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Abstract

The present invention provides a peptide comprising the
amino acid sequence of any of the formulas (I)-(III) below:
(I) an amino acid sequence of (X1)[D]P[D] (X2)[D] wherein X1 is
W or F, X2 is S or T, and each amino acid symbol immediately
followed by symbol [D] is a D form of the amino acid,
(I1) an amino acid sequence of P[D]T[D] (X), F[D] wherein (X),
is any amino acid in the number of n selected independently of
each other, n is an integer of 0-4, and the symbol [D] is as
defined above,
(III) an-amino acid sequence that is a Retro-inverso of the

amino acid sequence of any of the aforementioned (I) and the

aforementioned (II);

and a conjugaté containing the peptide and a functional part.
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= DESCRIPTION

Title of the Invention: MALIGNANT‘TUMOR TARGET PEPTIDE
[Technical vE‘ield}

[0001]

The present invention generaily relates to the field of
cancer bioclogy, and more particularly to peptides:that bind to
annexin Al and use thereof.

{Background Art]
[0002]

Among brain tumors, many tumors originating fron’meninges,
brain or spinal nerve, such as meningiomas and schwannomas, are
benign brain tumors and can be completely cured i1f they ¢én be
removed by surgery. In contrast, neurocepithelial tumors
including glioma are basically malignant brain tumors.
Especially, gradé 4 glioblastoma shows extremely pbor pfognosis
(5~year survival rate is about 10%) even if radiation therapy
and chemotherapy are performed after removal by craniotomy. A
major reason for the lack of effective chemotherapy for brain
tumor is the presence of a blood-brain barrier. On the other
hand, temozolomide, which is a new drug effective for )
glioblastoma, was approved in Japan in 2006. This drug has a
very small molecular weight (194 Da) and was clarified to be
able to cross the blood-brain barrier by diffusion. However,
the drug has only been able to extend life expectancy from 12
months to 16 months. To dramatically improve the treatment
results for malignant brain tumor in the future, therefore, it
is essential to develop a therapeutic drug that accumulates in
the brain tumor at an overwhelmingly high concentration and can
actively cross the wall of vascular endothelium, rather than a
passive methbd relying on the diffusion of small moleculeé as
for the blood-brain barrier. '

[0003]

Recently, the economic burden on patients is becoming

increasin§ly heavy due to the rising research and development

expenses and the widespread use of antibody pharmaceuticals.
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In the future, this trehd‘is‘cénsidered to be further
accelerated by the sophisticatibn of medical care such as
diagnosis system by genetic infdrmaﬁion and the like. Tn
addition, the impact of these soaring drug prices on national
health care costs is also immeasurable. Furthermore, expensive.

antibody pharmaceuticals become inaccessible to underdeveloped

countries, leading to further medical inequality on a global

scale. If measures are to be taken for the above-mentioned

'problems from a longer—term perspective, it is necessary to

éxplore the possibility of inexpensive biopharmaceuticals such
as short-chain peptides in the future in addition to the

pursuit of a superior drug seed.

[0004]

Fukuda, one of the present inventors, hosted a laboratory
in Sanford RBurnham Prebys Medical Discovery Institute in the
United States for more than 30 years until she was assigned to
the National Institute of Advanced Industrial S@ience‘and
Technology in 2014. During that time, Fukuda succeeded for the
first time in the world iq inhibiting sugar chain-dependent
cancer metastésis by using a peptide mimicking the structure of
sugar chain (non-patent document 1). Furthermore, in the
procéss of examining vascular endothelial receptors interacting
with these sugar chain mimetic peptides, she found that a
peptide named IF7 binds to annexin Al (Anxél) {(non-patent
document 2). BAnxal was clarified by the group of Jan Schnitzer
et al. to be the most specific of the currently known tumor
vessel specific marker molecules and 1s expressed
intracellularly in normal cells but strongly expressed on
luminal surfaces adjacent to the bloodstréam in tumor
neovascular endothelial cells (non-patent document 3). Fukuda
et al. clarified that a drug (IF7-SN38) obtained by binding an
anticancer agent (SN38) to IF7 clears tumor in cancer-bearing
mice at a low dose (non-patent document 2). While IF7 binds to
the N-terminal region of mouse Anxal, the amino acid sequence

in that region is highly conserved between mouse and human.
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Therefore, IF7—SN38'may‘aiso bé useful in human. This finding
was taken up in the “In this issue in PNAS” of the PNAS journal
and the NIH introduced a special‘article. The‘finding further
attracted considerable attention, includihg reports by media

around the world.

- [Document List]

[non-patent documents]
£0005]
non-patent document 1: Fukuda et al., Cancer Reséarch, 60: 450-
6, 2000 , _ ‘
non-patent‘document 2: Hatakeyama et al., Proc. Natl. Acad. Sci
USA, 108: 19587-92,2011
non-patent document 3: Oh et al., Nature 429: 629-35, 2004
[SUMMARY OF THE INVENTION]
EProblems to be Solved by the Inventionj
[0006] v

When IF7 is administered intravenously to cancer-bearing
mice, it reaches the blood vessels surrounding the tumor, after
which IF7 is taken up into vesicles from the luminal side of

vascular endothelial cells and moves to the basal side, where

.it is released into the stroma where cancer cells are present.

Also in mouse vascular endothelial F2 cells, IF7 bound to Anxal
actively traversed tumor vascular endothelial cells by
transcytosis. Therefore, it was suggested that IF7 has an
activity to cross the blood vesselubréin tumor barrier in the
brain tumor. Surprisingly, intravenous injection of
fluorescent-labeled IF7 into brain tumor model mice
transplanted with glioma cells resulted in accumulétion of
fluorescence at a high concentration in the tumor site in the
brain. Fluorescence also crossed blood vessels and reached
cancer cells in the brain stroma. Furthermore, subcutanebus
tumor and brain tumor were created in the same mouse (dual
tumor model), and the therapeutic effect of IF7-5N38 was tested.
As a result, both brain tumor and subcutaneous tumor were

suppressed, and the effect thereof was higher in the brain
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tumor than in the subcutaneous tumor. Similar results were
obtained in B16 melanoma metastatic brain tumor model, and the
resultsvremained same even when the host mouse was changed to
C57BL/6 or SCID strain. These facts indicate that DDS

targeting Anxal not only efficiently cross the blood-brain

“tumor barrier but also provide exéellent therapeutic effects in

brain tumor.

'[00071‘

- As described above, while IF7 has an excellent malignancy
targeting activity, it has two problems for clinical- -
development: low solubility and low stability. First, IE7

peptide is prdtease sensitive and easily dégraded.,.ln fact, in

-an experiment including intravenous administration of A488-IF7

’to healthy mice, the fluorescence signal of the peripheral

blood almost disappeared in about 1 hour. - However, by tail

‘vein administration to cancer-bearing mice, fluorescence of

A488-IF7 recovered from the peripheral blood was significantly
less than in healthy mice. This result suggests that most of
A488-1F7 accumulates rapidly in the tumor while undergoing
degradation. Also, IF7 is highly hydrophobic and causes
difficulty in dosage form, for example, when a compound bound
with an anticancer agent is administered intravenously, a
surfactant needs to be added to avoid precipitation after
dissolution in DMSO.
[0008]

Therefore, it is an object of the present invention to
provide a novel peptide that binds to annexin Al and use

thereof capable of at least partially overcoming the above-

mentioned problems associated with IF7.

(Maans of Solving the Problems]
{0009]

To solve the above-mentioned problems, the present
inventors conducted intensive studies and had an idea of
exploring & D~form peptide capable of binding to annexin Al.

To this end, the present inventors synthesized a D~form peptide
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(D-MC16) in mirror image relation with lé-residue L-form
peptide (L—MCl6) haVing a modifying‘Cys residue added to the N-
terminal 15 residues of Anxal known to bind to IF7, and
screened usiﬁg‘a T7 phage‘iibrary tbyidentify a plurality of 7-
amino acid L-form peptides that bind to D-MC16. They conducted
further studies of a peptide called TIT7 -peptide, which was
particularly promising among the identified L-form peptides.
Asﬁthe inventors predicted, they confirmed'that the D-form
peptide (dTIT7 peptide), which is in mirror image relation with
the TIT7 peptide, binds to Anxal. Furthermore, the present

inventors have demonstrated by in vivo experiments that dTIT7

peptides accumulate in the tumor site when administered to

brain tumor model mice via the tail vein, that dTIT7 péptide
(GA~dTIT7) bound with an anticancer agént (geldanamycin)
markedly inhibited tumor growth when intravenously administered
to cancer-bearing mice, thus causing massive necrosis in the

tumor site, and that oral administration of GA-dTIT7 suppressed

" tumor growth in both brain tumor model mice transplanted with

Cé cells into the brain and brain metastasis model mice
transplanted with B16 cells into the brain, the‘tumor continued
to reduce even after cessation of drug administration, and
complete cure was finally achieved in some animals.

[0010]

The present inventors have conducted further studies
based on the above results, and have completed the present
invention. The present invention is as follows.

[1] A peptide comprising the‘amino acid sequence of any of the
formulas (I)=-(IIL) below: ] y

(I) an amino acid sequence of (Xi)[D]P{D](Xé)[D] wherein X1 is
Wor F, X2 is 8 or T, and each amino acid symbol immediately
followed by symbol [D] is a D form of the amino acid,

(II) an amino acid sequence of‘P[D]T[D](X)n F[D] wherein (X),
is any amino acid in the number of n selected independently of
each other, n is an integer ¢f 0-4, and the symbol [D] is as

defined above,
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(III) an amino acid sequence ‘that is a Retro-inverso of the

" amino acid sequence of any of the aforementioned (I) and the

0 L

15

20

afcrementloned (IT).

[2) A peptide comprising the amino acid sequence of any of the

following (i)-(vii) (in the following sequences, symbol [D] is

—aé defined above):

(i) an amino acid'sequence of T[D] I[D] T[D] WI[D] P[D] T[D]
M[D], ’ '

' (ii) an amino acid sequence of L[D] R[D] F[D] P[D] T(D] V(D]

(D],
(111) an amino ac1d sequence of L[D] L{ D] S[D] W[D] P[D] SED]

A[D],

(iv) an amino acid sequence of S[D] P[D] T{D] S[D] L[D] LD}

F{Dl, ‘ ‘
(v) an amino acid sequence of M[D] P[D] T[D] L{D] TI[D] F[D]

R[DI,

(vi) an amino acid sequence of any of the aforementioned (i}-

(v), in which 1 or several amino acids are inserted,
substituted or deleted, or these are combined,

(vii) an amino acid sequence‘thaﬁ'is a Retro-inverso of the
amino acid seqﬁence of any of the aforementioned (i)w(vi).

[3] The peptide of [2], comprising the amino acid sequence. of

. the above-mentioned (i).

25

30

35

[4] The peptide of [2], consisting of the amino acid sequence

of the above-mentioned (i) .

[3] A conjugate comprising the peptide of any of [1] to [4],
and one or more components.

[6] The conjugate of [5], wherein the one or more components
comprise an anticancer agent.

[7] The conjugate of [6], wherein the above-mentioned
anticancer agent is selected from the group consisting of an
antimetabolite, an alkylating agent, an anticancer antibiotic,
a microtubule inhibitbr, a platinum preparation, a
topoisomerase inhibitor, a molecular targeting agent, and an

anti-angiogenic agent.
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[8] The conjugate of [6] or [7], which is selected from the

group consisting of

enocitabine, capecitabine, carmofour, cladribine, gemcitabine,

cytarabine, cytarabine ocfosphate, tegafur, tegafur/uracil,
tegafur/Gimeracil/Oteracil potassium, doxifluridine, nelarabine,

hydroxycarbamide, fluorouracil, fludarabine, pemetrexed,

pentostatin, mercaptopurine, methotrexate;

cyclophosphamide, ifosfamide, melphalan, busulfan, thiotepa,
n;mustine,-ranimustine;_dacarbazine,—procarbazine, temozolomide,
carmustine, streptozotocin, bendamustine;

actinomycin D, aclarubicin, gmiubibin;\idarubicin, epirubicin,
zinostatin stimalamer,vdaunorubicin, doxorubicin, ?irarubicin,
bleomycin, peplomycin, mitoﬁycin C, mitoxantrone, liposomal
doxoxubiciﬁ;

vinblastine, vincristine, -vindesine, paclitaxel, docetaxel,
okaliplatin, carboplatin, cisplatin, nedaplatin;

aamptothecin, irinotecan, nogitecan,'SNw38} doxorubicin,
etoposide, levofloxacin, ciprofloxacin;

legolafenib, cetuximab, panitumumab, ramsilmab, gefitinib,
erlotinib, afatinib, crizotinib, alectinib, ceritinib,
libertinib, trastuzumab, lapatinib, pertuzumab, sunitinib,
sorafenib, axitinib, pazopanib, nivolumab, pembrolizumab,
ipilimumab, vemurafenib, everolimus, temsirolimus, rituximab,
bevacizumab, geldanamycin;

anglostatin, endostatin, metastatin, anti~VEGF antibody and
VEGFR-2 inhibitor. ,

[9] The conjugate of [5], wherein the one or more components
comprise a detectable substance.

