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BIOLOGICALLY ACTIVE PEPTIDE VAPEERPTLLTEAPLNPK DERIVATIVES

Background of the Tgvention

The present invention is relaterd to shest peptides and the use thereof In particuiar,
the present invention is related to short peplidas with Liclogical activitias,
Deseription of the Related Axt

Poptides are known in the art for treatment of diseuses and as pharmaceutical
compositions. For example, 17,5, Patent No. 6,191,113 diseloges a peptide that has inhibitory
activity for the growth of smooth muscle cells and is thersfore uscful for preventing and
treating pathological cou(ﬁﬁons associaled with growth of smooth musele cells such as
arteriosclerosis, restenasis aller angioplasty, luminal stenosis after grafting blood vessel and
smooth muscle sarcoma. U.S. 6,184,208 discloses another peptide fkat is found to modulate
physiological processes such as weight gain activity of the opithelizl growth zone and hair
growth. Furthermore, PCT publication no, W0 03/006492 and U.S. Patent Application No.
10/237,405 suggested that certain peptides and their pharmacentical compositions are
biologically active and capable of reodulating immune responses.

it s therefore an object of the prasemt invention to provide a short peptide or peptides
that have biological activity and/cr to at least provide the public with a useful choice.

Smtary of the firvention '

Described herein are peptides derived from the 18 wming acid-
confaining peptide CHS-010 (VAPEEHPTLLTEAPLNPE) (SEQ D No. 1) which have
been fmd to contain hiological achivity, wherein agid peptides do not conprise the seguence
of the peptide (XMS 010. For testing murpones, samplos of these peplides were chomically
synihesized with L-amino acids, | Also desceribed is an isolated
or purified peptide comprising, consisting essentially of or ennsisting of a sequence selacted
from SEQ ID No. 2 31, whersin said pepride does ot somprise the sequence of the peptide
CMS-010 (SEQ ID No. 1). Also described are substantiaily pure peptides comprising
peptides selected from SEQ 1) No. 2-31, wherein said paptides do not comprise the sequence
of the peptide CMS-010.

-1
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Accordingly, the invention relates tc a substantially pure peptide consisting of the amino
acid sequence of SEQ ID NO. 24.

In another embediment, the mvention relates 1o o pharmaceutical composition comprising
a substantinlly pure peptide canzisting of the amino azic sequence of SEQ 1) NO, 24,

In anather embodiment. the invention relates to » mathod of making a pharmaceutical
compasition comprising providing » peptide consisting of fhe amino acid sequence of SEO 1D
NQ. 24, and admixing said peplide with a pharmaceatically acceprahle carrier.

In another embodimen, the invention reletes 1o use of’a substantially pure peptide
consisting of the amino acid seguence of SFQ INNG. 24 in the manutact.re of a medicament
for reducing the effects of & human disense.

In another embodiment, the invention rclates to use of a substantially pure peplide
consisting of the amino acid sequence of SEQ 1Y NO. 24 in the manufacture of a medicament
for modulating the immune system.

In another embodiment, the invention relates to use of 2 substantiaily pure peptide as a
pharmaceutical compound, said peptide consisting of the aming acid sequence of SEQ 1D NO.
24.

In another embodiment, the invention rclates to use of a substantially pure peplide as an
immune system modulator, said peptide consisting of the umino aeid sequence of SEQ 1D NO.
24.

In another cmbodiment, the invention relates to use of a substantially purc peptide as a

nutritional supplement, said peptids consists of the aming acid sequznce of SFQ ID NO. 24,

Ia
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Also described herein is the administration of a peplide comprising,
consisting essentially of or consisting of 4 seyuence selected from SEQ ID No. 2-31, wherein
said peptide does not comprise the sequence of the peplide CMS-010, wherein the effects of
satd administration are selected from the group consisting of the suppression of immmne ccll
ttansformetion, the suppression of NK cell activity, the eohancomont of NK cell activily, the
suppression. of antibody formation in vive, the suppression of cell proliferation, the
suppreasion of tumor growth, the suppression of nepluit’s sud a lleutt.ﬂ:(’c in proteinuria. in
sLIE emhﬁdimt:uts, the suppression of immune cell ransformatior. ia the suppression of T-
lymphocyte transformation by ConA in vitto. It svme crrbodiments, the suppression of
imimnne coll transformation is the suppression of T lymphooyte tranaformation in vivo. In
some embodiments, the suppression of cell prokiferation is the suppression of the
development of sarcoma cells in vive. In some embadiments, the suppression of nephritis is
the suppression of nephritis due to arii-renal epitope antibodies.

Also described herein is a pciaﬁde comprising, consisting

fially of or consisting of a sequence selected from SEQ TD No. 231, wherein. said . _

peptide does not comprise the sequence of the peptide CMS-010, that consists of [-amino
acids. In some embodiments, the peptide comprtising, consisting essenttally of or cousisting

Y

of 4 sequence selected from SEQ 1D Mo, 2-31, wherein said peptide does not comprige the
sequence of the peptide CMS-010, is in. a substantially pure form,

Also described herein 15 2 pharmaceutical compositions comprising a
peptide that comprises 2 sequence selscted fiom SBEQ ID No. 2-31, whetein said peptide does
not comprise the seyuence of the peptide CMS-010. Tn some embodiments, phammacentical
compasitions comptising @ peptide that comprises a swquence selected from SEQ ID No, 2-
31, wherein said pepiido does not compise the suquence of the poptide CMS-010, comprise
peptides that consist of L-umino acids.

Also deseriond sre methods of making o pharmaceulical

composition comprising providing a peptide that comprises 2 sequence selecled from SEQ ID

No. 2-31, wherein said peptide does 20t coraprise the sequence ofthe peptide CMS-010, and
mixing the peptide with 2 pharmaceutically acceptahle carrier.

Also described are methods of reducig the effects of a human

disease comprising administering a pharmaceutically effective dose of a peptide that

2-
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comprises a sequence selected from SEQ D No. 2-31, whervin suid peptide does mot
comprise the sequence of the peptide CMS-010, T some embodiments, said human is
suffering from a cell proliferative and/or an immunological disorder. Tn some embodiments,
the cell proliferative disorder is a canger, & sarcoma andfor a tymar.

Also described is a method of modulating the immune system
of an individual comprising administzring a pharmacentically offective dose of a peptide that
comprises & sequence sclected from SEQ T No. 231, wherein ssid peptide does not
comprise the sequence of the peptide CMS;DEIJ.

Also described iz the use of a peplide hal compriscs 3 sequence
selected from SEQ ID No. 2-31 as a pharmacentical compound, wharein said peptide does
not comprise the sequence of the pepiide CMS-010. In some embodiments, the peptide is
used for treating a disease state in the form of a cell proliferative disorder and/or an
immwumological disorder. In some erabodiments, the cell preliferative disorder being treated
is a sarcoma. S

Also described is the use of a peptide that comprises a sequence
selected from SEQ ID No. 2-31 as an immune system modulator, wherein gaid peptide does
not comprise the sequence of the peptide CMS8-810, In scme embodiments, the modulation
of the immauee system is the enhaccement or sappression of NK celi activity,

Also described is the use of a peptids that comprises a seyuence

' selected from SEQ ID No. 2-31 s a nukritonal supplement, wherein said peptide does not

comprise the sequence of the peptide CMS-010. )

Alse described 1y 4 molecile comprising an sphanced derivative of a
peptide  (hat comprises a sequence sdected fom SEQ ID Noo 2431, comprising an
enhuncement molecule operably linked to szid peptids, wherein the enhancewment wolecule
entmees the therapeutic effectiveness 6f said peptide rnd said eplide does not comprise the
éequence of the peptide CMS-610. ’

Certuin statements that appear below are broader than what appears in the statements of
the invention abevs, These statements ars providesd in the ercsts of providing the reader with

4 hetter understanding of the inventton and its practice. The reader is directed (o the

" accompanying claim set which defines the scope of the invention.

Briel Deseription of the Drawings

Each of the five figures demonsirates exemmplary chemical reactions for linking
peptides to steroid molecules.

3
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Figure 1 shows a series of chemical reactions for linking 2 peptide fo an estrons
molecile with a covalent bond.

Figure 2 shows a second, alternative set of teactions for creating the same linkage as
in Figure 1.

Figure 3 contains 2 serfes of chemizal reactions desipued o Yink a poplide to a
wolesule of estradiol with a covalent bond.

Higuoy 4 contains @ seoond suies of chemical reacifons for cresting the same linkage
as in Figure 3.

Yigure 5 demonstraiss & method of linking a pepiide via 2 covalent bond to a

molecule of hydrocortisonc.

Detailed Desgription of the Preferred Embodiment
L INTRODUCTION

The peptide CMS-010 (3EQ ID No. 1), haviog the sequence -
VAPEEHPTLLTEAPLNPK, was discoversd io Lave biological immuno-regulatory activity
(U.S. Patent Application No. 10/178,684) and has therapeutic potential for human use,

Described herein are fragments and derivatives of CMS-010 that have biological
activity, * Described herein are fragments and derivatives
whese sequences are given as SEQ ID No. 2-31. In some embodiments, the fragments may
have substituiions wmd/or additional molecnlar groups, or may be fanctional derivatives of
VAPEEHPTLLTEAPLNPK (CMS-010). Uses of the CMS~010 fragments and derivatives
inchude the regulation of cells and lissues. CMS-010 fragments and derivalives can be
incorporuted in pharmaceutical preparations and nriritional supplements.

It is understoud that it may be passible 10 adl addiliopa] suiuo acids to the amino or
catboxyl tecmini of a peplide il comprises, consists esseatially of or cosisty of a sequence
aelected from SEQ ID No, 2-31, ;vher;':iu said peptide does not comprise the sequence of
CMS-010, and functional derivatives thereof as acother method of practicing the present
inveltion. In such embodiments, a peptide that comprises, cousists essentially of or consists
of a sequence selected from SEQ ID Ne. 2-31, wherein said peptide does not comprise the
sequence of CMS-010, and fimetional derivatives thereof maintaios vne or more of the

therapeutic or functional properties described herein, For example, in some embodiments,

b
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ome or two amino acids may be added o a divclosad peplids without affecting its biological
finction. In some embodiments, smaller molecules containing  some 'portion of
VAPEEHPTLLTRAPT NPK. (CMS-010) comprise a single strelvh of sequence dorived from
VAPEEHPTLITEAPLNPK (UMS-010), In other emboditnents, smaller molecnles
containing some pottion of VAPREHPTLLTEAPLNPK {CMS-010) comprise two or more
dvetehos  of  sequence  derived fom  swparate,  awm-comtignous  porfiens  of
VAPEEHPTLLTEAPINPE (CM3:6i0}.  For example, in some embodiments, smafler
wolecyles containing gorne portion of VAPTOAIPTLLTEAPINFPE (CMS-010) comprise
sequence found near the N-terminus of VAPEEHETILTIAFLNPK, (CMB-010) a3 well o3
sequetios fimod near the C-lemminus of VAPERHPTLUTEAPL NPT (CMS-010), without any
intervening scquence found between the two sequerces in VAPTLITPTLI THAPLNPK
(CMS-010). Tu further embodiments, it may also be possible to add three or four amino acids
and still maintein the fanction of a peptide selecied from the group consisting of fragments of
CMS-010 (VAPEEHPTLLTEAPLNPE) (wherein said fragments do not comprise the
sequence of CMS-010) and functional derivatives thereof. These are all roferred to as
variants of the same peptide. Furthermore, Cerivaiives of a peptide, s_,uch as congervative

replacement of one amino acid for another within the same fimetional class, may be used

. as described. For example, peptides having non-polar or
=+ hydrophobic side chains may be possible 10 substitate one side group for another without

reducing biclogical activity. Tn some cubodiuenls, 2 peptide fragment of CMS-010 can
have onc, two or more uming acids eliminated fom the sequerice while sHll retaining the
activity of the original peptide fragmenr. For example, 2 oeplids fagment of CMS-010 that
is ten amino acids in length is resynthesized without the 5% wmino acid fiom the N-tormina
end in the sequence. Thus the resulkng varian: is onby 9 smino acids iz length, has the 4%
aming acid fivm the N-leruvnal end covalext Lned to the 6% amino woid from the Ne
terrainat end in the original seguence and yet still hos the same activity zs the original peptide
fgrront with ien amino acids. In some embodimenis where iwo or more amino acids ate
climinaied ftom the sequence af 3 peptide fragment of CMS-010, the armino acids fhat are
eliminated are adjacent to one another in the or’pinal peptide frugment sequence. In other
embodiments whege two or more aming acids ara eliminated from the ssquence of a peptide

fragment of CMS-010, the amino acids are not adjacent to cne another in the original

COMS ID No: ARCS-300938 Received by IP Australia: Time (H:m) 14:13 Date (Y-M-d) 2010-11-26
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sequence, but rather are separated from one another in the original sequence by amino acids
that remain in the shortened, variant peptide. In additional embodiments where three or more
amino acids are eliminated from a peptide fragment of CMS-DiO, some amino acids
eliminated from the original peptide fragment sequence are adjacent to one another while one
or more amino acids eliminated from the original sequence are not adjacent to any other
amino acids from the original sequence that were eliminated. In additional embodiments of
the invention, a linker/spacer sequence may be inserted into the peptide to form variants, but
' the variants still tetain their active moiety as the original peptide used in this stﬁdy. These
are also considered variants of the pepiides. A peptide analogue as used herein; includes
peptides that have amino acid molecules that mimic the structure of the natural amino acid,
e.g. an analog with a different backbone structure, or D-amino acid substifution. As a further
example, although the amino acids used for synthesizing the peptides are in their L optical
isomeric form, ‘peptides with one or more of the amino acids in the sequence substituted with
the D-form may have similar biological activities. The term “functional derivative” as used in
the claims is meant to include fragments, variants, analogues or chemical derivatives of the
peptide,
~ “Substantially pure peptide” refers to peptides that are at least 10%w/w in purity,
more preferably 20%, even more preferably 40% and much more preferably 60% and far
more preferably larger than 90% pure. In the most preferred embodiment, the purity is larger
than 99%. The substantially pure peptide can be used to prepare pharmaceutical and
nutritional formulations that may be complex mixtures as described below.

