
REENGINEERING MRNA PRIMARY STRUCTURE FOR ENHANCED PROTEIN PRODUCTION
REFERENCE TO PRIORITY DOCUMENT [0001] This application claims the benefit
of priority under 35 U.S.C.  119(e) of U.S. Provisional Application Serial
No. 61/155,049, filed February 24, 2009, entitled "Reengineering mRNA
Primary Structure for Enhanced Protein Production." The subject matter of
the above-noted application is incorporated by reference in its entirety by
reference thereto. BACKGROUND [0002] Translation initiation in eukaryotes
involves recruitment by mRNAs of the 4OS ribosomal subunit and other
components of the translation machinery at either the 5' cap-structure or
an internal ribosome entry site (IRES). Following its recruitment, the 4OS
subunit moves to an initiation codon. One widely held notion of translation
initiation postulates that the 4OS subunit moves from the site of
recruitment to the initiation codon by scanning through the 5' leader in a
5' to 3' direction until the first AUG codon that resides in a good
nucleotide context is encountered (Kozak "The Scanning Model for
Translation: An Update" J. Cell Biol. 108:229-241 (1989)). More recently,
it has been postulated that translation initiation does not involve
scanning, but may involve tethering of ribosomal subunits at either the
cap-structure or an IRES, or clustering of ribosomal subunits at internal
sites (Chappell et al. "Ribosomal shunting mediated by a translational
enhancer element that base pairs to 18S rRNA" PNASOSA 103(25):9488-9493
(2006); Chappell et al., "Ribosomal tethering and clustering as mechanisms
for translation initiation" PNAS USA 103(48): 18077-82 (2006)). The 4OS
subunit moves to an accessible AUG codon that is not necessarily the first
AUG codon in the mRNA. Once the subunit reaches the initiation codon by
whatever mechanism, the initiator Methionine-tRNA, which is associated with
the subunit, base-pairs to the initiation codon, the large (60S) ribosomal
subunit attaches, and peptide synthesis begins.[0003] Inasmuch as
translation is generally thought to initiate by a scanning mechanism, the
effects on translation of AUG codons contained within 5' leaders, termed
upstream AUG codons, have been considered, and it is known that an AUG
codon in the 5' leader can have either a positive or a negative effect on
protein synthesis depending on the gene, the nucleotide context, and
cellular conditions. For example, an upstream AUG codon can inhibit
translation initiation by diverting ribosomes from the authentic initiation
codon. However, the notion that translation initiates by a scanning
mechanism does not consider the effects of potential initiation codons in
coding sequences on protein synthesis. In contrast, the
tethering/clustering mechanisms of translation initiation suggests that
putative initiation codons in coding sequences, which include both AUG
codons and non-canonical codons, may be utilized, consequentially lowering
the rate of protein synthesis by competing with the authentic initiation
codon for ribosomes. [0004] Micro RNA (miRNA)-mediated down-regulation can
also negatively impact translation efficiency. miRNAs are generally between
21-23 nucleotides in length and are components of ribonucleoprotein
complexes. It has been suggested that miRNAs can negatively impact protein
levels by base-pairing to mRNAs and reducing mRNA stability, nascent
peptide stability and translation efficiency (Eulalio et al. "Getting to
the Root of miRNA-Mediated Gene Silencing" Cell 132:9-14 (1998)). Although
miRNAs generally mediate their effects by base-pairing to binding sites in
the 3' untranslated sequences (UTRs) of mRNAs, they have been shown to have
similar repressive effects from binding sites contained within coding
sequences and 5' leader sequences. Base-pairing occurs via the so-called
"seed sequence," which includes nucleotides 2-8 of the miRNA. There may be
more than 1,000 different miRNAs in humans. [0005] The negative impact of
putative initiation codons in mRNA coding sequences and miRNA-binding sites
in mRNAs pose challenges to the pharmaceutical industry. For example, the
industrial production of protein drugs, DNA vaccines for antigen
production, general research purposes and for gene therapy applications are
all affected by a sub-optimal rate of protein synthesis or sequence
stability. Improving protein yields and higher protein concentration can
minimize the costs associated with industrial scale cultures, reduce costs
of producing drugs and can facilitate proteinpurification. Poor protein
expression limits the large-scale use of certain technologies, for example,
problems in expressing enough antigen from a DNA vaccine to generate an
immune response to conduct a phase 3 clinical trial. SUMMARY 



[0006] There is a need in the art for improving the efficiency and
stability of protein translation and improving protein yield and
concentration, for example, in the industrial production of protein drugs.
[0007] Disclosed is a method of improving full-length protein expression
efficiency. The method includes providing a polynucleotide having a coding
sequence for the protein; a primary initiation codon that is upstream of
the coding sequence; and one or more secondary initiation codons located
within the coding sequence. The method also includes mutating one or more
secondary initiation codons resulting in a decrease in initiation of
protein synthesis at the one or more secondary initiation codons resulting
in a reduction of ribosomal diversion away from the primary initiation
codon, thereby increasing full-length protein expression efficiency. [0008]
The method can also include mutating one or more nucleotides such that the
amino acid sequence remains unaltered. The one or more secondary initiation
codons can be in the same reading frame as the coding sequence or
out-of-frame with the coding sequence. The one or more secondary initiation
codons can be located one or more nucleotides upstream or downstream from a
ribosomal recruitment site. The ribosomal recruitment site can include a
cap or an IRES. The one or more secondary initiation codons can be selected
from AUG, ACG, GUG, UUG, CUG, AUA, AUC, and AUU. The method can include
mutating more than one secondary initiation codon within the coding
sequence. The method can include mutating all the secondary initiation
codons within the coding sequence. A flanking nucleotide can be mutated to
a less favorable nucleotide context. The mutation of the one or more
secondary initiation codons can avoid introducing new initiation codons.
The mutation of the one or more secondary initiation codons can avoid
introducing miRNA seed sequences. The mutation of the one or more secondary
initiation codons can avoid altering usage bias of mutated codons. The
generation of truncated proteins, polypeptide, or peptides other than the
fulllength encoded protein can be reduced. Mutating one or more secondary
initiation codons can avoid introducing miRNA seed sequences, splice donor
or acceptor sites, or mRNA destabilization elements. [0009] Also disclosed
is a method of improving full-length protein expression efficiency. The
method includes providing a polynucleotide sequence having a coding
sequence for the protein and one or more miRNA binding sites located within
the coding sequence; and mutating the one or more miRNA binding sites. The
mutation results in a decrease in miRNA binding at the one or more miRNA
binding sites resulting in a reduction of miRNA-mediated down regulation of
protein translation, thereby increasing full-length protein expression
efficiency. [0010] The method can also include mutating one or more
nucleotides such that the amino acid sequence remains unaltered. The method
can include mutating one or more nucleotides in an miRNA seed sequence. The
method can include mutating one or more nucleotides such that initiation
codons are not introduced into the polynucleotide sequence. The method can
include mutating one or more nucleotides such that rare codons are not
introduced into the polynucleotide sequence. The method can include
mutating one or more nucleotides such that additional miRNA seed sequences
are not introduced into the polynucleotide sequence. The one or more miRNA
binding sites can be located within the coding sequence. The one or more
miRNA binding sites can be located within the 3' untranslated region. The
one or more miRNA binding sites can be located within the 5' leader
sequence. [001 1] A further understanding of the nature and advantages of
the present disclosure may be realized by reference to the remaining
portions of the specification and claims. BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figures 1A-1B show growth curves of E. coli DH5acell cultures
transformed with CAT (diamonds) or mCAT expression constructs (squares);
[001 3] Figure 2 shows a Western blot analysis of lysates collected from E.
coli DH5a cells transformed with CAT (C) or mCAT (mC) expression
constructs;[0014] Figure 3 shows a Western blot analysis of extracts from
DG44 cells transformed with wild type CAT or modified CAT expression
constructs; [001 5] Figure 4 shows a Western blot analysis of supernatants
from DG44 cells transformed with the wild type CD5 (cd5-l) or modified CD5
signal peptide a- thyroglobulin light chain expression constructs (cd5-2 to
cd5-5). DETAILED DESCRIPTION I. Overview 



[0016] Described herein are methods to modify natural mRNAs or to engineer
synthetic mRNAs to increase levels of the encoded protein. These rules
describe modifications to mRNA coding and 3' UTR sequences intended to
enhance protein synthesis by: 1) decreasing ribosomal diversion via AUG or
non-canonical initiation codons in coding sequences, and/or 2) by evading
miRNA-mediated down-regulation by eliminating miRNA binding sites in coding
sequences. [0017] Described are methods of reengineering mRNA primary
structure that can be used to increase the yield of specific proteins in
eukaryotic and bacterial cells. The methods described herein can be applied
to the industrial production of protein drugs as well as for research
purposes, gene therapy applications, and DNA vaccines for increasing
antigen production. Greater protein yields minimize the costs associated
with industrial scale cultures and reduce drug costs. In addition, higher
protein concentrations can facilitate protein purification. Moreover,
processes that may otherwise not be possible due to poor protein
expression, e.g. in the conduct of phase 3 clinical trials, or in
expressing enough antigen from a DNA vaccine to generate an immune response
can be possible using the methods described herein. II. Definitions [001 8]
This specification is not limited to the particular methodology, protocols,
and reagents described, as these may vary. It is also to be understood that
the terminology used herein is for the purpose of describing particular
embodiments only,and is not intended to limit the scope of the present
methods which will be described by the appended claims. [0019] As used
herein, the singular forms "a", "an", and "the" include plural reference
unless the context clearly dictates otherwise. Thus, for example, reference
to "a cell" includes a plurality of such cells, reference to "a protein"
includes one or more proteins and equivalents thereof known to those
skilled in the art, and so forth. [0020] Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as
commonly understood by those of ordinary skill in the art to which this
disclosure pertains. The following references provide one of skill with a
general definition of many of the terms used in this disclosure: Academic
Press Dictionary of Science and Technology, Morris (Ed.), Academic Press (
1st ed., 1992); Oxford Dictionary of Biochemistry and Molecular Biology,
Smith et al. (Eds.), Oxford University Press (revised ed., 2000);
Encyclopaedic Dictionary of Chemistry, Kumar (Ed.), Anmol Publications Pvt.
Ltd. (2002); Dictionary of Microbiology and Molecular Biology, Singleton et
al. (Eds.), John Wiley & Sons (3rd ed., 2002); Dictionary of Chemistry,
Hunt (Ed.), Routledge ( 1st ed., 1999); Dictionary of Pharmaceutical
Medicine, Nahler (Ed.), Springer- Verlag Telos (1994); Dictionary of
Organic Chemistry, Kumar and Anandand (Eds.), Anmol Publications Pvt. Ltd.
(2002); and A Dictionary of Biology (Oxford Paperback Reference), Martin
and Hine (Eds.), Oxford University Press (4th ed., 2000). Further
clarifications of some of these terms as they apply specifically to this
disclosure are provided herein. [0021] The term "agent" includes any
substance, molecule, element, compound, entity, or a combination thereof.
It includes, but is not limited to, e.g., protein, polypeptide, small
organic molecule, polysaccharide, polynucleotide, and the like. It can be a
natural product, a synthetic compound, or a chemical compound, or a
combination of two or more substances. Unless otherwise specified, the
terms "agent", "substance", and "compound" are used interchangeably herein.
[0022] The term "cistron" means a unit of DNA that encodes a single
polypeptide or protein. The term "transcriptional unit" refers to the
segment of DNA within which the synthesis of RNA occurs.[0023] The term
"DNA vaccines" refers to a DNA that can be introduced into a host cell or a
tissue and therein expressed by cells to produce a messenger ribonucleic
acid (mRNA) molecule, which is then translated to produce a vaccine antigen
encoded by the DNA. [0024] The language "gene of interest" is intended to
include a cistron, an open reading frame (ORF), or a polynucleotide
sequence which codes for a protein product (protein of interest) whose
production is to be modulated. Examples of genes of interest include genes
encoding therapeutic proteins, nutritional proteins and industrial useful
proteins. Genes of interest can also include reporter genes or selectable
marker genes such as enhanced green fluorescent protein (EGFP), luciferase
genes {Renilla or Photinus). [0025] Expression is the process by which a
polypeptide is produced from 



