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ANTITUMOR DRUG COMPRISING BETA-CYCLODEXTRIN

TECHNICAL FIELD
(60013

The present invention mainly relates to an antitumor
drug comprising p-cyclodextrin (bCD) or a derivative
thereof (hereinafter, it may be referred to as simply "B-
cyclodextrin®™ or "bCD", including its derivative). In
addition, the present invention relates to bCD
characterized by the combination use with another antitumor
drug, an antitumor drug comprising the combination, a

combination therapy with bCD and another antitumor drug for

treating cancer or the like, etc.

BACKGROUND ART
[0002]

A single cancer cell left behind after surgery and/or

chemotherapy could cause the recurrence oI cancer.
Therefore the aim of cancer chemotherapy must be to
eliminate all cancer cells. Given the heterogeneity of

-

1s in a tumor, it is difficult to eliminate al

f—t

cancer ce
cancer cells by a single agent targeting a particular gene

product.

We developed & combination therapy oI ABT-263
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(navitoclax, hereinafter may be referred to as simply
"ABT") that can induce apoptosis by inactivating anti-
apoptesis protein such as Bcl-2 and Becl-xL, and 2-
deoxyglucose (2DG) that can inhikit glycolysis in a cancer
cell, so-called "2-deoxyglucose-ABT-263 (2DG-ABRT)
combination therapy", and found that the combination of the
both drugs can synergistically induce apoptosis (Non-patent
Reference 1).

[0004]

However, the efficiency of the 2DG-ABT combination
therapy varied from cell line to cell line. One reason for
the varied efficacy is thought to be the varied strength of
the phosphoinositide 3-kinase-AKT (PI3K-AKT) pro-survival
signal present in cancer cells. Since the PI3K-AKT pathway
exlists in many normal tissues, targeting this pathway for
treating cancer by apoptosis induction can cause many

=~

adverse side effects.

[}

[0005]
On the other hand, receptor tyrosine kinases (RTKs}
such as epidermal growth factor receptor (EGFR) and

insulin-like growth <factor 1 receptor (IGFl1R) are also

—t

often activated in specific cancer types, eading to the
activation of PI3K-AKT, and thus targeting a specific RTK

with & specific inhibitor against such receptor or enzyme

activating PI3K-AKT may alsc be an effective way



diminish the pro-survival signal in some cancer cells with

+h

fewer side effects. In fact, some drugs for treating
cancer which target these receptors have been already
developed, and some of them have been actually used in
5 medical practice. However, a real tumor mass is not like
cancer cells from one cell line; some cells in a tumor

could express IGFLR, while other cells in the same tumor

could express EGFR or an insulin receptor. Thus, 1t 1is
difficult to settle the target cells. In addition, all the
10 receptors can generate a PI3K-AKT pro-survival signal, thus,

for example, inhibiting just IGFIR or EGFR or evén both
would not be enough.
[0006)

As mentioned above, some drugs inhibiting the

15 signaling between PI3K and AKT which can induce apoptosis
as a useful process for treating cancer had been already
known, but the effect was not so0 enough and there were
problems such as adverse side effects.

[0007]

20 g-Cyclodextrin (bCD) has a conical molecular structure
composed of 7 linking sugar chains, which has & unigue
configuration having a cavity inside. In addition, bCD has
both hydrophilic hydroxy groups outside and hydrophobic

roups inside, thereby bCD is applied in chemical synthetic

Q

ield as phase-transfer catalysts, or in bioclogical fielc

[N
Ut
h



[N
O

N

(82}

using a property of holding another molecular inside (Non-
patent Reference 2).

In addition, it is well known that bCD has a property
of holding cholesterol inside (Non-patent Reference 3). 1In
plasma membrane, cholesterol has an important bicactivity
of transmitting many signals from extracellular to
intracellular, and it has been well reported since around
1980 that the group of patients who have a high blood level
of cholesterol indicates low <cancer risk (Non-patent
Reference 4). Thus, there had been no trial to apply bCD
targeting cholesterol to cancer therapy, or little trials

if any.

PRIOCR ART
[0008]
{(Non-patent Reference)
[Non-patent Reference 1] Yamaguchi R, at al., PloS one
2011, € (9): e24102.
[Non-patent Reference 2] Curr. Top Med. Chem. 2014 14
[Non-patent Reference 3] Journal of Lipid Research Vol.
38, 1997, 2264

[Non-patent Reference 4] QJM 2012, 105: 383-388

SUMMARY OF INVENTION
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[0009]

(Problems to Be Solved by the Invention)

h

The purpose ©

the present invention is mainly to find
a drug to induce apoptosis by effectively inhibiting the
signaling between PI3K and AKT, which 1s & useful process

to treat cancer or the like.