“Modulation” refers to an effect on cells mediated by administration or exposﬁe to
peptides of the invention, wherein administration or exposure of peptides to cells causes
changes in the activities of the cells. The changes may be to enhance or to suppress the
activity of a cell. The énbancement or suppression of the activity of a cell may be the
enthancement or suppression of the rate of cell division and replication, the enhancement or
suppression of the reaction of the cell to other elements, and/or the enhancement or
suppression of the rate of production and/or secretion of proteins or compounds from the cell,

“Cell proliferation” refers to an increase in the number of cells present and may be
due to transformation or immortalization of a cell. Cell proliferation disordess include, but

are ot limited to, cancers, benign growths, tumors and sarcomas and may encompass any

-6-
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number of cells. “Immunological disorders” refers to a malfunction or deleterious function
of an immune cell or other part of the immune system. Such disorders may be caused by the
suppression of activity of a cell or molecule or the enhancement of the activity of a cell or
molecule.

The use of a peptide that comprises, consists essentially of or consists of a sequence
selected from SEQ ID No. 2-31, wherein said peptide does not comprise the sequence of
CMS-010, and functional derivatives thereof, in pharmaceutical formulations may be
employed as possible treatment for immunological disorders or disease. The formulations
may have a peptide that comprises, consists essentially of or consists of a sequence selected
from SEQ ID No. 2-31, wherein said peptide does not compriss the sequence of CMS-010,
and functional derivatives thereof, mixed with other active or inactive constituents, including
ather peptides, e.g. two to several {e.g. 3-5) peptides may be added to the same formulation
with or without other ingredients. Altematively, a peptide that comprises, consists
essentially of or consists of a sequence selected from SEQ ID No. 2-31, wherein said peptide
does not comptise the sequence of CMS-010, and functional derivatives thereof, may be used
to prepare the formulation together with peptides not listed here. They can be administered
in the form of intravenous, intramuscular, intracutaneous, subcutaneous or intradermal. The
mode of administration may also be intra-arterial injection that leads directly to the organ of
problem. Other modes of administration are transdermal, inhalation as powder or spray, and.
other forms of delivery known by one in the art. The formulation may also be orally taken,
and may contain carriets that can be used to prevent gastric digestion of the peptide after oral
intake or any other carrieré known in the art (a carrier for transdermal delivery, such as
liposomes, for example).

As used herein, the term “hybrid peptide” is used to refer to peptides that contain
additional peptides inserted into the original biologically active peptide having the sequence
specificd above or its functional derivatives, but still retain substantially similar activity. The
additional peptides include leader peptides that contain, for example, an amino acid sequence
that is recognized by one or more prokaryotic or eukaryatic cell as a signal for secretion of
the hybrid protein into the exterior or the cell. The secretion may be a direct secretion, or

_indirectly through secretory vesicles.

-7-
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As used herein, the terminology “consisting essentially of” refers to a peptide or
polypeptide that comprises, consists essentially of or consists of a sequence selected from
SEQ ID No. 2-31, wherein said peptide does not camprise the sequence of CMS-010, and
functional derivatives thereof, along with additional amino acids at the carboxyl and/or
amino terminal ends and which maintaing one or more of the activilies of said peptides
provided herein. Thus, as a pon-limiting example, where the activity of a peptide that .
comprises, consists essentially of or consists of a sequence selected from SEQ ID No. 2-31,
wherein said peptide does not comprise the sequence of CMS-010, and functional derivatives
thereof, is to treat and/or prevent cell proliferative or immunological disorders or diseases, a
peptide or polypeptide “consisting essentially of” the pepﬁde that comprises, consists
essentially of or consists of a sequence selected from SEQ ID No. 2-31, wherein said peptide
does not comprise the sequence of CMS-010, and functional derivatives thersof, will possess
the activity of treating and/or preventing disorders or diseases as provided herein with respect
to that peptide and will not possess any characteristics in and of itself (ie. before
modification by attachment to one or more biologically active molecules) which materially
reduces the ability of the peptide or polypeptide to treat or prevent cell proliferative or
immunological disorders or which constitutes a material change to the basic and novel
characteristics of the peptide as a treatment for and/or preventor of the above disorder or
diséase. Thus, in the foregoing example, a full length naturally occurring polypeptide which
has a primary activity other than treating and/or preventing cell proliferative or
immunological disorders and which comprises, consists essentially of or consists of a
sequence selected from SEQ ID No. 2-31 and functional derivatives thereof somewhere
therein (but does not comprise the sequence of CMS-010) would not constitute a peptide or
polypeptide “consisting essentially of” the peptide that comprises, consists essentially of or
consists of a sequence selected from SEQ ID No. 2-31 and functional derivatives thereof
whose sequence is contained in the full length naturally ocemring polypeptide. Likewise, in
the foregoing example, a genetically engineered peptide or polypeptide which has a primary
activity other than treating or preventing cell proliferative or immunological disorders but
includes the amino acid sequence of a peptide that comprises, consists essentially of or
consists of a sequence selected from SEQ ID No. 2-31 (but does not comprise the sequence

of CMS-010) and functional derivatives thereof somewhere therein would not constitute a

8-
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peptide or polypeptidé “consisting essentially of” the peptide that comprises, consists
essentially of or consists of a sequence selected from SEQ ID No. 2-31 (but does not
comprise the sequence of CMS-010) and functional derivatives thereof whase sequence is
contained in the genetically engincercd peptide or polypeptide. _

Those skilled in the art can readily determine whether a peptide or polypeptide
consists essentially of a peptide that comprises, consists essentially of or consists of a
sequence selected from SEQ ID No. 2-31, wherein said peptide does not comprise the
sequence of CMS-010, and functional derivatives thereof under the foregoing definitions by
measuring the activity of the peptide or polypeptide using the assays for treating or
preventing cell proliferative or immunological disorders, which are provided herein with
respect to fragments and derivatives of the VAPEEHPTLLTEAPLNPK (CMS-010) peptide.

In the preferred embodiment, the terminology “consisting essentially of” may also
refer to peptides or polypeptides which have less than 5 amino acid residues in addilion to a
peptide that comprises, consists essentially of or consists of a sequence selected from SEQ
ID No. 2-31, wherein said peptide does not comprise the sequence of CMS-010, and
functional derivatives thereof. In a more preferred embodiment, the same terminology refers
to peptides with 2 amino acid residues in addition to a peptide that comprises, consists
essentially of or consists of a sequence selected from SEQ TD No. 2-31, wherein said peptide
does not comprise the sequence of CMS-010, and functional derivatives thereof. In an even
more preferred embodiment, the same terminology refers to a peptide with one amino acid
residue in addition to a peptide that comprises, consists essentially of or consists of a
sequence selected from SEQ ID No. 2-31, wherein said peptide does not comprise the
sequence of CMS-010, and functional derivatives thereof.

The pharmaceutical formulation may include any of the known pharmaceutical
carriers. Examples of suitable cartiers include any of the standard pharmaceutically accepted
carrier known to those skilled in the art. These include but are not limited to, physiological
saline‘solution, watet, emulsions including oil and water mixtures or triglyceride emulsions,
and other types of agents, fillers, coated tablets and capsules. The appropriate carrier may be
selected based on the mode of administration of the pharmaceutical composition.

A peptide selected from the group that comprises, consists essentially of or consists of

a sequence selected from SEQ ID No. 2-31, wherein said peptide does not comprise the
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acquonce of CMB-010, and functionai derivatives thereof, may be administered via
intravenous ‘injccﬁrm, intrammusculsr injection, intrsperitoneal injection, subcutaneous
injection, and subcutaneons implanition, The peptide may also be administered in any form
of oral administration like tablet, capmuie, suspension, sofution .o*v.c, in ihe usual form wilhout
modification or in glow release fomy or with or without gastro-epfetic protection,  The
peptide may finther be apphed i any form of topic applization tke cintment, crean, gel,
etc., with ar without transdermal Vaililaing devize. The peplide tuay also be interpreted into
ils gemelic sequence and cloned inso an expressian system, on its own or in combination with
other peptide scquences, 10 generate a resuiting peptide molecule to make use of the aetivity
of the peptide as described herein. )

The dose of each peptide may be Ing — 10g per kg body weight. A preferred dose is
10ng - 10mg per kg, and more proferubly 1pg - lmg per kg for an injection mode of
administration. However, the effective dose can be as low as Ing per kg bady weight, since
one or mure of the peptides may operate through receptors thet will induce 2 cascade of
normal physiological response. Alternatively, one or more of the peptides can just be an
initiator for a whole cascade of reaction. For an oral intake, the amount may be Ing - 10g per
day pér kg body weight, more preferably 0.1ug - 1g per day per kg body weight and even
tore preferably 1pg - 10mg per day.

The term “comprising” as uscd in this specification means “consisting at feast in part of”.
When interpreting each staterment in this specification that fucludes he term “comprising”,
features other than that or thase prefaced by e tarz may also bs present. Related terms such as
“comprise” and “comprises” ave 10 be interpreted in the same manner.

I COENETHERAPY AN MRTHOD OF TREATMENT

Gene therapy bused on fhie sbove peplide sequeaces is performed by designing a
nucteie acid sequence that codes fox ane of those peptides, The nuclcic acid wmay be
syntheyized chenically snd operably Lgated to a promoter, end oloned into an exprossion
veotor. The expression vector & ihen administered inle (e human body as the form of pene
therapy for expression in the human cell, The term “genctic vectors™” as used hersin includes
thene expression vectors.” Veclors "hei can bs used for gene therapy includes adeno-
associsted vims (Mizuno, M. et ab. (1998). Tpn J Cancer Res 89, 76-80), INSX vectors
(Miller, AD. ct al. (1993) Methods Enzymol 217, 581-599) und lentiviros (Goldman, M.J. et
al. (1997) Hum Gene Ther 8, 2261-2268).

Other vehicles for peptide delivery incfde expression vectors encoding the desired

pepﬁde that can be transferred into an organism whick can replicate in the host organism to

Ens
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which it is desired to adminisier the peptide without significant detrimontal effeots on the
heatth of the hest organism. For exampls, the exﬁression vectors may be transferred into an
orgenism that is not pathogenic te ho host orsanism to which  is desired to admimister the
peplide,  In some embodiments fhe expression vector produces the desired peptide in a
hacterial or fimgal organism that does not have sipnificant detrimantal effects on the health of
the host organiem Lo vhich the pepiida is o he adminislered. Fu:'czampla, fhe expression
vector encoding the desired peptide mway be an cxprossion vector fhat prorduces the desirod
peptide fn an organism such as Jaclio ac:d bastoria, K. Coli, or yeest. In one embodiment, the
expression vector produces the dedired peplide  a microbe-normally found in the
mammalian gut or a microbs tolerated by the manrmalian digestive tact. Some of the
tmicrobial specics in which the desired peptide can be expressed include, but are not limited
to, Lactobacillus species, such a8 L. acidophilus, L. amptovarus, L. casel, L. crispatys, L.
gallinarum, L. gasseri, L. johnsonii, L. paracasei, L. planiarum, L. reuteri, L. rhamnosus ot
others; Bifidobacterium species, such as B, adolescentis, B. animalus, B, bifidum, B. breve, B.
infantis, B. lactis, B. longum or others; Enferococcus fuecalis or Enl. focium;
Sporolactobaciliys  irulinus, Bacillus subslis or Bacillus cereus; Escherichia coli;

Propionibacterium freudenreichit; or Saccharomyces cervevisiae or Saccharomyces boulardii.

Nucleic acid sequences that encade the peptide of the present invention, ur any of the ,

peptides described herein B ..
chemically synthesized or produced 'n:,; other means, aclnding but nul linited to the reverse
{ranscription of mMKNA o produce cDINA mofecules, are incorporated inte expression vectors
for gene transfer into the desived ospanisms by methods of geetic enginearing farmibiar w
those of skill in the art. The expression vectors tay be DIMA veclurs or RNA veotore. Tor
example, the expression veuiors mave be based vn plasmid or virs! genefic elemenls. The
expression vectors may be vectars thal replicate cxtraechiomasomally o vectors that
latgprate into the chromosotie, ’

The cxpression veeturs comprise a promoter opstsbly Hnked to a nucleic acid
cneoding & peptide of the present invention, The prometer may be a regolatable promoter,
such as an inducible promotes, or & consitmtive promofer. Ta some embodiments, the
promoter may be selected to provide a desived level of peptide expression. In additon, it
desired, the expression vectors may comprise other sequences to promote the production,

presentation and/or secretion of peptides. In some embodiments a nucleic acid encoding the

-1-
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peptide of the present invention is operably linked to ¢ necleic acid sequence which directs
the secretion of the peptide. For examuple, the pucleie acid encoding the peptide of the
present invention may be operably linked o0 2 nucleio acid encoding 2 signal pcptidé.

In some embodiments, the exprossion vectors which are engineered to envode the
peptide of the present invention or peptides as deserived berein may be expression vectors which
are adapted For expressing tie peptide of the present juvention in a bacterial species that makes
up the noemyl gut flora of nummals, such as Loctolecilloy specics and Beillug subrilis.

Examples of such

expression vectors can be found in US Patents Mo, 6,100,388, to Casas, and No. 5,728,571,
to Bellini, respectively. These documents are hereby sxpressly incomorated by reference in

their entireties. It will be apprecisted that uny axpression. vector which facilitates the

expression of the peptide. of the present invention or a peptide as described herein in an organism
that is not detrimental (o the health of the fost organism 1o which the peptide is to be
administered may be used.

In some embodiments, the expression vectors which are engineered to encode the

peptide:of the present invention or as described herein may be expression vectors which are adapted fos expressing

the peptide of the present invention ina yeast species [hat is wel! tolerated by the mammalian .
gut, such as Saccharomyces cerevisige; or, preferably, Succharomyces boulardii, {vhich can
colonize the human gut and is used to treal certain forms of diarthea. Yeast expression
vectors ean, be used that constitutively oxpress heterologous proteius und peptides, ate highly
stable, thus are well transmitted to progeny cells during witosis and meiosis and may
comprise coding sequence for a sigmai peplide ot pepiides that dired] high lovels of
recombinimt protein secretion. An example of such a yeast vectur is given in US Patent Mo,

6,391,585, Lo Jang ef al., which i3 hereby sxpressty Ineorporated by reference in its entirely,

‘The expression vectors eneoding a peplide of the present invention or as described hercin may bhé K

infroduced into the organism in which it is inrded to express the peptides through
lechpiques known in the arl. These lechniques include traditional mathods of transforming
bacleria, yeasl, vr other microbes, thamests ke use of chemically competent bacterial cells,
clectroporation or lithing acelate transformation (for ysast), for axample, as well as recent
advances in the transformation of bacterial spesics recalciirmt to fiese procedures. In some
embodiments, the exoression vectars arc introduced into lactic acid bacteria knéwn to be
recalcitrant to transformation using the method disciosed by Leer et al. (WO 95/35380), the

disclosure of which is incorporated herein by raference in its entirety. The introduced
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sequences may be incorporated into microbia! chromosomal DNA or may remain as
extrachromosomal DNA elements.