DNA. The process involves the transcription of the gene into mRNA and the
subsequent translation of the mRNA into a polypeptide. [0026] The term
"endogenous" as used herein refers to a gene normally found in the
wild-type host, while the term "exogenous" refers to a gene not normally
found in the wild-type host. [0027] A "host cell" refers to a living cell
into which a heterologous polynucleotide sequence is to be or has been
introduced. The living cell includes both a cultured cell and a cell within
a living organism. Means for introducing the heterologous polynucleotide
sequence into the cell are well known, e.g., transfection, electroporation,
calcium phosphate precipitation, microinjection, transformation, viral
infection, and/or the like. Often, the heterologous polynucleotide sequence
to be introduced into the cell is a replicable expression vector or cloning
vector. In some embodiments, host cells can be engineered to incorporate a
desired gene on its chromosome or in its genome. Many host cells that can
be employed in the practice of the present methods {e.g., CHO cells) serve
as hosts are well known in the art. See, e.g., Sambrook et al, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press (3rd ed., 2001); and
Brent et al, Current Protocols in Molecular Biology, John Wiley & Sons,
Inc. (Ringbou ed., 2003). In some embodiments, the host cell is a
eukaryotic cell.[0028] The term "inducing agent" is used to refer to a
chemical, biological or physical agent that effects translation from an
inducible translational regulatory element. In response to exposure to an
inducing agent, translation from the element generally is initiated de novo
or is increased above a basal or constitutive level of expression. An
inducing agent can be, for example, a stress condition to which a cell is
exposed, for example, a heat or cold shock, a toxic agent such as a heavy
metal ion, or a lack of a nutrient, hormone, growth factor, or the like; or
can be a compound that affects the growth or differentiation state of a
cell such as a hormone or a growth factor. [0029] The phrase "isolated or
purified polynucleotide" is intended to include a piece of polynucleotide
sequence {e.g., DNA) which has been isolated at both ends from the
sequences with which it is immediately contiguous in the naturally
occurring genome of the organism. The purified polynucleotide can be an
oligonucleotide which is either double or single stranded; a polynucleotide
fragment incorporated into a vector; a fragment inserted into the genome of
a eukaryotic or prokaryotic organism; or a fragment used as a probe. The
phrase "substantially pure," when referring to a polynucleotide, means that
the molecule has been separated from other accompanying biological
components so that, typically, it has at least 85 percent of a sample or
greater percentage. [0030] The term "nucleotide sequence," "nucleic acid
sequence," "nucleic acid," or "polynucleotide sequence," refers to a
deoxyribonucleotide or ribonucleotide polymer in either single- or
double-stranded form, and unless otherwise limited, encompasses known
analogs of natural nucleotides that hybridize to nucleic acids in a manner
similar to naturally-occurring nucleotides. Nucleic acid sequences can be,
e.g., prokaryotic sequences, eukaryotic mRNA sequences, cDNA sequences from
eukaryotic mRNA, genomic DNA sequences from eukaryotic DNA {e.g., mammalian
DNA), and synthetic DNA or RNA sequences, but are not limited thereto.
[0031] The term "promoter" means a nucleic acid sequence capable of
directing transcription and at which transcription is initiated. A variety
of promoter sequences are known in the art. For example, such elements can
include, but are not limited to, TATA-boxes, CCAAT-boxes, bacteriophage RNA
polymerase specificpromoters (e.g., T7, SP6, and T3 promoters), an SPl
site, and a cyclic AMP response element. If the promoter is of the
inducible type, then its activity increases in response to an inducing
agent. [0032] The five prime leader or untranslated region (51leader, 5'
leader sequence or 5' UTR) is a particular section of messenger RNA (mRNA)
and the DNA that codes for it. It starts at the + 1 position (where
transcription begins) and ends just before the start codon (typically AUG)
of the coding region. In bacteria, it may contain a ribosome binding site
(RBS) known as the Shine-Delgarno sequence. 5' leader sequences range in
length from no nucleotides (in rare leaderless messages) up to >1,000-
nucleotides. 3' UTRs tend to be even longer (up to several kilobases in
length). [0033] The term "operably linked" or "operably associated" refers
to functional linkage between genetic elements that are joined in a manner
that enables them to carry out their normal functions. For example, a gene
is operably linked to a promoter when its transcription is under the
control of the promoter and the transcript produced is 



correctly translated into the protein normally encoded by the gene.
Similarly, a translational enhancer element is operably associated with a
gene of interest if it allows up-regulated translation of a mRNA
transcribed from the gene. [0034] A sequence of nucleotides adapted for
directional ligation, e.g., a polylinker, is a region of an expression
vector that provides a site or means for directional ligation of a
polynucleotide sequence into the vector. Typically, a directional
polylinker is a sequence of nucleotides that defines two or more
restriction endonuclease recognition sequences, or restriction sites. Upon
restriction cleavage, the two sites yield cohesive termini to which a
polynucleotide sequence can be ligated to the expression vector. In an
embodiment, the two restriction sites provide, upon restriction cleavage,
cohesive termini that are non-complementary and thereby permit directional
insertion of a polynucleotide sequence into the cassette. For example, the
sequence of nucleotides adapted for directional ligation can contain a
sequence of nucleotides that defines multiple directional cloning means.
Where the sequence of nucleotides adapted for directional ligation defines
numerous restriction sites, it is referred to as a multiple cloning
site.[0035] The term "subject" for purposes of treatment refers to any
animal classified as a mammal, e.g., human and non-human mammals. Examples
of non-human animals include dogs, cats, cattle, horses, sheep, pigs,
goats, rabbits, and etc. Except when noted, the terms "patient" or
"subject" are used herein interchangeably. In an embodiment, the subject is
human. [0036] Transcription factor refers to any polypeptide that is
required to initiate or regulate transcription. For example, such factors
include, but are not limited to, c-Myc, c-Fos, c-Jun, CREB, cEts, GATA,
GAL4, GAL4/Vpl6, c-Myb, MyoD, NFKB, bacteriophage-specific RNA polymerases,
Hif-1, and TRE. Example of sequences encoding such factors include, but are
not limited to, GenBank accession numbers K02276 (c-Myc), K00650 (c-fos),
BC002981 (c-jun), M27691 (CREB), X14798 (cEts), M77810 (GATA), K01486
(GAL4), AY136632 (GAL4/Vpl6), M95584 (c-Myb), M84918 (MyoD), 2006293A
(NF-kB), NP 853568 (SP6 RNA polymerase), AAB281 11 (T7 RNA polymerase), NP
523301 (T3 RNA polymerase), AF364604 (HIF-I), and X63547 (TRE). [0037] A
"substantially identical" nucleic acid or amino acid sequence refers to a
nucleic acid or amino acid sequence which includes a sequence that has at
least 90% sequence identity to a reference sequence as measured by one of
the well known programs described herein (e.g., BLAST) using standard
parameters. The sequence identity can be at least 95%, at least 98%, and at
least 99%. In some embodiments, the subject sequence is of about the same
length as compared to the reference sequence, i.e., consisting of about the
same number of contiguous amino acid residues (for polypeptide sequences)
or nucleotide residues (for polynucleotide sequences). [0038] Sequence
identity can be readily determined with various methods known in the art.
For example, the BLASTN program (for nucleotide sequences) uses as defaults
a wordlength (W) of 11, an expectation (E) of 10, M=5, N=-4, and a
comparison of both strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength (W) of 3, an expectation (E) of 10, and the
BLOSUM62 scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci.
USA 89:10915 (1989)). Percentage of sequence identity is determined by
comparing two optimally aligned sequences over acomparison window, wherein
the portion of the polynucleotide sequence in the comparison window may
include additions or deletions (i.e., gaps) as compared to the reference
sequence (which does not include additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated by determining
the number of positions at which the identical nucleic acid base or amino
acid residue occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the total number of
positions in the window of comparison and multiplying the result by 100 to
yield the percentage of sequence identity. [0039] The term "treating" or
"alleviating" includes the administration of compounds or agents to a
subject to prevent or delay the onset of the symptoms, complications, or
biochemical indicia of a disease (e.g., a cardiac dysfunction), alleviating
the symptoms or arresting or inhibiting further development of the disease,
condition, or disorder. Subjects in need of treatment include patients
already suffering from the disease or disorder as well as those prone to
have the disorder or those in whom the disorder is to be prevented. [0040]
Treatment may be prophylactic (to prevent or delay the onset of the
disease, or to prevent the manifestation of clinical or subclinical
symptoms thereof) or 



therapeutic suppression or alleviation of symptoms after the manifestation
of the disease. In the treatment of cardiac remodeling and/or heart
failure, a therapeutic agent may directly decrease the pathology of the
disease, or render the disease more susceptible to treatment by other
therapeutic agents. [0041] The term "vector" or "construct" refers to
polynucleotide sequence elements arranged in a definite pattern of
organization such that the expression of genes/gene products that are
operably linked to these elements can be predictably controlled. Typically,
they are transmissible polynucleotide sequences (e.g., plasmid or virus)
into which a segment of foreign DNA can be spliced in order to introduce
the foreign DNA into host cells to promote its replication and/or
transcription. [0042] A cloning vector is a DNA sequence (typically a
plasmid or phage) which is able to replicate autonomously in a host cell,
and which is characterized by one or a small number of restriction
endonuclease recognition sites. A foreign DNA fragmentmay be spliced into
the vector at these sites in order to bring about the replication and
cloning of the fragment. The vector may contain one or more markers
suitable for use in the identification of transformed cells. For example,
markers may provide tetracycline or ampicillin resistance. [0043] An
expression vector is similar to a cloning vector but is capable of inducing
the expression of the DNA that has been cloned into it, after
transformation into a host. The cloned DNA is usually placed under the
control of (i.e., operably linked to) certain regulatory sequences such as
promoters or enhancers. Promoter sequences may be constitutive, inducible
or repressible. [0044] An "initiation codon" or "initiation triplet" is the
position within a cistron where protein synthesis starts. It is generally
located at the 5' end of the coding sequence. In eukaryotic mRNAs, the
initiation codon typically consists of the three nucleotides (the Adenine,
Uracil, and Guanine (AUG) nucleotides) which encode the amino acid
Methionine (Met). In bacteria, the initiation codon is also typically AUG,
but this codon encodes a modified Methionine (N-Formylmethionine (fMet)).
Nucleotide triplets other than AUG are sometimes used as initiation codons,
both in eukaryotes and in bacteria. [0045] A "downstream initiation codon"
refers to an initiation codon that is located downstream of the authentic
initiation codon, typically in the coding region of the gene. An "upstream
initiation codon" refers to an initiation codon that is located upstream of
the authentic initiation codon in the 5' leader region. [0046] As used
herein, reference to "downstream" and "upstream" refers to a location with
respect to the authentic initiation codon. For example, an upstream codon
on an mRNA sequence is a codon that is towards the 5'-end of the mRNA
sequence relative to another location within the sequence (such as the
authentic initiation codon) and a downstream codon refers to a codon that
is towards the 3'-end of the mRNA sequence relative to anther location
within the sequence. [0047] As used herein, "authentic initiation codon" or
"primary initiation codon" refers to the initiation codon of a cistron that
encodes the first amino acid of the coding sequence of the encoded protein
of interest whose production is to be modulated.A "secondary initiation
codon" refers to an initiation codon that is other than the primary or
authentic initiation codon for the encoded protein of interest. The
secondary initiation codon is generally downstream of the primary or
authentic initiation codon and located within the coding sequence. [0048]
As used herein, "increased protein expression" refers to translation of a
modified mRNA where one or more secondary initiation codons are mutated
that generates polypeptide concentration that is at least about 5%, 10%,
20%, 30%, 40%, 50% or greater over the polypeptide concentration obtained
from the wild type mRNA where the one or more secondary initiation codons
have not been mutated. Increased protein expression can also refer to
protein expression of a mutated mRNA that is 1.5-fold, 2- fold, 3-fold,
5-fold, 10-fold or more over the wild type mRNA. [0049] As used herein,
"ribosomal recruitment site" refers to a site within an mRNA to which a
ribosome subunit associates prior to initiation of translation of the
encoded protein. Ribosomal recruitment sites can include the cap structure,
a modified nucleotide (m7G cap-structure) found at the 5' ends of mRNAs,
and sequences termed internal ribosome entry sites (IRES), which are
contained within mRNAs. Other ribosomal recruitment sites can include a
9-nucleotide sequence from the Gtx homeodomain mRNA. The ribosomal
recruitment site is often upstream of the authentic initiation codon, but
can also be downstream of the authentic initiation codon. 



