] One may also create strings of these sequences such as
ASKVL |ADGSVKASKVA |GDGSIKLSKVL |ADGSVKASKVA |GDGSIKLSKVL [A
DGSVK (SEQ ID NO: 13), again in which the antigenic sequence 1s placed at the

location indicated by the arrow. In an effort to improve clarity, this listing shows the first
flanking sequence underlined, the second not underlined, the third underlined, the fourth
not underlined, and the fifth underlined. Another example 1s

ASKVL | ADGSVKDGSKKA |GDGNKKLSKVL | ADGSVKDGSKKA |GDGNKKLSK
VL | ADGSVKDGSKKA |GDGNKK (SEQ ID NO: 14). These sequences are exemplary

in nature only. Suitable proteasomal cleavage motifs are described in detail in Toes et al.,
J. Exp. Med. 194: 1-12, 2001, which is hereby incorporated by reference in its entirety.
See also, Lauer et al., Infect. Immun. 76: 3742-53, 2008; and Sinnathamby et al., (J.
Immunother. 32: 856-69, 2009.

10015] A number of bacterial species have been developed for use as vaccines and

can be used as a vaccine platform 1n present invention, including, but not limited to,
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Shigella flexneri, Escherichia coli, Listeria monocytogenes, Yersinia enterocolitica,
Salmonella typhimurium, Salmonella typhi or mycobacterium species. This list 1s not
meant to be limiting. The present invention contemplates the use of attenuated,
commensal, and/or killed but metabolically active bacterial strains as vaccine platforms.
In preferred embodiments the bacterium 1s Listeria monocytogenes comprising a nucleic
acid sequence encoding for expression by the bacterium of the EGEFRVIII polypeptide
sequences of the invention. This nucleic acid 1s most preterably integrated into the
genome of the bacterium. Attenuated and killed but metabolically active forms of Listeria
monocytogenes are particularly preterred, and Listeria monocytogenes harboring an
attenuating mutation 1n actA and/or inlB 1s described hereinafter in preferred
embodiments. While the present invention 1s described herein with regard to bacterial
vectors, suitable agents for delivery of a target antigen include additional recombinant

vectors, for example, viruses, and naked DNA.

[0016] The vaccine compositions described herein can be administered to a host,
either alone or in combination with a pharmaceutically acceptable excipient, in an amount
sutficient to induce an appropriate immune response to prevent or treat a malignancy
associated with EGFRvIILI expression. Preterred conditions selected to induce a T cell
response 1n a subject comprise administering the vaccine platform intravenously to a
subject; however, administration may be oral, intravenous, subcutaneous, dermal,
intradermal, intramuscular, mucosal, parenteral, intraorgan, intralesional, intranasal,
inhalation, intraocular, intravascular, intranodal, by scarification, rectal, intraperitoneal,

Or any one or combination of a variety of well-known routes of administration.

|0017] In certain preferred embodiments, after the subject has been administered an
effective dose of a vaccine containing the immunogenic polypeptides to prime the
immune response, a second vaccine 1s administered. This 1s referred to 1n the art as a
“prime-boost” regimen. In such a regimen, the compositions and methods of the present

invention may be used as the “prime” delivery, as the “boost” delivery, or as both a

“prime” and a “boost.” Examples of such regimens are described hereinafter.

|0018] A preterred Listeria monocytogenes for use 1n the present invention comprises
a mutation in the prfA gene which locks the expressed prfA transcription factor into a

constitutively active state. For example, a PrfA* mutant (G155S) has been shown to
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enhance functional cellular immunity following a prime-boost intravenous or

intramuscular immunization regimen.

10019] In certain embodiments, the EGFRVIILI polypeptide sequences of the present
invention are expressed as a fusion protein comprising an in frame secretory signal
sequence, thereby resulting 1n their secretion as soluble polypeptide(s) by the bacterium.
Numerous exemplary signal sequences are known 1n the art for use in bacterial expression
systems. In the case where the bacterium 1s Listeria monocytogenes, 1t 1s preferred that
the secretory signal sequence is a Listeria monocytogenes signal sequence, most
preferably the ActA signal sequence. Additional ActA or other linker amino acids may
also be expressed tused to the immunogenic polypeptide(s). In preferred embodiments,
one or more immunogenic polypeptide(s) are expressed as fusion protein(s) comprising
an 1n frame ActA-N100 sequence (e.g., selected from the group consisting of SEQ ID

NO: 37, 38 and 39) or an amino acid sequence having at least 90% sequence i1dentity to

said ActA-N100 sequence.