This penefically engineered micmobe conlaining the oxpression vector can then b
inoculated into the alimentary canal, vagina, trachea cic. to a.clﬁeve sustained immumo-
therapy. 1h sume embodiments, the organisms expressing the poptide of the present
invention or as described here'n aru mgested in a inaclive form or, preferably, in live lomm. Inthe gut these
microorganisms produce said peptides, release them into fhy tumen by secretion or by lysis
of the micronrganism or othenvise Ppresent the peptides to the lust, whereby ihe peptides
produce their intended effect upon the fost orgonism. o ather crnbutiments, peplides are
presented 1o the host at the mucous meimbrene of the nasat passages vagina or the small
intestine.

Ancther method of the treatment is the nge of liposomes as a means for delivering the
specifie nucleic acid to the cells in the human body. Tﬁe nucleic acid (such as an expression
vector containing a nucleic sequence that encodes a peptide that comprises, consists
essentially of or consists of a scquence selected from SEQ 1D No. 2-31, wherein said peptide
does not comprise the sequence of CMS-010, and fieictionst degivatives thereof) is deliverad
in an en.vimnment that encourages cellular upiake and L:hmmdsomal incorporation as
described in Gao, X. and Huang, L. {1995) Gene Ther 2, 710-722 and US 6,207.456.
Aliernatively, the peplide itself can be encapsulated in the Hposome and delivered directly,
using a method described in US 6,245,427, All the scientific publications and patents
1nd1cated abave are incorporated hesein by reforence in their entireties.

The pucleic acid sequences usefal for the shove-mentioned gene therapy und method
of treatment inclnde sequences that code for these peptides and functional derivatives
thereot. Any one of the mumerous mcleic acid seyuences may be used to code for those
peptides und their derivalives based on the degencrate codon systerm,

The following reforcnces are inrnrporatid herein by paference in their entirctios.

1. Principles of Pre-clinical Resemeh of Ney Drugs, People’s Republic of Clina. 1993,
7:134-1358huyen Xu, Rulisn Biay, Xiu Chen Metlwdology of pharmacological
experitent. People’s Health Publishing Fouse. 1991, 1221-1234

2. Principle of new drug research in pro-clinic issued by Ministry of Health, People’s
Republic of China. 1993, 7: 140
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3. Jinsheng He, Ruizhu Li, Tingyi Zong. The siwly vn MTT reduction method- of testing
NX coll activity. China Immumology Journal, 1996, 1{6): 356-358

4, Qian Wang. Modetn medical experivnont method. People’s Heallh Publishing House,
1998, 482-483

5. Principle of new drug teseurch in pre-clinic issued by Ministry of Health, People’s
~ Republic of Clina, 1993, 7: 141

&. Principle of new dmg rosearch W pro-clinic jssucd by Mivistry of [fealth, People's
Republic of China. 1993, 7: 132-132

7. Principle of new drug rescarch in pre-clinic isswed by Ministry of Health, People’s
Republic of China. 1993, 7: 128-129

8. Yuanpel Zhang, Huaide Su. l'ha:mﬁlagica‘ experiment (second edifion). People’s Health
Publishing Housc. 1998, 137-138 ’

9. JHatai Li, clinical phezmacology(second edition). Peopls’s Health Publishing House.
1998, 1338-1330. :

1. PEPTIDE CONJUGATIONS 1O AND FORMULATIONS WITH PEPTIDES

THAT COMPRISE, CONSIST ESSENTIALLY OF OR CONSIST OF SEQ JD NO.
2-31 (WHEREIN SAID FRAGMENTS DO NOT COMPRISE THE SEQUENCE OF

The bialagically active peptide of ta¢ present invention oras descrined herein may be conjugated to other

biologically effective or useful molecules ta provide an additional effect or use or to enhance

their therapeutic effectiveness. Many _mt-mtiﬂ conjugating molecules, their biological
offects and the methods for conjugaion of the molecules o peptides are known in the arl.
For other candidate conjugation partners, chemical reactions for conjugating the instant
poptides therclo can be deduced by ene skdlled i the srt without undue expetimentution.
Bffective molocules are dosoribed below.  Specific axamples of how, the papfide
according to the present inventior or peptides as dcscrihcdd\ere ine iy be conjugated 1o their
cffective molecules and the biotegical prapertias of the resalring eonjirpation product are
described. 1t is understood thal other peplides described herein may also be conjupated in simifar reactions,
The peptide fragments that comprise, consist essentially of or consist of a sequence ‘
sclected from SEQ ID No. 2-31, wherein said peptide fragments do not comprise the
sequence of CMS-010, and fanciional derivatives theveof, can have distinct therapeutic
effects on particular cefls or tissue types. One important objective of conjugating molecules
1o peptide drugs is the tergeting of the peptide o a particular location or compartment within
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' the body of an individual being treated. In this way, the peptide drug and its effects can be
concentrated at the location of the cell or tissue type on which it has the intended therapeutic
effect. This can augment the effect that a similar molar amount of the free, unconjugated
peptide would have. Conversely, the dosage of a conjugated peptide drug that is targeted to
its therapeutic active site can be significantly lower than the dosage required to get the same

. therapeutic effect from the free, unconjugated form of the drug.

Another beneficial effect of targeting a peptide drug to the site where its activity is
most desired is the reduction of unwanted side effects. A peptide drug that is administered in
order to effect a change in a particular cell or tissue type can also act in other locations within
an individual, sometimes with detrimental results. By targefing the peptide to the desired
location of activity via conjugation to a targeting molecule, the concentration of peptide
elsewhere in the individual and the subsequent side effects can be reduced,

Peptides that comprise, consist essentially of or consist of a sequence selected from
SEQ ID No. 2-31, wherein said peptides do not comprise the sequence of CMS-010, and
functional derivatives thereof, can be conjugated to a variety of molecules for targeting to
different locations throughout the body of an individual. Any of the conjugation
technologies described below for targeting a peptide to a desired location, as well as other
conjugation technologies familiar to those skilled in the art, may be employed with any of the
peptides of the present invention. For example, the selective delivery of an anti-hepatitis B
drug to liver cells has been demonstrated (Fiume et al, Ital J Gastroenterol Hepatol,
29(3):275, 1997, which is incorporated herein by reference in its entirety). In this study,
researchers conjugated adenine arabinoside monophosphate (ara-AMP), a phosphorylated
nucleoside analogue active against hepatitis B virus, to lactosaminated human albumin, a
galactosyl-terminating macromolecule. Hepatocytes express a receptor protein that interacts
with terminal galactosyl residues with high affinity. Through binding to this receptor, the
conjugated drug will be selectively taken up by hepatocytes. After absorption, the
conjugated drug is delivered to lysosomes, where the bond between the two components of
the conjugated drug is cleaved, releasing ara-AMP in its active form. In the study cited
above, the conjugafed drug was as effective as free ara-AMP in treating patients with chronic

hepatitis B infections, but did not cause the clinical side effects, such as neurotoxicity, that

15~
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the administration of free ara-AMP causes. Such an approach can be used with any of the
peptides of the present inventidn.

In a related study to the one above, by the same research team (Di Stefano et al.,
Biochem. Pharmacol., 61(4):459, 2001), an anti-cancer chemotherapeutic agent, 5-fluoro 2-
deoxyuridine (FUdR), was conjugated to lactosaminated poly-L-lysine in order to target the
compound to the liver and treat liver micrometastases. The drug is selectively taken up by
liver cells, which cleave the bond between FUAR and the targeting molecule. A portion of
the free FUAR will then exit the liver cells and a localized therapeutic concentration of the
anti-cancer agent is created. This concentration is sufficient for pharmacological activity on
the metastatic cells that have infiltrated the liver. Because the drug is selectively
concentrated in the liver, the dosage of the conjugated drug can be significantly less than the
smallest pharmacologically active dosage of the free; unconjugated compound. This strategy
can be utilized with any of the peptides of the present invention. For instance, conjugation of
lactosaminated poly-L-lysine to a peptide that comprises, consists essentially of or consists of
a sequence selected from SEQ ID No. 2-31 (wherein said peptide does not comprise the
seqﬁence of CMS-010) and functional derivatives thereof could significantly reduce the
dosage necessary to treat or prevent a cell proliferative disorder involving liver tissues.

The targeting of compounds to particular tissues or cell types within the body has
been achieved for a number of different tissues or cell types. For example, tumor cells often
express aboormally high levels of peptide hormone receptors on their surfaces, such as
bombesin, Iutenizing hormone-releasing hormone, and somatostatin. In one study, the anti-
cancer compound paclitaxel (taxol) has been selectively targeted to hormone-secreting tumor

" cells that express somatostatin receptors at a high density by conjugating the drug with
octreotide, an analog of somatostatin. The ostreotide-conjugated taxol was just as effective
as free taxol but with reduced toxicity to normal cells (Huang et al., Chem. Biol., 7(7):453,
2000). Using the techniques of Huang ef al. to conjugate peptides of the present invention to
analogs of peptide hormone receptor agonists would create a treatment specifically targeting
cells expressing high levels of that particular peptide hormone receptor. This approach can
be adapted to target cells overexpressing any number of peptide hormone receptors. In

another example of targeting a drug to a specific tissue type, poly (L-aspartic acid) was used
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.as a canier molecule fo target drog delivery to cofon cells specifically (Leopold etal, 3.

Pharmacokinet. Biopharm., 23(4):397, 1095),

Beyond the specific targeting of & peptide drug to a partionlar cell or tissue type,
conjugation of peptides comprising, consising essentlally of, or consisting sequences
selected fiom SEQ (D No. 231 {wherein saif sequences do 7ot comorise the sequence of
CM5-010) and functional detivatives thercof to casrier muleeules san provide ofher wiys to
enhance the delivery of peptids dr_L@, thereby augmenting ur otherwise ituproving their
therapentic effects. Any of the conugation tecluulaies described boiéw may be used with

the peptide of the present invention, or ay peptide deseribed herein us with other technologies lamiliar to those

skilled in the att. The effectiveness of any drug will be hampered if the compound casmol be
delivered to its target efficiently. A drug must be lransported, actively or otherwise, to the
site of its activity without substant’el loss of activity due to metsbolic processing or
degradation. Peptide drugs are subject to the activity of peptidases and, as highly charged
molecules, can be refractory to transport across lipid cell membranes and endotheHal cell
membranes, such as the blood-brain barrier. Conjngaﬁoﬁ to other molecules provides a way
to protect peptides from degradation and to enhance the absorption of peptids drugs into cells
or anatomical compartments that would normalty exclude the compounds.

By aliowi.ng peptides access to locetions within the body from which they would
normaily be exchuded, conjugation techniques can open up new routes for administration of
the drug. In Patel ef al, Bioconjugate Chem., 8(3):434, 1997, tho chemistry of which is
detailed iu Bxample 5 below and which is incorporated herein by reference in its entirety,
resenrchors conjugated a peptide drug known ke be a potent analgesic, the heprtapeptide
deltorphin, te an orgagic moleents thai was speciBeatly designed to aliow the peptide 1o cross
the blood-brain barier. This dlows the diug lo be sdministered intravenous! y instead of by
intracersbro ventricular injeclion.

The cartier molecnle in Pulsl efol waz designed to spocifically taget those
endothelial cells that comptise ths blood-brain barrier in addition to allowing the peptide to
get across the barrier, Endothelial cell membranes. throughout the body, includin g the blood
brain barrier, are heterogeneous witn rsgards to tag sequence specificity and concentration of ©
membrane-bound endopeptidases thai are displayed en their surfaces. The design of the

molecule exploits this characteristic to enable targsting of the carrier moleculs and its CaTgo,
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The molecule contains three fatty acid chains whose free ends are capped with the dipeptide
Arg-Pro, which will interact preferentially with the endopeptidases of the blood brain barrier.
The transportation of the charged peptide drug molecule is then enabled by the lipophilic
fatty acid chains. Thus the dif)eptidc—capped triglyceﬁde molecule permits both the targeting
and the transport across the blood brain barrier. .

Conjugation methods can also enhance the kinetics of a peptide drg’s aclivity. Any
of the conjugation technologies described below for enhancing the kinetics of a peptide’s
activity as well as other conjugation technologies familiar to those skilled in the art may be
employed with a peptide that comprises, consists essentialljf of or consists of a sequence
selected from SEQ ID No. 2-31 (wherein said peptide does not comprise the sequence of
CMS-010) and functional derivatives thereof. Patel et al. found that the conjugated form of
the analgesic peptide was not only able to enter the brain from the bloodstream, but had
sustained action in comparison to the free peptide -as well. "The intravenously administered
drug took longer to have a therapeutic effect, but the effect lasted longer and decreased more
slowly than the effect of the free peptide injected intracranially. The researchers found that
the conjugated peptide molecule is remarkably stable in serum, yet had no effect when
injected intracerebro ventricularly, indicating that the carrier molecule is likely degraded and
removed during its transport from the bloodstream to the brain. They suspect that the time
required to transport the conjugate and degrade the carrier molecule is the cause of the
altered kinctics. Regardless of the mechanics of the delay, in a clinical setting, the
intravenous stability of the conjugated peptide molecule and the prolonged onset and activity
of the drug’s effects would mean that it could be administered less frequently. A less
frequent and thus more convenient dosing schedule enbances the practical value of the drug
as a treatment option.

As would be apparent to a person of skill in the art, the techniques and procedures of
Patel ez al. are readily adaptable to the delivery of any peptides that fall within a limited size
range, including any of the peptides of the present invention. For example, a peptide of the
present invention that treats and/or prevents cell proliferative or immunological disorders,
such-as a fragment of VAPEEHPTLLTEAPLNPK (CMS-010), could be conjugated to the
same molecule used by Patel et al.. In the treatment of an individual with an infection that

affects the brain, the conjugated molecule would allow fragments of
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VAPEEHPTLLTEAPLNPK (CMS-010) access to the brain from the bloodstream and allow
fragments of VAPEEHPTLLTEAPLNPK (CMS-010) to exert their effects on cells or tissues
in the brain. Modifications to alter the targeting of the carrier molecule would al§o be
apparent to such a person. The targeting feature of the carrier molecule is a function of the
identity of the two amino acids that comprise the dipeptide mask af the end of the fatty acid
chains. The Arg-Pro dipeptide interacts preferentially with the sét of membrane-bound
endopeptidases found on the surface of the bloo& brain barrier’s endothelial membrane.
Other endothelial cells and membranes could potentially be targeted by other dipeptide
combinations.