]

{0010]
(Means to Solve the Problems)

The present inventors have intensively studied and
then found that f-cyclodextrin (bCD) which had not been
used 1in treating cancer or the like because bCD has a
property of holding cholesterol 1inside, can unexpectedly
attenuate the PI3K-AKT pro-survival signal, induce

apoptoesis, and then exhibit antitumor activity.

[

[0011]

In addition, the present inventors have also found

fos
ol
@]
O
[92]
0]

that when bCD is used in combination with 2-deoxyg
(2DG), 2DG can release a pro-apoptotic protein, Bak from an
anti-apoptotic protein, Mcl-1, while bCD inactivates BAKT;
and when further =alsc used in combination with Bcl-2
antagonist such as ABT-263, Bak can be also released ZIrom
another anti-apoptotic protein, Bcl-xL, ZI.e., Bak can be
compliletely released from the both proteins Mcl-1 and Bcl-xL

to undergo apoptosis. Furthermore, the present inventors

have aliso found that when pCD-2DG i1s used in combination
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with an apoptosis inducer other than Bcl-2 antagonists,
such as a TNF-related apoptosis-inducing ligand (TRAIL),
effective apoptosis can be also undergone.

[0012]

As mentioned above, the present inventors have found
that when administering various antitumor agents in
combpination with B-cyclodextrin, the effect of the
antitumor agents can be enhanced. Based upon the new
findings, the present invention has been completed.

[(0013]

The present ~invention provides the following
embodiments.

[11 2Zn antitumor agent comprising p-cyclodextrin oz
its derivative.

Therein, R-cyclodextrin or 1ts derivative acts as an
inhibitor to inhibit the signaling between PI3K and AKT.
[0014]

[2] B-Cyclodextrin or its derivative which Is used in
combination with one or more other antitumor agents.

[0015]

[3] The PR-cyclodextrin or its derivative of [2]
wherein the other antitumor agents comprise 2-deoxyglucose.
[0016]

-

{4] The pB-cyclodextrin or its derivative of [2:

wherein the other antitumor agents comprise an antitumor
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agent having apoptosis-inducing activity.
[0017]

[5] The pB-cyclodextrin or its derivative of [2]
wherein the other antitumor agents comprise 2-deoxyglucose

and an antitumor agent having apoptosis-inducing activity.

[6] The B-cyclodextrin or its derivative of any one of
[2] to [5] wherein the pB-cyclodextrin or its derivative is
administered at the same time as, prior to, or after
administering the other antitumor agents.

[0019]

[7] An antitumor agent comprising the p-cyclodextrin
or its derivative of any one of [2] to [6].

[0020]

[B] A method for treating tumor which comprises
administering an effective amount of f-cyclodextrin or its
derivative to a patient in need thereof.

[0021]
[9] The method of [8] wherein p-cyclodextrin or 1its

derivative inhibits the signaling between PI3K and AKT to

v

[10] The method of [8] or [9] wherein B-cyclodextrin
or 1its derivative i1s administered in combination with one

or more other antitumor agents.
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[0023]

[11] The method of {10] wherein the other antitumor
agents comprise 2-deoxyglucose.
[0024]

[12] The method of {[10] wherein the other antitumor
agents comprise an antitumor agent having apoptosis-~
inducing activity.

[0025]

[13] The method of [10] wherein the other antitumor
agents comprise 2-deoxyglucose and an antitumor agent
having apoptosis-inducing activity.

[0026]

[14] B~-Cyclodextrin or its derivative for use in the
treatment of tumor.
[0027]

5} The B-cyclodextrin or 1ts derivative of [14]

p—4

(
wherein B-cyclodextrin or its derivative is administered in
combination with one or more other antitumor agents.

The present invention &also encompasses the above
embodiments of [1] to [15] wherein f-cyclodextrin is

~

replaced by Z-hydroxypropyl-y-cyclodextrin (HPGCD).