[0050] As used herein, "usage bias" refers to the particular preference an
organism shows for one of the several codons that encode the same amino
acid. Altering usage bias refers to mutations that lead to use of a
different codon for the same amino acid with a higher or lower preference
than the original codon. [0051] As used herein, "full-length protein"
refers to a protein which encompasses essentially every amino acid encoded
by the gene encoding the protein. Those of skill in the art know there are
subtle modifications of some proteins in living cells so that the protein
is actually a group of closely related proteins with slight alterations.
For example, some but not all proteins a) have amino acids removed from the
amino-terminus, and/or b) have chemical groups added which could increase
molecular weight. Most bacterial proteins as encoded contain a methionine
and an alanine residue atthe amino-terminus of the protein; one or both of
these residues are frequently removed from active forms of the protein in
the bacterial cell. These types of modifications are typically heterogenous
so not all modifications happen to every molecule. Thus, the natural
"full-length" molecule is actually a family of molecules that start from
the same amino acid sequence but have small differences in how they are
modified. The term "fulllength protein" encompasses such a family of
molecules. [0052] As used herein, "rescued" or "modified" refer to
nucleotide alterations that remove most to all secondary initiation codons
from the coding region. "Partially modified" refers to nucleotide
alterations that remove a subset of all possible mutations of secondary
initiation codons from the coding region. III. Reduction of Ribosomal
diversion via downstream initiation codons [0053] As mentioned above, it is
well-known that features contained within 5' leaders can affect translation
efficiency. For example, an AUG codon in the 5 ' leader, termed an upstream
AUG codon, can have either a positive or a negative effect on protein
synthesis depending on the gene, the nucleotide context, and cellular
conditions. An upstream AUG codon can inhibit translation initiation by
diverting ribosomes from the authentic initiation codon (Meijer et al,
"Translational Control of the Xenopus laevis Connexin-41 5'-Untranslated
Region by Three Upstream Open Reading Frames" J. Biol. Chem.
275(40):30787-30793 (2000)). For example, Figures 6 and 8 in Meijer et al.
show the ribosomal diversion effect of upstream AUG codon in the 5' leader
sequence. [0054] Although AUG/ATG is the usual translation initiation codon
in many species, it is known that translation can sometimes also initiate
at other upstream codons, including ACG, GUG/GTG, UUG/TTG, CUG/CTG,
AUA/ATA, AUC/ATC, and AUU/ATT in vivo. For example, it has been shown that
mammalian ribosomes can initiate translation at a non-AUG triplet when the
initiation codon of mouse dihydrofolate reductase (dhfr) was mutated to ACG
(Peabody, D.S. (1987) J Biol. Chem. 262, 11847- 11851). A further study by
Peabody showed that mutant initiation codons AUG of dhfr (GUG, UUG, CUG,
AUA, AUC and AUU) all were able to direct the synthesis of apparently
normal dhfr (Peabody, D. S. (1989) J. Biol. Chem. 264, 503 1-5035).[0055]
The tethering and clustering models of translation initiation postulate
that translation can initiate at an accessible initiation codon and studies
have shown that an initiation codon can be used in a distance-dependent
manner downstream of the ribosomal recruitment site (cap or IRES) (Chappell
et al. "Ribosomal tethering and clustering as mechanisms for translation
initiation" PNASOSA 103(48): 18077-82 2006). This suggests that putative
initiation codons in coding sequences may also be utilized. Translation
initiation at downstream initiation codons, or secondary initiation sites,
can compete with the authentic initiation codon, or primary initiation
site, for ribosomes and lower the expression of the encoded protein.
Decreasing the availability of these secondary initiation sites, such as by
mutating them into a non-initiation codon, increases the availability of
the primary initiation sites to the ribosome and a more efficient encoded
protein expression. [0056] The present method allows for improved and more
efficient protein expression and reduces the competition between various
initiation codons for the translation machinery. By eliminating downstream
initiation codons in coding sequences that are in the same reading frame as
the encoded protein, the generation of truncated proteins, with potential
altered function, will be eliminated. In addition, by eliminating
downstream initiation codons that are out-of-frame with the coding
sequence, the generation of various peptides, some of which may have
negative effects on cell physiology or protein production, will also be
eliminated. This advantage can be particularly important for applications
in DNA vaccines or gene therapy. [0057] Direct mutation of downstream
initiation codons can take place such 



that the encoded amino acid sequence remains unaltered. This is possible in
many cases because the genetic code is degenerate and most amino acids are
encoded by two or more codons. The only exceptions are Methionine and
Tryptophan, which are only encoded by one codon, AUG, and UGG,
respectively. Mutation of a downstream initiation codon that also alters
the amino acid sequence can also be considered. In such cases, the effects
of altering the amino acid sequence can be evaluated. Alternatively, if the
amino acid sequence is to remain unaltered, the nucleotides flanking the
putative initiation codon can sometimes be mutated to diminish the
efficiency of the initiation codon. For AUG codons, this can be done
according to the nucleotide context rules established by MarilynKozak
(Kozak, M. (1984) Nature 308, 241-246), which state that an AUG in
excellent context contains a purine at position -3 and a G at +4, where AUG
is numbered +1, +2, +3. [0058] For non-AUG codons, similar rules seem to
apply with additional determinants from nucleotides at positions +5 and +6.
In designing mutations, the codon usage bias can, in many cases, remain
relatively unaltered, e.g. by introducing mutated codons with similar codon
bias as the wild type codon. Inasmuch as different organisms have different
codon usage frequencies, the specific mutations for expression in cells
from different organisms will vary accordingly. [0059] It should be
appreciated that the methods disclosed herein are not limited to eukaryotic
cells, but also apply to bacteria. Although bacterial translation
initiation is thought to differ from eukaryotes, ribosomal recruitment
still occurs via ciselements in mRNAs, which include the so-called
Shine-Delgarno sequence. Non-AUG initiation codons in bacteria include ACG,
GUG, UUG, CUG, AUA, AUC, and AUU. [0060] In an embodiment, disclosed are
modifications to coding sequences that enhance protein synthesis by
decreasing ribosomal diversion via downstream initiation codons. These
codons can include AUG/ATG and other nucleotide triplet codons known to
function as initiation codons in cells, including but not limited to ACG,
GUG/GTG, UUG/TTG, CUG/CTG, AUA/ATA, AUC/ATC, and AUU/ATT. In one embodiment
the downstream initiation codon is mutated. Reengineering of mRNA coding
sequences to increase protein production can involve mutating all
downstream initiation codons or can involve mutating just some of the
downstream initiation codons. In another embodiment, the flanking
nucleotides are mutated to a less favorable nucleotide context. In an
embodiment, ATG codons in the signal peptide can be mutated to ATC codons
resulting in a Methionine to Isoleucine substitution. In another
embodiment, CTG codons in the signal peptide can be mutated to CTC. In
another embodiment, ATG codons can be mutated to ATC codons resulting in a
Methionine (M) to Isoleucine (I) amino acid substitution, and CTG codons
can be mutated to CTCs. In another embodiment, ATG codons can be mutated to
ATC codons, CTG codons can be mutated to CTC codons, and the context of
initiator AUG can be improved by changingthe codon 3' of the initiator from
CCC to GCT resulting in a Proline (P) to Argenine (R) amino acid
substitution. In other embodiments, modifications can be made to the signal
peptide in which one or more AUG and CUG codons can be removed.
Modifications can be made including a modified signal peptide by removal of
most of the potential initiation codons, removal of ATG and CTGs of the
signal peptide, removal of ATG, CTG and ACG codons resulting in a Glutamic
acid (E) to Glutamine (Q) amino acid substitution or a Histidine (H) to
Argenine (R) amino acid substitution. [0061] Standard techniques in
molecular biology can be used to generate the mutated nucleic acid
sequences. Such techniques include various nucleic acid manipulation
techniques, nucleic acid transfer protocols, nucleic acid amplification
protocols and other molecular biology techniques known in the art. For
example, point mutations can be introduced into a gene of interest through
the use of oligonucleotide mediated site-directed mutagenesis. Modified
sequences also can be generated synthetically by using oligonucleotides
synthesized with the desired mutations. These approaches can be used to
introduce mutations at one site or throughout the coding region.
Alternatively, homologous recombination can be used to introduce a mutation
or exogenous sequence into a target sequence of interest. Nucleic acid
transfer protocols include calcium chloride transformation/transfection,
electroporation, liposome mediated nucleic acid transfer,
N-[l-(2,3-Dioloyloxy)propyl]-N,N,N-trimethylammonium methylsulfate
meditated transformation, and others. In an alternative mutagenesis
protocol, point mutations in a particular gene can also be selected for
using a positive selection pressure. See, e.g., Current Techniques in
Molecular Biology, (Ed. Ausubel, et al.). Nucleic acid amplification
protocols include but are not limited to the polymerase 



chain reaction (PCR). Use of nucleic acid tools such as plasmids, vectors,
promoters and other regulating sequences, are well known in the art for a
large variety of viruses and cellular organisms. Further a large variety of
nucleic acid tools are available from many different sources including
ATCC, and various commercial sources. One skilled in the art will be
readily able to select the appropriate tools and methods for genetic
modifications of any particular virus or cellular organism according to the
knowledge in the art and design choice. Protein expression can be measured
also using various standard methods.These include, but are not limited to,
Western blot analysis, ELISA, metabolic labeling, and enzymatic activity
measurements. IV. Evasion of miRNA-mediated down-regulation [0062]
MicroRNAs are an abundant class of small noncoding RNAs that generally
function as negative gene regulators. In an embodiment, modifications can
be made to mRNA sequences, including 5' leader, coding sequence, and 3'
LJTR, to evade miRNA-mediated down-regulation. Such modification can
thereby alter mRNA or nascent peptide stability, and enhance protein
synthesis and translation efficiency. [0063] MiRNAs can be generally
between 21-23 nucleotide RNAs that are components of ribonucleoprotein
complexes. miRNAs can affect mRNA stability or protein synthesis by
base-pairing to mRNAs. miRNAs generally mediate their effects by
base-pairing to binding sites in the 3' UTRs of mRNAs. However, they have
been shown to have similar repressive effects from binding sites contained
within coding sequences and 5' leader sequences. Base-pairing occurs via
the so-called "seed sequence," which consists of nucleotides 2-8 of the
miRNA. There may be more than 1,000 different miRNAs in humans. [0064]
Reengineering mRNAs to circumvent miRNA-mediated repression can involve
mutating all seed sequences within an mRNA. As with the initiation codon
mutations described above, these mutations can ensure that the encoded
amino acid sequence remains unaltered, and act not to introduce initiation
codons, rare codons, or other miRNA seed sequences. [0065] A computer
program can be used to reengineer mRNA sequences according to a cell type
of interest, e.g. rodent cells for expression in Chinese hamster ovary
cells, or human cells for expression in human cell lines or for application
in DNA vaccines. This program can recode an mRNA to eliminate potential
initiation codons except for the initiation codon. In the case of in-frame
AUG codons in the coding sequence, the context of these downstream
initiation codons can be weakened if possible. Mutations can be performed
according to the codon bias for the cell line of interest, e.g. human codon
bias information can be used for human cell lines, Saccharomycescerevisiae
codon bias information can be used for this yeast, and E.coli codon bias
information can be used for this bacteria. In higher eukaryotic mRNAs, the
recoded mRNA can then be searched for all known seed sequences in the
organism of interest, e.g. human seed sequences for human cell lines. Seed
sequences can be mutated with the following considerations: 1) without
disrupting the amino acid sequence, 2) without dramatically altering the
usage bias of mutated codons, 3) without introducing new putative
initiation codons. [0066] While this specification contains many specifics
and described with references to preferred embodiments thereof, these
should not be construed as limitations on the scope of a method that is
claimed or of what may be claimed, but rather as descriptions of features
specific to particular embodiments. It will be understood by those skilled
in the art that various changes in form and details may be made therein
without departing from the meaning of the subject matter described. Certain
features that are described in this specification in the context of
separate embodiments can also be implemented in combination in a single
embodiment. Conversely, various features that are described in the context
of a single embodiment can also be implemented in multiple embodiments
separately or in any suitable sub-combination. Moreover, although features
may be described above as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in
some cases be excised from the combination, and the claimed combination may
be directed to a subcombination or a variation of a sub-combination. The
scope of the subject matter is defined by the claims that follow. [0067]
All publications, databases, GenBank sequences, patents, and patent
applications cited in this specification are herein incorporated by
reference as if each was specifically and individually indicated to be
incorporated by reference. EXAMPLES 