10020] In preterred embodiments, the vaccine composition comprises a Listeria

monocytogenes expressing a fusion protein comprising:

(a) an ActA-N100 sequence selected from the group consisting of SEQ ID NO: 37, 38
and 39, or an amino acid sequence having at least 90% sequence 1dentity to such a ActA-

N100 sequence;

(b) an amino acid sequence comprising a plurality (2, 3, 4, 5, or more copies) of
EGFRVIILI polypeptide sequences, the sequence of which each comprise EEKKGNYV
(SEQ ID NO: 3); and

(¢) a linker amino acid sequence positioned between at least two of the EGFRvIII
polypeptide sequences, wherein the linker amino acid sequence 1s configured for

proteasomal cleavage,

wherein the fusion protein 1s expressed from a nucleic acid sequence operably linked to a

Listeria monocytogenes ACtA promoter.

[0021] In another aspect, the present invention relates to a method of evaluating an

EGFRvII immune response 1in a mouse model system. These methods comprise
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immunizing a mouse with an EGFRVIII polypeptide, and assessing the resulting

EGFRvIII-specific immune response by determining reactivity to a polypeptide, the

sequence of which consists of EEKKGNYV.

10022] As noted above, 1n certain embodiments the nucleic acid sequences encoding
the antigenic polypeptide(s) are codon optimized for expression by the bacterium (e.g.,
Listeria monocytogenes). As described hereinafter, different organisms often display
“codon bias™; that 1s, the degree to which a given codon encoding a particular amino acid
appears 1n the genetic code varies significantly between organisms. In general, the more
rare codons that a gene contains, the less likely 1t is that the heterologous protein will be
expressed at a reasonable level within that specific host system. These levels become
even lower 1f the rare codons appear 1n clusters or 1in the N-terminal portion of the
protein. Replacing rare codons with others that more closely reflect the host system's
codon bias without modifying the amino acid sequence can increase the levels of

functional protein expression. Methods for codon optimization are described hereinafter.

10023] It 1s to be understood that the invention 1s not limited in its application to the
details of construction and to the arrangements of the components set torth in the
following description or 1llustrated 1n the drawings. The invention 1s capable of
embodiments 1n addition to those described and of being practiced and carried out in
various ways. Also, it 1s to be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose of description and should not

be regarded as limiting.

10024 ] As such, those skilled 1n the art will appreciate that the conception upon
which this disclosure 1s based may readily be utilized as a basis for the designing of other
structures, methods and systems for carrying out the several purposes of the present
invention. It 1s important, therefore, that the claims be regarded as including such
equivalent constructions insofar as they do not depart from the spirit and scope of the

present invention.

BRIEF DESCRIPTION OF THE FIGURES

10025] Fig. 1 schematically depicts exemplary expression cassettes for use in the

present invention.
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[0026] Fig. 2 depicts Western blot results demonstrating expression of EGFRvIII

antigens by recombinant Listeria.

10027] Fig. 3 depicts EGFRVIII antigen-specific CD8+ T cells induced by

immunization with recombinant Zisteria.

10024] Fig. 4 depicts the results obtained from a B3Z T cell activation assay

following immunization with recombinant Listeria.

10029] Fig. 5 depicts the results obtained from screening of CD8+ T cells for
reactivity against specific EGFRvVIII peptides following immunization with recombinant

Listeria.

10030] Fig. 6 depicts the results obtained from a T2 cell assay measuring induction of

class I expression upon EGEFRVIII peptide binding.

10031] Fig. 7 depicts enhanced CD8+ T cell priming following immunization with
recombinant Listeria expressing multiple copies of EGFRvVIIT20-40, relative to the single

COpy variant.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The present invention relates to compositions and methods for delivery of
immunotherapy using a bacterium encoding and expressing a plurality of copies of an

antigen derived from EGFRVIIL.

10033] It 1s to be understood that the invention is not limited 1n 1ts application to the
details of construction and to the arrangements of the components set torth in the
following description or 1llustrated 1n the drawings. The 1nvention 1s capable of
embodiments 1n addition to those described and of being practiced and carried out in
various ways. Also, it 1s to be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose of description and should not

be regarded as limiting.