[0028]
In the present invention, it has been found that
targeting cholesterol along with DBCD can inhibit the

signaling between PI3K and AKT to attenuate AKT pro-
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survival signals. And it was demonstrated in vitro and
vivo that, after the signals are attenuated, 2-deoxyglucose
(2DG) or other antitumor agents having apoptosis-inducing
activity can promote the release of a pro-apoptotic Bak in
mitochondria, said release can further promote the release
of cytochrome ¢ from mitochondria to induce apoptosis.
[0029]
(Effect of the Invention)

In general, it 1s preferable that antitumor agents are

localized only in tumor cells such as cancer cells not to

be delivered to the other healthy cells from the viewpoint

j—-

of side effects. For antitumor agents whose mechanism is

apoptosis induction, however, the target silite thereof 1is
|

mitochondria in all cells of the body. Thus, it 1is

difficult to localize such antitumor agents into

mitochondria in only ctumor cells, and thus it is very

-

difficult to clinically use such antitumor agents having

-l

too strong activity, considering the adverse effect to

healthy cells.

On the other hand, the present invention 1is a

the plural agents, each of which has

th

combination therapy ©
a moderate activity as a single agent not o seriously

¢ healthy cells, but the present inventiocn has a

88
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ivity can be synergistically enhanced
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cell.
[0030]

2DG can act as a mimic of glucose, thus 2DG has the
property of penetrating intc only cells which have high
glucose metabolism through glucose transporters. Such
cells having high glucose metabolism are cells in inflamed
tissues, over-exercised muscle cells including myocardium,
tumor cells such as cancer cells, and brain cells. If
suppressing patient's inflammation and controlling
patient's over-exercise Dbefore treating tumor by the
combination therapy of the present invention, 2DG can be
almost localized in tumor cells and brain cells.

On the other hand, bCD cannot get through blood-brain
barrier, thus bCD exists in body tissues other than brain.
Thus, it is possible to almost limit the cells in which the
both agents simultaneously exist to only tumor cells, hence
the combination therapy of bCD and 2DG can be expected to
induce effective apoptesis in tumor cells, which little

affect healthy cells.

In addition, the single therapy with CD or the
compination .therapy with bCD and an antitumor agent other

than 2DG, both of which fall intc the present invention,

"l

)]

can completely avoid any adverse effect in brain cel

-

because bCD cannot penetrate intoc brain cells.
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[0032]

The signal <transmission between PI3K and AKT 1is
inhibited with bCD, but the inhibition remains for only few
hours, and then the signal transmission recovers in a short
time. Using this time-limited activity of DbCD, the
combination of bCD and the other antitumor agent can induce
a strong apoptosis only when the both agents exist in the
same cell even 1f the other antitumor agent is a
comparatively lower-potency agent having low side effects.
And, the side effect of the combination can be suppressed
after the time-limited inhibiting-effect of bCD.disappears.
Thus, the present combination therapy can achieve an
efficient <treatment regimen through the administration-

timing of each agent in the combination, while the adverse

fect for the PI3K-AKT pathway in normal cells can be

th

e

minimized to reduce the side effect.

Brief Description of Drawings
[0033]
Fig. 1 shows the result of Example 1, in which A o C

show each result of Tests A to C, respectively.

Fig. 2 shows the results of Examples 2 o 5, in which

th

L shows the result of Example 2, B and C show the result of

ns

3, D shows the result of Example 4, and E shows the

52!
»
o
3
o
'_.J
0
{1,

result of Example 5.
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Fig. 3 shows an experimental protocol where the three
drugs are administered in the examples.

Fig. 4 shows a graph prepared by summarizing the
result of 1 uM ABT concentration in Fig. 2, E of Example»S,

and calculated values derived from the graphed result.

]

Fig. 5 shows the result of Example 6.

-1

Fig. 6 shows the result of Example

Fig. 7 shows the result of Example 8.
Fig. 8 shows the result of Example 9.

Fig. 9 shows the result of Example 10.

Description of Embodiments
[0034]

f-Cyclodextrin (bCD) has a conical molecular structure
composed of 7 linking sugar chains. In the opresent

invention, pB-cyclodextrin means f-cvclodextrin itself as

well as its derivatives. The derivatives herein mean p-
cyclodextrins  having various substituents, incliuding
methyl-f-cyclodextrin (MBCDj , (Z2-hydroxypropyl)—-p-
cyclodextrin {HPBCD), carboxymethyl-f-cyclodextrin,

carpoxymethyl-ethyl-f-cyclodextrin, diethyl-f-cyclodextrin,
dimethyl-B-cyclodextrin, glucesyl-p-cyclodextrin,
hydroxybutenyl-f~-cyclodextrin, hydroxyethyl-f-cyclodextrin,
maltosyl-p-cyclodextrin, random methyl-f-cyclodextrin,