[0068] The following examples are provided as further illustration, but not
to limit the scope. Other variants will be readily apparent to one of
ordinary skill in the art and are encompassed by the appended
claims.Example 1: Modification of multiple translation initiation sites
within mRNA transcripts. [0069] The presence of multiple translation
initiation sites within the 5'- UTR and coding regions of mRNA transcripts
decreases translation efficiency by, for example, diverting ribosomes from
the authentic or demonstrated translation initiator codon. Alternatively,
or in addition, the presence of multiple translation initiation sites
downstream of the authentic or demonstrated translation initiator codon
induces initiation of translation of one or more protein isoforms that
reduce the translation efficiency of the full length protein. To improve
translation efficiency of mRNA transcripts encoding commercially-valuable
human proteins, potential translation initiation sites within all reading
frames upstream and downstream of the authentic or demonstrated translation
initiator codon are mutated to eliminate these sites. In preferred aspects
of this method, the mRNA sequence is altered but the resultant amino acid
encoded remains the same. Alternatively, conservative changes are induced
that substitute amino acids having similar physical properties. [0070] The
canonical translation initiation codon is AUG/ATG. Other identified
initiator codons include, but are not limited to, ACG, GUG/GTG, UUG/TTG,
CUG/CTG, AUA/ATA, AUC/ATC, and AUU/ATT. Intracellular protein:
Chloramphenicol Acetyl transferase (CAT) [0071] Chloramphenicol is an
antibiotic that interferes with bacterial protein synthesis by binding the
50S ribosomal subunit and preventing peptide bond formation. The resistance
gene (cat) encodes an acetyl transferase enzyme that acetylates and thereby
inactivates this antibiotic by acetylating the drug at one or both of its
two hydroxyl groups. The unmodified open reading frame of CAT contains 113
potential initiation codons (20 ATG, including the authentic initiation
codon, 8 ATC, 8 ACG, 12 GTG, 8 TTG, 11 CTG, 6 AGG, 10 AAG, 16 ATA, and 14
ATT codons) (SEQ ID NO: 120). SEQ ID NO: 121 is a fully modified CAT ORF
and SEQ ID NO: 122 is a partially modified CAT ORFs in which only some of
the potential modifications were made. [0072] Figures IA- IB show bacterial
expression constructs were generated containing the CAT cistron (CAT) and a
partially modified CAT cistron (mCAT) and tested in the E. coli bacterial
strain DH5a. DH5a cells were transformed with the CATand mCAT expression
constructs and plated onto LB/ampicillin plates. Cultures were obtained
from single colonies and cultured in LB/ampicillin (~50mg/ml) at 370C with
shaking at 220 rpm until logarithmic growth was reached as determined by
measuring the A60O of the culture. The cultures were then diluted with
LB/ampicillin to comparable A60O -S. The A6Oo of the culture derived from
DH5a cells transformed with the CAT expression construct was 0.3, while
that from the cells transformed with the mCAT expression construct was
0.25. Chloramphenicol acetyltransferase expression was induced via the lac
operon contained within the CAT and mCAT plasmids by the introduction of
Isopropyl b-D-1-thiogalactopyranoside (IPTG, final concentration of 0.4mM).
Three milliliters of each culture was transferred to a fresh tube
containing chloramphenicol resulting in a final concentration of 20, 40,
80, 160, 320, 640, 1280, and 2560mg/ml. Cultures were incubated at 370C
with shaking at 220 rpm and the A6oo of each culture measured at 1 hour
intervals. [0073] Figures IA- IB show growth curves of cultures of DH5a
cells transformed with CAT (diamonds) and mCAT (squares) expression
constructs. Chloramphenicol acetyltransferase expression was induced by the
addition of IPTG, (0.4mM final concentration) 3 milliliters of IPTG
containing culture was added to fresh tubes containing Chloramphenicol
resulting in final concentrations of 0, 40, 80, 160, 320, 640, 1280, and
2560mg/ml. Cultures were incubated at 370C with shaking at 220 rpm and the
A6oo of each culture measured over time. The results for cultures grown in
the presence of 320 and 640mg/ml Chloramphenicol are shown. The X-axis
represents time in hours, the Y-axis represents normalized A60O(relative to
starting A oo)- [0074] The results showed that bacteria transformed with
the mCAT expression construct grew better than the bacteria transformed
with the CAT expression construct at all concentrations. As shown in
Figures 1A-IB, in high concentrations of Chloramphenicol (320 and 640
mg/ml), cells with the modified CAT still grew, but cells with the wild
type CAT did not. These results indicate that more functional
Chloramphenicol acetyltransferase enzyme was expressed from the mCAT
construct thus 



allowing the bacteria transformed with this expression construct to grow
better in the presence of this antibiotic.[0075] To determine the relative
amounts of Chloramphenicol acetyltransferase enzyme synthesized from DH5a
cells transformed with the CAT and mCAT expression constructs, Western blot
analysis was performed on cell extracts at 5, 30, 60 and 90 minutes after
induction by IPTG. 50ml of culture at each time point was centrifuged, and
bacterial pellets resuspended in 30ml of TE buffer and lOml of a 4 x SDS
gel loading buffer. The sample was heated at 950C for 3 minutes and loaded
onto a 10% Bis-Tris/SDS polyacylamide gel. Proteins were transferred to a
PVDF membrane and probed with an anti-CAT antibody. Figure 2 is a Western
blot analysis of lysates from DH5a cells transformed with the CAT (C) and
mCAT (mCAT) expression constructs at various times after IPTG induction.
The results showed that the amount of Chloramphenicol acetyltransferase
protein (above the 19kDa marker) is substantially increased in DH5a cells
transformed with the mCAT expression construct (mC) at all time points
tested. [0076] Analysis of the Chloramphenicol acetyltransferase ORF was
also performed in mammalian cells. The CAT ORF and the partially modified
CAT ORF were cloned into mammalian expression constructs containing a CMV
promoter and tested by transient transfection into Chinese Hamster Ovary
(DG44) cells. In brief, 0.5mg of each expression construct along with 20ng
of a co-transfection control plasmid that expresses the b-galactosidase
reporter protein (pCMVb,.Clontech) was transfected into 100,000 DG44 cells
using the Fugene 6 (Roche) transfection reagent according to the
manufacturer's instructions. Twenty-four hours post transfection, cells
were lysed using 250ml of lysis buffer. Lac Z reporter assay was performed
to ensure equal transfection efficiencies between samples. 30ml of lysate
was added to l Oml of a 4 x SDS gel loading buffer. The sample was heated
at 720C for 10 minutes and loaded onto a 10% Bis- Tris/SDS polyacylamide
gel. Proteins were transferred to a PVDF membrane and probed with an a-CAT
antibody. [0077] Figure 3 shows a Western blot analysis of extracts from
the DG44 cells transformed with wild type (CAT) and modified CAT expression
constructs. Cell extracts were fractionated on 10% Bis-Tris gels in 1 x
MOPS/SDS, transferred to PVDFmembrane and probed with an anti-CAT antibody.
Experiments were performed in triplicate with extracts from cells in which
transfection efficiency was the same. [0078] Comparisons were made between
three transfections with the wild type (CAT) and three with the modified
CAT. The amount of CAT protein (above the 19kDa marker) is substantially
increased in cells transfected with the modified construct. The results
showed that the amount of CAT protein (above the 19kDa marker) is
substantially increased in DG44 cells transfected with the mCAT construct.
Modification of the CAT ORF by eliminating multiple translation initiation
sites within the resulting mRNA transcripts demonstrated that this
technology may be of practical use in numerous organisms besides just
mammalian and bacterial cells. Secreted Proteins [0079] The usefulness of
this technology was also investigated with secreted proteins. Mammalian
expression constructs were generated for a signal peptide that is encoded
within the Homo sapiens CD5 molecule (CD5), mRNA. Mammalian expression
constructs were generated in which transcription was driven by a CMV
promoter and where the cd5 signal peptide was placed at the 5' end of the
ORF that encodes a light chain of an antibody against the thyroglobulin
protein (cd5-l, SEQ ID NO: 123). The CD5 signal peptide sequence contains 7
potential initiation codons including 3 ATG, 1 TTG and 3 CTG codons. A
series of expression constructs was generated. In one variation, ATG codons
in the cd5 signal peptide were changed to ATC codons resulting in a
Methionine to Isoleucine substitution (cd5-2, SEQ ID NO: 124). In another
variation, CTG codons in the cd5 signal peptide were changed to CTC (cd5-3,
SEQ ID NO: 125). In another variation, ATG codons were mutated to ATC
codons resulting in a Methionine (M) to Isoleucine (I) amino acid
substitution, and CTG codons were changed to CTCs (cd5-4, SEQ ID NO: 126).
In another variation, ATG codons were changed to ATC codons resulting in a
Methionine (M) to Isoleucine (I) amino acid substitution, CTG codons were
changed to CTC codons, and the context of initiator AUG was improved by
changing the codon 3' of it from CCC to GCT resulting in a Proline (P) to
Argenine (R) amino acid substitution (cd5-5, SEQ ID NO: 127).[0080] These
constructs were then tested by transient transfection into Chinese Hamster
Ovary (DG44) cells. In brief, 0.5mg of each expression construct along with
20ng of a co-transfection control plasmid that expresses the
b-galactosidase reporter 



protein (pCMVb, Clontech) was transfected into 100,000 DG44 cells using the
Fugene 6 (Roche) transfection reagent according to the manufacturer's
instructions. Twenty-four hours post transfection cells were lysed using
250ml of lysis buffer. Lac Z reporter assay were performed to ensure equal
transfection efficiencies between samples. 30ml of supernatant was added to
l Oml of a 4 x SDS gel loading buffer. The sample was heated at 720C for 10
minutes and loaded onto a 10% Bis-Tris/SDS polyacylamide gel. Proteins were
transferred to a PVDF membrane and probed with an a-kappa light chain
antibody. [0081] Figure 4 shows a Western blot analysis of supernatant from
DG44 cells transformed with the wild type (cd5-l) and modified cd5 signal
peptide a- thyroglobulin light chain expression constructs (cd5-2 to
cd5-5). Cell extracts were fractionated on 10% Bis-Tris gels in 1 x
MOPS/SDS, transferred to PVDF membrane and probed with an a-kappa light
chain antibody. Experiments were performed with supernatant from cells in
which transfection efficiency was the same. The results show that the
levels of the secreted antibody light chain product (above 28 kDa) in the
supernatant of cells was substantially increased for the expression
construct lacking CTG codons in the signal peptide (cd5-3). The expression
construct lacking CTG, ATG codons and with improved nucleotide context
around the authentic initiation codon in the signal peptide (fully rescued)
also had levels of protein product in the supernatant that were
substantially increased. [0082] Thy-1 Variable Light chain ORF containing
light chain signal peptide 1 (SEQ ID NO: 128) contains 104 potential
initiation codons including 8 ATG, including the authentic initiation
codon, 15 ATC, 6 ACG, 14 GTG, 4 TTG, 26 CTG, 16 AGG, 10 AAG, 3 ATA, and 2
ATT codons. Modifications were made in the signal peptide in which an AUG
and CUG codons were removed (SEQ ID NO: 129). Thy-1 Variable Light chain
ORF containing light chain signal peptide 2 (SEQ ID NOS: 130) contains 104
potential initiation codons including 7 ATG, including the authentic
initiation codon, 16 ATC, 6 ACG, 13 GTG, 4 TTG, 27 CTG, 15 AGG, 10 AAG, 4
ATA,and 2 ATT codons. Thy-1 Variable Heavy chain ORF containing heavy chain
signal peptide 1 contains 225 potential initiation codons including 18 ATG,
including the authentic initiation codon, 14 ATC, 18 ACG, 42 GTG, 7 TTG, 43
CTG, 43 AGG, 33 AAG, 5 ATA, and 2 ATT codons (SEQ ID NO: 131).
Modifications were made in the signal peptide by removing an AUG and CUG
codon (SEQ ID NO: 132). Thy-1 Variable Heavy chain ORF containing heavy
chain signal peptide 2 contains 227 potential initiation codons including
18 ATG, including the authentic initiation codon, 14 ATC, 18 ACG, 43 GTG, 9
TTG, 4 1 CTG, 43 AGG, 33 AAG, 5 ATA, and 3 ATT codons (SEQ ID NO: 133).
[0083] Thy-1 Variable Light chain ORF in which the signal peptide is
replaced with the CD5 signal peptide (SEQ ID NO: 137) contains 104
potential initiation codons including 8 ATG, including the authentic
initiation codon, 15 ATC, 6 ACG, 13 GTG, 5 TTG, 27 CTG, 14 AGG, 10 AAG, 3
ATA, and 2 ATT codons. A modification was made in which the ATG codons were
changed to ATC codons that resulted in a Methionine (M) to Isoleucine (I)
amino acid substitution (SEQ ID NO: 138). A modification was also made in
which the CTG codons were changed to CTC codons (SEQ ID NO: 139). Another
modification was made in which the ATG codons were mutated to ATC codons
that resulted in Methionine (M) to Isoleucine (I) amino acid substitution
and CTG codons were changed to CTC codons (SEQ ID NO: 140). Another
modification was made in which ATG codons were changed to ATC codons
resulting in a Methionine (M) to Isoleucine (I) amino acid substitution,
CTG codons were changed to CTC codons, and the context of initiator AUG was
improved by changing the codon 3' of it from CCC to GCT resulting in a
Proline (P) to Argenine (R) amino acid substitution (SEQ ID NO: 141).
[0084] Signal peptides from other organisms were mutated as well (see Table
1). DNA sequences for signal peptides that function in yeast and mammalian
cells were analyzed and mutated to create mutated versions (SEQ ID NOS:
145-156). It should be appreciated that in signal peptides, which are
cleaved off of the protein, inframe ATG codons can be mutated, e.g. to ATT
or ATC, to encode Isoleucine, which is another hydrophobic amino acid. DNA
constructs can be generated that contain these signal sequences fused in
frame with a light chain from a human monoclonal antibody.Upon expression
in different organisms (such as yeast Pichia pastoris and mammalian cell
lines), protein gel and Western assay can be used to check the expression
level of human light chain antibody. Table 1 : DNA sequences for signal
peptide that function in yeast and mammalian 