10034] As such, those skilled in the art will appreciate that the conception upon

which this disclosure 1s based may readily be utilized as a basis for the designing of other

structures, methods and systems for carrying out the several purposes of the present
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invention. It 1s important, therefore, that the claims be regarded as including such

equivalent constructions insofar as they do not depart from the spirit and scope of the

present invention.

[0035] 1. Definitions

[0036] Abbreviations used to indicate a mutation in a gene, or a mutation in a
bacterium comprising the gene, are as follows. By way of example, the abbreviation *L.
monocytogenes AactA” means that part, or all, of the actA gene was deleted. The delta
symbol (A) means deletion. An abbreviation including a superscripted minus sign
(Listeria ActA’) means that the actA gene was mutated, e.g., by way of a deletion, point

mutation, or frameshift mutation, but not limited to these types of mutations.

|0037] “Administration” as it applies to a human, mammal, mammalian subject,
animal, veterinary subject, placebo subject, research subject, experimental subject, cell,
tissue, organ, or biological fluid, refers without limitation to contact of an exogenous
ligand, reagent, placebo, small molecule, pharmaceutical agent, therapeutic agent,
diagnostic agent, or composition to the subject, cell, tissue, organ, or biological fluid, and
the like. “Administration™ can refer, e.g., to therapeutic, pharmacokinetic, diagnostic,
research, placebo, and experimental methods. Treatment of a cell encompasses contact of
a reagent to the cell, as well as contact of a reagent to a tluid, where the fluid 1s in contact
with the cell. "Administration” also encompasses in vitro and ex vivo treatments, e.g., of

a cell, by a reagent, diagnostic, binding composition, or by another cell.

|0034] An “agonist,” as 1t relates to a ligand and receptor, comprises a molecule,
combination of molecules, a complex, or a combination of reagents, that stimulates the
receptor. For example, an agonist of granulocyte-macrophage colony stimulating factor
(GM-CSF) can encompass GM-CSF, a mutein or derivative of GM-CSF, a peptide
mimetic of GM-CSF, a small molecule that mimics the biological function of GM-CSF,

or an antibody that stimulates GM-CSF receptor.

10039] An “antagonist,” as it relates to a ligand and receptor, comprises a molecule,
combination of molecules, or a complex, that inhibits, counteracts, downregulates, and/or
desensitizes the receptor. “Antagonist” encompasses any reagent that inhibits a
constitutive activity of the receptor. A constitutive activity 1s one that 1s manifest in the

absence of a ligand/receptor interaction. “Antagonist” also encompasses any reagent that
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inhibits or prevents a stimulated (or regulated) activity of a receptor. By way of example,
an antagonist of GM-CSF receptor includes, without implying any limitation, an antibody
that binds to the ligand (GM-CSF) and prevents 1t from binding to the receptor, or an

antibody that binds to the receptor and prevents the ligand from binding to the receptor, or

where the antibody locks the receptor in an 1nactive conformation.

10040] As used herein, an “analog” or “derivative” with reference to a peptide,
polypeptide or protein refers to another peptide, polypeptide or protein that possesses a
stmilar or identical function as the original peptide, polypeptide or protein, but does not
necessarily comprise a similar or identical amino acid sequence or structure of the
original peptide, polypeptide or protein. An analog preferably satisfies at least one of the
following: (a) a proteinaceous agent having an amino acid sequence that 1s at least 30%,
at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% or
at least 99% 1dentical to the original amino acid sequence (b) a proteinaceous agent
encoded by a nucleotide sequence that hybridizes under stringent conditions to a
nucleotide sequence encoding the original amino acid sequence; and (¢) a proteinaceous
agent encoded by a nucleotide sequence that is at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 99% 1dentical to the

nucleotide sequence encoding the original amino acid sequence.

10041] “Antigen presenting cells” (APCs) are cells of the immune system used for
presenting antigen to T cells. APCs include dendritic cells, monocytes, macrophages,
marginal zone Kuptier cells, microglia, Langerhans cells, T cells, and B cells. Dendritic
cells occur 1n at least two lineages. The first lineage encompasses pre-DC1, myeloid
DC1, and mature DC1. The second lineage encompasses CD34"CD45RA early
progenitor multipotent cells, CD34"CD45RA™ cells, CD34"CD45RA™CD4™ IL-3Ro." pro-

DC2 cells, CD4"CD11¢ plasmacytoid pre-DC2 cells, lymphoid human DC2
plasmacytoid-derived DCZ2s, and mature DC2s.