Conjugation has also been used by researchers to create peptide drugs that can be
effectively absorbed through the digestive tract or transdermally. Any of the conjugation
technologies for enhancing absorption described below, as well as other conjugation
technologies familiar to those skilled in the art, may be used to enhance the absorption of a
peptide that comprises, consists essentially of or consists of a sequence selected from SEQ
ID No. 2-31 (wherein said peptide does not comprise the sequence of CMS-010) and
functional derivatives thereof. Kramer ef al. describe a procedure for the coupling of peptide
drugs to bile acids. The absorption rate for the conjugated molecule following oral delivery
of the compound is significantly enhanced as compared to the peptide alone (J. Biol. C‘-hern.;
269(14): 1062.1, 1994). Toth etal. (J.Med.Chem., 42(19):4010, 1999) describe the
conjugation of a peptide drug with anti-tumor properties lo lipoamino acids (LAA) or
liposaccharides (LS), in order to increase the absorption rate and enhance the delivery of the
anti-cancer peptide to its active site. In their study, a derivative of somatostatin that shows
strong anti-proliferative properties, but has impaired pharmokinetics, is conjugated to eitﬁer
LAA or LS. The resulting conjugate drug has improved absorption profiles across skin and
gut epithelium and increased resistance to degradation while still active againsl lumor cells.
These techniques would be very useful in conjunction with any of the peptides of the present
invention. By increasing the rate of absorption of the molecule across the intestinal
epithelium, more of the peptide can be delivered to the bloodstream and exert its effect on the
individual being treated. )

Conjugation may also be used to provide sustained release of a peptide drug. Any of ,

the conjugation technologies for providing sustained release, as well as other conjugation
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technologies familiar to those skilled i the art, may be used to provide sustained relcase of
peptide that compriscs, consistz cssertially of or cansists of a sequence selected from SEQ
ID No. 2-31 (wherein suid peptide does not comprise the sequence of CMS-010) and
fonctional derivatives thereof. As seen above in the work of Paicl efal, the sustained
detivery of o peptide drug can be ackieved with conjugation methods. Another cxample is
the work of Kim ez ol. (Biomaterials, 23:2317, 2007), where tecombinant haman cpidermal
mowih facter (hECF) was comjugaist te polyvethylene glyeal  (PR()  hefure
microencupsulation in biedegradable polyflavtie-vu-glyoolic asid) (PLGA) rmicrospheres.

Microencapsulation in PLGA has been used by seversl groups to deliver various growth

' fastors and morphogenic proteins (Meinel et al, X, Controlled Rel, 70:193, 2001). Through

conjugation to PEG, thEGE became resistaat to forming watei-insoluble aggregates and to
adsorption to the water-organic phase inisrface during micelie formation with PLGA as
compared to unconjugated, free thEGF. The pharmokinetics of the formulation with the
conjugated hormone were improved, showing longer lasting, .steadier and averall grezter
dmg activity than with the free homaons, which the rescarckers speculate is due to the
enhanced physical stability of the hormone conjugated to PEG. A similar strategy could be

employed o create sustained release formulations of " the peptide of the present
invention or a peptide as described herein. For example, as seen in Example 1 below, particular

- fragments and derivatives of *

VAPEEHPTLLYBAPLNPK (CMS-010) exlihil potent amfi-proliferative and - immmuno-
modulatory effects. By conjugating PEG t this pegtide ad incorporating the conjugated
dmg into PLGA microspheres, the anti-peoliferaive and immmo-medulatory effccts of
fragienls and derivatives of VAPOOEPTLLTHAPLNPK (CMS-010) can be longer lasti ng
aticl more stable, as the dosing of the dmg, a3 It is betng relsased from its PEG conju@te, is
more even and snsutes & more constant delivery ol the peplide druy Lo te site of infection,
Prolonged releasc of a peptide drug can sigpificeutly enhance its activity. Any of the
corjugation technologics for providing piolonged relesse of a peptide described below, us
well az other confugution technologivs familiar to those ghilled in the url, may bo used to
provide prolonged release of # peplide that compiises, cunsists essentially of ur consisis of a
sequence selected from SEQ ID Mo. 2-31 (wherein said peptide does not comaprise the
sefmence of CMS-010) and functionul derivatives thereaf, Oldhamm et af. (fut. J. Oncology,
16:125, 2000) compares the anticancer agent paclitaxe! against a new form of the drug,
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paxlitaxel conjugated to poly(L-glutamic acid) (PG-TXL). PG-TXL appeared to have
superior anti-lumor activity compared to free paclitaxel, suggesting that the drug has superior
pharmokinetic properties or maybe even a superior method of action. However, investigators
found that PG-TXL exerted its effects by the same mechanism of action as the free drug,
inducing cell cycle arrest by disturbing the polymerization of microtubules subunits.
Evidence suggests that the superior anti-tumor activity of the conjugated drug arises from a
continuous and steady release of the free drug from the conjugate, ﬁaintainhlg its therapeutic
concentration for a longer period as compared to administration of the free peptide. The
addition of poly(L-glutamic acid) tail to a peptide of the invention with infection-fighting
properties could enhance those properties as well. "

The enzymatic degradaﬁon of peptides may, in some cases, reduce the effectiveness
of the peptides as drugé. Any of the conjugation technologies for reducing enzymatic
degradation of a peptide described below, as well as other conjugation technologies familiar
to those skilled in the art, may be used to reduce the enzymatic degradation of a peptide that
comprises, consists essentially of or consists of a sequence selected from SEQ ID No. 2-31
(wherein said peptide does not comprise the sequence of CMS-010) and functional
derivatives thereof Researchers have developed numerous approaches to protect peptides
from Iluminally secreted proteases in the gut as well as membrane-bound peptidases. The
latter are found on the surface of all mucosal tissues, the crossing of which is often the route
of entry for peptide drugs. Bernkop-Schurch ez al. (J. Drug Targef., 7:55, 1999) report the
creation of peptide drug formulations containing inhibitors of pepsin. An analogue of
pepstatin was covalently attached to mucoadhesive polymers; this novel pepsin inhibitor was
included in tablets containing insulin. After incubation under laboratory conditions
simulating digestion, all of the insulin from control tablets was metabolised, whereas nearly
50% of the insulin from tablets containing the inhibitor was protected from degradation. In
another study, the samc group utilized protease inhibitors at dosages that would normally
cause toxic side effects to inhibit degradation’ of biologically active peptides (Bernkop-
Schnurch ef al., Adv. Drug Del. Rev., 52:127, 2001). This approach utilizes chitosan, an
aminopolysaccharide related to cellulose that is extracted from chitin, a major structural
polysaccaride found in crustaceans and other organisms. By conjugating the protease

inhibitors to chitosan and including this conjugated molecule in the formmlation of the
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peptide drug, significant inhibition of digestive tract proteases was seen, increasing the
bioavailability of the peptide, without the sidc cffects that would be expected with
administration of free protease inhibitors. In the study, a variety of protease inhibitors alone
and in combination were utilized for conjugation to the chitosan carrier. A chitosan-EDTA.
conjugate inhibited endogenous proteases as well, by binding mineral co-factors required by
certain proteases for activity. As would be readily apparent to one with skill in the art, a
large number of possible combinations between carrier molecules and effector moieties could .
be created to provide beneficial properties to peptide formulations, any of which could easily
be adapted for use with a peptide of the present invention. By creating a formulation for oral
delivery of the peptide using protease inhibitors bound ta chitosan, oral delivery of a peptide
of the invention could be used in place of intramuscular injections. This approach does not
rule out usihg the more absorbable, conjugated version of a peptide that comprises, consists
essentially of or consists of a sequénce selected ﬁ*om SEQ ID No. 2-31 (wherein said peptide
does not comprise the sequence of CMS-010) and functional derivatives thereof (discussed in
a paragraph above) in this formulation, to create an even greater level of bioavailability for
this peptide and its derivatives. )

In addition to being targeted to a location by another molecule, peptides themselves
can serve as the molecule that targets. Any of the conjugation technologies for using a
peptide to target a molecule to a desired location described below, as well as other
conjugation technologies familiar to those skilled in the art, may be used with a peptide that
comprises, consists essentially of or congsists of a sequence selected from SEQ ID No. 2-31
(wherein said peptide does ot comprise the sequence of CMS-OlO) and functional
derivatives thereof. =~ For example, researchers have taken the anticancer drug
difluoromethylornithine (DFMO) and conjugated it to a peptide for targeting purposes.
DFMO is a hiphly cytotoxic agent that is effective in killing a varjety of tumor cell types.
However, since it is rapidly cleared from the body, its therapeutic value is limited. In this
study, DFMO has been conjugated to a particular fragment of o melanotropin and an
analogue of the fragment containing two amino acid substitutions that was shown to bind
preferentially to the melanotropin receptors on a human melanoma cell line (Suli-Vargha
etal., J. Pharm. Sci., 86:997;1997). To facilitate the liberation of DFMO from the peptide
fragments by aminopeptidases, the drug was conjugated to the N-terminal ends of the
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peptides.  The researchers found that the conjugated drugs are morc effective at killing
melanoma cells that the unconjugated diug alone.

The effects of the peptide of the present invention or a peptide as deseribed may be du

in part to a targeting

. shility mherent in the peptides themsslves. For inatance, ke the o melanotropin {fragment, a

pmﬁbular peptide vl ihe invention may bind to a certein receplor fond on the surfice of 2
distinct type of cell, By using that peptide as a conjugant, a dr ug could be wrpeted o the
location of those cells within the bedy of an individual 2cing treated with the drag,

Peptides as conjugates can saive [unciions other than tarpeting. Any of the
conjugation technologies for entrneing the rherapeutio slfectiveness of a peptide described
below, as well as other conjugation tachnolegios familiar to ﬂ;wse skilled 1u the art, may be
used 10 enhance the therapeutic effectiveness of a peptide that comprises, consists esseatially
of or vomsists of a sequence selected from SEQ 1D No. 2-31 {wherein said peptide does not
comprise the sequence of CMS-010) and functional derivatives thereof Fitzpatrick er al.
have improved upon a conjugated anticancer agent by using a peptide spacer between the (wo

molecudes (Anticancer Drug Design, 1001, 1595}, Metholsexate had elready besn conjugated

. to human serum albumon (HSA) to incroase its uptaks by and activity against tumor cells.

Once taken up by a cell, some of the methotrexate is liberated from the conjugate by
enzymes in the lysosome and can then exerl its cytotoxic effects. By insertiug a four amino
actd linker peptide betwecn the methuirexate and the HSA that s easity digested by

Iysosomal enzymes, the amount of astive methorexate geacraled within cells from the

conjugate moleeule was increased. The peptide of the present invention or as described hersin fiay be exerting

their effects through specific interaction with particailsr rnzymes. By ircorporating a peplide
of the invention into a conjagaicd moleculs as a Hnker segeaent hetweon a drug and its cander
molecnle, or in addition to another liukes sagment, the pharm'acckinerics can e allersd, “Lhis
can ereate & pro-dmug that is more 1esistant ot more suseeptible *o (e uctivity of profeases,
which subgequently decrenscs or increases e rule of drug molecule teloase from the
conjugate. As seen in. the exanples of conjngared chemetherany agenfs wbove, altering that
rate of drug malecule delivery cun greafly enhance the effectiveness ol e tdrag.

The effects of a drug on a par:icutar cell may be altered depending upon other faciors
such as the activation state of a cull or fhe presence of ather molecnlar signals near or within

the cell. Tn some cases, in order for a dmg to have an effect, another molecule or signal
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ueeds 1o be present. Damjancic et al, (Bxp. Clin. Endocrin,, 95:315, 1990) studied the effects
of human atrial nativretic peptide (AANP) on patients \x%iLh deficient etidogenous
ghoocortienid synthesis. The peptide was given to Satients during a withdrawal of
ghicocorticoid thewapy or dm‘}.ug-s‘,'.h:laqumt resumptiont of therapy using dexamethasone,
Pationts responded to hANP with an ievreass in dinresis and sodium exerction only when (he
poptide hormone was given during umcomitant dexamethsasone treateent, Treatment with
hANP during withdrawal of glucocotivoii lzerapy had 1o efféct. The offect ol couvyrrent
steroid hormone administration can ulsc be to enfanes the zictivity of a peptide. In a report
from Zhu et al, (Acts Pharm, Sinica, 28:166, 1933), tie activity of the analgesic peptide
keyotorphin (KTP) was significantly enbarced by eonjugmiou..to byﬂmmrlisonc‘via a short
linker scgment, as comvared io the action of the peptide alone. No effect was seen with the

- administration of hydrocortisone alone,

The results of these studies illustrate the akility of steroid hormones as conjugated
molecules or ug ingredients in formulations can allow or enhance the activity of biologically

active peptides . The peptide of the present invention or any of the peptides described herein
may also be modulated or

activated by conjugation to or co-application of steroid hormones. The techniques of Zhu
etal. can be readily adapted for conjugztion of steroid molecules to peptide of the present

invention. Figures 1 frough 5 also provide exemplary step-wise synthesis reactions for

linking steroid hormones to . the pepfide of the present invention or any peptide as described hercin.

The cxamplas presented above provide eaxemplary ways 1o angment the usefulnoss
and the actiVities of any of the peplides of the invention. Futher dovelopments in this field
will help oversome the barriers to creating effective poptide-based clinical treatrents. As
would be apparent v one with skill in the mt, the lechniques, reagents end protocols‘
developed for vse in paplide bochemist:y, pharmaceutioal rescarck and clinical testing are

all readily appliable to any of the peplidas of the present fnvention,’

EXAMPLES
BACKGROUND

1t wus anticipated that witlir: the sequence of YAPEEHPTLLTEAPLNPK {CMS-
010), some amino acids can be morc important for the bioactivity than the others. Tn some

embodiments of the invention, by finding out the active moiety/moieties  within
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VAPEEHPTLLTEAPLNPK (CMS-010), those amino acids 1n the sequence that do not
contribute to the peptide’s activity can be removed so that the bioactive molecule can be
made shorter, Recombinations of different active moieties of the pe]étide can also be done to
obtain new peptide molecules having modified bioactivities. The shortening of the bioactive
peptide molecule can have both biological and economic significance. By having shorter
sequence, the biological properties of the peptide are modified and such modifications may
have potential therapeutic advantages, such as modified biological half-life, receptor affinity,
or side effect profile. Shorter peptides are also cheaper to produce and can lower the .
production cost.