cells.HcRed 1 [0085] HcRed 1 encodes a far-red fluorescent protein whose
excitation and emission maxima occur at 558 nm and 618 nm +/- 4nm,
respectively. HcRed 1 was generated by mutagenesis of a non-flourescent
chromoptorein from the reef coral Heteractis crispa. The HcRed 1 coding
sequence was subsequently human codonoptimized for higher expression in
mammalian cells. This ORF contains 99 potential initiation codons including
9 ATG, including the authentic initiation codon, 8 ATC, 12 ACG, 16 GTG, 2 1
CTG, 18 AGG, and 15 AAG codons (SEQ ID NO: 134). Full and partial
modifications of HcRed 1ORF were generated (SEQ ID NOS: 135 and 136,
respectively). Erythropoietin (EPO) [0086] Human erythropoietin (EPO) is a
valuable therapeutic agent. Using methods described herein, the mRNA
sequence that encodes for the human EPO this protein (provided below and
available as GenBank Accession No. NM_000799) is optimized to eliminate
multiple translation initiation sites within this mRNA transcript. [0087]
An exemplary human erythropoietin (EPO) protein is encoded by the following
mRNA transcript, wherein the sequence encoding the mature peptide is
underlined, all potential translation initiation start sites within all
three reading frames are bolded, the canonical initiator codon
corresponding to methionine is capitalized, and uracil (u) is substituted
for thymidine (t) (SEQ ID NO: 111): 1
cccggagccggaccggggccaccgcgcccgctctgctccgacaccgcgccccctggacag 6 1
ccgccctctcctccaggcccgtggggctggccctgcaccgccgagcttcccgggATGagg 121
gcccccggtgtggtcacccggcgcgccccaggtcgctgagggaccccggccaggcgcgga18 1
qATGqqqgtgcacgaATGtcctgcctgqctgtgqcttctcctgtccctgctgtcqctccc 2 4 1
tctgqqcctcccaqtcctggqcqccccaccacgcctcatctgtgacaqccgaqtcctgqa 3 0 1
gaqqtacctcttggaqqccaaqqaggccqaqaatatcacgacgqqctgtgctgaacaetg 3 6 1
cagcttgaATGaqaatabcactgtcccagacaccaaaqttaatttctATGcctggaagag 42 1
gATGqaggtcgqqcaqcaqqccqtagaaqtctgqcagqqcctgqccctgctgtcqqaagc 4 8 1
tgtcetgcqqggccaggccctgttggtcaactcttcccagccgtgggagcccctgcagct 5 4 1
gcATGtggataaaqccqtcagtgqccttcqcaqcctcaccactctgcttcqqqctctggg 601
agcccagaaggaagccatct cccct ccagATGcggcctcagctgctccactccgaacaat 6 6 1
cactgctgacactttccqcaaactcttccqagtctactccaatttcctccqqqgaaaqct 7 2 1
gaagctgtacacaggggaggcctgcaggacaggggacagA TGaccaggtgtgtccacctg 7 8 1
ggcatatccaccacctccctcaccaacattgcttgtgccacaccctcccccgccactcct 8 4 1
gaaccccgtcgaggggctctcagctcagcgccagcctgtcccATGgacactccagtgcca 90 1
gcaATGacatctcaggggccagaggaactgtccagagagcaactctgagatctaaggATG 961
tcacagggccaacttgagggcccagagcaggaagcattcagagagcagctttaaactcag 1 02 1
ggacagagccATGctgggaagacgcctgagctcactcggcaccctgcaaaatttgATGcc 1 0 8 1
aggacacgctttggaggcgatttacctgttttcgcacctaccatcagggacaggATGacc 1 14 1
tggagaacttaggtggcaagctgtgacttctccaggtctcacgggcATGggcactccctt 1 2 0 1
ggtggcaagagcccccttgacaccggggtggtgggaaccATGaagacaggATGggggctg 1 2 6 1
gcctctggctctcATGgggtccaagttttgtgtattcttcaacctcattgacaagaactg 1 32 1
aaaccaccaaaaaaaaaaaa [0088] To preserve the resultant amino acid sequence,
silent or conserved substitutions are made wherever possible. In the case
of Methionine and tryptophan, which are only encoded only by one codon
(aug/atg) and (ugg/tgg), respectively,, a substitution replaces the
sequence encoding methionine or tryptophan with a sequence encoding an
amino acid of similar physical properties. Physical properties that are
considered important when making conservative amino acid substitutions
include, but are not limited to, side chain geometry, size, and branching;
hydrophobicity; polarity; acidity; aromatic versus aliphatic structure; and
Van der Waals volume. For instance, the amino acids leucine or isoleucine
can be substituted for methionine because these amino acids are all
similarly hydrophobic, non-polar, and occupy equivalent Van der Waals
volumes. Thus, a substitution of leucine or isoleucine for methionine would
not affect protein folding. Leucine is a preferred amino acid for
methionine substitution. Alternatively, the amino acids tyrosine or
phenylalanine can be substituted for tryptophan because these amino acids
are all similarly aromatic, and occupy quivalent Van der Waals volumes.
[0089] The following sequence is an example of a modified mRNA transcript
encoding human erythropoietin (EPO), wherein all potential translation
initiation start sites upstream of the demonstrated initiator methionine
(encoded by nucleotides 182- 184) and those potential translation
initiation start sites downstream ofthe demonstrated initiator methionine
within the coding region, are mutated (mutations in 



italics) (SEQ ID NO: 113). 1
cccggagccggaccggggccaccgcgcccgctctactccgacaccgcgccccctagacag 61
ccgccctctcctccaggcccgtagggctagccctacaccgccgagcttcccgggITTAagg 121
gcccccggtctagtcacccggcgcgccccaggtcgctaagggaccccggccaggcgcgga 181
gATGggggtacacaaTTAtcctacctagctctagcttctcctatccctactatcgctccc 241
tctaggcctcccagtcctaggcgccccaccacacct cctct ttaacagccgagtcctaga 301
gaggtacctcttagaggccaaqqaqgccgaqaatatcacgacggqctgtgctgaacactg 361 cagcttga p
AagattttaactatcccagacaccaaagttattatctTTAcctagaagag 421
qlTAqagqtcggqcaqcaqqccqtaqaaqtctaqcagqgcctagccctactatcgqaagc 481
tgtcctacqqqgccaqqccctattaqtcaactcttcccagccgtaggagcccctacagct 541
qcCTCtaqttaaaqccqtcagtaqccttcqcaqcctcaccactctacttcqqqctctaqq 601
agcccagaaggaagccctct cccct ccagrrAcggcctcagctactccactccgaacaat 661
caetaetaacactttccgcaaactcttccgaqtctactccaatatcctccggggaaagct 721
gaagctatacacaggggaggcctacaggacaqgggacag TTAaccagttttatccaccta 781
ggcttttacaccacctccctcaccaacttaccttttaccacaccctcccccgccactcct 841
gaaccccgtcgaggggctctcagctcagcgccagcctatcccTTAgacactccagtacca 901
gcaTTAacttatcaggggccagaggaactatccagagagcaactctaagttataaggTTA 961
tcacagggccaacttaagggcccagagcaggaagcttacagagagcagctttaaactcag 1021
ggacagagccITActaggaagacacctaagctcactcggcaccctacaaattttaTTAcc 1081
aggacacactttagaggcgttatacctattttcgcacctaccttaagggacaggITAacc 1141
tggagaacttaggtagcaagctctcacttctccaggtctcacaggc  TAggcactccctt 1201
ggtagcaagagcccccttaacaccggggtagtaggaaccTTAaagacagg TAggggcta 12 61
gcctctagctctcTTAgggtccaagttctttatttacttcaacctcttacacaagaacta 1321
aaaccaccaaaaaaaaaaaa [0090] The unmodified open reading frame for
erythropoietin contains 88 potential initiation codons (8 ATG, including
the authentic initiation codon, 5 ATC, 4 ACG, 7 GTG, 3 TTG, 32 CTG, 14 AGG,
10 AAG, 3 ATA, and 2 ATT codons) (SEQ ID NO: 112). Modifications were made
including a modified signal peptide by removal of most of the potential
initiation codons (SEQ ID NO: 116), removal of ATG and CTGs of the signal
peptide (SEQ ID NO: 2 11), removal of ATG, CTG and ACG codons resulting in
a Glutamic acid (E) to Glutamine (Q) amino acid substitution (SEQ ID NO:
118) or a Histidine (H) to Argenine (R) amino acid substitution (SEQ ID NO:
119). Example 2: Modification of miRNA binding sites within mRNA
transcripts. [0091] MicroRNA (miRNA) binding to target mRNA transcripts
decreases translation efficiency by either inducing degradation of the
target mRNA transcript, or by preventing translation of the target mRNA
transcript. To improve translation efficiency of mRNA transcripts encoding
commercially-valuable human proteins, all known or predicted miRNA binding
sites within a target mRNA's 5' leader sequence, 5' untranslated region
(UTR) sequence, coding sequence, and 3' untranslated region (UTR)sequence
are first identified, and secondly mutated or altered in order to inhibit
miRNA binding. [0092] In a preferred aspect of this method, the seed
sequence, comprising the first eight 5'- nucleotides of the mature miRNA
sequence is specifically targeted. Seed sequences either include 5'
nucleotides 1-7 or 2-8 of the mature miRNA sequence. Thus, a seed sequence,
for the purposes of this method, encompasses both alternatives. The miRNA
seed sequence is functionally significant because it is the only portion of
the miRNA which binds according to Watson-Crick base-pairing rules. Without
absolute complementarity of binding within the seed sequence region of the
miRNA, binding of the miRNA to its target mRNA does not occur. However,
unlike most nucleotide pairings, the seed sequence of a miRNA is capable of
pairing with a target mRNA such that a guanine nucleotide pairs with a
uracil nucleotide, known as the G:U wobble. [0093] For example, human
erythropoietin (EPO) is a valuable therapeutic agent that has been
difficult to produce in sufficient quantities. Using the instant methods,
the sequence of the mRNA sequence that encodes this protein (GenBank
Accession No. NM 000799) is optimized to inhibit miRNA down-regulation. The
PicTar Web Interface (publicly available at
pictar.mdc_berlin.de/cgi-bin/PicTar_vertebrate.cgi) predicted that human
miRNAs hsa-miR-328 and hsa-miR-122a targeted the mRNA encoding for human
EPO (the mature and seed sequences of these miRNAs are provided below in
Table 2). Thus, in the case of hsa-miR-122a, for instance, having a seed
sequence of uggagugu, one or more nucleotides are mutated such that
hsa-miR-122a no longer binds, and the seed sequence of another known miRNA
is not created. One possible mutated hsa-miR- 



122a seed sequence that should prevent binding is "uagagugu . " It is
unlikely that this mutated seed sequence belongs to another known miRNA
because this sequence is not represented, for instance, within Table 2
below. [0094] Similarly, the PicTar Web Interface predicted that human
miRNAs hsa-miR-149, hsa-let7f, hsa-let7c, hsa-let7b, hsa-let7g, hsa-let7a,
hsa-miR-98, hsa-let7i, hsa-let7e and hsa-miR-26b targeted the mRNA encoding
for human interferon beta 2 (also known as IL-6, Genbank Accession No.
NM_000600) (the mature and seed sequences of these miRNAs are provided
below in Table 2).[0095] MiRNA binding sites can also be identified by
entering any sequence of less than 1000 base pairs into the Sanger
Institute's MiRNA:Sequence database (publicly available at
microrna.sanger.ac.uk/sequences/search.shtml). Table 2: Known Human MiRNAs
mature se uences and seed se uences.NARCOTIC EMULSION FORMULATIONS FOR
TREATMENT OF CANCER PAIN CROSS-REFERENCE TO RELATED APPLICATIONS Pursuant
to 35 U.S.C.  119 (e), this application claims priority to the filing dates
of: United States Provisional Patent Application Serial No. 61/1 55,853
filed on February 26, 2009; the disclosure of which application is herein
incorporated by reference. INTRODUCTION Pain can be defined as an
unpleasant sensory and emotional experience associated with actual or
potential tissue damage. It is a complex process influenced by both
physiological and psychological factors. Pain is typically subjective and
many health care professionals are not trained to effectively assess or
treat pain. Cancer pain, which can be caused by the disease itself or by
treatments, is very common in people with cancer. Many people with cancer
experience pain while undergoing treatment, and almost all people in the
advanced stages of cancer experience pain. Cancer pain may depend on many
different factors, such as the type of cancer, the stage of the disease,
the disease location, and a patient's tolerance for pain. Cancer pain can
originate from the primary cancer itself or from other areas in the body
where the cancer has spread (metastases). As a tumor grows, it may put
pressure on nerves, bones or other organs, causing pain. Pain may also
result from fracturing of bones, infection or inflammation associated with
the disease. Cancer pain may not just arise from the physical effect of the
cancer on a region of the body, but also may be caused by the chemicals
that may be secreted from cancerous cells and/or tissues. The type of
cancer pain may also vary. For example, it may beacute, chronic, or
breakthrough pain. Cancer pain may also vary in the duration of each pain
episode, its severity and frequency of its occurrence. The two major
classes of pharmaceutical drugs used to treat cancer pain are opioid
analgesics, and non-steroidal anti-inflammatory drugs (NSAID). These
classes of drug, are typically administered systemically. The systemic
administration of drugs to relieve cancer pain is frequently inadequate.
For example, systemic administration of opioids for cancer pain may cause
nausea, the inhibition of bowel function, urinary retention, the inhibition
of pulmonary function, cardiovascular effects, and sedation. One opioid
analgesic that has been employed for the treatment of cancer pain is
fentanyl. Fentanyl is the generic name for the compound N-(1 -phenethyl-4
piperidyl) propionanilide, a useful injectable analgesic. See U.S. Pat. No.
3,1 64,600. Fentanyl is an opioid agonist and shares many of the
pharmacodynamic effects of opioids such as morphine and meperidine.
However, compared to these opioids, fentanyl exhibits little hypnotic
activity, rarely induces histamine release, and respiratory depression is
more short-lived. Fentanyl is commercially available for intravenous,
intrabuccal (lozenge-transmucosal) and transdermal administration. Various
injectable fentanyl formulations have been developed to date. One such
formulation is a fentanyl citrate composition sold in the United States
under the brandname SUBLIMAZE(tm) that comprises fentanyl citrate, USP
water for injection, and sufficient sodium hydroxide to raise the pH to
6.5. A different fentanyl citrate composition has been sold in Europe under
the brandname FENTANEST(tm) which consists only of fentanyl and USP water
for injection without any deliberate pH adjustment. Despite the utility of
injectable fentanyl formulations, certain drawbacks of such formulations do
exist. For example, injectable fentanyl formulations can cause 