10042 ] “Attenuation” and “attenuated” encompasses a bacterium, virus, parasite,
infectious organism, prion, tumor cell, gene 1n the infectious organism, and the like, that
1s moditied to reduce toxicity to a host. The host can be a human or animal host, or an

organ, tissue, or cell. The bacterium, to give a non-limiting example, can be attenuated to
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reduce binding to a host cell, to reduce spread from one host cell to another host cell, to
reduce extracellular growth, or to reduce intracellular growth 1n a host cell. Attenuation
can be assessed by measuring, €.2., an indicum or i1ndicia of toxicity, the LLDsq, the rate of
clearance from an organ, or the competitive index (see, e.g2., Auerbuch, ef al. (2001)
Infect. Immunity 69:5953-5957). Generally, an attenuation results an increase in the
[LDso and/or an 1ncrease 1n the rate of clearance by at least 25%; more generally by at
least 50%; most generally by at least 100% (2-fold); normally by at least 5-fold; more
normally by at least 10-fold; most normally by at least 50-fold; often by at least 100-fold;
more often by at least S00-fold; and most often by at least 1000-fold; usually by at least
S5000-fold; more usually by at least 10,000-fold; and most usually by at least 50,000-fold;
and most often by at least 100,000-fold.

1004 3] “Attenuated gene” encompasses a gene that mediates toxicity, pathology, or
virulence, to a host, growth within the host, or survival within the host, where the gene 1s
mutated in a way that mitigates, reduces, or eliminates the toxicity, pathology, or
virulence. The reduction or elimination can be assessed by comparing the virulence or
toxicity mediated by the mutated gene with that mediated by the non-mutated (or parent)
gene. “Mutated gene” encompasses deletions, point mutations, and frameshift mutations
in regulatory regions of the gene, coding regions of the gene, non-coding regions of the

gene, or any combination thereof.

10044 “Conservatively modified variants™ applies to both amino acid and nucleic
acid sequences. With respect to particular nucleic acid sequences, a conservatively
modified variant refers to nucleic acids encoding identical amino acid sequences, or
amino acid sequences that have one or more conservative substitutions. An example of a
conservative substitution 1s the exchange of an amino acid in one of the following groups

for another amino acid of the same group (U.S. Pat. No. 5,767,063 i1ssued to Lee, ef al.;
Kyte and Doolittle (1982) J. Mol. Biol. 157:105-132).

(1) Hydrophobic: Norleucine, Ile, Val, Leu, Phe, Cys, Met;
(2) Neutral hydrophilic: Cys, Ser, Thr;

(3) Acidic: Asp, Glu;

(4) Basic: Asn, Gln, His, Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro;

(6) Aromatic: Trp, Tyr, Phe; and
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(7) Small amino acids: Gly, Ala, Ser.

[0045] “Effective amount” encompasses, without limitation, an amount that can
ameliorate, reverse, mitigate, prevent, or diagnose a symptom or sign of a medical
condition or disorder. Unless dictated otherwise, explicitly or by context, an “effective

amount’ 1S not limited to a minimal amount sufficient to ameliorate a condition.

[0046] An “extracellular fluid” encompasses, e.g., serum, plasma, blood, interstitial
fluid, cerebrospinal fluid, secreted fluids, lymph, bile, sweat, fecal matter, and urine. An
“extracelluar fluid” can comprise a colloid or a suspension, €.2., whole blood or

coagulated blood.

10047] The term “‘fragments™ 1n the context of polypeptides include a peptide or
polypeptide comprising an amino acid sequence of at least 5 contiguous amino acid
residues, at least 10 contiguous amino acid residues, at least 15 contiguous amino acid
residues, at least 20 contiguous amino acid residues, at least 25 contiguous amino acid
residues, at least 40 contiguous amino acid residues, at least SO contiguous amino acid
residues, at least 60 contiguous amino residues, at least 70 contiguous amino acid
residues, at least 80 contiguous amino acid residues, at least 90 contiguous amino acid
residues, at least 100 contiguous amino acid residues, at least 125 contiguous amino acid
residues, at least 150 contiguous amino acid residues, at least 175 contiguous amino acid
residues, at least 200 contiguous amino acid residues, or at least 250 contiguous amino

acid residues of the amino acid sequence of a larger polypeptide.