In order to determine the active moieties within VAPEEHPTLLTEAPLNPK (CMS-
010), we performed a series of truncation experiments. CMS-010 was truncated at each of
the peptide bonds from the amino end to the carboxyl end. We anticipate that if an active
molety were truncated, the bioactivity of the resultant pair of peptides would decrease,
disappear or be modified in some fashion (activation/inactivation of the bicactivity). - After
locating the active moiety/moieties within CMS-010, a new set of peptides can be
constructed by combinations of the different active moieties. A

A set of truncated or recombinant peptides was identified in our experiments as
having bioactivities that have potential therapeutic human or biological use. - This set of
peptides is given in Table 1 below. Our findings are reported in the examples that follow
Table 1.
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Table 1: Truncated and recombinant peptides based on the sequence of CMS-010

Peptide Scquence SEQ ID No.
CMS-010.02 APEEHPTLLTEAPINPK |2
CMS-010.03 VAPEEHPTLLTEAPLNP |3
CMS-010.04 PEEHPTLLTEAPINPK |4
CMS-010.05 VAPEEHPTLLTEAPLN |5
CMS-010.07 VAPEEHPTLLTEAPL 6
CMS-010.08 VAPEEHPTLLTEAP 7
CMS-010.09 EHPTLLTEAPLNPK 8
CMS-010.11 HPTLLTEAPLNPK 9
CMS-010.12 VAPEEHPTLLTE 10
CMS-010.13 PTLLTEAPLNPK 11
CMS-010.14 VAPEEHPTLLT 12
CMS-010.15 - TLLTEAPLNPK 13
CMS-010.16 VAPEEHPTLL 14
CMS-010.17 LLTEAPLNPK 15
CMS-010.18 VAPEEHPTL 16
CMS-010.19 LTEAPLNPK 17
CMS-010.20 VAPEEHPT 18
CMS-010.21 TEAPLNPK 19
CMS-010.22 VAPEEHP 20
CMS-010.23 EAPLNPK 21
CMS-010.24 - | APLNPK 22
CMS8-010.25 VAPEEH 23
CMS-010.26 PLNPK 24
CMS-010.27 ‘' VAPEE 25
CMS-010.28 LNPK 126
CMS-010.29 VAPE 27
CMS-010.31 NPK 28
CMS-010.32 VA~ 29
CMS-010.103 VALLT 30
CMS-010.105 VANPK |31
EXAMPLE1

The effect of peptides on mice T-lymphocyte transtormation induced by ConA in vitro
1.1 Materials

1.1.1 Peptides

All amino acids involved were of L. form: CS Bio Co., USA
1.1.2 Control and other regents

Saline: OTSUKA Pharmaceutical Co., Ltd, PR China. RPMI-1640 culture medium
and fetal bovine serum (FBS): Gibeol Co., USA. MTT and ConA: Sigma Co., USA.
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1.2 Animalg

BALB/¢ mice (H-2%, SPF, 6-8weeks old, weight 18-22g): Military Medical Academy
of Science, PR China.
13 Method™

The spleens from healthy mice were isolated aseptically and manually dispersed in
10%FBS RPMI-1640 sofution using an injection needle. The dispersed cell suspension was
further sieved through a 100-gauge 150pm diameter stainless steel sieve. The spleen cell
suspension was adjusted to a density of 4x10%ml and was aliquoted onto 96-well cell culture
plates at 100pl/well. Peptides were dissolved in plain RPMI-1640. The design of the
groupings was as given below. o
Peptide gzoﬁp: 100p] working peptide solution + 75p1 spleen cell suspension -+ 25ul ConA
working solution. .
ConA control golip: 100pl RPMI-1640 + 75uf spleen cell suspension +25u1 ConA working
solution.
Negative control group: 125u] RPMI-1640 + 75l spleen cell suspension.

The final concentration of ConA in the well was 5pg/ml. The final concentrations of

" peptides in the well were 80ug/ml, 16pg/ml, 3.2pg/ml, 0.64pg/ml, and 0.128pg/ml. Each

peptide group contained three parallel wells, and eight or twelve wells for the control groups.
The cells were incubated for 68hrs at 37°C, 5% CO,. MTT method was used to obtain a

reading of ODszpnm of each well referenced at 630nm on an ELISA reader.
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14  Results

Table 2. The effect of peptides on mice T-lymphocyte transformation induced by ConA in

vitro.
Group Concentration {N OD
CMS-010.26 80pg/ml 3 0.353+0.016*
CMS-010.26 16pg/ml 3 0.3564:0.006*
CMS-010.26 3. 2ug/ml 3 0.332+0.015%
CMS-010.26 0.64pg/ml 3 0.348+0.025*
CMS-010.26 0.128pg/ml 3 0.354+0.017*
CMsS-010.105 80ug/mt 3 0.407£0.019%
CMS-010.105 0.64pg/ml 3 0.386+£0.008*
Negative control - 12 0.13440.011%
ConA: control Sug/ml 12 0.467+0.043

*: compared to the ConA positive control group, P<0.05

Table 3. The effect of peptides on mice T-lymphocyte transformation induced by ConA. in

vitro

Group Concentration | N oD
CMS-010.32 80pg/ml 3 0.276+0.034%*
CMS-010.32 16pg/ml 3 0.273+0.023*
CMS-010.32 3.2pg/ml 3 0.309£0.030*
CMS-010.32 0.64pg/ml 3 0.321£0.048
CMS-010.32 0.128pg/ml 3 0.306+0.033*
Negative control Sug/ml 8 0.108+0,012:*
ConA control - 8 10358%0.028

*: Compared to the ConA positive control group, P<0.05
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1.5 Conclusion :
CMS-010.26, CMS-010.32and CMS-010.105, at suitable concentrations, were found
to be able to suppress mice T-lymphocyte transformation induced by ConA in vitro, with

statistical significance compared with the ConA positive control (P < 0.05).

EXAMPLE 2
The effect of peptides on mice T-lymphocyte transformation and NK cell activity in vive
21 Materials
2.1.1 _Peptides

All amino acids involved werc of L form: CS Bio Co., USA. B
2.1.2  Controls and other regents .

Cyclosporine A: Novartis Pharma AG., Switzerland.  Saline: OTSUKA
Pharmaceutical Co. Ltd, PR China. RPMI-1640 culture meditm and fétal bovine serum
(FBS): GIBCOL, USA. MTT and ConA: Sigma Co., USA
2.13 _Animals ' Y

BALB/¢ mice V(H-Zd,’ SPF, 6-8 weeks old, weight 18-22g, 50% female and 50%
male): Military Medical Acadcmy of Science, PR China.

22  Method
2.2.1 Grouping of animals and administration
Animals were randomized into two peptide groups (200pg/kg/day and 50pg/kg/day),

Cyclosporine A group (10mg/kg/day), and saline group (0.5ml/day). Each group contained
10 mice, in which half were female and half were male. All test substances were dissolved in
0.5ml saline and administered intraperitoneally once per day for 20 days. T-lymphocyte
transformation and NK cell activity were examined on the day immediately following the last
injection.

222 T-lymphocyte transformation " .

The day after the last test substance administration, the mice were sacrificed by
cervical dislocation, The spleens were isolated aseptically and manually dispersed in 10%
FBS RPMI-1640 soltion using an injection needle. The dispersed cell suspension was
further sieved through a 100 gauge 150pm diameter stainless steel sieve and adjusted to
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4x10%ml. The cell suspensions were inoculated onto a 96 wells cell culture plate, 100p]/well
with the following design.
Assay wells: 100pl cell suspension + 100ul ConA
Control wells: 100pl cell suspension + 100ul RPMI-1640

Four assay ‘and four control wells were set up for each animal. The plates were
incubated at 37°C, 5% CO; for 68 hours. MTTwas then added and the plates read at OD
570nm referenced at 630nm with ELISA readér. Stimulation Index SI (%) = (assay well OD
/ conirol well OD) x 100%. ‘ ' v
2.2.3 __The effect of peptides on NK cell activity®! )

YAC-1 target cells were brought to log phase and adjusted to a density of 1x10%/ml.
Mice spleen cells prepared in section 2.2.2 above were adjusted to a density of 4x1 0%ml and
used as effector cells. The cell suspensions were inoculated onto 96 wells cell culture plates
as follows:
Effector cell wells: 100ul spleen cell suspension -+ 1001 RPMI-1640
Assay wells: 100p1 splesn cell suspension + 100pl YAC-1 cell suspension
Target cell wells: 100l YAC-1 cell suspension + 100pl RPMI-1640

Three assay wells and three effector cell wells were set up for each animal, and 12
target cell wells were set ﬁp per cell culture plate. The plates were incubated at 37°C, 5%
CO, for 4 hours, then MTT was added and the plates were read at OD 570nm referenced at
630nm with ELISA reader. NK cell activity (%) = 1 - [(assay wells OD — effector cell wells
OD)/ target cell wells OD] x 100%
2.3 Resulis
2.3.1 Experiment of T-lymphocyte transformation
Table 4. The effect of peptides on mice T-lymphocyte transformation

Group Dosage N S1
CMS-010.24 50pg/ke/day 10 2.40+0.31%*
CMS-010.26 200pgkg/day 7 2.19::0.59%
CMS-010.28 200pg/kg/day 9 2.70£0.37%%*
Saline 0.5mVday 8 3.63+0.69

*+; Compared to saline group, P<0.01
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Table 5. The effect of peptides on mice T-lymphocyte transformation (2)

Group Dosage N 81
CMS-010.25 200pg/kg/day 10 2.4340.69*
Saline 0.5ml/day 10 3.15+0.83

*; Compared to saline group, P<0.05

Table 6. The effect of peptides on mice T-lymphocyte transformation (3)

Group Dosage N SI
CMS-010.04 50pg/kg/day 8 1.56+0.25%*
Saline 0.5ml/day 9 2.24+0,52

**: Compared to saline group, P<0.01

Table 7. The effect of poptides on mice T-lymphocyte transformation (4)

Group Dosage N S1
CMS-010.12  50pg/kg/d 10 2.12:0.42%*
CMS-010.14  50pg/kg/d 9 2.12+0.51%*
Saline 0.5ml/day 10 2.96+0.61

**: Compared to saline group, P<0.01

2.3.2 Experiment of NK cell activity v
Table 8. The effect of poptides on mice NK cell activity

Group - Dosage N NK cell activity (%)
CMS-010.24 200pg/kg/day 10 69.0+7.4*
CMS-010.24 Sougkg/day 10 56.046.0%
CMS-010.26 200pg/kg/day 9 67.745.3%*
CMS-010.26 S0uglke/day 10 68.57.2%
CMS-010.28 200pg/kg/day 9 70.3£6.7*

Saline 0.5ml/day 10 76.0+4.3

*: Compared to saline group, P<0.05 **: Compared to saline group, P<0.01
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Table 9. The effect of peptides on mice NK cell activity @

Group Dosage N NK cell activity (%)
CMS-010.11 SOughkgday 9 63.5:47F
CMS-010.13 50ug/kg/day 10 70.9+17.5%
CMS-010.14 00pgkg/day 8 43.113.7*
CMS-010.14 S0pg/kg/day 9 75.3+9.0%%

Saline 0.5ml/day 10 553+6.1

*: Compared to saline group, P<0.05 **: Compared to saline group, P<0.01‘

24  Conclusion ) ) , .
" At suitable dosages, CMS-010.04, CMS-010.12, CMS-010.14, CMS-010.24, CMS-

010.25, CMS-010.26, and CMS-010.28 were found {o suppress mice T-lymphocyte

transformation in vivo, with statistical significance compared with the saline control (P <

0.05). -

At sujtable dosage, CMS-010.24, CMS-010.26, and CMS8-010.28 were found to
suppress mice NK cell activity in vivo, with statistical significance comparedb with the saline
control (P < 0,05). .

At suitable dosage, CMS-010.11, CMS-010.13, and CMS-010.14 were, found to
enhance mice NK cell activily in vivo, with statistical significance compared with the saline

control (P < 0.05),

EXAMPLE 3
The effect of peptide on mice antibody formation in vivo

3.1 ___Materials
3.1.1 _Peptide

All amino acids involved were of L form: CS Bio Co., USA.
3.1.2 . Controls and other reagents -

Cyclosporine A: Novartis Pharma AG, vaitzerland. Saline: OTSUKA
Pharmaceutical Co. Ltd., PR China ‘
3.13 Animals

BALB/c mice (H-2° SPF, 6-8weeks old, weight 18-22g, 50% female and 50% male);
Military Medical Academy of Science, PR China.

32

-35-




WO 2005/105832 PCT/EP2005/004419

3.2 Method
3.2.1 _Grouping of animals and test substance administration

The mice were randomized into three groups: peptide (200ug/kg/day), Cyclosporine
A (10mg/kg/day), and saline (0.5ml). Each group contained 12 mice, 6 female and 6 male.
The test substances were dissolved in 0.5ml saline and applied intraperitoneally once per day
for 20 consecutive days. ’

3.2.2 Antibody raising and quantification "

Sheep red blood cells (SRBC) were resuspended with saline to 2% (v/v) and 0.2ml of
the resuspended cell solution was applied intraperitoneally to each mouse on day 16th of the
test substance administration. On the day after the last test sﬁbstance administration, blood
was collected from the inner canthus and left at room temperature for one hour for serum
exudation. After centrifugation at 200g for 10 minutes, the serum was diluted by 200 times
with normal saline.

For the preparation of the complement working solution, 10 volumes of fresh Cavy
serum was added into one volume of centrifuge-packed SRBC. This mixture was gently
shaken for 30 minutes at 4°C. The SRBC were then removed by cenirifugation at 200g for
10 minutes. Ten volumes of normal saline were added to the supematant to obtain the
working complement solution.