[10] The éonjugate of i9}, wherein the detectable substance
enables detection of the conjugate in vivo by a means selected
from the group consisting of X~-ray photography, com@uted
tomography (CT), nuclear magnetic resonance imaging (MRI),
ultrasonography, scintigraphy, positron emission tomography
(PET), endoscopy and laparoscopy.

{11] The conjugate of {9} or [10], wherein the detectable

7
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‘substance is a radioisotope, 'an MRI enhancer, a radiopaque

substance, a contrast agent or a fluorescent substance,

,Elé] The coﬁjugate of any of [9] to [11], wherein the

detectable substance is selected from the group consisting of

a radioactive nuclide selected from 18p, Slvp, Mp, S2pe, %5Co,
GQCu, 64Cu' SsGaf 7?As, 75Br, 7GBr’ GZmRb' 83SI' asY; anr, Bémfc, lioln,
1207 1247 and the like. Examples of the radioactive nuclide
uéeful for detection of y ray include *cr, *’Co, *co, *Fe, ®'Cu,
67Ga’ 'iSSe’ WRUf 99mTC,v 11111.1’ 1141“111, 12315 .'LQSIF 1311’ 169Yb, 197Hg
and 2'T1; , ' "

a paramagnetic ion selected from chﬁomium (I11), manganese (II),
iron{ITT), iron(II), cbbalt(II), nickel (I1), copper(I1I), 7
neodymium (IIT), samarium (III), ytterbium (III), gadolinium
(I11), vanadium‘(II), terbium (11I), dysprosium (III), holmium
(IT1) and erbium (III), 7 | | 2

lanthanum (I1I), gold (III), lead (II), bismuth (III):

an iodine compoﬁnd, a barium compound, a gallium compound, a
thallium compound;

rhodamine, fluorescein, Cy dye, Alexa (registered trademark)
Fluor, phycoerythrin (PE), allophycocyanin (APC), derivatives
thereof and a near infrared fluorescent reagent.

[13] A composition comprising the peptide of any of [1] to [4]
or the conjugate of any of [5] to [12], and a pharmacologically

acceptable carrier.

[(14] A composition for the treatment of cancer, comprising the
conjugate of any of [6] to [B], and a pharmacologically
acceptable carrier.

[15] A composition for testing for cancer; comprising the
conjugate of any of [98) to [12], and a pharmacologically
acceptable carrier. "

[16] The composition of [14] or [13], wherein the cancer is a
solid cancer or a liguid cancer.

[17] The composition of [16], wherein the solid cancer is an
angiogenic solid cancer.

[18] The composition of [16] or [17], wherein the solid cancer

8
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is cancer of the brain or nervous system, cancer of the head and
neck, cancer of the digestive tract, cancer of the urinary or
reproductive organ, cancer of the regpiratory system, cancer of
the breast, cancer of the skin, cancer of the bone, or cancer of
the muscle.
[19] The composition of any of [16] to [18], wherein the solid
cancer is brain tumor, spinal cord tumor, laryngeal cancer, oral
cancer, salivary gland cancer, paranasal sinus cancer, thyroid
cancer, stomach cancer, esophageal cancer, small intestine
cancer, colon cancer, rectal cancer, anal cancer, liver cancer,
biliary tract cancer, pancreatic cancer, kidney cancer, kidney
cell cancer, bladder cancer, prostate cancer, renal pelvis and
ureter cancer, gall bladder cancer, bile duct cancer, testis
cancer, penile cancer, uterine cancer, endometrial cancer,
uterine sarcoma, cervical cancer, vaginal cancer, vulvar cancer,
ovarian cancer, fallopian tube cancer, lung cancer, breast
cancer, malignant melanoma, osteosarcoma or rhabdomyosarcoma.
{20] The composition of [19], wherein the solid cancer is a
benign or malignant brain tumor.
{211 The composition of [20], wherein the brain tumor is a
primary brain tumor or a metastatic brain tumor.
[22] The composition of [20] or [21], wherein the brain tumor is
meningioma, pituitary adenoma, schwannoma, astrocytoma,
oligodendroglioma, anaplastic astrocytoma, anaplastic
oligodendroglioma, anaplastic oligoastrocytoma or glioblastoma.
[23] The composition of [16], wherein the liquid cancer is B-cell
lymphoma.
f0D10A]

The present invention as claimed relates to:
[1] A peptide comprising the amino acid sequence T[D] I[D] TI[D]
W[D] P[D] TID] M[D], wherein each amino acid symbol immediately

9
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followed by symbol [D] is a D form of the amino acid;

2] A peptide consisting of the amino acid sequence T[D] I[D]
T[{D] W[D] P[D] T[D] M[D], wherein each amino acid symbol
immediately followed by symbol [D] is a D form of the amino acid;
[3] A conjugate comprising the peptide according to [1] or [2],
and one or more components;

f4] The conjugate according to [{3], wherein the one or more
components comprise an anticancer agent;

[5] The conjugate according to [4], wherein the anticancer agent
is selected from the group consisting of an antimetabolite, an
alkylating agent, an anticancer antibiotic, a microtubule
inhibitor, a platinum preparation, a topoisomerase inhibitor, a
molecular targeting agent, and an anti-angiogenic agent;

[6] The conjugate according to [4] or [5], wherein the anticancer
agent is selected from the group consisting of

enocitabine, capecitabine, carmofour, cladribine, gemcitabine,
cytarabine, cytarabine ocfosphate, tegafur, tegafur/uracil,
tegafur/Gimeracil/Oteracil potassium, doxifluridine, nelarabine,
hydroxycarbamide, fluorouracil, fludarabine, pemetrexed,
pentostatin, mercaptopurine, methotrexate;

cyclophosphamide, ifosfamide, melphalan, busulfan, thiotepa,
nimustine, ranimustine, dacarbazine, procarbazine, temozolomide,
carmustine, streptozotocin, bendamustine;

actinomycin D, aclarubicin, amrubicin, idarubicin, epirubicin,
zinostatin stimalamer, daunorubicin, doxorubicin, pirarubicin,
bleomycin, peplomycin, mitomycin C, mitoxantrone, liposomal
doxorubicin;

vinblastine, vincristine, vindesine, paclitaxel, docetaxel,
oxaliplatin, carboplatin, cisplatin, nedaplatin;

camptothecin, irinotecan, nogitecan, SN-38, etoposide,

levofloxacin, ciprofloxacin;

9a
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legolafenib, cetuximab, panitumumab, ramsilmab, gefitinib,
erlotinib, afatinib, crizotinib, alectinib, ceritinib,
libertinib, trastuzumab, lapatinib, pertuzumab, sunitinib,
sorafenib, axitinib, pazopanib, nivolumab, pembrolizumab,
ipilimumab, vemrafenib, everolimus, temsirolimus, rituximab,
bevacizumab, geldanamycin;

angiostatin, endostatin, metastatin, anti-VEGF antibody and
VEGFR-2 inhibitor;

[7] The conjugate according to [3], wherein the one or more
components comprise a detectable substance;

[8] The conjugate according to [7], wherein the detectable
substance enables detection of the conijugate in vivo by a means
selected from the group consisting of X-ray photography, computed
tomography {(CT), nuclear magnetic resonance imaging (MRI),
ultrasonography, scintigraphy, positron emission tomography
(PET), endoscopy and laparoscopy:

[9] The conijugate according to [7] or [8], wherein the detectable
substance is a radioisotope, an MRI enhancer, a radiopaque
substance, a contrast agent or a fluorescent substance;

{10] The conjugate according to any one of [7] to [9], wherein
the detectable substance is selected from the group consisting of
a radioactive nuclide selected from %F, 5Mn, °%2"Mn, %2Fe, °%°Co,
62Cu, 64Cu, ©8Ga, 72As, 75Br, 76Br, 82mRhb, 833y, 86Y, 897y, 9mTc, 1101p,
1207, 1247, 5iCy, 57Co, 58Co, 59Fe, ¢'Cu, 67Ga, 75Se, 97Ru, 9mT¢, 111In,
114mTyp, 1237, 1257, 1317, 169Yb, 197Hg and 201T1;

a paramagnetic ion selected from chromium (III), manganese {(II1),
iron(III), iron{II), cobalt(II), nickel(II), copper(IIl),
neodymium (IIT), samarium (III), ytterbium (III), gadolinium
(I1I1), vanadium (II), terbium (III), dysprosium (III), holmium
(II1) and erbium (III), lanthanum (III), gold (III), lead (II),
bismuth (III);

%b

Date Recue/Date Received 2022-08-15



85026686

an iodine compound, a barium compound, a gallium compound, a
thallium compound;

rhodamine, fluorescein, Cy dye, Alexa (registered trademark)
Fluor, phycoerythrin (PE), allophycocyanin (APC), derivatives
thereof and a near infrared fluorescent reagent;

[11] A composition comprising the peptide according to [1] or [2]
or the conijugate according to any one of [3] to [10], and a
pharmacologically acceptable carrier;

[12] A composition for use in the treatment of cancer, comprising
the conjugate according to any one of [4] to [6], and a
pharmacologically acceptable carrier;

{131 A composition for use in testing for cancer, comprising the
conjugate according to any one of [7] to [10], and a
pharmacologically acceptable carrier;

f14] The composition for use according to {12} or [131, wherein
the cancer is a solid cancer or a liquid cancer;

[15] The composition for use according to [14], wherein the solid
cancer 1s an angiogenic solid cancer;

[16] The composition for use according to [14] or [15], wherein
the solid cancer is cancer of the brain or nervous system, cancer
of the head and neck, cancer of the digestive tract, cancer of
the urinary or reproductive organ, cancer of the respiratory
system, cancer of the breast, cancer of the skin, cancer of the
bone, or cancer of the muscle;

[17] The composition for use according to any one of [14] to
[{16], wherein the solid cancer is brain tumor, spinal cord tumor,
laryngeal cancer, oral cancer, salivary gland cancer, paranasal
sinus cancer, thyroid cancer, stomach cancer, esophageal cancer,
small intestine cancer, colon cancer, rectal cancer, anal cancer,
liver cancer, biliary tract cancer, pancreatic cancer, kidney

cancer, kidney cell cancer, bladder cancer, prostate cancer,

9c
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renal pelvis and ureter cancer, gall bladder cancer, bile duct
cancer, testis cancer, penile cancer, uterine cancer, endometrial
cancer, uterine sarcoma, cervical cancer, vaginal cancer, vulvar
cancer, ovarian cancer, fallopian tube cancer, lung cancer,
breast cancer, malignant melanoma, osteosarcoma or
rhabdomyosarcoma;

18] The composition for use according to {171, wherein the solid
cancer is a benign or malignant brain tumor;

[19] The composition for use according to [18], wherein the brain
tumor is a primary brain tumor or a metastatic brain tumor;

{20] The composition for use according to [18] or [19], wherein
the brain tumor is meningioma, pituitary adenoma, schwannoma,
astrocytoma, oligodendroglioma, anaplastic astrocytoma,
anaplastic oligodendroglioma, anaplastic oligoastrocytoma or
glioblastoma;

[21] The composition for use according to [14], wherein the
liquid cancer is B-cell lymphoma;