1004 8] “(Gene” refers to a nucleic acid sequence encoding an oligopeptide or
polypeptide. The oligopeptide or polypeptide can be biologically active, antigenically
active, biologically inactive, or antigenically inactive, and the like. The term gene
encompasses, €.2., the sum of the open reading frames (ORFs) encoding a specific
oligopeptide or polypeptide; the sum of the ORFs plus the nucleic acids encoding introns;
the sum of the ORFs and the operably linked promoter(s); the sum of the ORFS and the
operably linked promoter(s) and any introns; the sum of the ORFS and the operably
linked promoter(s), intron(s), and promoter(s), and other regulatory elements, such as
enhancer(s). In certain embodiments, “gene” encompasses any sequences required 1n Ci1s
for regulating expression of the gene. 'The term gene can also refer to a nucleic acid that

encodes a peptide encompassing an antigen or an antigenically active fragment of a
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peptide, oligopeptide, polypeptide, or protein. The term gene does not necessarily imply
that the encoded peptide or protein has any biological activity, or even that the peptide or
protein 1s antigenically active. A nucleic acid sequence encoding a non-expressable

sequence 1s generally considered a pseudogene. The term gene also encompasses nucleic

acid sequences encoding a ribonucleic acid such as rRNA, tRNA, or a ribozyme.

[0049] “Growth™ of a bacterium such as Listeria encompasses, without limitation,
functions of bacterial physiology and genes relating to colonization, replication, increase
in protein content, and/or increase in lipid content. Unless specified otherwise explicitly
or by context, growth of a Listeria encompasses growth of the bacterium outside a host
cell, and also growth 1nside a host cell. Growth related genes include, without implying
any limitation, those that mediate energy production (e.g., glycolysis, Krebs cycle,
cytochromes), anabolism and/or catabolism of amino acids, sugars, lipids, minerals,
purines, and pyrimidines, nutrient transport, transcription, translation, and/or replication.
In some embodiments, “growth™ of a Listeria bacterium reters to intracellular growth of
the Listeria bacterium, that i1s, growth 1nside a host cell such as a mammalian cell. While
intracellular growth of a Listeria bacterium can be measured by light microscopy or
colony forming unit (CFU) assays, growth 1s not to be limited by any technique of
measurement. Biochemical parameters such as the quantity of a Listerial antigen,
Listerial nucleic acid sequence, or lipid specific to the Listeria bacterium, can be used to
assess growth. In some embodiments, a gene that mediates growth 1s one that specifically
mediates intracellular growth. In some embodiments, a gene that specitically mediates
intracellular growth encompasses, but 1s not limited to, a gene where 1nactivation of the
gene reduces the rate of intracellular growth but does not detectably, substantially, or
appreciably, reduce the rate of extracellular growth (e.g., growth 1n broth), or a gene
where 1nactivation of the gene reduces the rate of intracellular growth to a greater extent
than 1t reduces the rate of extracellular growth. To provide a non-limiting example, 1n
some embodiments, a gene where 1nactivation reduces the rate of intracellular growth to a
oreater extent than extracellular growth encompasses the situation where 1nactivation
reduces intracellular growth to less than 50% the normal or maximal value, but reduces
extracellular growth to only 1-5%, 5-10%, or 10-15% the maximal value. The invention,
1n certain aspects, encompasses a Listeria attenuated 1n intracellular growth but not

attenuated 1n extracellular growth, a Listeria not attenuated 1n intracellular growth and not
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attenuated 1n extracellular growth, as well as a Listeria not attenuated in intracellular

orowth but attenuated 1n extracellular growth.