For assay of the mice antibody titer, 0.2m! of 1% SRBC suspension was added to 1ml
diluted ice-cold mouse serum from each mouse. One ml working complemuent solution was
then added é.nd the mixture incubated at 37°C for 20 minutes. The reaction was terminated
by chilling each samplevon ice for 10 minutes. The samples were then cénﬁifuged at 200g
for 10 minutes to obtain the supernatant. To Iml of this supernatant, 3 ml Drabkin solution

. was added and left at room temperature for IO)minutcs, and then the ODssgny Was measured.
The reference lysis-50 reading at ODsyppm Was determined by following the exact procedure
as the sample, except replacing half of the SRBC with saline and without the centrifugation
removal of the unlysed SRBC. Sample serum index (HCso) = ODsyoam of sample / lysis-50
ODs4pom X 200
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33 Results
Table 10. The effect of peptide on mice antibody formation

Group - Dosage AN | HCs
CMS-010.26 200pg/kg/day 10 | 141.34293%
Cyclosporine A | 10mg/kg/d 12 | 148.9+21.7*
Saline 0.5ml/d 11 | 167.6821.5

*: Compared to saline group, P<0.05 -
34  Conclusion ‘ v
CMS 010.26 at suitable dosage was found to suppress mice antibody formation in
" vivo, with statistical significance coﬁlpared with the saline cantrol group '(P<0.05);

EXAMPLE4 .

The effect of peptides on the growth rate of KM mice-transplanted S180 sarcoma célls in
vivo

41  Materialg
4.1.1 Peptides

All amino acids involved were of L form: CS Bio Co., USA.
4.1.2 _Controls and other reagents

Saline: OTSUKA Pharmaceutical Co. Ltd., PR China. Adriamycin: Zhejiang
Haizheng Pharmaceutical Co., Ltd., PR China
413 Animals

Healthy female KM mice (SPF, 6-8weeks old, Weight 18-22g): Military Medical
Academy of Science, PR China v
42  Method
4.2.1 Grouping of animals, test substance administration and tumor cell implanting 1

S1gp sarcoma cells were transplanted intraperitoneally into KM mice for 6-8 days and
the ascites aseptically collected. The cell concentration was adjusted to 1 x 107 per ml with
10% FBS RPMI-1640, and 0.2m] cell suspension was injected through the armpit into each
KM mice for developing the sarcoma bearing mice model. The Sz sarcoma cellg
trﬁnsplanted mice were randomized into five groups: peptide (two groups: 50ug/kg/day and
10pg/kg/day), Adramycin (2mg/kg/day), Cyclophosphamide (40mg/kg/day), and saline
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(0.5ml/day). Intraperitoneal injection of test substances started on the day immediately after
tumor transplantation and continued once per day for 20 consecutive days.
4.2.2 Sarcoma development determination

On the day after the last test substance administration, -the sarcomas were removed
from the mice and weighed. The diameters of each sarcoma on the three planes (4, B, C)
were‘measured by a vernier caliper. The volume of the sarcoma was caloulated by the
formula: V = (1/6)tABC. The tumor growth inhibition index was calculated by the formula:
Tumor growth inhibition index = (tumor weight of control group — tumor weight of treatment
group) / tumor weight of control group x 100%

43  Results
Table 11. The effect of peptides on the development of mice-transplanted 8y sarcoma cells
invive @,
Group Dosage N Sarcoma weight
CMS-01031 | S0pg/kg/day - | 17 1.20.41.60%
CMS-010.31 Wpgkg/day | 14 1.05+1.28%
CMS-010.103 S0pgkgiday | 15 1481 44%
CMS-010.103 10ug/kg/dq.y 15 1.72+1.53*
Adriamycin 2mg/kg/day 17 1.52:+41.75*%
Saline 0.5ml/day 12 5.074:5.46 -

*: Compared to normal saline group, P<0.05

Table 12. The effect of peptides on the development of mice-iransplanted Sygo sarcoma cells

in vivo @
Group [Dosage IN  iSarcoma weight  |[Sarcoma volume
CMS-010.02 500pg/kg/day |10 0.9740.85% 0.65+0.67*
CMS-010.02 250pg/kg/day (10 |0.68+0.72* 0.363:0.40* -
CMS-010.03 500pg/kg/day |10 |0.33+0.35+@ 0.27+0.33%@
CMS-010.03 250ug/kg/day |10 [0.68+0.46* 0.31:£0.22%
CMS-010.04 500ug/kg/day [10 [0.62+0.44* 0.40+0.28*

- |eMiS010.04 D30pgkg/day 10 [0.27%0.19%€  017:0.12¢€ |
CMS-010.05 500pgrkg/day 110 0.47£0,29%@ 0.34::0.22*
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CMS-010.05 D5Opgke/day |10 10.56+£033% 0.2320.19%@
CMS-010.07 500pg/ke/day |10 [0.5240.25% 0.37£0.20%
CMS-010.07 50pg/kg/day |10 [0.32+0.14%@ 0.24+0.13+€
CMS-010.08 500pg/kg/day |10 |1.05+0.64% 1.01-0.63
CMS-010.08 50ug/ke/day |10 10.3820.27+@ 0.20=0.14*@
CMS-010.09 500pg/ke/day |10 0.85+0.70% 0.8420.34
CMS-010.09 D50ugke/day |10 0.45:0.38%@ 03740 44%
CMS-010.11 S00pgke/day (10 [1.14+0.74* fo.95+054
CMS-010.11 DSOugkg/day |10 10.64+0.31% 0.63-0.40*
CMS-010.13 500pg/keg/day 10 - 0.73+0.43% 0.38+0.23%
CMS-010.13 D50ugkg/day |10 10.92+0.56% 0.91+0.59
CMS-010.14 500pg/ke/day 1 10.67£0.70% 0.56+0.53%
ICMS-010.14 050ug/kg/day (10 (0.4440.30%@ 0.20£0.21%
CMS-010.15 [500pg/kg/day |10 10.68+0.36* 0.63+035*
CMS-010.15 D50pgkg/day 10 0.45+0.35+C 0.41£0.37
CMS-010.16 S00pg/kg/day [10 0.9920.42% 0.02+0.36
CMS-010.16 R50pg/kg/day 19 0.63+£0.47* 0.6120.44%
CMS-010.17 500pg/kg/day |10 [0.91+0.46% 0.5550.34*%
CMS-010.17  P50pghkg/day 9 [0.65:0.41% 0,400 24*
CMS-010.18 S00pgkg/day 10 [0.59+0.48% 0.58+0.42+
CMS-010.18 D50pgkg/day 0 [0.44+0.31%€ 0.27+0.20+@
CMS-010.19 500pg/kg/day ©  [0.68+0.68% 0.400.42%
CMS-010.19 D50pg/kg/day |10 |0.4120.45+€ 0.46+0.58*
CMS-010.20 500pgkg/day |10 [0.59+0.46% 10.54£0.51"
CMS-010.20 D50pgkg/day [ [1.0040.76+ 0.880.77
CMS-010.21 500pglcg/day |10 |0.44+0.22+@ 0.44+0.21%
~ {CMS-010.21 D50pglkg/day [10 0.51+0.20% 0,440,227
CMS-010.22 500ug/kg/day |10 [0.85+0.73* 0.73£0.87
CMS-010.22 250pgkg/day |10 [0.280.12+€ 0.24+0.08%@
CMS-010.23 D50pg/kg/day |9 0.27+0.18% 0.21+0.15+8
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CMS-010.24 500pg/kg/day |10 [1.2020.79% 0.62+£0.47%
CMS-010.24 250uglkg/day |10 [0.61=0.30% 0.36:£0.30%
CMS-010.25 500ug/kg/day |10 10.52::0.38* 0.26:021¥€
CMS-010.25 250pg/kgfday 9 [0.654053% 0.48+037%
CMS-010.27 500ug/kg/day 9 |1.05+0.86% 0.510.33%
CMS-010.27 D50ugkg/day 10 [0.78+0.68* 0.58+0.58*
CMS-010.29 sdoug/kg/day 10 0.5550.41% 0.40£0.11%
CMS-010.29 250uglke/day (10 [1.24L0.72% 1.02%0.66
CMS-010.31 500ug/kg/day [0 [0.78+0.89% ~lo-43+0.50*
CMS-010.31 D50pg/kg/day (10 [0.2720.19%C 0.25+0.20+@
CMS-010.32 500pgke/day |10 [0.41%0.35+9 0.40+0.31*
CMS-010.32 250ug/kg/day [10 [0.38+0.24%C 0.2540.14%@
Cyclophosphamide Bomg/kg/day |10 |L.0720.80% 0.7620.66%
Saline 0.5mUday 10 {1.87+0.52 1204028

*: Compared to normal saline group, P<0.05
@; Compared to Cyclophosphamide group, P<0.05

44  Conclusion

CMS-010.103, CMS-010.02, CMS-010.03, CMS-010.04, CMS-010.05, CMS-010.07,

‘CMS-010.08, CMS-010.09, CMS-010.11, CMS-010.13, CMS-010.14, CMS-010.15, CMS-
010.16, CMS-010.17, CMS-010.18, CMS-010.19, CMS-010.20, CMS-010.21, CMS-010.22,
CMS-010.23, CMS-010.24, CMS-010.25, CMS-010.27, CMS-010.29, CMS-010.31, and
CMS-010.32, at suitable dosages, were found to suppress the development of KM mice-
transplanted Sigg sarcoma cells in vivo, with statistical significance compared with the

normal saline control gréup (P<0.05).

5.1  Materials
5.1.1 _Peptides

EXAMPLE 5
The effect of peptides on Masugi nephritis in rabbits

All amino acids involved were of L form: CS Bio Co., USA.
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5.1.2 Controls and other reagents

Dexamethasone Sodium Phosphate Injection: Tianjin Jinyao Aminophenal Ttd., PR
China. Saline: OTSUKA Pharmaceutical Co. Lid,, PR China. BCG vaccine: Beijing
Institute of Biological Products, PR China. Lavolin: Tianjin sixth chemical product factory,

PR China. Liquid paraffin: Tianjin sixth chemical product factory, PR China. Diagnostic
Reagent for serum BUN: BECKMAN443350, USA. Diagnostic Reagent for serum
Creatinine: BECKMAN 443340, USA,

5.1.3 Animals '

One male sheep (8 months old): Department of Laboratory Animal, Tianjin Medical
University, PR China. Rabbits (MDA, male, 2-2.5kg): Bel]mg Fuhao Breed Farm, PR China.
5.2 Methods ®%

5.2.1 Preparation of sheep anti-rabbit renal cortex antiserum
5.2.1.1 Preparation of rabblt renal cortex antigen V

A healthy rabbit was anesthetized with 4ml/kg 25% urethane by auricular vein
intravenous injection, and intravenously injected with heparin at 1250U/kg for systemic
heparinization. The rabbit abdomen was opened aseptically and the fenal arteries and veins
were exposed. The renal arteries were catheterized and the renal veins severed. The kidneys
were douched with saline untit the renal tissue turned grey. The kidneys were then
extirpaled. The renal cortex was isolated and homogenized in 0.5 volumes of ice-cold saline,
and then stored at —20°C,
5.2.1.2 Preparation of sheep antiserum

7.5 ml of the renal cortex homogenate was mixed with 2.5 ml of Freund’s complete
adjuvant '(Lanolin to liquid pa.fafﬁn in a ratio of 1:5, with Smg/ml BCG vaccine). After
complete emulsification, the antigen was injected into a sheep at five different dorsal
locations, 1ml per location, once every two weeks, for a total of three rounds of injections.
Starting with the fourlh immunization, 5g renal cortex was homogenized with one volume of
saline and intramuscularly injected into 5 locations on the sheep, lml per location, omce
every two weeks. The sheep anti-rabbit renal cortex antibody titer was monitored by double
immunodiffusion on a bi-weekly basis. When the titer reached 1:32, the sheep antiserum was
collected from the carotid artery. The sheep antiserum was mixed with an equal volume of

rabbit red blood cells and placed at 4°C for 12 hours for the removal of anti-rabbit red blood
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cell antibody. Then the antiserum was collected by centrifugation and placed at 56°C to
inactivate complement and proteases. The antiserum was stored at —20°C. .
522 QGrouping of animals, test substance administration, and Masugi nephritis model
establishment

Twenty-two healthy rabbits were randomized into 5 groups: peptide (107.3pg/kg/day
and 58.5ug/kg/day, 4 rabbits per group), dexamethasone (0.lmg/kg/day, 4 rabbits), saline
treatment (1ml/day, 7 rabbits), and normal healthy (3 rabbits). Before the establishment of a
disease state in the rabbits, measurements of serumn BUN, creatinine, and urine protein over
24 hours were taken for each rabbit. If there was no abnormality in these measurements, the
Masugi nephritis model was established in experimental rabbits by intravenous injcction of
sheep anti-rabbit renal cortex antiserum via the auricular vein, 0.5ml per injection, one
injection every 30 minutes, for a total of 4 injections per rebbit. The normal healthy (control)
rabbit group was injected with saline in the same manner, Intravenous administration of the
test substances via the auricular vein was started on the day after the injection of the
antiserum, once per day, 1ml per injection, for 30 consecutive days. :
5.2.3 Therapeutic effect monitoring
5.2.3.1 Quantification of urine protein

Urine was collected from each rabbit over a 24 hour period once per week and the
protein content determined by the sulfosalicylic acid method.