[22] Use of the conjugate according to any one of [4] to [6] for
the treatment of cancer;

23] The use according to [22], wherein the cancer is a solid
cancer or a liguid cancer;

[24] The use according to [23], wherein the solid cancer is an
angiogenic solid cancer;

[25] The use according to [23] or [24], wherein the solid cancer
is cancer of the brain or nervous system, cancer of the head and
neck, cancer of the digestive tract, cancer of the urinary or
reproductive organ, cancer of the respiratory system, cancer of
the breast, cancer of the skin, cancer of the bone, or cancer of
the muscle;

[26] The use according to any one of [23] to [25], wherein the

solid cancer is brain tumor, spinal cord tumor, laryngeal cancer,

9d
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oral cancer, salivary gland cancer, paranasal sinus cancer,
thyroid cancer, stomach cancer, esophageal cancer, small
intestine cancer, colon cancer, rectal cancer, anal cancer, liver
cancer, biliary tract cancer, pancreatic cancer, kidney cancer,
kidney cell cancer, bladder cancer, prostate cancer, renal pelvis
and ureter cancer, gall bladder cancer, bile duct cancer, testis
cancer, penile cancer, uterine cancer, endometrial cancer,
uterine sarcoma, cervical cancer, vaginal cancer, vulvar cancer,
ovarian cancer, fallopian tube cancer, lung cancer, breast
cancer, malignant melanoma, osteosarcoma or rhabdomyosarcoma;
{27] The use according to [26], wherein the solid cancer is a
benign or malignant brain tumor;
[28] The use according to [27], wherein the brain tumor is a
primary brain tumor or a metastatic brain tumor;
{291 The use according to [27] or [28], wherein the brain tumor
is meningioma, pituitary adenoma, schwannoma, astrocytoma,
oligodendroglioma, anaplastic astrocytoma, anaplastic
oligodendroglioma, anaplastic oligoastrocytoma or glioblastoma;
[30] The use according to [23], wherein the ligquid cancer is B~
cell lymphoma.
[Effect of the Invention]
[0011]

According to the present invention, a novel peptide
that binds to annexin Al is provided.

As evident in the case of erythropoietin and recent
anti-PD-1 antibodies, clinically successful pharmaceuticals have

a very high specificity of expression of the biomolecule targeted

9e
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by drugs. Since annexin Al targeted:by‘the peptide of the
present invention is the most specific molecule among the

currently known neovascular target markers of malignant tumor,

" an anticancer agent in which the peptide of the present
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invention is combined may exhibit a superior therapeutic effect
compared to the existing anticancer agents. '

In particular, the peptide-anticancer agent coﬁjugate is
not only capablé of accumulating an anficancer agenf in
malignant tumor with high efficiency but is also protease
resistant, thus allowing for a reduction in the number of
effective doses and even lower doses. In addition, complete
cure of the malignént tumor may be expected by the COmbihed use

cf an anticancer agent and immunotherapy, since the immune

.system is considered to be preserved.

The characteristic feature of annexin Al is thatrit is
expressed on the blood side of neovascular endothelial cell
formed in a tumor, and when bound on the blood side with a
ligand such as the peptide of the present inventioh, the ligand
is transported to the basal side by transcytosis and is
actively released into the stroma where cancer cells are
present. This property'may also serve as a mechanism to
actively cross the vascular brain barrier. The peptide of the
present invention targeting annexin Al, unlike conventional
angiogenesis inhibitors (Avastin) and temozolomide (described
above), allows the treatment of malignant brain tumor by an

innovative mechanism. That is, currently, chemotherapeutic

_agents that cross the blood-brain barrier, that accumulate in

tumor tissue, and that can be stable in the body and
adminis;ered brally‘have been developed, but a chemotherapeutic
agent combining all of them does not exist except the‘péptide
of the present invention (Fig. 10).

Since the peptide of the present invention can be
combined with various anticancer agents, it can afford a wide
raﬁge of physioclogical activity.

The present invention opens a breakthrough for the
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treatment of brain tumors. In addition, ANXAl is known to be
expressed on vascular surfaces of various malignant tumors, and

a dTIT7-bound anticancer agent is expected to be clinically

appiicable as a therapeutic agent for not only brain tumor but

-also a wide range of cancers.

inraddition, since the péptide of the present invention
permits easy chemical synthesis and modification, it is highly
promising as a middle molecular biopharmaceutical replacing the
antibody pharmaceuficals. In particular, since the peptide of
the presént invention:can be a short chain peptide (e.qg., 7

residues of amino acids), it can be produced economically by

~chemical synthesis.

Furthermore; the peptide of the present invention and a
conjugate éontaining the peptide and other functional part have
excellent stability and can also be used as pharmaceuticals for
oral administration. Qliniéal trials are therefore also easy.
After actually approvéd as a medical drug, it can be spread as
a pharmaceutical even in the underdeveloped countries where
medical facilities are scarce.

[0012] '

In addition, a conjugate containing the peptide of the
present invention and a detectable substance is useful in, for
example, cancer diagnostic applications. The present inventors
attempted'PET testing of mice using IF7 in the past, but no
tumor-gpecific images were'obtained. The reason for the:
failure is considered to be that IF7 bound to a radiocactive
reagent was buried inside the compound due to the high
hydrophobicity of IF7. The peptide of the present invention
can be water soluble and thus can overcome this problem. The
peptide of the present invention permits rélatively easy
modification of, for example, the N-terminzl, can labeled with
reagents for 3D Imaging such as PET, and can be developed as a
diagnostic égent.

[Brief bescription of the Drawings]
[0013]

11
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Fig. 1 shows a brain tumor targeting effect of IF7.
Brain tissue sections after intravenous administration of IF7-
B488 to brain tumor model mice. A488 (left) and Hbechst (right,
tumor site). RQ7 is an inverse sequence‘ﬁegative control of
IF7. Bars; 5 mm. o '

Fig. 2 shdws a fluorescence microscopic image of brain

tumor tissue section from mouse treated with the fluorescently

labeled IF7. An enlarged view of the brain tumor tissue
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section shown in Figure 1. Vasculér endothelial cell was
stained with CD31 specifid antibody (red). IF7-A488 (gfeeh)
passed through blood vessels to reach cancer cells in thé:
Stroma} RQ7‘is an inverse sequence control of TF7. Bars; 40
pm. 7 A :

v Fig. 3 explains a Dual Tumor Model Mouse. To inVeétigate
the influence on the vascular-brain tumor barrier "(BBTB),
luciferase (Luc)-expressing cancer cells were transplanted into
the brain and under the skin of one mouse to créaﬁe a tumor.
When BBTB inhibits penetration of the anticancer drug‘ .
administered via the tail vein into the brain tumor (BBTB+),
the effects of the anticancer drug appear only in the
subéutaneous tumor. On the other hand, when the anticancer
drug”penetrates the brain tumor (BBTB-), it is effecﬁive in
both the brain and subcutaneous tumors. o

Fig. 4 shows therapeutic effects of IF7-SN38 on brain
tumor. C6-Luc cells (cells forcedly expressing luciferase in

rat glioma) were transplanted into the brains and undexr the

skin of immunodeficient SCID mouse to create tumor to give a

dual tumor model. IF7-SN38 was administered daily via the tail
vein, luminescence due to luciferase activity in the tumor was
measured and viability of C6-Luc cells was determined. IF7-
SN38 not only inhibited the growth of brain tumor, but also
inhibited brain tumor more strongly than the subcutaneous tumor.
Fig. 5 shows quantitative analysis of fluorescence
remaining in the blood of A488-IF) administered intravenously

to cancer bearing mice and healthy mice. A488~I1F7 was

12



10

15

©A 03032775 2019~02~01

administered via the tail vein to mice with subcutaneocus

carcinoma of melanoma Bl6, and peripheral blood was collected

- from the ocular vein over time and fluorescence was measured.

The recdvered fluorescence decreased depending on the size of
the tumor.

Fig. 6 explaihs screening for D-form peptide that binds

to Anxal. . (A) D-form peptide sequence identification method by

mirror image screen. IF7 binds to Anxal N terminal peptide

((1) L-form MC16) consisting of 16 amino acid residues. (2) D-

- form MC16 is synthesized and the sequence binding thereto is

selected. (3) The obtained L~form peptide is synthesized with
D-amino acid to form a D-form peptide that binds to Anxal. . (B)

‘Screening results'of T7 phage library targeting D~MC16. Phage

enrichment was seen for each round. (C) Sequence analysis of

D-MC16 specific T7 phages by next-generation sequencer. (D)

: Enriched'peptides and proportion thereof. (E). Confirmation of
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binding of TIT7 phage to D-MCl6 (plaque formation experiment).
Fig. 7 shows the results of TRDye-dTIT7 administration

experiment. Rat glioma cells (Cé-Luc) forcedly expressing

luciferase were transplanted into the brain of nude mouse to

prepare a brain tumor model mouse. dTIT7 (IRDye-dTIT7,

unpurified product) labeled with near-infrared fluorescent

reagent (IRDye BOOCW)) was injected into the tail vein, and

- fluorescence was observed over time by IVIS Imager.

Accumulation of fluorescence signals was observed in the brain
tumoxr site ‘and kidney after 24 hours. (A) Overall image over
time (B) Enlarged photograph (C) Signal quantification by a
software of IVIS imager. :

Fig. 8 shows the structure of GA-dTIT7 céndensate. An
amino group is introduced into geldanamycin to bind a maleimide
linker. Cysteine is added in advance to the C-terminal of
dTIT7 to perform the synthesis. It is reacted with maleimide
via the sulfhydryl group of the cysteine residue to give GA-
dTIiT7 condensate.r

Fig. 9 shows the results of experiment including oral
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adminigtration of a dru§ 6f dTIT7 bound with an anticancer
agent gerdanamycin (GA)’(GA—dTIT7)‘to a bréin tumor model mouse
every other day. Survival of brain tumor was quantified by
luminescence by luciferase.r GAdeIE7,containing WIPTTMT
(peptide in which the ordei of D-amino acid sequence
constituting dTIT7 was changed) bound with éeldénamycin was
administered as a control to a mouse. A graph (upper righti
quaﬁtifying‘thé ﬁiable cell signal (left) of the malignant
tumor and the survival cuive,(lower right) are shown.

Fig. 10 conceptually explains the targeted treatment of
malignant brain tumor with an IFY, dTIT7-bQund,anticancer agent.
For convenience,‘the blood-brain barriéf was considered to be
present-ébove the neck. General anticancer drugs do not have a
tumor targeting ability. Temozolomide penetrates into brain
tumor to some extent but is not éoncentrated; Avastin acts on
neh blood vessels but does not act direcﬁly onitumo; cell. In

contrast, ‘Anxal-bound peptide crosses the blood-brain tumor

barrier and accumulates only in tumor at a high concentration.

Fig. 11 shows the results of intermolecularAinteractions
of Anxal with dLRF7, dSPT7, dMPT7 and dLL87 peptides. .All
peptides tested shoWed positive binding to Anxal.

- Fig. 12 shows the experiment results of administration of
IRDye-dLRF7, IRDye-dSPT7, IRDye-dMPT7 and IRDye-dLLS7 to brain
tumor model nude mice. All mice, except those injected with
dLLS7, showed strong signals at the brain tumor site, and three
peptides of dLRF7, dMPT7 and dSPT7, other than dLLS87, showed a
brain tumor targeting ability via the vasculature route.
[DETAILED DESCRIPTION OF THE INVENTION]

[0014] |
1. Peptide

The present invention provides a peptide containing the
anmino acid sequence of any of (I)=(III) below.

(I} an amino acid sequence of (X1) [DIP[D](X2)[D] wherein X1 is
Wor F, X2 is S or T,
(I1) an amino acid sequence of P[D]T[D] (X), F[D] wherein (X),

14
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- is any amino acid in the number of n selected independently of
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_each other, n -is an integer of 0-4,

(ITI) an amino acid sequence that is a Retro-inverso of the

aminbvacid séquence of any of the aforementioned (I) and the

aforementioned (II).