10050] A “hydropathy analysis™ refers to the analysis of a polypeptide sequence by
the method of Kyte and Doolittle: "A Simple Method tor Displaying the Hydropathic
Character of a Protein”. J. Mol. Biol. 157(1982)105-132. In this method, each amino acid
1s given a hydrophobicity score between 4.6 and -4.6. A score of 4.6 1s the most
hydrophobic and a score of -4.6 1s the most hydrophilic. Then a window size 1s set. A
window size 1s the number of amino acids whose hydrophobicity scores will be averaged
and assigned to the first amino acid in the window. The calculation starts with the first
window of amino acids and calculates the average of all the hydrophobicity scores in that
window. Then the window moves down one amino acid and calculates the average of all
the hydrophobicity scores in the second window. This pattern continues to the end of the
protein, computing the average score for each window and assigning it to the first amino
acid in the window. The averages are then plotted on a graph. The y axis represents the
hydrophobicity scores and the x axis represents the window number. The following

hydrophobicity scores are used for the 20 common amino acids.

Arg: 4.5  Ser: -0.8 Lys: -3.9
Thr: -0.7  Asn: 3.5 Gly: -04
Asp: -3.5  Ala: 1.8  GIn:  -3.5
Met: 1.9 Glu: 3.5 Cys: 2.5
His: -3.2  Phe: 2.8 Pro: -1.6
Leu: 3.8  Tyr: -1.3  Val: 4.2
Trp: -0.9  le: 4.5

|0051] A composition that 1s “labeled” 1s detectable, either directly or indirectly, by
spectroscopic, photochemical, biochemical, immunochemical, 1sotopic, or chemical
methods. For example, usetul labels include 32P, 33P, 35 S, 14C, 3H, 125 I, stable 1sotopes,

epitope tags, fluorescent dyes, electron-dense reagents, substrates, or enzymes, €.g2., as

used 1n enzyme-linked immunoassays, or fluorettes (see, €.g2., Rozinov and Nolan (1993)

Chem. Biol. 5:713-728).

10052] “LLigand” refers to a small molecule, peptide, polypeptide, or membrane

associated or membrane-bound molecule, that 1s an agonist or antagonist of a receptor.
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“LLigand” also encompasses a binding agent that 1s not an agonist or antagonist, and has
no agonist or antagonist properties. By convention, where a ligand 1s membrane-bound
on a first cell, the receptor usually occurs on a second cell. The second cell may have the
same 1dentity (the same name), or it may have a different identity (a different name), as
the first cell. A ligand or receptor may be entirely intracellular, that 1s, it may reside in
the cytosol, nucleus, or in some other intracellular compartment. The ligand or receptor
may change its location, ¢.2., from an intracellular compartment to the outer face of the
plasma membrane. The complex of a ligand and receptor 1s termed a “ligand receptor
complex.” Where a ligand and receptor are involved 1n a signaling pathway, the ligand
occurs at an upstream position and the receptor occurs at a downstream position of the

signaling pathway.

10053] “Nucleic acid” refers to deoxyribonucleotides or ribonucleotides and polymers
thereof 1n either single stranded, double-stranded form, or multi-stranded form.
Non-limiting examples of a nucleic acid are a, e.2., cDNA, mRNA, oligonucleotide, and

polynucleotide. A particular nucleic acid sequence can also implicitly encompasses

“allelic variants™ and “‘splice variants.”

10054] “Operably linked” 1n the context of a promoter and a nucleic acid encoding a

MRNA means that the promoter can be used to 1nitiate transcription of that nucleic acid.

[0055] The terms “percent sequence identity” and “% sequence identity” refer to the
percentage of sequence similarity found by a comparison or alignment of two or more
amino acid or nucleic acid sequences. Percent identity can be determined by a direct
comparison of the sequence information between two molecules by aligning the
sequences, counting the exact number of matches between the two aligned sequences,
dividing by the length of the shorter sequence, and multiplying the result by 100. An
algorithm for calculating percent 1dentity 1s the Smith-Waterman homology search
algorithm (see, e.g2., Kann and Goldstein (2002) Proteins 48:367-376; Arslan, et al. (2001)
Bioinformatics 17:327-337).