5.2.3.2 Pathological examination

For observation of the effects of peptides on the clearance of sheep anti-rabbit renal
cortex IgG antibody from Masugi nephritis rabbits, on the day after the last test substance
administration, the rabbits were sacrificed by suffocation and the right kidney was exfirpated,
freeze-edged and then immunofluorescently stained for the presence of sheep IgG. The
fluorescence-positive area of each glomerulus was counted. Thirty glomeruli per rabbit were
examined and the average positive area per glomerulus was calculated.
5.2.3.3 Statistics

Statistical significance was determined by the t-test of the SPSS sofiware.
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5.3 __ Results
Table 13. Effect of peptide on proteinuria of Masugi nephritis rabbits (mg/dl)

Dosage .
Group N | Week0 Week 1 Week 2 Week 3 Week 4
{day .
CMS-010.26 107 3pglkg | 4 9.84:+4.29 187+184 114145 261+24% 28£32%
| CMs-010.26 58.5uglkg |4 | 9.53:4.64 77562 150123 20+12* 36:t16%
Dexamethasone | 0.lmg/kg | 4 9.48+8.46 29+12 13.6+6.3* 13.743.1% 25+19
Saline treatment | 0.5ml 7 11.7243.18 122401 160138 14533 157%71
Normal healthy | - 3 23.43+18.42 7.742.0% | - 6.944.5% 247%

*: Compared to saline treatment group, P<0.05

Table 14. Effect of peptide on the clearance of sheep anti-rabbit renal cortex IgG antibody
from the Masugi nephritis rabbits

Dosage .
Group N | Positive area count / glomerulus
/day
CMS-010.26 107.3pglkg | 5 | 5.6%1.2%%
CMS-010.26 585ughkg |4 | 6.3+1.4%*
Dexamethasone | 0.lmglkg |4 | 7.5+1.0

Saline treatment | 0.5ml 7 |8.7+0.9

Normal healthy | - 3 |-

*#: Compared to saline treatment group, P < 0.01

54__ Copclusion
CMS-010.26 was found to be able to decrease the severity of proteinuria and promote
the clearance of sheep anti-rabbit renal cortex antibody in Masugi nephritis rabbits in vivo,

with statistical significance compared with the saline treatment control group, P < 0.05,

EXAMPLE 6

The effect of peptides on Heymann nephitis rats in vivo
6.1 _ Materials

6.1.1 Peptide
All amino acids used were of L form: CS Bio Co., USA.
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6.12 Controls and other reagents

Dexamethasone Sodivm Phosphate Injection: Tianjin Jinyao Aminophenal 1td., PR
China.  Saline: OTSUKA Pharmaceutical Co. Ltd., PR China. BCG vaccine: Beijing
Institute of Biological Products. Lanolin: Tianjin sixth factory of chemical product, PR
China. Liquid paraffin: Tianjin sixth factory of chemical product, PR China. Diagnostic
reagent for serum BUN: BECKMAN 443350, USA. Diagnostic reagent for serum
creatinine: BECKMAN 443340, USA.

Wistar rats (SPF, 6-8weeks old, weight 150-200g): Beijing Vital River Laboratory
Animal Co., Ltd., PR China. )
6.2 Methods "M

6.2.1 Preparation of rat renal homogenate

Healthy Wister rat abdomens were opened aseptically. The portal vein and inferior
vena cava were Vexposed. The portal vein was catheterized and the inferior vena cava
severed. The kidneys were douched by saline until the renal tissue turned gray. The kidneys
were extirpateci and the renal cortex isolated. The renal cortex was then homogenized on ice
and stored -20°C.

6.2.2 Preparation of rat renal cortex antigen

Lanolin ‘was mixed with liquid paraffin in a 1:2 v/v ratio, heated to 70°C with
shaking, and then autoclaved. Sufficient BCG vaccine was added to the lanolin/paraffin
mixture to produce a vaccine concentration of 3mg/ml to form Freund’s complete adjuvant.
The renal cortex homogenate, Freund’s complete adjuvant, and saline were mixed in a 1:1:2
ratio with mortaring until completely emulsified.
6.2.3 Grouping of animals and model establishment

20 healthy Wistar rats were randomized into two groups: peptide (200ug/kg/day) and
saline treatment (2mi/day). Two ml of antigen were intraperitoneally injected to each rat,
once every two weeks, for a total of 5 rounds of injection. Test substance administration by
intraperitoneal injection was started on the day after the third immunization, once per day

until the end of the experiment.
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6.2.4 Efficacy monitoring
6.2.4.1 Quantification of urine protein

Quantification of uriner protein began at the third week of model establishment. A
urine sample was collected from each rat aver a 24 hour period once every two and the urine
protein content quantified by the sulfosalicylic acid method.

6.2.5 _Statistics |
Sample values were compared by t-test using SPSS software.
63 Results
Table 15. Effect of peptide administration on 24 hr. urine protein concentration (mg/dl) of

rats with Heymann nephritis i
Group N  Week3 Week5  Week7 Week 9
CMS-010.26 10 62423 3.1+14 3.9+1.6% 3.8+£2.2%
Saline treatment 10 4.1%1.3 3.1£0.8 10.9+2.8 12.6+1.2

*: Compared to saline group, P<0.05
6.4 __ Conclusion

At suitable dosage, CMS-010.26 was found to decrease the severity of proteinuria in
Heymann nephritis rats in vivo, with statistical significance compared to the saline treatment
group (P<0.05). .
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EXAMPLE 7
Delivery of peptides through genetically engineered Lactobacillus bacterial species

The following is provided as one exemplary method to deliver peptides of this
invention to a host as described above. A DNA sequence that cncodes a peptide selected
from the group consisting of fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein
éaid fragments do not comprise the sequence of CMS-010) and functional derivatives thereof
is synthesized 'by chemical means and this DNA sequence is inserted into an expression
vector using standard techniques of genetic engineering familiar to those skilled in the art.
The expression vector selected contains a constitutive promoter functional in Lactobacilli, a
multiple cloning site for the introduction of DNA sequences in a specific 57 to 3’ orientation
as well as a selectable marker gene that confers resistance to an antibiotic (to aid in cloning
procedures) and may comprise other sequences to assist in the production and/or secretion of
the peptides, such as signal peptide sequences. An example of such a vector is provided by
U.S. Patent No. 5,592,908, to Pavla, which is incorporated herein by reference it its entirety.
Briefly, this patent discusses several known promoters that function in Lactobacillus species,

as well as a method for discovering novel promoters in said bacteria, any of which may be
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operably linked to a nucleic acid encoding a peptide of the present invention to cxpress the
peptide in Laciobacilli,. A nucleic acid encoding a signal peptide, such as peptides
comprising of 16 to 35 mostly hydrophobic amino acids that are active in Lactobacillus lactis
described in U.S. Patent No. 5,529,908, cited above, is interposed between the promoter and
the nucleic acid encoding the peptide of the present invention such that the nucleic acid
encoding the signal peptide is in frame with the nucleic acid encoding the peptide of the
present invention.

In addition to the coding sequence of the peptide, the DNA sequence synthesized may
comprise sequences to aid in the ligation and cloning of said DNA into the éxpression vector.
For example, restriction enzyme recognition sites that corréspond to ones found in the
multiple cloning site of the vector can be incorporated into the synthesized DNA at the 5° and
3’ ends of the sequence, so that the sequence can be cloned in proper orientation within the
vector, Both the vector and the synthesized DNA are digested with the particular restriction
enzymes, then purified. Ligation reactions with the vector and the synthesized DNA are
followed by transformation into a suitable strain of E. Coli. The transformed bacteria are
plated on media containing the antibiotic to which the vector confers resistance. A.colony of
transformed bacteria is selected for growth cultures and plasmid preparation procedures; the

presence of the synthesized DNA in the correct orientation is confirmed.
4 " This expression vector is then transformed into a bacterial host cell of a Lactobacillus
species, such as L. acidophilus. Transformed cells are selected for by virtue of the selectable
marker found within the vector sequence and the secretion of the peptide may be verified by
performing a western blot, performing gel electrophoresis of peptides present in the growth
medium or other standard techniques. A transformed colony of bacteria is chosen and used
to prepare large-scale cultures of the genetically engineered bacteria. A culture of the
genetically engineered bacteria expressing the desired peptide is grown up and at least a
portion thereof is administered to the alimentary canal, vagina, trachea or other area of the
. host organism in which the bacteria are able to replicate. If desired, the bacterial cultures can
be treated in a variety of ways to produce a supplement for enteric consumption by the host.
These treatments include lyophilization or other methods of preserving the bacteria, in
addition to combining the bacteria with carricr agents, such as sotutions, solvents, dispersion

media, delay agents, emulsions and the like. The use of these agents to prepare supplements
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is well known in the art. For example, the bacteria can be used to make cultured milk
products or other foodstuffs for human consumption, such that the organism expressing‘the
peptide colonizes the gut of the host organism. A number of different methods for
incorporating specific strains of lactic acid bacteria into foodstuffs §uch as yogurt, kimchee,
cheese and butter are disclosed in U.S. Patent No. 6,036,952, to Oh, which is incorporated
herein by reference in its entirety. Upon consuming the bacteria through one 0&' any mumber
of routes, the engineered organisms can colonize the gut and allow the presentation and/or

absorption of the peptides of this invention via the mucosal layer of the gut.

EXAMPLE 8§
Delivery of peptides through a genetically engineered form of Bacillus subtilis

The following is provided as another exemplary method to deliver peptides of this
invention to a host as described above. A DNA sequence that encodes a péptide selected
from the group consisting of fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein
said fragments do not comprise the sequence of CMS-010) and functional derivatives thereof
is synthesized by chemical means and this DNA sequence is inserted into an expression
vector via techniques of genetic engineering, all techm'qués being known in the art. The
expression vector selected comprises a shuftle vector, such as pTZ18R (Pharmacia,
Piscataway, NT), capable of being propagated in both E. Coli and B. Subtilis and containing
an antibiotic resistance gene for selecting colonies of transformed bacteria. This vector can
contain a.constitutive promoter active in B. subtilis, such as a promoter derived from the Sac
B gene of B. subtilis as well as a nucleotide sequence encoding a signal peptide active in B.
subtilis that directs efficient export of expressed heterologous proteins from the bacterial cell.
An example of such a vector is disclosed in U.S. Patent No. 6,268,169, to Fahnestock, the
disclosure of which is incorporated herein by reference in its entirety. Briefly, as detailed
ahove, the DNA encoding a peptide of this invention will be synthesized with restriction
enzymes sites and/or other sequences to facilitate cloning of the DNA through techniques
familiar to those with skill in the art. After transformation into E. Coli., plating, selection
and propagation of the plasmid to create a plasmid stock, the plasmid is then be transformed
into B. subtilis and transformants are selected by virtue of resistance to an antibiotic in the

plating media.
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Peptide production in and secretion from the genetically engineered B. &ubtilis is
verified using techniques well known to those with skill in the art, such as radiolabeling of
peptides for autoradiographic detcction after SDS-PAGE analysis or Western blotting.

A culture of genetically engineered bacteria is grown up and at least a portion thereof
is administered to the alimentary canal, vagina, trachea or other area of the host organism in

which the bacteria are able to replicate.

EXAMPLE 9

Delivery of peptides through genetically engineered Saccharoimyces yeast species:
The following is provided as another exemplary method to deliver peptides of this

invention to a host as described above. A DNA sequence that a peptide selected from the
group consisting of fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein said
fragments do not comprise the sequence of CMS-010) and fanctional derivatives thereof is
synthesized by chemical means and this DNA. sequence is inserted into an expresﬁon vector
via techniques of genetic engineering, all techniques being known in the art. The expression
vector selected comprises a stably maintained yeast protein expression vectbr, comprising a -
constitutive yeast promoter such as pADHI, sites for replication of the vector in both yeast
and E. Coli, a gene or genes that confer prototrophy to an auxotrophic yeast mutant for
séloction purposes, a multiple cloning site (MCS) and, if desired, sequences that code for a
signal peptide. Vectors such as this are commercially available and well known in the art or
can be readily constructed using standard techniques After insertion of the synthesized DNA
into the yeast vector, transformation into E. Coli, plating of transformed E. Coli onto
selectine media, selection of a trausformed bacterial colony and preparation of plasmid DNA
from a growth culture of bacteria from said colony, the vector is transformed into
Saccharomyces cerevisiae via well-known techniques such as lithium acetate transformation
ot electroporation. The strain of Succharomyces cerevisiae selected for transformation is a
mutant auxotrophic strain that will require a gene on the plasmid in order to grow on minimal
media plates. Transformed yeast colonies are isolated by plating the yeast on growth media
lacking the gene provided on the vector. Only those yeast that have received the vector and
its selective gene and are expressing that gene produét will be able fo grow into colonies on

" the minimal media. Verification of peptide secretion can be obtained by performing a
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Westetn blot, performing gel electrophoresis of peptides present in the growth medium or
other standard techniques. '

A transformed colony of yeast is chosen and used to prepare large scale cultures. A
culture of the geﬁetically engineered yeast expressing the desired peptide is grown up and at
least a portion thereof is administered to the alimentary canal, vagina, trachea or other area of
the host organism in which the bacteria are able to replicate. If desired, the yeast cultures can
be treated in a variety of ways to produce a supplement for entetic consumption by the host.
These treatments include lyophilization or other methods of preserving yeast, in addition‘to-
combining the bacteria with carrier agents, such as solutions, solvents, dispersion media,
delay agents, emulsions and the like. The use of these agents to prepare éupplements is well
known in the art. In another embodiment, the transformed yeast are used in the creation of
food products, such as fermented milk products like yogurt and kefir, by techniques known to
those skilled in the art. As with live lactic acid bacterial cultures in these foodstuffs, the
transformed yeast colonize the gut at least transiently and serve to present peptides to the
host via the gut lumen.

EXAMPLE 10

Targeting of a peptide to a particular location
The following is provided as an exemplary method to selectively deliver a peptide of

this invention to a particular compartment, organ, cell type or location within the body. In
this case, a cell proliferative disorder is treated by targeting a peptide selected from the group
consisting of fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein said fragménts
do not comprise the sequence of CMS-010) and functional derivatives thereof to tissues in
the kidney of an individual. For example, fragments of CMS-010
(VAPEEHPTLLTEAPLNPK) (wherein said fragments do not comprise the sequence of
CMS-010) and functional derivatives thereof are linked by covalent bonds via chemical
reactions known in the art to low molecular weight (LMW) lysozyme, a commercially
available proteiﬁ moiety that concentrates specifically in renal tissue. Techniques for
achieving conjugation of molecules to LMW lysozyme are documented (Folgert et al., Br. J.
Pharmcology, 136:1107, 2002). General techniques for conjugating proteins or peptides to
one another are also taught in the literature of the field (Fischer ez al, Bioconj. Chem,,
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12:825, 2001). The newly created conjugated peptide sample is then purified away from
chemical reagents used in the linking process by chromotography methods such as cation
exchange FPLC and/or gradient centrifugation. Once purified, the conjugated peptide is
administered to an individual in need of therapy for nephritic cell proliferative disorder. For
its anti-proliferative activity, fragments of CMS-010 (VAPEEHPTLLTEAPLNFPK) (wherein
said fragments do not comprise the sequence of CMS-010) and functional derivatives thereof
- are preferentially targeted to renal tissue by virtue of the link between them and the LMW
' lysozyme, which is selectively concentrated in renal tissue by virtue of the affinity of the
LMW lysozyme for the cells of the proximal tubules of the kidney. This preferential delivery
allows a greater anti-proliferative effect compared to that of ‘a molar equivalent amount of
fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein said fragments do not
comprise the sequence of CMS-010) and functional derivatives thereof by i:ﬁemselves.
Inversely, it can reduce the amount of peptide drug required to achieve a certain level of anti-

proliferative activity.