ulfobutylether-f-cyclodextrin, 2-selenium-bridged B-
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cyclodextrin, and 2-tellurium-bridged B—cyclodextrin.
Preferred p-cyclodextrins include methyl-f-cyclodextrin
(MBCD) , {(2-hydroxypropyl)-p-cyclodextrin (HPBCD) ,
hydroxybutenyl~R-cyclodextrin, hydroxyethyl-f-cyclodextrin,
random methyl~-f-cyclodextrin, and sulfobutylether-§-
cyclodextrin; more preferably, B-cyclodextrin, methyl-B-
cyclodextrin (MBCD), and (2-hydroxypropyl)=-p-cyclodextrin
{HPBCD) . Besides DbCD, 2-hydroxypropyl-y-cyclodextrin
(HPGCD) which has a good property of holding cholesterol,
can be used in the present invention.

[0035

[o—

pCD or its derivatives used herein can be administered
orally or parenteralily such as by injection and
intravenously.

The dose of bCD is not limited as long as 1t can
inhibit the signal transmission between PI3K and AKT, not
seriously affecting patients. For example, bCD can be
administered in a dose of 2 to 5000 mg, preferably 2 to 100
mg, per treatment.

[0036]
The antitumor agent c¢f the present invention that is

used in combination with bCD includes 2DG as well as an

"

antitumor agent having apoptosis-inducing action, fo

example, an agent that can release Bak from Mcl-1 and/or

'A_ 3
o

Bcl-xL which are anti-apoptosis proteins, specifically, 2-
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385358, ABT-19%, ARBT-263 (Navitoclax}, ABT-737, AT-101,

GX15-070 (obatoclax), HAl4d-1l, oblimersen, and the iike, but
not limited thereto. Besides, a Fas-related apoptosis-
inducing 1ligand, &a TNF-related apoptosis-inducing ligand
(TRAIL) and the like can be also used herein, which include,
for example, a TRAIL and a derivative thereof (e.g. AMGS51),
or an antibody that can activate a TRAIL receptor (e.g.

mapatumumalb, lexatumumab).

In addition, the antitumor agent used herein includes
an agent that can induce apoptosis through a signal arising

between endoplasmic reticulum and mitochondria, in

h
O
[}

combination with 2DG-bCD, for example, an inhibitor

TT e

g

HSPS90 inhibitors such as gamitrinibs, PU24FCl, PU-H58,
H71, and shepherdin; endoplasmic reticulum stress agents;
thapsigargin and a derivative thereof such as G-202.

[0037]

2DG  used herein can be administered orally oz
parenterally using an injection or infusion.

The dose of 2DG is not limited unless it can seriously
affect patients. For exampie, 2DG can be administered in a
dese of 100 to 5000 mg, preferably 500 te 2000 mg, pver
treatment.

The other antiftumcr agent having apoptcsis-inducing

activity can be administered orally or parenterally usin

Q2

[

O

an injection or infusion, but it 1s preferabl

)]
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administer the agent according to the administration route
approved for the agent.

It is preferable that the dese of the other antitumor
agent having apoptesis-inducing activity is decided
according to the dose approved for the agent, and the dose
may be suitably reduced to suppress the side effect of the
antitumor agent having apoptosis-inducing activity.

In addition, 2DG may be administered with glucose
whose dose 1s preferably the equal amount of 2DG.

(0038}

The suppression of the pro-survival signal by bCD is
limited in only a few hours after bCD 1is administered.
Accordingly, 1in <case of the combination therapy with
another antitumor agent, 1t 1s necessary to adijust the
timing of administering the other antitumor agent to meet

ive. In case of the

cf

~
-

Qs

in

0]

the time period that AKT 1

combinaticn therapy with a general antitumor agent that

cevelops its effect shortly after the administration, it is
preferable to administer the antitumor agent at the same

time as the administration of bCD, or about 0§ to about 2

hours later. On the contrary, 1in case of the combination

n

+
[

e

cherapy with an antitumor agent that slowly develops
¥ by

effect, it 1s preferable to administer the antitumor agent
or example, in case of

before the administration of bCD.

the combination therapy of 2DG and bCD, 2DG takes 1 to 2
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hours to develop its effect, and bCD develops its effect in
30 minutes. Thus, it 1s preferable to administer 2DG
firstly, and then bCD 1 to 2 hours later.