unwanted central nervous system mediated side effects, such as respiratory
depression, sedation and dizziness.SUMMARY Methods and compositions for
treating a subject for cancer pain are provided. In the subject methods, a
subject is treated for cancer pain by administering to the subject an
effective amount of a narcotic emulsion, e.g., fentanyl elmulsion,
formulation. In certain embodiments, the emulsion formulations include a
narcotic active agent, oil, water and a surfactant. Also provided are
methods of making the subject emulsion formulations as well as kits that
include the emulsion formulations. BRIEF DESCRIPTION OF THE DRAWINGS Figure
1 shows the daily changes in cancer pain vs. days after melanoma cell
inoculation in mice. Figure 2 shows the effects of FENTANEST(tm) fentanyl
citrate injection formulation on pain-related scores vs. time in mice.
Figure 3 shows the effects of fentanyl emulsion A on pain-related scores
vs. time in mice. Figure 4 shows the duration of Straub's tail reaction
induced by FENTANEST(tm) fentanyl citrate injection formulation and
fentanyl emulsion A. Preparations were administered intravenously in a
volume of 0.1 0 ml. Straub's tail response was observed for 1 hour after
administration and duration of the response was summed. Results shown are
mean  SEM of animals which showed the response. The number of animals is
shown in the columns. Figure 5 shows one-direction locomotor activity
induced by FENTANEST(tm) fentanyl citrate injection formulation.
FENTANEST(tm) fentanyl citrate injection formulation and vehicle were
administered intravenously in a volume of 0.1 0 ml. Results shown are mean
SEM of six animals. * p < 0.05 (Dunnett's multiple comparisons). Figure 6
shows one-direction locomotor activity induced by fentanyl emulsion A.
Fentanyl emulsion A and vehicle were administered intravenously in a volume
of 0.1 0 ml. Results shown are mean  SEM of six animals. * p < 0.05
(Dunnett's multiple comparisons).Figure 7 shows a comparison of
one-direction locomotor activity induced by FENTANEST(tm) fentanyl citrate
injection formulation and fentanyl emulsion A. Results shown are mean  SEM
of six animals. * p < 0.05 (Dunnett's multiple comparisons). DEFINITIONS
When describing the compounds, pharmaceutical compositions containing such
compounds and methods of using such compounds and compositions, the
following terms have the following meanings unless otherwise indicated. It
should also be understood that any of the moieties defined forth below may
be substituted with a variety of substituents, and that the respective
definitions are intended to include such substituted moieties within their
scope. "Alkyl" refers to monovalent saturated aliphatic hydrocarbyl groups
having up to 10 carbon atoms, or up to 9 carbon atoms, up to 8 carbon
atoms, or up to 3 carbon atoms. The hydrocarbon chain may be either
straight-chained or branched. This term is exemplified by groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, tert-butyl,
n-hexyl, n-octyl, tert-octyl and the like. The term "alkyl" also includes
"cycloalkyls" as defined herein. "Cycloalkyl" refers to cyclic hydrocarbyl
groups having from 3 to 10 carbon atoms and having a single cyclic ring or
multiple condensed rings, including fused and bridged ring systems, which
optionally can be substituted with from 1 to 3 alkyl groups. Such
cycloalkyl groups include, by way of example, single ring structures such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, 1-methylcyclopropyl,
2- methylcyclopentyl, 2-methylcyclooctyl, and the like. "Heterocycloalkyl"
refers to a stable heterocyclic non-aromatic ring and fused rings
containing one or more heteroatoms independently selected from N, O and S.
A fused heterocyclic ring system may include carbocyclic rings and need
only include one heterocyclic ring. Examples of such heterocyclic
non-aromatic rings include, but are not limited to, aziridinyl, azetidinyl,
piperazinyl, and piperidinyl. "Heteroaryl" refers to a stable heterocyclic
aromatic ring and fused rings containing one or more heteroatoms
independently selected from N, O and S. Afused heterocyclic ring system may
include carbocyclic rings and need only include one heterocyclic ring.
Examples of such heterocyclic aromatic rings include, but are 



not limited to, pyridine, pyrimidine, and pyrazinyl. "Aryl" refers to a
monovalent aromatic hydrocarbon group derived by the removal of one
hydrogen atom from a single carbon atom of a parent aromatic ring system.
Typical aryl groups include, but are not limited to, groups derived from
benzene, ethylbenzene, mesitylene, toluene, xylene, aniline, chlorobenzene,
nitrobenzene, and the like. "Aralkyl" or "arylalkyl" refers to an alkyl
group, as defined above, substituted with one or more aryl groups, as
defined above. "Halogen" refers to fluoro, chloro, bromo and iodo. In some
embodiments, the halogen is fluoro or chloro. "Substituted" refers to a
group in which one or more hydrogen atoms are each independently replaced
with the same or different substituent(s). "Substituted" groups
particularly refer to groups having 1 or more substituents, for instance
from 1 to 5 substituents, and particularly from 1 to 3 substituents,
selected from the group consisting of amino, substituted amino,
aminocarbonyl, aminocarbonylamino, aminocarbonyloxy, aryl, aryloxy, azido,
carboxyl, cyano, cycloalkyl, substituted cycloalkyl, halogen, hydroxyl,
keto, nitro, thioalkoxy, substituted thioalkoxy, thioaryl, substituted
thioaryl, thioketo, thiol, alkyl-S(O)-, aryl-S(O)-, alkyl-S(O) 2- and aryl-
S(O)2- . DETAILED DESCRIPTION Methods and compositions of treating a
subject for cancer pain are provided. In the subject methods, a subject is
treated for cancer pain by administering to the subject an effective amount
of a narcotic emulsion, e.g., fentanyl elmulsion, formulation. In certain
embodiments, the emulsion formulations include a narcotic active agent,
oil, water and a surfactant. Also provided are methods of making the
subject emulsion formulations as well as kits that include the emulsion
formulations.Before the present invention is described in greater detail,
it is to be understood that this invention is not limited to particular
embodiments described, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting,
since the scope of the present invention will be limited only by the
appended claims. Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower limit unless
the context clearly dictates otherwise, between the upper and lower limit
of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges
and are also encompassed within the invention, subject to any specifically
excluded limit in the stated range. Where the stated range includes one or
both of the limits, ranges excluding either or both of those included
limits are also included in the invention. Certain ranges are presented
herein with numerical values being preceded by the term "about." The term
"about" is used herein to provide literal support for the exact number that
it precedes, as well as a number that is near to or approximately the
number that the term precedes. In determining whether a number is near to
or approximately a specifically recited number, the near or approximating
unrecited number may be a number which, in the context in which it is
presented, provides the substantial equivalent of the specifically recited
number. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. Although any methods and
materials similar or equivalent to those described herein can also be used
in the practice or testing of the present invention, representative
illustrative methods and materials are now described. All publications and
patents cited in this specification are herein incorporated by reference as
if each individual publication or patent were specifically and individually
indicated to be incorporated by reference and are incorporated herein
byreference to disclose and describe the methods and/or materials in
connection with which the publications are cited. The citation of any
publication is for its disclosure prior to the filing date and should not
be construed as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention. Further, the dates
of publication provided may be different from the actual 



publication dates which may need to be independently confirmed. It is noted
that, as used herein and in the appended claims, the singular forms "a",
"an", and "the" include plural referents unless the context clearly
dictates otherwise. It is further noted that the claims may be drafted to
exclude any optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as "solely,"
"only" and the like in connection with the recitation of claim elements, or
use of a "negative" limitation. As will be apparent to those of skill in
the art upon reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and features which
may be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spirit of the
present invention. Any recited method can be carried out in the order of
events recited or in any other order which is logically possible. In
further describing the subject invention, the methods and emulsion
formulations employed therein are described first in greater detail,
followed by a review of methods for preparing the formulations and kits
that may include the formulations. METHODS OF TREATING CANCER PAIN WITH
NARCOTIC EMULSION FORMULATIONS As summarized above, the invention provides
methods of treating a subject for cancer pain. "Cancer pain" refers to pain
arising or resulting from cancer, the destruction of tissue in any region
associated with cancer or its metastases, pressure caused by cancer on
bones, organs or nerves, infection or inflammation caused by the disease
and chemicals secreted by cancerous cells and/or tissues.By cancer is meant
a class of diseases involving neoplasia which include both cancers that
involve a solid tumor and those that do not involve a solid tumor (e.g.,
leukemia). Cancer pain may also result from clinical procedures used to
treat the disease (e.g., radiation therapy, chemotherapy, surgical
intervention). As used herein, "cancer pain" does not include pain that
occurs without cancer, complications arising from cancer or treatments
employed to treat cancer. In some embodiments, cancer pain is internal or
external pain. As used herein, "pain" includes nociception and the
sensation of pain, and pain can be assessed objectively and subjectively,
using pain scores and other methods, e.g., with protocols well-known in the
art. Cancer pain, as used herein, includes allodynia (i.e., pain due to a
stimulus that does not normally provoke pain) and hyperalgesia (i.e.,
increased response to a stimulus that is normally painful), which can in
turn, be thermal or mechanical (tactile) in nature. In some embodiments,
the pain is characterized by thermal sensitivity, mechanical sensitivity
and/or resting pain. In some embodiments, the cancer pain comprises
mechanically-induced pain or resting pain. In other embodiments, the cancer
pain comprises resting pain. The pain can be primary or secondary pain, as
is well-known in the art. In practicing methods of invention, a narcotic
emulsion formulation is parenterally administered to a subject. By
"parenteral administration" is meant delivery by a protocol that delivers a
quantity of a narcotic emulsion formulation to a subject, e.g., a patient
suffering from cancer pain, by a route other than the digestive tract,
e.g., via intramuscular injection, via intravenous delivery, etc. In
certain embodiments, parenteral administration is by injection using an
injection delivery device. The amount of narcotic emulsion formulation of
the invention that is administered to the subject may vary depending on a
number of factors, such as patient specifics, prior opiate treatment,
nature of pain etc. In certain embodiments, the dosage that is administered
per dosing event may range from 10 to 250 mg/dose, such as 10 to 150
mg/dose, including 25 to 100 mg/dose. Dosing guidelines for narcotic
emulsion formulations already developed and followed by those of skill in
the art may be employed with the subject formulations.Narcotic emulsion
formulations of the invention include a narcotic active agent. Narcotic
active agents of interest are opioid receptor agonists. Opioid receptor
agonists include opiates and opioids. "Opiates" and "Opioids" are roughly
synonymous terms that generically denote a class of narcotic compounds
characterized by having addiction-forming or addiction-sustaining
properties similar to morphine or being capable of conversion into a drug
having such addictionforming or addiction-sustaining properties.
Specifically, the term "opiates" denotes compounds containing the
fundamental morphine or thebaine structure and possessing some affinity to
any, or all, of the opioid receptor subtypes. Examples of 