- [0015]

The present invention also provideS'a peptide- containing
the amino acid sequence of any of fhe following (i)=-(vii):
(i)} - an amino acid sequénce of T[D] 1I[D] TID] W[D] P[D] T[D]
M(DI, ' A '

(ii) an‘amiﬁo.acid gequence of L[D] R[D] F[D] PI[D] T[D] V(D]
LIpl, - \
(iii)‘an amino acid sequence of L[D] L[D] S[D] W[D] P[D] S[D]

A[DI,
(iv) an amino acid sequence of S[D] P[D] T[D] $[D] L(D] L(D]
F[D], '

(v) an‘amino acid sequence of M[D] P[D] T[D] L[D] T[D] F[D]
R(D], -

(vi) an amino acid sequence of any of the aforémentioned (i)—'
(v), in which 1 or several amino acids are inserted,
substituted or deleted, or these are combined,

(vii) an amino acid sequence that is a Retro-inverso of the

amino acid sequence of any of the‘aforementioned‘(i)a(vi).

" [0016]

In the present specification, the amino acid sequence of
the chain peptide is described according to the conventional
manner of peptide indication with the N-texminal side on the
left side and the C-terminal side on the right side. In
addition, each amino acid symbol with symbolth] immediately
following the amino acid sequence indicates a D form of the
amine acid, and each amino acid symbol without symbol [D]
immediately following the amino acid sequence indicates an L
form of the amino acid, unless contrary to the context. In the
present specification, a peptide containing the amino acid

sequence of any one of the above-menticned (I)-(II) and a
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peptide containing the amino acid sequence of any one of the

above-mehtioned (i)-(vii) are collectively referred to as the

peptide of the present invention.
[0017] ,

The amino acid sequehce of the above-mentioned (I) may be
any of‘W[D] P{D] S[D], W[D] P[D] T[D], F{D] P[D} S[D] and F[D]
P[D] T[D]. |
[0018]
) In the amino acid sequence of thé ébove—mentioned (I1),
the integer n is 0 to 4, preferably 2 to 3. X may be any amino
acid selected independently of each other. o
[0019] , o

The peptide of the present invention may consist of the
amino acid sequence of any of the above-mentioned {I)-(III) and
{i}=-(vii), or may have one or more aminoc acids édded to the N-
terminal. side and/or C—terminalAside'of‘these sequences.
[0020] |

In the present specification, the peptide refers to one
in which two or more amino acids are peptide-bonded. The

length of the peptide of the present invention is not

. particularly limited. The peptide of the présent invention may

contain at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14 or at least 15 amino acids.
The peptide of the present invention may consist of up to 50,
45, 40, 35, 30, 25, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,
9, 8 or 7 amino acids. The peptide of the present invention
may have a length of 3-10, 3-15, 3—20, 3-25, 3-30, 3-40, 3-50,
4-10, 4-15, 4-20, 4-25, 4-30, 4-40, 4-50, 5-10, 5-15, 5-20, 5-
25, 5~-30, 5-40, 5-50, 6-10, 6-15, 6-20, 6-25, 6-30, 6-40, 6F50,
7-10, 7-15, 7-20, 7-25, 7-30, 7-40, 7-50, 8-10, 8-15, 8-20, 8-
25, 8-30, 8-40 or 8~50 amino acids. For example, the peptide
of the present invention may have a length of 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14 or 15 amino acids.

[0021]
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The peptide. of the present invention may be composed of a
combination of a form D amino acid and a form L amino acid. 1In
more detail, all the amino acids constituting ‘the peptide

containing the amino acid sequence of any of the above-

-mentioned (I)-(II) and (i)-(vi) may be form D amino acids, may‘

contain form L aminec acid in addition to form D amino acids,

and all the amino acids constituting the peptide containing the

‘amino acid sequence of the above—mehtioned'(III) or (vii) may

be form L amino acids, or may contain form D amino acid in

addition to form L amino acids. The L~form amino acid may be a

- naturally occurring L-form amino acid and examples. include

glyéine, alanine, leucine, proline; phenylalanine, tyrosine,
methionine, serine, threonine, cysteine, aspartic acid,
glutamic acid, asparagine, glutamine, lysine, arginine,
hydroxylysine, histidine, tryptophan, valine, all of which are
in the L form. The D-form amino acid includes, for example, an
optical'isomer of an L-form amino ééid as described above. In
the present specification, glycine, which is an amino acid that
does not exhibit optical activity, can be read as an L-form and
D-form amino acid unless contrary to the context.
00221 | |

The peptide of the present invention may contain a .
modified or unusual amino acid such as those referred to under
37 C.F.R. 1.821-1.822 and the like. In one embodiment, the

peptide of the present invention does not contain a modified or

-unusual amino acid. Examples of the modified or unusual amino

‘acid include 3~aminoadipic acid, f-alanine, 2-aminobutyric acid,

4-aminocbutyric acid, 6—aminocaproic acid, Z2-aminoheptanoic acid,.
2-aminoisobutyric acid, 3-aminoisobutyric acid, 2-aminopimelic
acid, 2,4-diaminobutyric acid, desmosine, 2,2'-diaminopimelic
acid, 2,3-diaminopropionic acid, N-ethylglycine, N-
ethylasparagine, hydroxylysine, allo-hydroxylysine, 3~ '
hydroxyproline, 4-hydroxyproline, isodesmosine, allo-isoleucine,
N-methylglycine, N-methylisoleucine,76—N—methyllysine, N-

methylvaline, norvaline, norleucine, ornithine and the like.
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- [0023]

~ The amino termihalrand/or carboxy terminal of the peptide
of the present invention mayrbe‘modified; The mddification of
the amino terminal may be methylation (e.g.,-NHCH; or -N(CHa) ),
acetylation (e.g., by acetic acid or its halogenated derivative
thereof), or any prétecting group such as benzyloxycarbonyl
group; carbokylate functionalfgroup {RCOO~} or sulfonyl
funétiOnal group (R-850,-)} (wherein R)is,selected from alkyl,
aryl, héteroaryl, and alkylaryl, and the like may‘be,introdUCed.
Modification of the carboxy terminal include amidation (-CONH),
estefification (nCOOR) and the like. Here, as R in the ester,
for example, a Cyﬁ'alkyl.groub such as methyl, ethyl, n—piopyl,
iscpropyl, n-butyl; a Csg cycloaikyl g;aﬁp such as cyclopentyl,
cyclohexyl; a Cgyz aryl group such as phenyl, a-naphthyl; a -
phenyl~C;» alkyl groﬁp sﬁch as benzyl, phenethyl; a Cia
aralkyl group such as q?ngphthylécbq alkyl group; a
pivaloyloxymethyl group and the like are used.
[0024] 7

The peptide of the present invention may undergo warious

modificationsAother than that at the N-terminal or C-terminal;

Chemical modification may be, for example, methylation,

acetylation, phosphorylation, and the like. When the peptide

of the present invention has a cérboxyl‘group (or carboxylate)
at a site other than the C-terminal, the carboxyl group may be
amidated or esterified. As the ester in this case, for example,
the C-terminal ester described above and the like are used.
Alternatively, the substituents on the side chain of the amino
acid in a molecule (e.g., -OH, -SH, amino group, imidazole
group, indole group, guanidinc group, etc.) may be protected
with an appropriate protecting group (e.g., Cie acyl group such
as C;-¢ alkanoyl group such as formyl, acetyl, etc.).
[0025]

The peptide of the present invention containing the amino
acid sequence of the above-mentioned (vi) may contain a partial

sequence consisting of four consecutive amino acids, a partial
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sequence consisting of five consecutive amino acids, or a
partial sequence consisting of six consecutive amino acids in

the amino acid sequence of the above-mentioned éi)4(v); To be

, specific, for example, when the original amino acid sequence is

the amino acid sequence of the above-mentioned {1y, the péptide
may contain the amino acidisequence Qf,T{D} T[D] TID] W[D],_the‘
amino acid sequence of I[D] T[D] W[D] P[(D]}, the amino acid
sequence of T[D] W[D] P[D] T[D], the amino acid sequence of

'W[D] P[D] T[D] M[D], the amino acid sequence of T[D] I[D] T[D]

W[D] P[D]}, the amino acid sequence of I[D] T[D] WID] P[D] T[D],

.the amino acid sequence of T[D] W[D] P{D]'T[D] M[D]}, the amino

acid sequence of T[D] I[D] TI[D] W[D] P[D] T[D] or the amino
acid sequence of 1[D] T[D]VW[D] P[D] T[D] M[D].

[0026]

The position of mutation (i.e., insertion, substitution,
deletion, and combination thereof) ip the amino acid seguence
of the above-mentioned (vi) is not particularly limited. The
muﬁation may consist of (a) insertion only, {(b) substitution
only, (c) deletion only, (d) insertion and substitution only,
(e) insertion and deleticn only, (f) substitution and deletion
only, or (g) a combination of insertion, substitution and
deletion. The number of mutation in the above-mentioned (a)-
(g) is, for example, 1-5, preferably 1-4, more preferably 1-3,
further more prefefably 1 or 2, év&n more preferably 1.

[0027]

‘ The amino acid inserted in the amino acid sequence of the
above~-mentioned (vi) may be any aminb,acid described above.
The amino acid may be an L-form or D-form aminoc acid, for
example, a naturally occurring L-form amino acid described
above, or a D-form amino acid which is an optical iéomer
thereof. The amino acid may alsc undergo ﬁarious chemical
ﬁodifications described above.

[0028] '

Preferably, the substitution in the amino acid sequence

of the above-mentioned (vi) is a conservative amino acid
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substitution. The “conservative amino acid substitution” is
weil khown,in the art. For example, conservative amino acid -
substitution can be defined as substitution between amino acids
having similar properties of the side chain. Thus, the
conservative amino acid substitution may be, for example, (1)
substitution,between aromatic amino acids (Phe, Trp, Tyr), (2}

substitution between non-polar aliphatic amino acids (Gly, Ala,

Val, Leu, Met, Ile, Pro), (3) substitution between non-charged

polar amino acids (Ser, Thr, Cys, Asn, Gln), (4) substitution
between basic amino acids (Lys, Arg, His), or (5) substitution’
between acidic amino acids (Asp, Glu). In the present

specification, the conservative amino acid substitution may

'also>inélude substitution of a form D amino acid with a form L

amino acid which is an optical isomer thereof. Thﬁs, the

conservative amino acid substitution may also be substitution

- between two L-form amino acids, substitution between two D-form

amino acids, or substitution between an L-form amino acid and a
D-form amino acid within the groups of the above-mentioned (1)-
(5).