10056] By “purified” and “isolated” 1s meant, when referring to a polypeptide, that the
polypeptide 1s present 1n the substantial absence of the other biological macromolecules
with which it 1s associated in nature. The term “purified” as used herein means that an

identified polypeptide often accounts for at least S0%, more often accounts for at least
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60%, typically accounts for at least 70%, more typically accounts for at least 75%, most
typically accounts for at least 80%, usually accounts for at least 85%, more usually
accounts for at least 90%, most usually accounts for at least 95%, and conventionally
accounts for at least 98% by weight, or greater, of the polypeptides present. The weights
of water, butfers, salts, detergents, reductants, protease inhibitors, stabilizers (including
an added protein such as albumin), and excipients, and molecules having a molecular
weight of less than 1000, are generally not used in the determination of polypeptide

purity. See, e.g., discussion of purity 1in U.S. Pat. No. 6,090,611 1ssued to Covaccl, et al.

|0057] “Peptide” refers to a short sequence of amino acids, where the amino acids are
connected to each other by peptide bonds. A peptide may occur free or bound to another
moiety, such as a macromolecule, lipid, oligo- or polysaccharide, and/or a polypeptide.
Where a peptide 1s incorporated into a polypeptide chain, the term “peptide” may still be
used to refer specifically to the short sequence of amino acids. A “‘peptide” may be
connected to another moiety by way of a peptide bond or some other type of linkage. A
peptide 1s at least two amino acids 1n length and generally less than about 25 amino acids

in length, where the maximal length 1s a function of custom or context. The terms

“peptide” and “oligopeptide” may be used interchangeably.

10058] “Protein” generally refers to the sequence of amino acids comprising a
polypeptide chain. Protein may also refer to a three dimensional structure of the
polypeptide. “Denatured protein™ refers to a partially denatured polypeptide, having
some residual three dimensional structure or, alternatively, to an essentially random three
dimensional structure, 1.e., totally denatured. The invention encompasses reagents of, and
methods using, polypeptide variants, e.g., involving glycosylation, phosphorylation,
sulfation, disulfide bond formation, deamidation, 1somerization, cleavage points 1n signal
or leader sequence processing, covalent and non-covalently bound cofactors, oxidized
variants, and the like. The formation of disulfide linked proteins 1s described (see, e.g.,
Woycechowsky and Raines (2000) Curr. Opin. Chem. Biol. 4:533-539; Creighton, et al.
(1995) Trends Biotechnol. 13:18-23).

[0059] “Recombinant” when used with reference, e€.2., to a nucleic acid, cell, animal,
virus, plasmid, vector, or the like, indicates modification by the introduction of an
exogenous, non-native nucleic acid, alteration of a native nucleic acid, or by derivation in

whole or in part from a recombinant nucleic acid, cell, virus, plasmid, or vector.
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Recombinant protein refers to a protein derived, €.g., from a recombinant nucleic acid,
virus, plasmid, vector, or the like. *“Recombinant bacterium™ encompasses a bacterium
where the genome 1s engineered by recombinant methods, €.g., by way of a mutation,
deletion, insertion, and/or a rearrangement. “Recombinant bacterium™ also encompasses
a bacterirum modified to include a recombinant extra-genomic nucleic acid, e.g., a plasmd
or a second chromosome, or a bacterium where an existing extra-genomic nucleic acid 1s

altered.

10060] “Sample” refers to a sample from a human, animal, placebo, or research
sample, e.g., a cell, tissue, organ, fluid, gas, aerosol, slurry, colloid, or coagulated
material. The “sample” may be tested in vivo, €.g2., without removal from the human or
animal, or it may be tested in vitro. The sample may be tested after processing, €.2., by
histological methods. “Sample™ also refers, €.g., to a cell comprising a fluid or tissue
sample or a cell separated from a fluid or tissue sample. “Sample” may also refer to a
cell, tissue, organ, or fluid that 1s freshly taken from a human or animal, or to a cell,

tissue, organ, or fluid that 1s processed or stored.

|0061] A “‘selectable marker” encompasses a nucleic acid that allows one to select for
or against a cell that contains the selectable marker. Examples of selectable markers
include, without limitation, e.g.: (1) A nucleic acid encoding a product providing
resistance to an otherwise toxic compound (e.g., an antibiotic), or encoding susceptibility
to an otherwise harmless compound (e.g., sucrose); (2) A nucleic acid encoding a product
that 1s otherwise lacking 1n the recipient cell (e.g., tRNA genes, auxotrophic markers);

(3) A nucleic acid encoding a product that suppresses an activity of a gene product; (4) A
nucleic acid that encodes a product that can be readily identified (e.g., phenotypic
markers such as beta-galactosidase, green fluorescent protein (GEFP), cell surface proteins,
an epitope tag, a FLAG tag); (5) A nucleic acid that can be 1dentified by hybridization

techniques, for example, PCR or molecular beacons.
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