opiates are heroin, buprenorphine, and naltrexone. An "opioid" is any
compound, peptide or otherwise, which, while not containing the fundamental
morphine or thebaine structure, possesses some affinity for any, or all, of
the opioid receptor subtypes. A non-exclusive list of opiates and opioids
includes mophine, heroin, opium, cocaine, fentanyl, ecgonine, thebaine.
Commercially-available opiates and opioids (and exemplary trademarked
names, where available) include: alfentanil (e.g., ALFENTA(tm) alfentanil
hydrochloride injection), buprenorphine (e.g., SUBUTEX(tm) buprenorphine
hexagonal orange sublingual tablet), carfentanil, codeine, dihydrocodeine,
diprenorphine, etorphine, fentanyl (e.g., FENTANEST(tm) fentanyl citrate
injection), heroin, hydrocodone (e.g., VICODIN(tm) hydrocodone bitartrate
tablet), hydromorphone (e.g., DILAUDID(tm) hydromorphone hydrochloride oral
liquid), LAAM (e.g., ORLAAM(tm) levomethadyl acetate oral liquid),
levorphanol (e.g., LEVO-DROMORAN(tm) levorphanol tartrate), meperidine
(e.g., DEMEROL(tm) meperidine hydrochloride), methadone (DOLOPHINE(tm)
methadone hydrochloride tablets), morphine, naloxone (NARCAN(tm) naloxone
hydrochloride injection), naltrexone (e.g., REVIA(tm) naltrexone
hydrochloride tablet), beta-hydroxy 3- methylfentanyl, oxycodone
(PERCODAN(tm) oxycodone hydrochloride tablet), oxymorphone (e.g.,
NUMORPHAN(tm) oxymorphone hydrochloride injection and NUMORPHAN(tm)
oxymorphone hydrochloride suppository), propoxyphene (DARVON(tm)
propoxyphene hydrochloride capsules and PULVULES(tm) propoxyphene
hydrochloride capsules), remifentanil (ULTIVA(tm) remifentanilhydrochloride
injection), sufentanil (e.g., SUFENTA(tm) sufentanil citrate injection),
tilidine, and tramadol (ULTRAM(tm) tramadol hydrochloride tablet). The
definition includes all opiates and opioids, from any source, including
naturally-derived compounds, synthetic compounds, and semi-synthetic
compounds. The definition also includes all isomers, stereoisomers, esters,
ethers, salts, and salts of such isomers, steroeisomers, esters, and
ethers, whenever the existence of such isomers, stereoisomers, esters, and
ethers is possible within the specific chemical designation. As the
narcotic formulations employed in methods of the invention are emulsions,
the formulations are liquid preparations that are a suspension of small
globules of one liquid in a second liquid with which the first liquid will
not mix. Emulsions in accordance with the present invention include a
narcotic active agent oil, water and a surfactant. An aspect of the
emulsions employed in methods of the invention is that the emulsion
includes an effective amount of a narcotic active agent. The amount of
narcotic active agent in the emulsion may vary, and in certain embodiments
ranges from 0.01 to 100mg/ml, such as 0.1 to 50mg/ml and including 0.1 to
10mg/ml. In certain embodiments, the emulsion formulations employed in
methods of the invention include an effective amount of fentanyl, i.e.,
N-(1 -phenethyl-4 piperidyl) propionanilide. Fentanyl may be present in the
formulation as the free base or a physiologically acceptable salt thereof,
or a hydrate thereof. In certain embodiments, fentanyl is present in the
composition at a concentration of 0.05 mg/ml or higher, including 0.1 mg/ml
or higher, and in certain embodiments ranges from 0.1 to 10 mg/ml, such as
0.1 to 2 mg/ml, including 0.1 to 1 mg/ml. Emulsion formulations of the
invention are emulsions of water and oil. As the formulations are
emulsions, they are mixtures of two immiscible (unblendable) fluids, where
one fluid (an oil or water) (the dispersed phase) is dispersed in the other
fluid (an oil or water) (the continuous phase). The combination ratio of
the oil and the surfacant in the present invention is not particularly
limited as long as a lipid emulsion can be obtained. The water present in
the emulsions may be any convenient water, including deinionized water,
water for injection (WFI), etc.Also present in the subject emulsion
formulations is an oil phase. Oils of interest are physiologically
acceptable and include, but are not limited to: simple lipids, derived
lipids, complex lipids that are derived from natural vegetable oil and fat,
animal oil and fat, and mineral oil, or a mixture of those. In certain
embodiments, the oil is chosen from soybean oil, olive oil, sesame oil,
castor oil, corn oil, peanut oil, safflower oil, grape seed oil, eucalyptus
oil, medium-chain fatty acid ester, and low-chain fatty acid ester. Animal
oils and fat of interest include, but are not limited to, cod-liver oil,
seal oil, sardine oil, docosahexiaenoic acid, and eicosapentaenoic acid.
Mineral oils of interest include, but are not limited to, liquid paraffins.
One or a combination of more than one of these can be used. Soybean oil,
olive oil, and 



sesame oil are employed in certain embodiments. Highly refined oils and
fats are employed in certain embodiments. Soybean oil and olive oil are
employed in certain embodiments. In general, the amount of oil in the
formulation composition should be 0.05 to 200 mg/ml, such as 1 to 200 mg/ml
and including 10 to 100 mg/ml. Also present in the subject emulsion
formulations is a surfactant. Surfactants to be used for the present
invention include any type of surfactant that has been used for
pharmaceutical formulations, including, phospholipids, nonionic
surfactants, or a mixture of such agents. Refined phospholipids, such as
egg-yolk lecithin and soybean lecithin are employed in certain embodiments.
Refined phospholipids may include phosphatidylinocytol, phosphatidyl
ethanolamine, phosphatidylserine, and sphingomyeline with
phosphatidylcholine as a main ingredient. Nonionic surfactants of interest
include, but are not limited to, polyethylene glycol, polyoxyalkylene
copolymer, and sorbitan fatty acid ester. One or a combination of more than
one of these surfactants can be used. In certain embodiments, a refined
surfactant is employed. A refined or hydrogenated phospholipid derived from
egg-yolk or soybean with phosphatidylcholine as a main ingredient is
employed in certain embodiments. The amount of surfactant may vary, ranging
in certain embodiments from 0.1 to 50 mg/ml, such as 0.1 to 25 mg/ml.
Certain embodiments of the formulations also include one or more
emulsification enhancers. Any type of fatty acid that has been used for
pharmaceutical formulations can be used as an emulsification enhancer. Of
interestare fatty acids with the carbon number of from 6 to 22, either
natural or synthetic, and either saturated fatty acids or unsaturated fatty
acids can be used, including but not limited to stearic acid, oleic acid,
linoleic acid, palmitic acid, linolenic acid, and myristic acid. Refined
fatty acids, e.g., oleic acid, are employed in certain embodiments. In
certain embodiments, the amount of emulsification enhancer ranges from 0.1
to 10 mg/ml, such as from 1 to 5 mg/ml. The emulsion formulations have a
physiologically acceptable pH. In certain embodiments, the pH of the
formulations ranges from 3 to 8, such as from 5 to 7.5. In certain
embodiments, a pH adjusting agent is also present. pH adjusting agents of
interest include, but are not limited to: sodium hydroxide, hydrochloric
acid, phosphoric acid buffer solution, and citric acid buffer solution. The
pH of the emulsion of the present invention can be adjusted at around 5.5
to 7.5 by using the pH adjusting agent. Other additives that may be present
in the formulation, as desired (e.g., stabilizing agents), include but are
not limited to: glycerin, propylene glycol, polyethylene glycol (mainly
less than the average molecular weight of 400), Dglucose, and maltose. When
present, such agents may be present in an amount ranging from 0.1 to 50
mg/ml, such as 1 to 25 mg/ml. Fentanyl containing emulsion formulations of
the invention exhibit increased efficacy as compared to FENTANEST(tm)
fentanyl citrate injection formulation 0.1 mg/2 ml (available from Sankyo
Corporation, Tokyo, Japan), as illustrated by fentanyl emulsion A reported
in the Experimental section below. Of interest in certain embodiments are
emulsions, such as Fentanyl emulsion A, which are considered to exhibit
greater efficacy than FENTANEST(tm) fentanyl citrate injection formulation
if it is found that pain intensity (pain-related score) is suppressed by 6
1% and 68% at a dose of 48 mg/kg 15 min after FENTANEST(tm) fentanyl
citrate injection formulation and the emulsion of the invention, e.g.,
fentanyl emulsion A, respectively, as illustrated in Figures 2 and 3. The
emulsion formulations of the invention exhibit reduced central nervous
system mediated side effects as compared to a FENTANEST(tm) fentanyl
citrate injection formulation. A formulation is considered to exhibit
reduced central nervoussystem mediated side effects as compared to
FENTANEST(tm) fentanyl citrate injection formulation if the incidence of
Straub's tail, which is mediated by the action of fentanyl on the spinal
cord, in a population of at least 6 mice following administration of a 30
mg/ml dose as illustrated in Table 3 below is 50% or less, such as 33% or
less, as determined using the assay protocol reported in the experimental
section, below. In mice showing Straub's tail response following a 30 mg/ml
dose, the response duration following administration of fentanyl emulsion A
is 36% of that of FENTANEST(tm) fentanyl citrate injection formulation, as
illustrated in Figure 4. A formulation is also considered to exhibit
reduced brain mediated side effects, increase in locomotor activity, as
compared to FENTANEST(tm) fentanyl 



citrate injection formulation. The duration of round behavior following
administration of a 30 mg/ml dose is 40 and 27 min in FENTANEST(tm)
fentanyl citrate injection formulation and fentanyl emulsion A groups,
respectively, as illustrated in Figures 7, as determined using the assay
protocol reported in the experimental section, below. In certain
embodiments, the formulations are storage-stable. By storagestable is meant
that the compositions may be stored for extended periods of time without
significant phase separation and/or significant reduction in activity of
the active agent. In certain embodiments, the subject compositions are
stable for 3 years or longer, etc., when maintained at 25C. By the phrase
"without substantially decreasing the activity of the active agent" is
meant that at the end of the storage period, there is less than about 10%
reduction in activity of the active agent compared to the beginning of the
storage period. The subject formulations and methods find use in a variety
of applications, including preventing or treating cancer pain. By treatment
is meant that at least an amelioration of the symptoms associated with the
condition afflicting the subject is achieved, where amelioration is used in
a broad sense to refer to at least a reduction in the magnitude of a
parameter, e.g. symptom such as pain, associated with the condition being
treated. As such, treatment also includes situations where the pathological
condition, or at least symptoms associated therewith, are completely
inhibited, e.g., prevented from happening, or stopped, e.g., terminated,
such that thesubject no longer suffers from the condition, or at least the
symptoms that characterize the condition. Accordingly, the present
invention is useful for treating, delaying development of and/or preventing
cancer pain in individuals including all mammals, both human and non-human,
including the orders carnivore (e.g., dogs and cats), rodentia (e.g., mice,
guinea pigs, and rats), lagomorpha (e.g. rabbits) and primates (e.g.,
humans, chimpanzees, and monkeys). In certain embodiments, the subjects,
e.g., patients, are humans. Moreover, the present invention is useful in
individuals having pain associated with cancer, the destruction of tissue
in any region associated with cancer or its metastases, pressure caused by
cancer on bones, organs or nerves, infection or inflammation caused by the
disease and chemicals secreted by cancerous cells and/or tissues. By cancer
is meant a class of diseases involving neoplasia which include those
cancers that involve a solid tumor and those that do not involve a solid
tumor (e.g., leukemia). Accordingly, in one aspect, the invention provides
methods of treating cancer pain in an individual comprising administering
an effective amount of an emulsion of a narcotic active agent. In some
embodiments, the cancer pain comprises one or more of: allodynia,
hyperalgesia, mechanically-induced pain, thermally-induced pain, thermally
induced pain, mechanically induced pain, or resting pain. In some
embodiments, the cancer pain comprises mechanically-induced pain and/or
resting pain. In other embodiments, the cancer pain comprises resting pain.
The pain can be primary and/or secondary pain. In other embodiments,
allodynia is suppressed, ameliorated and/or prevented, and in some
embodiments, hyperalgesia is suppressed, ameliorated and/or prevented. In
still further embodiments, allodynia and/or hyperalgesia is thermal or
mechanical (tactile) in nature (or both), or resting pain. In some
embodiments, the pain is chronic pain. In other embodiments, the pain is
breakthrough cancer pain. In another aspect, the invention provides methods
of ameliorating and/or preventing the development or progression of cancer
pain. In some embodiments, the emulsion is administered during and/or after
the onset of cancer pain. In one embodiment, the emulsion is administered 1
hour, 2 hours, 3 hours, 4 hours, 6hours, 8 hours, 12 hours, 24 hours, 30
hours, 36 hours, or more, after the onset of cancer pain. In another
aspect, the invention provides methods for increasing pain threshold. As
used herein, "increasing pain threshold" refers to a reduction,
diminishment and/or minimization of pain associated with cancer, the
destruction of tissue in any region associated with cancer or its
metastases, pressure caused by cancer on bones, organs or nerves, infection
or inflammation caused by the disease and chemicals secreted by cancerous
cells and/or tissues (including reduced, diminished, and/or minimized
subjective perception of pain). By cancer is meant a class of diseases
involving neoplasia which include those cancers that involve a solid tumor
and those that do not involve a solid tumor (e.g., leukemia). In yet 