EXAMPLE 11

Enhancing the delivery of a peptide to its active site

The following is presented as an exemplary method to increase the delivery of a
neuroactive peptide to the brain. A peptide of the present invention that exerts its effects on
receptors expressed by neurons of the brain is synthesized by chemical methods known to
those with skill in the art. Alternatively, it can be expressed by an engineered nﬁcroorganism
and recovered from a culture of such organisms, as detailed in examples above. Once
obfained in a purified form, the peptide is utilized in a series of organic chemical reactions to
create a triglyceride ester conjugated moiety, attached to the peptide. The conjugated mojety
consists of a quaternary substituted carbon center joined to the peptide of the‘ invention
through an amide bond with the terminal carboxyl carbon of the peptide. The other three
groups attached to the quartemary carbon center consist of carbon ester linkages to 16 carbon
fatty acid chains. The fatty acid chains themselves end in terminal dipeptide group, known
as a peptide mask, which makes the chains more hydrophilic and targets them to the blood-

brain bartier’s endothelial cell membrate specifically. The procedure for this synthesis is
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explained at length in Patel et al., Eioconjugate Cher., 8(3):434, 1997, and utilizes common
reagents and equipment familiar to those with skill in the art.

Once introduced into an individual at a peripheral location, the compound travels
throughout the body via the circulatory system, interacting with the endothelial membrane of
the blood brain barrier. Step-wise degradation of the dipeptide mask and the lipid chains
during the transport of the molecule across the epithelial layer of the blood-brain barrier
results in the release of the peptide of the invention into the brain compartment. There the
peptide can interact with receptors on the surface of neurons to exert its effect on brain
function. The time required for the drug to reach the blood brain barrier and be transported
to the brain, with the concomitant degradation of the catrier méiety, alters the kinetics of the
drug’s activity, creating a more stable and longer lasting effect as compared to the

intracerebro ventricular injection of the free peptide.

EXAMPLE 12
Creating peptide formulations that are resistant to enzymatic degradation

~ The following is provided as an exemplary method for creating a formulation of a
biologically active peptide for oral administration that is resistant to the activity of proteases
and peptidases found in and along the surface of the digestive tract. In this example, a
peptide  selected from the group consisting of fragments of CMS-010
(VAPEEHPTLLTEAPLNPX) (wherein said fragments do not comprise the sequence of
CMS-010) and functional derivatives thereof is utilized in the making of a pharmaceutical
formulation: for oral administration to a patient. As described in Larionova efal. (Int. J.
Pharma., 189:171, 1999), the peptide is used in the creation of microparticles with soluble
starch and a protease inhibitor, aprotinin, that is a strong inhibitor of a variety of luminally
secreted and brush border membrane-bound proteases. Briefly, soluble starch, the protease
inhibitor aprotinin and the peptide of the invention are dissolved in‘ an aqueous buffer, The
ratios of soluble starch, aprotinin, and peptide are determined by experimental methods
familiar to one with skill in the art; for example, Larionova et al. utilized in vitro simulated
digestion assays to determine the ratios and preparation conditions most effective for the
protein used in their study. The aqueous solution is emulsified under mechanical agitation in

cyclohexane (1:3 ratio, v/v) containing 5% Span-80, a non-ionic surfactant. A terephthaloyl
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chloride solution in chloroform is added to the emulsion and stirring is continued 30 minutes,
during which the starch molecules are cross-linked with the aprotinin and the peptide. The
microparticles created in that process are washed with sequentially with cyclo-hexane, a 95%
ethanol solution with 2% v/v Tween 85 dctergent, 95% ethanol and water, The
microparticles are resuspended in water and lyophilized. The lyophilized compound can be
placed into gelalin capsules for oral delivery to the individual in need of treatment.

Once ingested, the compound is released as the gelatin capsule dissolved. The
microparticles are broken down in the small intestine by the action of o amylase on the
starch molecules, leading to the gradual release of aprotinin and the peptide of the invention.
The concurrent release of the potent protease inhibitor aprotinin at the same time and location
of the peptide decreases the enzymatic degradation of the peptide and increases the
- proportion of intact peptide available for absorption through the gut membrane.

While the present invention has been described using the aforementioned methods
and data and the specific examples of fragments of the CMS-010 peptide
(VAPEEHPTLLTEAPLNPK) and functional derivatives thereof in some cases, it is
understood that this is an example only and should not be taken as limitation to the present
invention. It should also be understood that fragments of CMS-010
(VAPEEHPTLLTEAPLNPK) (wherein said fragments do not comprise the sequence of
CMS-010) and functional derivatives thereof represents particular embodiments of the
present invention and the same principle of the present invention can also apply to other
fimctionally equivalent peptides that have been modified without affecting the biological
fimction of fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein said fragments do
not comprise the sequence of CMS-010) and functional derivatives thereof. For example,
equivalents of peptide fragments of CMS-010 (VAPEEHPTLLTEAPLNPK) (wherein said
fragments do not comprise the sequence of CMS-010) and functional derivatives thereof
include those that have conservative amino acid substitutions (i.e. any one of the V, A, P, E,
H, 1, A, N, K or T, replaced by another amino acid having a residue within the same
biochemical type such as hydrophobic, hydrophilic, positive or negatively charged groups).
Another example of an equivalent peptide to peptide fragments of CMS-010
(VAPEEHPTLLTEAPLNPK) (wherein said fragments do not comprise the sequence of
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CMS-010) and functional derivatives thereof is a skighfly longer peptide, such as one or two
amino acids longer, that retsins the same biological activities. Furthermore, although the
disease or disorder deseribed above for the medical application of fragments of CMS-010
(VAPFRHPTLLTEAPLNPK) fwherein said fiagmenis do not comprise the sequence of
CMS-010) and functional derivatives theteof specifically recite .ccll proliferative and
mmmunelogicul disorders and/or diseases, these medical applications are nsed as novu;]imiﬁng
cxamples only and showld not be used to Himil ihe seope of the claims. Tt is cloar that there
are other possiblefintendesd vses of frapments of CMS-010 (VAPEEHPTLLTEAPLNEK)
(wherein g0id fugments do not comprise the sequence of CMS-010). and fimotional
derivatives thercof, such as for use as a health fuod supplement to modylate the immune
system of a normal person or a paticrrt with any immune and/or cell praliferative disorders
and/or diseases. Any such uses aiso fall within the scope of the present invention.

In this specification where reference has been made to patent Epeciﬁc.ations, other external
documents, or other svurces of icformation, this is generafly for the purpose of providing a
context for discussing the features of the invention. Unfess specifically stared otherwise,
reference to such external documents is not to be construed as an ad:nission that such
documents, or such sources of information, in any jurisdiction, are prior art, or form part of the

common general knowledge in the arl.
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WHAT IS CLAIMED IS:

A substantially pure peptide consisting of the amino acid sequence of SEQ ID
NO. 24,

A pharmaceutical composition comprising 4 substantially pure peptide consisting
of the amino acid sequence of SEQ ID NQ. 24.

A pharmaceutical composition according to claim 2, wherein the eflect of the
administratton of said peptide compriscs an effect selected from the group

consisting of the suppression of coll prolifcration, the suppression of tumor

growth, and the modulation of immune system.

A pharmaceutical composition according to claim 3, wherein said cell
proliferation is the development of sarcoma cells in vivo.

A pharmaceutical composition according to claim 3, wherein said modulation of
immune system is a modulatjon selected from the group consisting of
T-lymphacyte transformation in vivo, T-lymphocyte transformation by ConA in
vitro, and NK. cells cnhancement,

A method of muking 4 pharmaceutical composition comprising providing o
peptide consisting of the amino acid sequence of SEQ ID NO. 24, and admixing
said peptide with a pharmaceutically acceplable carrier.

Use of a substantially pure peptide consistir.g of the amino acid sequence of SEQ
ID NO. 24 in the manufucture of a medicament for reducing the effects of a
human disease.

Use of a substantially pure peptide according to claim 7, wherein said human
disease is a condition selected from the group consisting of a cell proliferative
disorder and an ismunological disorder.

Use of a substantially purc peptide aceording to claim 8, whercin said ccll
proliferative disorder isa céndition selected from the group consisting of cancer,

52

COMS ID No: ARCS-212226  Received by IP Australia: Time (H:m) 13:14 Date (Y-M-d) 2008-11-05

-55-




A J Park

26 Nov 2010

2005238173

14,

16.

10.

26/11/2010 3:53:44 p.m. PAGE 20/041 Fax Server

proliferative disorder is a cendition selected from the grous consisting of cancer,
a sarcoma and a tumnor.
Usc of a substantially pure peptide cotisisting of the arnino acid sequence ol SEQ
1 NO. 24 in the manufacture of a medicament for maodulating e immune
system.
Usc of a substaniially pure peytide as 5 pharmaceutica! compoud, said peptide
consisting of the umino acid seqsence of SEQTD NG, 24,
Use of a substantially pure peptide accerding to claim 11, whercin suid
compound is used for trealing a disease state sclocted from the BLOUR COnSISting
ol cell proliferative disorder and an isznunelogical disorder.
Use of a substantially pure peptide as 4 pharmacentical compound according to
claim 12, wherein said cell profiferative disorder is a condition selected from the
group consisting of cancer, a sarcorra and a tamor.
Use of a substantially pure peplide as an immure system modulator, said peptide
consisting of the amino acid sequence of SEQ 11 NG, 24.
Use of a substantially purc peptide according 1o claim 14, wherein said
modulation is sclected from  the group  comsising  of T-lymphocyte
transformation in vive, T fymphocyic fransiomation by ConA in vitro, and NK
cells enhancement.
Use of a substantially purc pepiide 25 » mutdtiona! sy pplement, said peptide

consists of the amine ueid sequence of SEQ 1D NO. 24,

w
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SEQUENCE LISTING

<110> PEPHARM R&D LIMITED
SENIOR, ALAN MURRAY

<120> BTOLOGICALLY ACTIVE PEPTIDE VAPEEHPTLLTEAPLNPK DERIVATIVES
<130> N.94504 SER

<150> US 60/566,455
<151> 2004-04-28

<160> 31
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 18

<212> PRT

<213>» Sus screofa

<220>

<400> 1

Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn
1 5 10 15

Pro Lys

<210> 2

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> Syntlketic peptide sequence

<400> 2

Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro
1 5 10 15

Lys BN

<210> 3

<211> 17

<212> PRT

<213> Artificial Segquence

<220>
<223> Synthetic peptide sequence

<400> 3

Val Rla Proc Glu &lu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn
1 5 10 15

Pro
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<210> 4

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 4
Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro Lys
1 5 0 15

<210> 5

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide seguence

<400> 5
Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn
1 5 1C 15

<210> 6

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 6
Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu
1 5 B 10 15

<210> 7

<211> 14

<212> PRT

<213> Artificial Seguence

<220> )
<223> Synthetic peptide sequence-

<400> 7
Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro
L 5 10

<210> 8

<211> 14

<212> PRY

<213> Artificial Sequence

<220>
<223> Synthatic peptide sequence

<400> 8
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Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro Lys
Z 5 10

<210> 9

<211> 13

<212> ERT

<213> Artificial Seguence

<220>
<223> Synthetic peptide sequence

<400> 9

His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro Lys
z 5 10

<210> 10

<211> 12

<212> ERT

<213> Artificial Seguence

<220>
<223> Synthetic peptide sequence

<400> 10
Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu
1 . 5 . 10

<210> 11

<£211> 12

<212> ERT

<213> Artificial Seguence

<220>
<223> Synthetic peptide sequence

<400> 11
Ero Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro Lys
1 5 10

<210> 12

<211> 11

<212> ERT

<213> Artificial Seguence

<220>
<223> Synthetic peptide sequence

<400> 12
Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr
1 5 10

<210> 13

<211> 11

<212> PRT

<213> Artificial Sequence
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<220> )
<223> Synthetic psptide sequence

<400> 13
Thr Leu Leu Thr Glu Ala Pro Leu Asn Pro Lys
1 5 10

<210> 14

<211> 10

<21Z> PRT

<213> Artificial Sequence

<22C>
<223> Synthetic peptide sequence

<400> 14
Val Ala Pro Glu Glu His Pro Thr Leu Leu
1 5 10

<210> 25

<211> -0

<212> PBRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 15
Leu Leu Thr Glu Ala Fro Leu Asn Pro Lys
1 5 10

<210> 16

<211> 9

<212> PRT

<213> Artificial Sequence

<220> . .
<223> Synthetic peptide sequence

<400> 16
Val Ala Pro Glu Glu His Pro Thr Leu
1 5

<210> 17

<zll> ¢

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide saquence

<400> 17

Leu Thr Glu Ala Pro Leu Asn Pro Lys
1 5

<210> 18
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<211> 8
<212> PRT
<213» Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 18
Val Ala Pro Glu Glu His Pro Thr
1 5

<21C> 19

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 19 .
Thr Glu Ala Pro Leu Asn Pro Lys
1 5

<210> 20
<211> 7

<212> PRT .
<213> Artificiel Sequence

<220>
<223> Synthetic peptide seguence

<400> 20
Val Ala Pro Glu Glu His Prc
1 5

<210> 21

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide segquence

<400> 21
Glu Ala Pro Leu Asn Fro Lys
L 5

<210> 22

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide seguence

<400> 22
Ala Pro Leu Asn Pro Lys
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<210> 23

<211> 6

<212> PRT

<213> Artificial Sequence

<220> .
<223> Bynthetic peptide sequence

<400> 23-
val Ala Pro Glu Glu His
1 5

<210> 24

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequerce

<400> 24
Pro Leu Asn Pro Lys
1 5

<210> 25

<211> 5

<212> PRT

<213> Artificial Secguence

<220>
<223> Synthetic peptide sequence

<400> 25
vVal Ala Pro Glu Glu
1 5

<210> 26

<212> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 26
Leu Asn Pro Lys
1

<210> 27

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
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<223> Synthetic peptide sequence

<400> 27
Val Ala Pro Glu
1

<210> 28

<211> 3

<212> PRT

<213> Artificial Seguence

<220>
<223> Synthetic peptide sequence

<400> 28
Asn Pro Lys
1

<210> 29

<211> 2

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide seguence

<400> 28
Val Ala
1

<210> 30
<212> 5
<212>» PRT

<213> ArtiZficial Sequence

<2205
<223> Synthetic peptide sequence

<400> 30
Val Ala Leu Leu Thr
1 5

<210> 31

<21i» 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic peptide sequence

<400> 31
val Ala Asn Pro Lys
1 5
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