[0039]

Dosage forms used herein includes tablets, capsules,
granules, powders, liquids, syrups, and suspensions as an
oral formulation; and injections and suppcsitories as a
parenteral formulation. These formulations can be prepared
according to a conventional method. Namely, the
preparations such as tablets, capsules, liguid for oral
administration may be prepared by a conventional method.
Tablets may be prepared by mixing the active ingredient (s)
with conventional pharmaceutical carriers such as gelatin,
starches, lactose, magnesium stearate, talc, gum arabic,

a2

and the like. Capsules may be prepared by mixing the

5

h inert pharmaceutical fillers or

ot

active ingredient(s) wi

diluents and filling hard gelatin capsules or soft capsules

b=

with the mixture. COral ligquid preparations such as syrups
or elixirs are prepared by mixing the active ingredient (s)
with sweetening agents (e.g. sucrose), preservatives (e.g.

methylparaben, propylparaben), colorants, flavors, and the

[

Jote
h

ke. The preparations Ifor parenteral administration may
also be prepared by a conventional method, for example, by
dissolving the active ingredient(s) of the present

invention in & sterilized aqueous carrier, preferably water
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or a saline sclution. Tablets and granules may be coated
according to a well-known method. These Iformulations may

include another ingredient having a therapeutic effect.

o\e

The active ingredient(s) may be contained in 0.1 - 70

+

{

(w/w) per the preparation.
[0040]

The tumor herein means malignant tumor such as cancer,
benign tumor, or neoplastic disease, which also includes
hyperplasia that can be treated through the apoptosis
induction of the present invention. Specific diseases of

the tumor in the present invention include, but not limited

H

to unless the diseases &are intracerebral tumor, for

ct
o
O]
H
6}

example, fibrosarcoma, mycsarconma, liposarcoma,
chondrecsarcoma, osteogenic sarcoma, chordoma, angicsarcoma,
endothelioma, lymphangiosarcoma, lymphangioendothelioma,
synovioma, mesothelioma, Ewing's tumor, leiomycsarcoma,
rhabdomyosarcoma, gastric cancer, esophageal cancer, rectal
cancer, pancreatic cancer, ovarian cancer, prostate cancer,

uterine cancer, cancer of the head and neck, skin cancer,

sguamous cell carcinoma, sebaceous adenocarcinoma,
papillary carcinoma, papillary adenocarcinoma,
cystadenocarcinoma, medullary carcinoma, pronchogenic

carcinoma, renal cell carcinoma, hepatoma, Wilm's tumor,

=

cerviceal cancer, testicular cancer, small cell ung

carcinoma, non-small cell lung carcinoma, bladder carcinoma,
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epithelial carcinoma, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, meningioma, melanoma,
retinoblastoma, leukemia, lymphoma, Kaposi sarcoma,
endometrial hyperplasia, focal nodular hyperplasia,

prostatic hyperplasia, and primary hyperaldosteronism.

EXAMPLE
[0041]
The reagents, test methods, etc. used in the following
examples are shown below.
[0042]
Reagents
As B—cyclodextrin (bCD), methyl-pP-cyclodextrin (MBCD)
was used for in vitro tests, and (Z-hydroxylpropyl)-f-
cyclodextrin (HPBCD) was used for in vivo tests.
Anti-p-PI3K antibody was obtained froem Santa Cruz (sc-
12929), oligoclonal anti-PI3K antibody (6HCLC) was obtained
from Pierce, anti-PI3K Class II antibody (D3Q5B) was
obtained from CS8T, anti-cytochrome ¢ antibodies wers

obtained from BD Pharmingen (Cat. 556433 for blots and Cat.

(64}

€432 for microscopy), and all other primary antibodies

it

were purchased from Cell Signaling.
Secondary antipodies conjugated with HRP were

purchased Zrom GE Healthcare and Alexa Fluor-conjugated



10

25

19

secondary antibodies were obtained from Life Technologies.
IGFL, EGF, insulin, propidium iodide and B~-
cyclodextrin were purchased from Wako.
BBT-263 was purchased from Chemietek.

2~-Deoxy-D-glucose, MBCD and HPBCD were purchased from

Pan-caspase inhibitor z-VAD was purchased from Promega.
[0043]

Cell lines and cell culture

Renal c¢ell carcinoma cell lines stably transfected
with empty vector RCC4 or with vector enéoding VHL were
gifted from the Harada Laboratory (Kyoto University
Hospital, Dept. of Anesthesia), and the cell lines UOKI1Z1
and UOK121+VHL stably transfected with VHL expression
vector were gifted from Dr. Marston Linehan (Center for
Cancer Research, Urologic Oncoclogy Branch, NCI).