[0029]

In one embodiment, the sequence of the above-mentioned

(vi) may be encompassed in the sequence of the above-mentioned

(I) or (II). In this case, the sequence of the above-mentioned
(vii) is encompassed in the sequence of the above-mentioned
(III). In such embodiments, the fourth amino acid may be W[D]
or F[D] and the fifth aminc acid may be P[D] and the sixth
amino acid may be TI(D] or S[D] in the sequence.of the above-
mentioned (i}, the third amino acid may be W{D] or F[D] and the
fourth amino acid may.be P[{D] and the fifth amino acid may be
T[D] or S[D] in the sequence of the above-mentioned (ii), the
fourth amino acid may be W[D] or F[D] and the fifth amino acid
may be P[D] and.the sixth amino acid may be T[D] or S[D] in the
sequence of the above-mentioned (iii), the second amino acid
may be P[D] and the third amino acid may be T[D] and the sixth

amino acid may be F[D] in the sequence of the above-mentioned
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(i&), and, the second amino’aﬁid may be P[D] and the third
amino acid may be T[D] and the fifth amino acid may be F[D] in
the sequence of the above-mentioﬁedv(v).
[0030] ' : ,
Retro-inverso isomer of peptide refers to a peptide in ‘
which the chirality of each amino acid residue is reversed |
(“inverso”) and the direction of the aminc acid sequence is
reversed (“Retro”) relative to the original peptideu‘ Retro-
iﬁveréo isomer is known to exhibit a structure and functibn
similar to those of the original peptide (e.qg., Acé. Chem. Res.,
1993, 26(5), pp 266 273, and PLoS One. 2013 Dec 2; .
8 (12) :e80390).. Specifically, the amino acid sequehée of'the
above-menticned (vii) includes, for example, MIPWTIT (SEQ ID
NO: 1) which is the Retro»in&erso,of'the sequence of the above-
mentioned (i), LVPPFRL (SEQ ID NO: 2) which is the Retro-
inverso of the sequence of the above-mentioned (ii), ASPWSLL
(SEQ ID NO: 3) which is the Retro-inverso of the sequence of
the above-mentioned (iii), FLLSTPS (SEQ ID NO: 4) which is the
Retro-inverso of the sequence of the above-mentioned (iv), and
RFTLTPM (SEQ ID NO: 5) which is the Retro-inverso of the
sequence of the above-mentioned (v).
The peptide of the present invention may contain two or
more sequences selected from the above-mentioned (I)-(III) and
(1)=(vii). In one embodiment, the peptide of the present
invention contains a tandem repeat of any of the sequences of
the above-mentioned (I)-(III) and (i)-(vii) (i.e., a structure
in which identical sequence portions are directly linked to
each other) . In another embodiment, the peptide of the pfesent
invention contains a structure in which two or more different
sequences of the above-mentioned (I)-(I11I) and (i)-{vii) are
directly linked. Specific repeat structures include, for
example, T[D]I[D]T[D]W[D]P[D]T[DIM[D]~
TID)I[D]ITIDIE[D]P[D]T[DIM[D], and T[D]I[D]T[D]—T[D]I[D]T[D].7

Alternatively, the peptide of the present invention may
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constitute a multivalent peptide with a dendrimer.
[0032] ' |

The peptidé of the present invention may be a ffee form
or a salt form. Examples of the salt of the peptide of the

present invention include a'pharmaceutically acceptable acid

~addition salt and a base addition salt. Exampies of the acid

“addition salt include salts with inorganic acids such as

hydrochloric acid, 'sulfuric acid, nitric acid, phosphbric'acid

and thé,like, and salts with organié acids such as acetic acid,

malic acid, succinic acid, tartaric acid, citric acid and the

like. ‘Ekamples of the base addition salt include salts with - .

alkali metals such as sodium, potassium and the like, salts
with alkaline éarth‘metalg such as calcium, magnesium and the
like, and salts with amines such as ammonium, triethylamine and
the like. ‘ ‘
[0033] -

The peptide ‘of the present invention may bind to annexin
Al. Annexin Al (Anxal) is a known protein belonging to the

annexin family, also known as lipocortin 1. Genetic sedquerice

and amino acid sequence of Anxal are known for various species.

For example) RefSeq No. NM~000700.2 (SEQ ID NO: 6) of mRNA,
RefSeq No. NP-000691.1 (SEQ ID NO: 7) of protein for human
Anxal; RefSeq No. NMm010730.2 (SEQ ID NO: 8) of mRNA, RefSeq No.
NP~034860.2.[ARRAY ID NO:9] of protein for mouse Anxal can be
mentionedd The peptide bf the present invention may bind to
the N-terminal region of Anxal. More particularly, the peptide
of the present invention may bind to a region consisting'of 1st
to 15th amino acids of SEQ ID NO: 7 in human Anxal or a region
consisting of lst to 15th amino acids of SEQ ID NO: 9 in murine
Anxal. .The peptide of the present invention may have
dissociative constant (Kd value) of preferably less than 107¢ M,
more preferably less than 107 M, further more preferably less
than 5x10™® M when, for example, intermolecular interactions
with mouse or humanrAnxal are measured using the QCM (Quartz

Crystal Microbalance) method. For the above-mentioned
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measurement, human ;ecombinant Anxal protein consisting of 346
amino acid residues, which is commércially available from ATGen
Corporation (Seongnam-si, South Korea) can be uséd- ‘
{0034] '

The peptide of the present invention can be produced

according to a known peptide synthesis method. The method of

'peptide synthesis méy bé any of, for example, a solid phase

synthesis process and a liguid phase synthesis process. The
object peptide can be produced by condensing a partial peptide

or amino acid capable of constituting the peptide of the

. present invention and the remaining portion and, when the

‘product has a protecting group, by eliminating the protecting

group. v

Here, the condensation and elimination of a protecting
group can be performed according to a method known‘pef se, for
example, the methods described in the following. (1) —‘(8).
(1) M. Bodanszky & M.A. Ondetti, Peptide .Synthesis, :
Interscience Publishers; New York (1966)
(2) Schroeder & Luebke, The Peptide, Academic Presé, New York
(1965) | | |
(3) Nobuo Izumiya, et al.: Peptide Gosei-no~Kiso to Jikken-
(Basics and experiments of peptide synthesis), published by
Maruzen Co. (1975) ' ‘

(4) Haruaki Yajima and Shunpei Sakakibara: S&ikagakﬁ‘Jikken

‘Koza {(Biochemical Experiment) 1, Tanpakushitsu no Kagaku

(Chemistry of Proteins) IV, 205 (1977) ‘

(5) Haruaki Yajima, ed.: Zoku Iyakuhin no Kaihatsu (2 sequel to
Development of Pharmaceuticals}, Vol; 14, Peptide Synthesis,
published by Hirckawa Shoten.

(6) Stewart, J.M. & Young, J.D., “Solid phase peptide synthesis
(2nd ed.)”, Pierce Chemical Company, Rockford (1984)

(7) Atherton, E. & Sheppard, R.C., “Solid Phase peptide
synthesis: a practical approach”, IRL Press, Oxford (1989)

(8) “Fmoc Solid Phase Peptide Synthesis: A Practical Approach

(Practical Approach Series}”, Oxford Univérsity Press (2000)
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[0035] _ , o v

The thus-obtained peptida'can be purified and'isolated by
a known,purification‘méthod. Examples of the purification
method include solvent éxtraction, distillation, column
chromatography, liquid chromatography, recrystallization,
combinations thereof and the like. | ' '

When the peptide obtained by the above-mentioned method
is in a free form, the form can be converted to a suitable salt
by a knéwn‘méthOd or a method analogous thereto; conversely,
when the peptide is cbtained in the form of a salt, the salt
can be converted to a free form or other salt by a known method
of a,methéd énalogous thereto.

[0036]

" As stated above, annexin Al is known to have the highest

‘specificity among the Currently‘known tumor vessel specific

marker molecules, and is expressed intracellularly in normal

, cells}‘bUt strongly expressed on luminal surface adjacent to

the blood stream in tumor neovascular endothelial cells (Oh et
al., Nature 429: 629-35, 2004). Thus, the peptide of the
present invention can selectively bind to angiogenic tumors in

vivo. In addition, Anxal is expressed on the blood side of

- neovascular endothelial cells formed in tumors, and when bound

on the blood side to ligands such as the present peptides, the
ligands are transpérted to the basal side by transcytosis and
are actively released into the stroma where cancerous cells are
present. Thus, the peptide of the present invention can target
malignancies in vive. Thus, the peptide of the present
invention is useful, for example, for targeting maliignant
tumors. ‘
[0037]
2. Conjugate

The present invention also provides a conjugate in which
one or more components are bound with the above-mentioned
peptide of the present invention (hereinafter to be also

referred to as the conjugate of the bresent invention).
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[0038] ) . ,

’The component is not partiéularly limited as long as it
can be linked to the peptide of the present invention, and may
be suitable for administration to‘an animal (e.g., human), and

may perform some function in the body of the animal. The

" component may be natural or non-natural. Examples of the

Component inciudé; but are not limited to, biological materials

(e.g., cell, phage, virus, etc.), oligonucleotides and nucleic

"acids (e.g., DNA, RNA, DNA/RNA chimera, etc.), peptide,

polypeptide, protein, antibody,rlipid, polysaccharide, small
molecule compounds (e.g;,‘organié or“inorganic cempounds of noﬁ
more than 1000 Da), paftiéles (e.qg., gold pérticles, various |
nanoparticles, etc;), combinations thereof, and the like.

[0039]

The component may‘perform.avgiven functionality at a
target site in the body of an animal (e.g., human). The type
of the functionality is not particularly limited. Since the
conjugate of the present invention can be targeted to malignant
tumor by the action of the part corresponding to the peptide of
the present invention, preferred examples of the functicnality
include anti-cancer activity and provision of detectability.
Thus, the component may be, for example, an anticancer agent or
a‘detectable substance.

[0040]
(Anticancer agent)

In the present specification, the anticancer agent refers
to a drug intended to suppress growth of a malignant tumor
(cancer). The me;hanism of the action of anticancer agent is
not particularly limited. The anticancer agent may be an
antimetabolite, an alkylating agent, an anticancer antibiotic,
a microtubule inhibitor, a platinum preparation, a
topoisomerase inhibitor, a molecular targeting agent, or the
like. The conjugate of the present invention may contain two
or more the same or different anticancer agents.

{0041]
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‘The metabolic antagonist may be, for example, a folic

‘acid antimetabolite, a dihydropteroate synthase inhibitor, a

”dihydrofolate reductase inhibitor (DHFR inhibitor), a

pyrimidine metabolism inhibitdr, a thymidylate synthase
inhibitor, a purine metabolism inhibitor,'ah,IMPDH inhibitor, .a
ribonucleotide reductase inhibitor, a'ribonucleétide~reductase
inhibitor, a nucleotide analog, L-asparaginase and the like.

Specific examples of the metabolic antagonist include

‘enocitabine (SUNRABIN), capecitabine (Xeloda), carmofour
(Mifurol), cladribine (Leustatin), gemcitabine (Gemzar),

‘cyfarabine {kileside), cytarabine ocfosphate (Starasid),

tegafur (Achillén, AFTHOUR, Tefseal, Futrafur, Lunasin etc.),
tegafur/uracil (UFT), tegafur/Gimeracil/Oteracil potassium (TS~
1: T~8-One), doxifluridiﬁe {FURTURON), nelarabine (Arranon G},
hydréxycarﬁamide (HYDREA), fluorouracil (5~FU, carzonal, Benton,

Lﬁnachol, Lunapon), fludarabine (fludara), pemetrexed (alimta),

3pentostatin {cofolin), mercaptopurine'(leukerin), methotrexate

(methofrexate) and the like.
[(0042]. '

Specific examples of the alkylating agent include
nitrogen mustard based alkylating agents such. as
cyclophasphamide (endoxane), ifosfamide (ifomide), melphalan
(alkeran), busulfan, thiotepa (tespamine) and the like,
nitrosourea-based alkylating agents such as nimustine~(nidrén),
ranimustine~(Cymetin),'dacarbazine (dacarbazine), procarbazine
{procarbazine hydrochleride}, temozolomide (Temodal},
carmustine (Qliadel), streptozotpéin (zanosar), bendamustine
(treakisym) and the like.

[0043]

Specific examples of the anti-cancer antibiotic include
actinomycin D {(cosmegen), aclarubicin (aclaéinoneh, amrubicin
{Calsed), idarubicin (idamycin), epirubicin (epirubicin .
hydrochloride, Farmorubicin), zinostatin stimalamer (Smancs),
daunorubicin (daunomycin), doxorubicin (adriacin}, pirarubicin

(Pingrubin, THERARUBICIN), bleomycin (Bleo)}, peplomycin (Peleo),
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mitomycin C (Mitomycin), mitoxantrone (Nbvantrum);Aliposomal
doxorubicin (Doxil) and the like.
[0044]
| Examples of the micrdtubule inhibitor include vinca

alkaloid,microtubule»polymarization,inhibitors such as
vinblastine (eﬁal), vincristine (onCovin),’vindesine (Fiidesin)
and the like, taxane type microtubule depolymerization
inhibitors such as paclitaxel,(taxol),Vdocetéxél:(taxotere) and
the like.
[0045]

Examples of the platinum preparation include oxaliplatin
{({E1l Prat), carboplatin (Carboplatin, Carbomerck, Paiaplatin),
cisplatin (IA-call, Konaburi, Cisplatin etc.), nedaplatin
(Aqupla) and the like.
[0046}

Examples of the topoisomeraSe‘inhibitor include type I
topoisomerase inhibitors such as camptotheciﬁ_and a derivative

thereof (e.qg., irinotecan (Campto), nogitecan (HYCAMTIN), SN-38

‘and the like) and the like; type II topoisomerase inhibitors

such as anthracycline drugs such as‘doxo:ubicin fadriacin) and
the like, epipodophyllotoxin drugs such as etoposide (Lastet,
VePésid) and the like, and quinoioné,drugs such as levofloxacin
(cravit), ciprofloxacin (ciproxan) and the like.