another aspect, the invention provides methods for enhancing recovery from
each cancer pain episode. In certain embodiments, methods of the invention
include a diagnostic step. Individuals may be diagnosed as being in need of
the subject methods using any convenient protocol, and are generally known
to be in need of the subject methods, e.g., they are suffering from a
target disease condition or have been determined to be at risk for
suffering from a target disease condition, prior to practicing the subject
methods. Diagnosis or assessment of pain is well-established in the art.
Assessment may be performed based on objective measure, such as observation
of behavior such as reaction to stimuli, facial expressions and the like.
Assessment may also be based on subjective measures, such as patient
characterization of pain using various pain scales. See, e.g., Katz et al,
Surg Clin North Am. ( 1 999) 79 (2):231 -52; Caraceni et al. J Pain Symptom
Manage (2002) 23(3):239-55. Pain relief may also be characterized by time
course of relief. Accordingly, in some embodiments, pain relief is
subjectively or objectively observed after 1, 2, or a few hours (and in
some embodiments, peaks at about 12-1 8 hours). In another embodiment, pain
relief is subjectively or objectively observed at 24, 36, 48, 60, 72 or
more hours following the event associated with cancer pain.PREPARATION
METHODS The emulsion formulations of the invention can be prepared using
any convenient protocol. In one embodiment, an injection solvent, e.g.,
WFI, is added to a smooth mixture of a suitable oil. After the mixture is
roughly emulsified, it is then finely emulsified, e.g., by using a high
pressure emulsification machine. For rough emulsification, Homomixer
(Mizuho Industrial Co., Ltd.) or High Flex Disperser (SMT) can be used. For
fine emulsification, a high pressure homogenizer such as Gaulin Homogenizer
(APV-SMT) and Microfluidizer (Microfluidics) can be used. In case of using
a high pressure homogenizer, the emulsion may be run through 2 to 50 times,
such as 5 to 20 times, with a pressure of approximately 500 to 850 kg/cm2.
The procedure of mixing and emulsifying can be carried out at room
temperature or at a temperature lower than room temperature. In certain
embodiments, the above preparation is made with nitrogen gas. KITS Also
provided are kits that find use in practicing the subject methods, as
described above. For example, kits for practicing the subject methods may
include a quantity of the emulsion composition, present in unit dosages,
e.g., ampoules, or a multi-dosage format. As such, in certain embodiments
the kits may include one or more unit dosages (e.g., ampoules) of the
emulsion formulation. In yet other embodiments, the kits may include a
single multi dosage amount of the emulsion formulation. In addition to the
above components, the subject kits may further include instructions for
practicing the subject methods. These instructions may be present in the
subject kits in a variety of forms, one or more of which may be present in
the kit. One form in which these instructions may be present is as printed
information on a suitable medium or substrate, e.g., a piece or pieces of
paper on which the information is printed, in the packaging of the kit, in
a package insert, etc. Yet another means would be a computer readable
medium, e.g., diskette, CD, etc., onwhich the information has been
recorded. Yet another means that may be present is a website address which
may be used via the internet to access the information at a removed site.
Any convenient means may be present in the kits. The following examples are
put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the present
invention, and are not intended to limit the scope of what the inventors
regard as their invention nor are they intended to represent that the
experiments below are all or the only experiments performed. Efforts have
been made to ensure accuracy with respect to numbers used (e.g. amounts,
temperature, etc.) but some experimental errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by weight,
molecular weight is weight average molecular weight, temperature is in
degrees Centigrade, and pressure is at or near atmospheric. EXPERIMENTAL I.
FENTANYL EMULSION FORMULATION & PREPARATION 



A. FORMULATION (Emulsion 250ml) Table 1: Ingredients for the oil phase
Table 2: Ingredients for the aqueous phase (Glycerin solution)B. Procedure
Ingredients for the oil phase were added to a beaker and heated to 60 0C
while stirring at 7,000 rpm to dissolve the ingredients. 25 mg of Fentanyl
was added and stirred. (The process took approximately 10 minutes.) 50 ml
of the glycerin solution was added in drops into the mixture and stirred at
10,000 rpm for 10 minutes.The solution was transferred into a separable
flask. The remaining glycerin solution was added while stirring at 12,000
rpm in an emulsion machine for 30 minutes. Purified water was added to make
the total volume of the emulsion 250 ml. The emulsion was emulsified 20
times while cooling the mixture at a pressure of 650 bar with a high
pressure emulsion machine, LAB-1 000 (APV, Denmark). (No adjustment was
needed if the pH of the emulsion is between 6 and 7. If the pH was not
between 6 and 7, the pH was adjusted with hydrochloric acid solution or
sodium hydroxide solution. No adjustment was made in this experiment as the
pH was between 6.3 and 6.7.) After high-pressure emulsification, the
emulsion was filtered (pore size of 0.4mm) and the emulsion was added into
ampoules while adding N2 gas. The ampoules were sterilized by autoclave
sterilization ( 1 2 1 0C for 10 minutes). After sterilization, the ampoules
were cooled and stored. II. CANCER PAIN ASSAY OF FENTANYL FORMULATION The
analgesic effects of FENTANEST(tm) fentanyl citrate injection formulation
and fentanyl emulsion A (produced as described in I. above) were examined
for cancer pain in mice. A. MATERIALS AND METHODS Animals Male C57BL/6Cr
mice were used.Test preparations 1) FENTANEST(tm) fentanyl citrate
injection formulation (fentanyl citrate, 0.1 mg/2 ml fentanyl) 2) Fentanyl
emulsion A (0.1 mg/ml fentanyl; average particle size = 18 1 nm)
Administration Each formulation was prepared with appropriate solvent. Each
formulation was injected intravenously in an amount of 0.05 ml per 10 g
body weight. Preparation of Cancer Pain Model B 16-BL6 melanoma cells were
used in the experiment. The cells were cultured in modified Eagle's minimal
essential medium (MEM) containing 10 % fetal bovine serum. The cells were
prepared to have 2 x 105 cells/20 ml and they were intraplantar injected
(i.pl.) to the back of the hind paw of the mouse by using the low dose
injection syringe with 29G needle (Becton, Dickinson and Company).
Analgesic Examination The reaction to the mechanical stimuli to the hind
paw was used as an index. The von Frey filament (North Coast Medical, San
Jose, USA) with the strength of 0.1 6 mN was used for the measurement.
After applying the von Frey filament to the back of the hind paw, the
reaction was categorized into three stages (0 = no reaction; 1 = move away
from the stimulus ; 2 = immediate flinching or licking of the hind paw).
The procedure was repeated 6 times and the average score was used as the
analgesic reaction score. The analgesic examination was conducted in a
blind method. The person who conducted the experiment was visually able to
distinguish the FENTANEST(tm) fentanyl citrate injection formulation from
each emulsion, but he conducted the experiment without knowing the type of
emulsion for each formulation. Figure 1 shows the daily changes in
pain-related score and paw volume for 20 days following the inoculation of
melanoma cells to the plantar of hind paw. The hind paw inoculated with
melanoma cells (ipsi) began to show an increase in pain-relatedscore
beginning on the 9th day following inoculation. Pain-related score
increased sharply on the 10th day and continued until the onset of a
plateau on the 15th day. The analgesic examination was conducted on the
16th day after inoculation of melanoma cells. Increases in pain-related
score correlated well with increases in paw volume, which showed steady
increase beginning on the 9th day following inoculation. As a control, the
hind paw that was not inoculated (contra.) showed no increase in
pain-related score and hind paw volume remained constant through the 



duration of the 20 days following inoculation. Figure 1 also shows the
error bars associated with measurements for each day. B. RESULTS Summary
The hind paw inoculated with melanoma cells (ipsi.) showed a dose dependent
decrease in pain-related score that peaked at 15 minutes after intravenous
administration of FENTANEST(tm) fentanyl citrate injection formulation
(Fig. 2) and Fentanyl Emulsion A (Fig. 3) and the effects were observed for
about 60 minutes. A significant inhibition was observed with 16 mg/kg and
48 mg/kg dosages, and sufficient effects were observed in the 48 mg/kg
dosage group. A less significant inhibition with effects lasting only 30
minutes was observed in the group with 4.8 mg/kg dosage (Fig. 2 and 3). The
contralateral (cont.) hind paw showed no effects from injections at all
dosages (Fig. 2). Injections in the absence of fentanyl (vehicle only) also
showed no effects on pain-related score (Fig. 3). Measurements for
painrelated score were an average from 6 independent trials. Comparison of
Inhibiting Effects after Administering Fentanyl or Formulations Comparing
the inhibiting effects at 15 minutes after administration, no significant
difference was observed (Fig. 2 and 3). However, compared with thereference
standard, substantial inhibiting effects were observed for fentanyl
emulsion A formulation (Fig. 3). Comparing the inhibiting effects at 30
minutes after administration, no significant difference was observed (Fig.
2 and 3). However, compared with the reference standard, lasting effects
were observed for fentanyl emulsion A formulation (Fig. 3). III. ASSESSMENT
OF CENTRAL NERVOUS SYSTEM MEDIATED SIDE EFFECTS OF FENTANYL EMULSION
FORMULATION A. STRAUB'S TAIL REACTION When mice are given opioids, their
tails stand and trend rostrally. This reaction is called Straub's tail and
may be mediated by the central nervous system, especially spinal cord.
FENTANEST(tm) fentanyl citrate injection formulation induced Straub's tail
reaction in all mice tested at higher doses (Table 3). The incidence of
Straub's tail reaction was relatively low after injection of fentanyl
emulsion A (Table 3). Similar results were observed in the duration of the
Straub's tail reaction (Fig. 4). Table 3: Straub's Tail Response Induced by
Fentanyl Preparations B. LOCOMOTOR ACTIVITY EFFECT When mice are given high
doses of opioids, locomotor activity is increased through the action on the
central nervous system. FENTANEST(tm) fentanyl citrateinjection formulation
markedly increased locomotor activity at high concentrations of 30 and 50
mg/ml, but had no effect at a concentration of 10 mg/ml (Fig. 5). The
increase of locomotor activity after fentanyl emulsion A was lower than
that of FENTANEST(tm) fentanyl citrate injection formulation (Fig. 6). The
effects of FENTANEST(tm) fentanyl citrate injection formulation and
fentanyl emulsion A were compared as shown in Fig. 7. When compared with
FENTANEST(tm) fentanyl citrate injection formulation, fentanyl emulsion A
did resulted in significantly less locomotor activity at the concentration
of 30 and 50 mg/ml. C. DISCUSSION Since Straub's tail reaction and
increased locomotor activity may be mainly mediated by the central nervous
system, the central nervous system mediated side effects of fentanyl
preparations were considered from the results. As compared to FENTANEST(tm)
fentanyl citrate injection formulation, the central nervous system mediated
side effects of fentanyl emulsion A were less severe than that of
FENTANEST(tm) fentanyl citrate injection formulation. Although the
foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is
readily apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifications may be
made thereto without departing from the spirit or scope of the appended
claims. Accordingly, the preceding merely illustrates the principles of the
invention. It will be appreciated that those skilled in the art will be
able to devise various arrangements which, although not explicitly
described or shown herein, embody the principles of the invention and are
included within its spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended to aid 



the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically recited examples
and conditions. Moreover, allstatements herein reciting principles,
aspects, and embodiments of the invention as well as specific examples
thereof, are intended to encompass both structural and functional
equivalents thereof. Additionally, it is intended that such equivalents
include both currently known equivalents and equivalents developed in the
future, i.e., any elements developed that perform the same function,
regardless of structure. The scope of the present invention, therefore, is
not intended to be limited to the exemplary embodiments shown and described
herein. Rather, the scope and spirit of present invention is embodied by
the appended claims.That which is claimed is: 1. A narcotic emulsion
formulation effective for use in treating a subject for cancer pain. 2. The
emulsion formulation according to Claim 1, wherein said narcotic emulsion
formulation comprises an opioid. 3. The emulsion formulation according to
Claim 2, wherein said opioid is fentanyl. 4. The emulsion formulation
according to Claim 3, wherein the emulsion formulation comprises: fentanyl;
oil; water; and a surfactant. 5. The emulsion formulation according to
Claim 4, wherein said fentanyl is present in an amount ranging from 0.1 to
10 mg/ml. 6. The emulsion formulation according to Claims 4 or 5, wherein
said oil is present in an amount ranging from 0.05 to 200 mg/ml. 7. The
emulsion formulation according to Claims 4, 5 or 6, wherein said surfacant
is chosen from egg-yolk phospholipid or soybean phospholipid. 8. The
emulsion formulation according to any of Claims 4 to 7, wherein said
emulsion formulation further comprises an emulsification enhancer.9. The
emulsion formulation according to any of Claims 4 to 8, wherein said
emulsification enhancer is oleic acid. 10. The emulsion formulation
according to any of Claims 4 to 9, wherein said emulsion formulation
further comprises glycerin. 11. The emulsion formulation according to any
of Claims 4 to 10, wherein said emulsion formulation exhibits comparable
efficacy as compared to a FENTANEST(tm) fentanyl citrate injection
formulation. 12. The emulsion formulation according to any of Claims 4 to
11, wherein said emulsion formulation exhibits reduced central nervous
system mediated side effects as compared to a FENTANEST(tm) fentanyl
citrate injection formulation. 13. A method of treating a subject for
cancer pain, said method comprising: administering to said subject an
amount of a narcotic emulsion formulation according to any of Claims 1 to
12 effective to treat said subject for cancer pain. 14. A kit comprising an
emulsion formulation comprising: fentanyl; oil; water; and a surfactant. 