[0047]

Examples of the molecular target drug include legolafenib
(Stivarga), cetuximab (Erbitux), panitumumab (Vectibix),
ramsilmab (Cyramza), gefitinib (Iressa), erlotinibf(Tarceva),
afatinib (GIOTRIE), crizotinib (XALKORI), alectinib (ALECENSA),
ceritinib, Lenvatinib (Lenvima), trastuzumab (Herceptin),
lapatinib (Tykerb), pertuzumab (PERJETA), sunitinib (Sutent),
sorafenib (Nexavar), axitinib (Inlyta), pazopanib (Votriento),
Nivolumab (OPDIVO), pembrdlizumab, ipilimumab (YERVOY),
vemurafenib (ZELBORAF), everolimus (AFINITOR), temsirolimus
(TORISEL), rituximab (Rituxan), bevacizumab (Avastin),

geldanamycin and the like.
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-[0048]

The anticancer agent may alsc be an anti-angiogenic agent}
The anti-angiogenic agent may be one that inhibits vascular

endothelial growth factor (VEGF) or other angiogenic factor, or

_a receptor thereof. Spec;flc examples of the anti-angiogenic

agent include angiostatin, endostatin, metastatzn, anti VEGF
ant1body~(e.g., Avastin), VEGFR-2 inhibitor (e;g.,.SUS416,
8U6668), and the like. ‘ '

' 10049)]

(Detectable substance)

In the present spec;flcatlon, the detectable substance

refers to any substance that makes the conjugate of the present

~invention containing the substance detectable. Preferably, the

-detectable substance enables detection of the conjugate of the

present invention in vivo directly or indirectly using an
appropriaﬁe visualization or imaging means. Exémples of the
visualization or imaging means include, but are not limited to,
X-ray photography, computed tomography (CT}, ﬁuclear magnetic
resonance imaging (MRI), ultrasonography, scintigraphy,
positron emissionytomography (PET), endoscopy; laparoscopy, and
the like. The detectable substance may be, for'example, a
radioisotope, an enhancing agent for MRI (e.g., paramagnetic
ions), a radiopaque substance, a contrast agent, a fluorescent
substance, or the like.
[0050]
' Examples of the radiocactive nuclide useful for PET
include laF, 51Mn, 5zﬁ%n, 52Fe, 55Co, SZCu, 64Cu, 68Ga, 7%As, 758r,
76BJ:, Bszb, 8BSr, 86Y, BBZ’r‘, ngc, uoIn, 1201, 1287 and the like.
Examples of the radiocactive nuclide useful for detection of y
ray include *cr, *’Co, **co, **re, ®Cu, “Ga, "°se, *’Ru, **Tc,
illIn' ll4mInI 1231, 1251, 1311’ 169Yb’ 197Hg, ZQlTl and the like.
[0051] '

Preferable examples of the paramagnétic ion include
chromium (III}, manganese (II), iron(IIIl), iron{(IlIl), cobalt{Il),

nickel (I1), copper(II), neodymium (III), samarium (III),
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ytterbium (III), gadolinium (III), vanadium (II), terbium (III),
dysprosium (III), holmium (III), erbium (III) and the like, and
gadolinium is particularlyvpreferable. In addition, metals
such as lanthanum (III), gold (III), lead’(II), bismuth (III)
and the iiké‘are also useful for ¥-ray imaging and the like.
[0052] S |

- Examples of the radiopaque substance and contrast agent

include iodine compounds (for example, crganic icdic acids such

as iododarboxylic acid, iodoform, triiodophenol,

tetraiddoethylene,jetc]), barium compounds (for example, -barium

‘sulfate and the like), gallium compounds - (such as gallium

citrate), thallium compounds (such as thallium chloride) and
the like.
[0053]

Examples of the fluorescent substahces include rhodamine,
fluorescein, Cy dye, Alexa (?egistered trademark) Fluor,
phycoerythrin (PE), allophycocyanin (APC), derivatives thereof
and the like. Near infrared fluorescent reagents‘such as
indocyanine are also exemplified as preferable fluorescent
substances. A V
[0054] . | 7 _

(Binding of péptide.of the present invention with component)
The mode of binding of the peptide of the present
invention with one or mere cemponents in the cohjugate of the
present invention is not particularly limited. The binding may
be direct or indirect via a linker etc. The binding may be by

covalent binding, non-covalent binding, or a combination _
thefeof. One or more components may be directly or indirectiy
bended at the N-terminal, C~terminal, or other position of the
peptide of the present invention. The binding of a peptide
with other component (or second peptide) is well known in the
art, and the binding may be by any known means in the conjugate
of the present invention.

[0055]

For example, when the binding is via a linker, known
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crosslinkers such as NHS‘este;, imide ester, maleimide,
carbodiimide, allyl azide, diaziline, isocyanide, psoralen and
the like can be used. Depending on the crosslinker to be uééd,
the peptide of thefpresent invention may be modified as
appropriate;‘ For example, a cysteine can be added in'advance
to the C-terminal of the peptlde of the present 1nvent10n for
blndlng with a maleimide linker.

[0056] ‘ '

For linking radioactive metal or paramagnetic ion-
mentioned abové to the peptide of the present invention, an
appropriate chelating agent (e. g -y ethylenedlamlnetetraacetlc ‘
acid (EDTA), diethylenetriaminepentaacetic acid (DTPA), 4,7,10- -

tetraazacyclédodecahe«N-N’ N“ N”'—tetraacetic acid:(DOTA) and

. the like) and/or metallothloneln and the like can be used. See,
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for example, Culali Aktolun et al. ed., “Nuclear Medlclne
Therapy: Principles and Clinical Applications”, Springer, 2013
and the like.

[0057]

3. Composition

The present invention also provides a composition

containing the peptide or conjugate of the present invention

- and a pharmacologically acceptable carrier (hereinafter to be

alsb referred to as the composition of the present invention.
The composition may be provided in a dosage form suitable for
oral or parenteral administration.

[0058]

Examples of the composition for parentérél administration
include injection, suppository and the like. The injection may
include dosage forms such as intravenous injection,
subcutanecus injection, intradarmal‘injection, intramuscular
injecticn, drip intravenous injection, and the like. Such
injections can be prepared according to a known method. As a
method for preparing an injection, for example, the pepfide or
conjugate of the present invention can be prepared by

dissolving, suspending or emulsifying the peptide or conjugate

30



10

15

20

25

30

35

©A 03032775 2019~02~01

of the present invention in a sterile aqueous solutiocn or oily
solution generaliy used fér injection. 'As an aqueous solution
fbr injecﬁion, fo:'example, physiological saline, an isoteonic
solution containing glucose and other adjuvant may be used and
may be used in combination with suitable solubilizing agents

such as alcohols (e.g., ethanol), polyalcohols (e.g., propylehe

“glycol, polyethylene glycol), nonlonlc surfactants (e.qg.,

_polysorbate 80, HCO-50 (polyoxyethylene (50 mol) adduct of

hydrogenated castor o¢il)), and the like. As the oily solution,
for example, sesame oil, soybean oil, or the like is used, and

benzyl benzoate,‘benzyl alcohol, or the like may be used in

Vcombinatibn as a solubilizing agent. The prepared injection

solution is preferably filled in a suitable ampoule. A
suppos;tory to be used for rectal admlnlstratlon can be .
prepared by mixing the peptide or conjugate.of the present
invention with a conventlonal base for suppository.
[0059] ,

The composition for oral administration includeé, for
example, solid or liquid dosage forms, specifically tablet

(including sugar-coated tablet, film-coated tablet), pill,

_granule, powder, capsule (including soft capsule), syrup,

emulsion, suspernsion, and the like. Such compositions are -
produced by a known method and may contain carrier; diluent or
excipient generally used in the field of preparations. As the
carrier and excipient for tablets, for example, lactose, starch,
sucrose, magnesium stearate are used.

[0060]

Each of the above-menticned compositions may contain
other active ingredient as long as blending with the above-
mentioned peptide or conjugate does not cause an undesirable
interaction. '

[C061]

The above-mentioned parenteral or oral pharmaceutical

compositions are conveniently formulated in a dosage unit form

compatible with the dosage of the active ingredient. Examples
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-of the dosage form for éuéh dbéage unit include tablet, pill;
capsule, injection (ampoule) and suppository. The content of

- the peptide or conjugate is generally preferably 1 to 500 mg

per dosage unit form, preferably,vin particular,‘l-to 100 mg

.for injection, and 10 to 250'mg for other ddsage forms.
[0062] ' ‘

The composmtlon of the present invention can target tumor, -
partlcularly angiogenic malignant tumor, and preferably{can
accumulate the peptide or gonjugate in the tumor. ,Thué, the
composition of the present invention containing an anticancer
agent. in the conjugate is useful foﬁ the treatment or

prevention of theltargeted malignant tumor. The composition of

- the present invention contalnlng a detectable substance in the

congugate is also useful for the exam1nat1on or diagnosis of
malignant tumor.
[0063] ,

The malignant tumor (cancer) may be any kind of cancer,
and may also be solid cancer or liquid cancer. BAs the solid
cancer, those that express Anxal on the cell surface, and
therefore, solid tumors that are angiogenic,‘are preferably
mentioned. Examples of the solid cancer-include cancer of the
brain/nervous system {(e.g., brain tumor, spinal cord tumor
etc.), head and neck cancer (e.g., laryngeal cancer, orai
cancer, salivary gland cancer, paranasal sinus cancer, thyroid
cahcer etc.) digestive organ cancer (e.g., stomach cancer,
esophageal cancer, small intestine cancer, colon cancer, rectal
cancer, anal cancer, liver cancer, biliary tract cancer,
pancreatic cancer etec.), urinary or reprpductive organ cancer
(e.g., kidney cancer, kidney cell cancer, bladder cancer,
prostate cancer, renal pelvis and ureter cahcer, gall bladder
cancer, bile duct cancer, testis cancer, penile cancer, uterine
cancer, endometrial cancer, uterine sarcoma, cervical cancer,
vaginal cancer, vulvar cancer, ovarian cancer, fallopian tube
cancer and the like), respiratory system cancer (e.g., lung

cancer {including small cell lung cancer, non-small cell lung
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cancer, metastatic lung cancer), bronchial cancer and the like),
breast cancer, skin cancer (e.g., malignant melanoma etc.),
bone cancer (e.g., osteosarcoma etc.), muscle cancer {e.g.,
rhébdomyosarcoma etc.) and the like.

[0064]

As the liquid cancer, leukemia, malignant lymphoma,
multiple myeloma, myeledysplastic syndrome and the like can be
mentioned. As leukemia, acute myelcid leukemia, acute
lymphocytic leukemia, chronic myeloid leukemia, chronic
lymphocytic leukemia and the like can be mentioned. The
malignant lymphoma 1s classified into Hodgkin lymphoma and non-
Hodgkin’s lymphoma, and examples of non-Hodgkin’s lymphoma
include B cell lymphoma, adult T cell lymphoma, lymphoblastic
lymphoma,.diffuse large cell lymphoma, Burkitt lymphoma,
follicular lymphoma, MALT lymphoma, peripheral T cell lymphoma,
mantle cell lymphoma and the like.

[0065]

Since the peptide or conjugate of the present invention
can efficiently cross the blood-brain tumor barrier, brain
tumor can be recited as a particularly preferred target. The
brain tumor may be a primary brain tumor or a metastatic brain
tumor. The brain tumor may also be a benign brain tumor (e.q.,
meningioma, pituitary adencoma, schwannoma, etc.) or malignant
brain tumor, preferably malignant brain tumor. Examples of the
malignant brain tumor include grade 2 brain tumor s such as
astrocytoma, oligodendroglioma, grade 3 brain tumor s such as
anaplastic astrocytoma, anaplastic oligodendroglioma,
anaplastic oligoastrocytoma, and grade 4 brain tumor s-such as
glioblastoma.

[0066]

The composition of the present invention may be
administered to an animal, particularly a mammal, expressing
annexin Al. Examples of the mammal include, but are not
limited to, laboratory animals such as rodents such as mouse,

rat, hamster, guinea pig, and rabbit and the like, domestic

33



10

15

20 .

25

30

35

CA 03032775 2018-02-01

animals such as pig, cow, goat, horse, sheep, mink and the like,

pets such as dog,‘qat and the like, primate such as human,

monkey, rhesus monkey, marmoset, orangutan, chimpanzee, and the

like.

[0067] ‘

The dosage of the composition of the pfesent_invention
also varies depending on the purpose of administration,
administration subject, target disease, condition;,

administration route, ahd the like. ,Fof example, when used for

the treatment or prevention of cancer described above, it is

convenient to administer the conjugate of the present invention:
containing an anticancer agent once a week intravenously or

orally generally at 0.1 to 10 mg per kg body weight as a single

“dose. Alternatively, when used for testing or diagnosing

cancer described above, it is convenient to administer the
conjugate of the present invention containing a detectable
substance intravenously or orally at generally about 0.1 to 10
mg/kg body weight prior to the testing.
[Examples]
[0068B]

The present invention is described in more detail in the
foliowing by referring to examples and the like, but the

present invention is not limited by the following examples and

the like.

[0069]
(Preparation of experimental animal)

Rat glioma C6 cells were cultured in Dulbecco’s Modified
Eagles Medium added with 10% fetal bovine serum, high gluéose
and antibiotic. Lentivirus vector PGK-Luc was prepated at the
Virus Core Facility of Sanford-Burnham-Prebys Medical Discovery
Institute. C6 cell and B1l6 cell were infected with PGK-Luc
lentivirus and luciferase positive cells were produced. Using
a stereotactic frame, Cé-Luc cells (4.8 x 10* cells suspended
in 4 ul PBS) were injected into the brain corpus striatum of

C57BL/6 mouse. Two days later, the mouse was imaged for tumors
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expressing luciferase. To:this’end, 100 pul of luciferin (30
mg/ml PBS) was injected into the peritoneal cavity, the mouse
was anesthetized with isoflurane gas (20 ml/min) together Qith
oxygen (1 ml/min) and placed under a camera provided with

Xenogen IVIS 200 imager. The photon number was measured for 1-

- 10 seconds. For the dual tumor model, Cé6-Luc cells were

similarly injected into the brain of NOD-5CID mousé and tumor
growth was monitored by Xenogen imager. ' -
When the brain tumor became defectable, C6-Luc cells

(leos‘cells suspended in 100 pl PBS) were subcutaneously

rinjectéd‘into‘the dorsal flank of the same mouse. .The photon

number in the brain tumor and subcutaneous tumor was measured’
using Xehogen imager. A dual tumor model of the same strain
C57BL/6 mouse was also prepared using Blé-Luc cells. Blé-Luc. -

célls (SXIO4 cells) were injected into the brain of 8- to 10-

'week—éld C57BL/6 female mouse as described above for C6-Luc

cells. Bl6~Luc cells (2x10° cells) were subcutaneously‘
injected when Bl6-Luc tumor in the brain became detectable.
[0070]

Examination Example -1: Administration experiment of IF7 to

tumor-bearing mouse 7

IF7 (':i..e., L form peptide having the amino acid sequence
of IFLLWOR (SEQ ID NO: 10)) was intravenously‘administered to a
tumotwbearing mouse. After reaching the blood vessels around
the tumor, IF7 was taken into the vesicle from the luminal side
of vascular endothelial cells, moved to the basal side and was
released to the stroma where cancer cells were present.

Even in mouse vascular endothelial ¥2 cells, IF7 bound to
Anxal actively transected tumor vascular eﬁdothelial'cells by
transcytosis. Therefore, iﬁ was suggested that IF7 has an

activity to cross the vascular-brain tumor barrier in the brain

tumor.

Surprisingly, when fluorescently labeled IF7 was
intravenously injected into a brain tumor model mouse

transplanted with glioma cells, accumulation of fluorescence at
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a high concentration was obéerved,in‘the brain tumor site (Figs.
1 and 2). In addition, fluorescence crossed the blood vessel
and reached cancer cells in the brain sﬁroma.

[0071] | ‘ '

Examination Example 2: Administrétioﬁ experiment of IF7-SN38. to

dual tumoxr model

Using a mouse within which both subcutaneous tumor and

‘brain tumor are present (dual tumor model), the treatment

effect of IF7-SN38 was verified. The,ekperiment was conducted

as follows.

IF7C (RR)-SN38 was injectad'into the tumor-bearing mouse
via the tail vein when the photon number of the brain tumor

became>1.0x10% (this generally occurred 2 weeks later).

IFJC(RR)-SN38 (14.2 mg or 6.63 mmol) was dissolved in 100 ul of

dimethyl sulfoxide (DMSO), 1 1L of the solution (142 mg or 66.3
nmoles) was diluted with 50% ethanol solution (10 pl) of

_ Cremophore EL, and 90 pl of PBS Was further added. The

IF7C(RR)~-SN38 amount per injéctién was 142 mg/mouse or 7.1
mg/kg. The inverse sequence of IF7 or RQ7C(RR)-SN38 prepared

‘similarly was used as a control. Irinotecan dissolved in PBS

and PBS alone were used as a negative control.

As a result, both the brain tumor and the subcutaneous
tumor were suppressed, and the effect thefeof was higher in the
brain,tumor than in the subcutaneous‘tumor (Figs. 3 -and 4).
Similar results were obtained in the Bl6 melanéma metastatic
brain tumor model, and the results did not change even when the
host mouse was changed to C57BL/6 or SCID strain. These facts
indicate that DDS targeting Anxal not only efficientiy crosses
the blood-brain tumor barrier, but also provides an excellent
therapeutic effect in the brain tumor irrespective of the tumor
cell type and mouse strain.

[0072]

Examination Example 3: Study of pharmacokinetics of IF7

As demonstrated in Examination Examples 1 and 2, IF7 has

a superior malignant tumor targeting activity. In terms of
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clinical development, however, there are problems in two

points: poor solubility and low stability. That is, IF7

peptide is protease sensitive and is susceptible to degradation;
Indeed, in an experiment including intravénous administration -
of A488-IF7 to healthy mouse, the fluorescence signal of .
peripheral blood almost disappeared»in about 1 hour (Fig. 5).
However, with tail vein administration to tumof~bearing mouse,
fluorescence recovered from the peripheral blood of A488-IF7
was‘markedly lower,thaﬁ that in healthy mice. This result

suggests that A488-IF7 is mostly accumulated rapidly in the

* tumor while being degraded. In addition, IF7 has high

15
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25

30

35

hydrophobicity and causes difficulty in‘doSage form such as the

-need for addition of a surfactant after dissolution in DMSO, in

an attempt to avoid precipitation when a compound bound with an
anticancer dﬁug is intravenously administered.

[0073]

Example 1: Identification of dTIT7 peptide

The present inventors considered that a more superior

therapeutic agent could be created once the aboveumentioned'

weakness associated with IF7 was overcome, and started to
develop a next generation peptide consisting of a novel
sequence. -

The technique to be the basis of this research is a
method of screening a phage library that displays on the

surface about 1 billion (207 species) of random peptides.

consisting of 7 amino acid residues. All amino acids

constituting living organisms are L-form amino acids except for
some exbeptions. ‘Therefore, it is not possible to obtain the
sequence of a D-form peptide that binds to the target by
general phage libréry screening. Therefore, a mirror image
screening using a T7 phage library (Funke et al., Mol.
Biosystem, 2009, 783-6) was newly performed (Fig. 6).

Screening was performed based on the following findings
and assumptions to obtain a phage having high binding affinity

to Anxal. It has been clarified that IF7 interacts with the N-
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terminal 15 residues of.Anxai‘(MAMVSEFLKQAWFIE: SEQ ID NO: 11),
and that IF7 binds to L-peptide with 16 residues (L-MC16) which

is Axnal added with.Cys residue for modification to the N-

‘terminal 15 residues thereof (Sasai et al., unpublished) .

‘First, D-MCL6 (all 16 bases are D-form) which is in mirror

imagé relation with T.~-MC16 was syhthésized and 7 amino acids
(Luform TIT7 peptide) that bind to‘DuMC16 were identified by

screening using T7 phage library. Based on the obtained

- sequence, TIT7 peptide {dTIT7) composed of D-form amino acids
‘was synthesized. This dTIT7 peptide is expected to bind to

Anxal. ‘ ,
" When analyzing the peptide sequéncerdisplayed by the
phage, it was a general'practice'to optimize the sequence by ‘
introducing various mutations into the peptide sequence. .
Currently, it is possible to evaluate and idéntify the optimal
peptide sequences ét once from the sequences of not less than
10,000 candidate peptides by applying the obtained phage groups
to the next generation DNA sequencer. )

Analysis results revealed that the frequency.of
appearance of 7 amino acids starting with TIT (threonine-
iscleucine-threonine) is high as a sequence‘binding’to the N-

terminal part of Anxal,. and among them, the TIT7 sequence

“TITWPTM” (SEQ ID NO: 12) is prominent. While the frequency of

the partial sequence 6f TIT7 also appeared in the top ranking
position, no sequence substitute of TIT7 Qas found. In
addition, the peptide of TIT7 was composed of a novel seguence
completely different from the sequence of IF7 (IFLLWQR; SEQ ID
NO: 10). ‘
i The above resulté showed that straight chain peptide TIT7
cf seven amino acids that consists of all D-form amino acids
was successfully obtained.

Furthermore, when the intermolecular interaction between
dTIT7 and Anxal was measured by the QOCM method, thé
dissociation constant (Kd value) was 4.57 X 107¢ M.

As shown in Fig. 6D, peptides with sequences of LRFPTVL
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(SEQ ID NO: 13), SPTSLLF (SEQ ID NO:-14), MPTLTFR (SEQ ID NO:
15), LKGMLRI (SEQ ID NO: 16) and LLSWPSAV(SEQ 1D NO: 17)
frequently appeared in addition to the TIT7 sequencé (SEQ ID
NO: 12), and among the vast nurber of 10° speCies of random
pepﬁidesi these sixz peptides océupied about 50% of the whole.
{0074} ' ' ' ‘

-Example 2: Brain tumor targeting ability of dTIT7 peptide

dTIT7 (IRDye-dTITT) labeled with hear infrared
fluorescent reagent IRDye 800CW was prepared. A brain tumor
nude mousevhodel in which rat glioma was tramsplanted into the
brain of the mouse was prepared and IRDye-dTIT7 was injected
via thé taii vein of the mouse. As‘a result, it was observed
by in vivo imaging that IRDye-dTIT7 accumulates at the tumor
site of a brain tumor model mouse (Fig. 7).
£0075]

Example 3: Antitumor effect of dTIT7-bound anti-cancer agent on.

brain tumbr model

Next, the effect of dTIT7-anticancer agent conjugate on
brain tumor model mouse was examined.

GA~dTIT7 in which an anticancer drug geldanamycin was
bound to dTIT7 peptide (Fig. 8) is resistant to both protease
and esterase and is‘considered to be more stable in vivo. GA-
dTIT7 at a 1/10-fold (in terms of molar number) of the
recommended dose was intravenously administered to a tumor-
bearing mouse (melanoma B16 cells, subcutaneously adminiétered)
every 1 or 2 days. As a result, tumor growth was remarkably
suppressed, and a large amount of necrosis was cbserved at the
tumor site of mouse administered with GA-dTIT7 by
histopathological observation. This effect strongly suggests
the possibility that dTIT7 is superior to IF7 which required
consecutive administration (Hatakeyama et al., Proc. Natl. Acad.
Sci USA, 108: 19587-92, 2011).

More surprisingly, when GA»dTiT? was orally administered
to a brain tumor model transplanted with B16 cells into the

brain, tumor regression was cbserved, the tumor continued to
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.

decrease even after administration of the drug was stopped, and
finally, complete cure was observed in 2 out of 4 mice (Fig. 9).
Similar therapeutic effects were also observed in a brain tumor
model using C6 cells. This suggests that GA-dTIT7 may lead to
the complete cure of brain tumor as an antlcancer agent that
can be admlnlstered orally-_

[0076]

Example 4: Intermolecular interaction between dLRF7, dSPT7,
dMPT7 and dLLS7 peptides and Anxal

As for the peptides of the'sequences of LRFPTVL (SEQ ID
NO: 13), SPTSLLF (SEQ ID NO: 14), MPTLTFR (SEQ ID NO: 15) and
LLSWPSA (SEQ ID NO: 17) with high emergence fiequency besides
the TIT7 sequence (SEQ ID NO: 12) described in Example 1,
similar to the dTIT7 peptide, ﬁeptideé (dLRF7, dSPT7, dMPT7 and
dLLS7 peptides) composed of D-form amino acids were synthesized
and the interﬁolecular interaction‘with Anxal was measured for
each of them by the following method.

The sensor chip was washed twice with piranha solution
for 5 min and then immersed cvernight in a solution of 0.9 mM
hydroxy-BEG3~undecanethiol (Dojindo) and 0.1 mM amino-EG6~
undecanethiol'(Dojindo), After washing with water, the chip
wWas treatedAwith 1 mM GMBS (Dojindo) and incubated at room
temperature for 1 hr. After washing away the remaining CMBS, 1
™M peptide solution was added onto the chip and the chip was
incubated for 30 min. The peptide~bound sensor chip was placed
in a QCM apparatus (Single-Q, ASONE), énd 0.5 ml of PBS was
added to the well. Various doses of Anxal weré injected into
the reaction chamber and the binding affinity (kd value) for
each peptide was determined. ‘

As a result, all peptides tested showed positive binding
to Anxal (Table 1 and Fig. 11). '
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[Table 1]

name of synthetic peptide | kd value (M)
dLRF7 3.119x107®
dSPT7 9.029x107°
dMPT7 2.982x1077
dLLS7 5.418x107°
[0078]

Example 5: Brain tumor targeting ability of dLRF7, dSPT7, dMPT7
and dLLS7 peptides

DLRF7, dSPT7, dMPT7 and dLLS7 peptides which were
extended by adding terminal cysteine were chemically
synthesized. Then, each peptide was bound to near infrared
fluorescent dye IRDye 800CW maleimide (Li-Cor) via a cysteine
residue. The resulting peptide conjugate was purified by HPLC
and then lyophilized. Each peptide-IRDye conjugate was
dissolved in DMSO and 6% glucose and intravenously inijected
into brain tumor model nude mouse at 100 pl/mouse. After 24 hr,
the fluorescence image was measured by IVIS spectrum (Perkin
Elmer) .

As a result, all mice except those injected with dLLS7
showed a strong signal of IRDye at the brain tumor site, and
three peptides dLRF7, dMPT7 and dSPT7 other than dLLS7 showed a
brain tumor targeting ability via the vasculature pathway (Fig.
12).

[0079]
This application is based on a patent application No.

2016-159743 filed in Japan (filing date: August 16, 2016),
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SEQUENCE LISTING IN ELECTRONIC FORM
- In accordance with Section 111(1) of the Patent
Rules, this description contains a sequence listing in
electronic form in ASCII text format (file: 85026686
Seq 04-02~2019 vl.txt).
A copy of the sequence listing in electronic form is

available from the Canadian Intellectual Property Office.
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85026686

CLAIMS:

1. A peptide comprising the amino acid seguence TI[D] I{D] TI[D]
W[D] P{D] T[D] M[D], wherein each amino acid symbol immediately

followed by symbol [D] is a D form of the amino acid.

2. A peptide consisting of the amino acid sequence T[D] I[D] T[D]
W[D] P{D] TI[D] M[D], wherein each amino acid symbol immediately

followed by symbol [D] is a D form of the amino acid.

3. A conjugate comprising the peptide according to claim 1 or 2,

and one oOr more components.

4., The conjugate according to claim 3, wherein the one or more

components comprise an anticancer agent.

5. The conjugate according to claim 4, wherein the anticancer
agent is selected from the group consisting of an antimetabolite,
an alkylating agent, an anticancer antibiotic, a microtubule
inhibitor, a platinum preparation, a topoisomerase inhibitor, a

molecular targeting agent, and an anti-angiogenic agent.

6. The conjugate according to claim 4 or 5, wherein the
anticancer agent is selected from the group consisting of

enocitabine, capecitabine, carmofour, cladribine, gemcitabine,
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cytarabine, cytarabine ocfosphate, tegafur, tegafur/uracil,
tegafur/Gimeracil/Oteracil potassium, doxifluridine, nelarabine,
hydroxycarbamide, fluorouracil, fludarabine, pemetrexed,
pentostatin, mercaptopurine, methotrexate;

cyclophosphamide, ifosfamide, melphalan, busulfan, thiotepa,
nimustine, ranimustine, dacarbazine, procarbazine, temozolomide,
carmustine, streptozotocin, bendamustine;

actinomycin D, aclarubicin, amrubicin, idarubicin, epirubicin,
zinostatin stimalamer, daunorubicin, doxorubicin, pirarubicin,
bleomycin, peplomycin, mitomycin C, mitoxantrone, liposomal
doxorubicin;

vinblastine, vincristine, vindesine, paclitaxel, docetaxel,
oxaliplatin, carboplatin, cisplatin, nedaplatin;

camptothecin, irinotecan, nogitecan, SN-38, etoposide,
levofloxacin, ciprofloxacin;

legolafenib, cetuximab, panitumumab, ramsilmab, gefitinib,
erlotinib, afatinib, crizotinib, alectinib, ceritinib,
libertinib, trastuzumab, lapatinib, pertuzumab, sunitinib,
sorafenib, axitinib, pazopanib, nivolumab, pembrolizumab,
ipilimumab, vemurafenib, everolimus, temsirolimus, rituximab,
bevacizumab, geldanamycin;

angiostatin, endostatin, metastatin, anti-VEGF antibody and

VEGFR-2 inhibitor.
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7. The conjugate according to claim 3, wherein the one or more

components comprise a detectable substance.

8. The conjugate according to claim 7, wherein the detectable
substance enables detection of the conjugate in vivo by a means
selected from the group consisting of X-ray photography, computed
tomography (CT), nuclear magnetic resonance imaging (MRI),
ultrasonography, scintigraphy, positron emission tomography

(PET), endoscopy and laparoscopy.

9. The conjugate according to claim 7 or 8, wherein the
detectable substance is a radioisotope, an MRI enhancer, a
radiopague substance, a contrast agent or a fluorescent

substance.

10. The conjugate according to any one of claims 7 to 9, wherein
the detectable substance is selected from the group consisting of
a radioactive nuclide selected from 18F, 5IMn, 52™Mn, 52Fe, 55Co,
62Ccu, 64Cu, ¢8Ga, 72As, 75Br, ’6Br, 82mRb, 83Sr, 86Y, 897y, 94mTc, 110Tn,
1207, 1247, 51Cyr, 57Co, 58Co, 5%Fe, ¢’Cu, ¢’Ga, 75Se, °9'Ru, 9mTc, 11171n,
114mIn, 1231, 125I’ 131:[, 169Yb, 197Hg and 201Tl’-

a paramagnetic ion selected from chromium (III), manganese (II),
iron(III), iron(II), cobalt(II), nickel(II), copper(II),

neodymium (III), samarium (IIT), ytterbium (ITI), gadolinium
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(III), vanadium (II), terbium (III), dysprosium (III), holmium
(I1I) and erbium (III), lanthanum (III), gold (III), lead (II1),
bismuth (III);

an iodine compound, a barium compound, a gallium compound, a
thallium compound;

rhodamine, fluorescein, Cy dye, Alexa (registered trademark)
Fluor, phycoerythrin (PE), allophycocyanin (APC), derivatives

thereof and a near infrared fluorescent reagent.

11. A composition comprising the peptide according to claim 1 or
2 or the conjugate according to any one of claims 3 to 10, and a

pharmacologically acceptable carrier.

12. A composition for use in the treatment of cancer, comprising
the conjugate according to any one of claims 4 to 6, and a

pharmacologically acceptable carrier.

13. A composition for use in testing for cancer, comprising the
conijugate according to any one of claims 7 to 10, and a

pharmacologically acceptable carrier.

14. The composition for use according to claim 12 or 13, wherein

the cancer is a solid cancer or a liquid cancer.

15. The composition for use according to claim 14, wherein the
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solid cancer is an angliogenic solid cancer.

16. The composition for use according to claim 14 or 15, wherein
the solid cancer is cancer of the brain or nervous system, cancer
of the head and neck, cancer of the digestive tract, cancer of
the urinary or reproductive organ, cancer of the respiratory
system, cancer of the breast, cancer of the skin, cancer of the

bone, or cancer of the muscle.

17. The composition for use according to any one of claims 14 to
16, wherein the solid cancer is brain tumor, spinal cord tumor,
laryngeal cancer, oral cancer, salivary gland cancer, paranasal
sinus cancer, thyroid cancer, stomach cancer, esophageal cancer,
small intestine cancer, colon cancer, rectal cancer, anal cancer,
liver cancer, biliary tract cancer, pancreatic cancer, kidney
cancer, kidney cell cancer, bladder cancer, prostate cancer,
renal pelvis and ureter cancer, gall bladder cancer, bile duct
cancer, testis cancer, penile cancer, uterine cancer, endometrial
cancer, uterine sarcoma, cervical cancer, vaginal cancer, vulvar
cancer, ovarian cancer, fallopian tube cancer, lung cancer,
breast cancer, malignant melanoma, osteosarcoma or

rhabdomyosarcoma.

18. The composition for use according to claim 17, wherein the
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solid cancer is a benign or malignant brain tumor.

19. The composition for use according to claim 18, wherein the

brain tumor is a primary brain tumor or a metastatic brain tumor.

20. The composition for use according to claim 18 or 19, wherein
the brain tumor is meningioma, pituitary adenoma, schwannoma,
astrocytoma, oligodendroglioma, anaplastic astrocytoma,
anaplastic oligodendroglioma, anaplastic oligoastrocytoma or

glioblastoma.

21. The composition for use according to claim 14, wherein the

ligquid cancer is B-cell lymphoma.

22. Use of the conjugate according to any one of claims 4 to 6

for the treatment of cancer.

23. The use according to claim 22, wherein the cancer is a solid

cancer or a liquid cancer.

24. The use according to claim 23, wherein the solid cancer is an

angiogenic solid cancer.

25. The use according to claim 23 or 24, wherein the solid cancer
is cancer of the brain or nervous system, cancer of the head and

neck, cancer of the digestive tract, cancer of the urinary or
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reproductive organ, cancer of the respiratory system, cancer of
the breast, cancer of the skin, cancer of the bone, or cancer of

the muscle.

26. The use according to any one of claims 23 to 25, wherein the
solid cancer is brain tumor, spinal cord tumor, laryngeal cancer,
oral cancer, salivary gland cancer, paranasal sinus cancer,
thyroid cancer, stomach cancer, esophageal cancer, small
intestine cancer, colon cancer, rectal cancer, anal cancer, liver
cancer, biliary tract cancer, pancreatic cancer, kidney cancer,
kidney cell cancer, bladder cancer, prostate cancer, renal pelvis
and ureter cancer, gall bladder cancer, bile duct cancer, testis
cancer, penile cancer, uterine cancer, endometrial cancer,
uterine sarcoma, cervical cancer, vaginal cancer, vulvar cancer,
ovarian cancer, fallopian tube cancer, lung cancer, breast

cancer, malignant melanoma, osteosarcoma or rhabdomyosarcoma.

27. The use according to claim 26, wherein the solid cancer is a

benign or malignant brain tumor.

28. The use according to claim 27, wherein the brain tumor is a

primary brain tumor or a metastatic brain tumor.

29. The use according to claim 27 or 28, wherein the brain tumor

is meningioma, pituitary adenoma, schwannoma, astrocytoma,
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oligodendroglioma, anaplastic astrocytoma, anaplastic

oligodendroglioma, anaplastic oligoastrocytoma or glioblastoma.

30. The use according to claim 23, wherein the liquid cancer is

B-cell lymphoma.
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Fig. 1
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Fig. 5
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Fig. 8
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<« ' Fig. 10
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Fig. 12
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