Panc-1 pancreatic cancer cells and A431 epidermoid
carcinoma cells were also cultured in high glucose DMEM
supplemented with 10% serum.

Panc~1 cells were gifted from Dr. Koji Yamada (Dept.
of Bioscience and Biochemistry, Faculty o¢f Agriculture,

Kyusyu University, Japan) and A431 cells wer

[O)
\Q
' -
h
t
[
Q,
=h
I
O
=

Dr. Masaya Imoto (Dept. of Biocscience and Informatics,
Faculty of Science and Technology, Keio University, Japan).

These cells and Hela cells were all cultured in high
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glucose DMEM (4.5 g/ml) supplemented with 10% FBS.

The serum used herein was obtained from several
different sources such as GE Health and Cosmo Bioscience.
[0044]

Western blot and immunoprecipitation

We ran 20 pg of proteins per lane for western blots.
We ran 8, 10, 12.5 and 15% gels depending on the size of
proteins being detected by western blots. When there are
two proteins having a similar size, gel is flowed in each
protein to make western blot analysis about each protein.
The immunoprecipitation was ﬁndergone py adding 200 ug of
protein from solubilized cells and Protein G Sepharose or

Protein A Sepharose (Sigma P3296/P%242) pre-conjugated with

immunoprecipitation antibody to a buffer for
immunoprecipitation, and slowly rotating the Tube
containing the sample buffer at 4°C overnight. The buffer

for immunoprecipitation comprises 20 mM Tris Ph 7.5, 1%

Triton-X100, 150 mM NaCl, phosphatase inhibitor cocktail

(Cell Signaling (#58709S8)), and 10% glycerol. Next morning
the content in the tube was centrifuged. The precipitzate

was washed with the same buffer twice and dissolved in 8DS

o

Fh

uffer. The precipitate in the solution was separated with

o\©

15% SDS-PAGE or 12.5% SDS-PAGE and analyzed by Western

ot

blotting.

@]

b

[004
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FACS Analysis

After apoptosis was chemically induced, cells were
washed in PBS and re-incubated in regular medium and
incubated overnight. The Cell Death Assay was performed

the next morning using the Propidium Iodide Incorporation

assay. Cells were analyzed with BD FACS Canto II or FACS
Calibur 1II. Results were analyzed using FlowJo. These
experiments were done in triplicate, and error Dbars

indicate the standard deviations.
[00406]

Live Cell Counts

ead and live cells were counted by trypan-blue dye

exclusion methods. These experimenis were done in
triplicate, and the error bars indicate the standard
deviation.

[0047]

Cytochrome ¢ release assay

RCC4 cells grown and treated on giass cover slips were

first fixed with 3.7% Zormaldehyde in PBS for 10 minutes.

kept in a -20°C freezer. Cover slips were incubated with
10% serum in PBS before being stained with mouse anti-
cytochrome ¢ antibody overnight. Next morning, the cover
slips were washed and blocked with 10% serum in PBS for 30

minutes. Then they were exposed to secondary anti-mouse
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antibody conjugated with AF488 for 30 minutes. They were
washed again and exposed to propidium iodide (1 wug/mlL in
PBS) for 15 minutes to stain DNA in the nucleus before
being washed and mounted on the glass slides. We used a
Keyence BZ9000 microscope with a 100X objective lens for
observation.

[0048]

Mouse Xenografts

Twelve-week-old NSG mice (JAX™ Mice strain NOD. Cg-
Prkdc®® I12rg™%il/523 obtained from Charles River, Japan)
were engrafted with 5 X 10° UOK121 cells in 0.2 ml 50%
matrigel (Falcon 356234) s.c. in the lower left or right
flank. Tumor-bearing mice were divided into four or five
treatment groups (the first experiment and the second
experiment, respectively, having at three mice to a group).
They were <tTreated orally with either 2 mg 2DG and 2 mg

PBS. ABT-

[

glucese in 0.2 ml PBS, or 2 mg HPBCD in 0.2 m

263 was initially administered orally (2 mg/kg ABT-263 in

10% ethanol, 30% polyethylene glycol 400 (Wako), and 60%
Cremphore EL (Sigma). First, the 2DG/gluccse mixture was
administered, <then two and half hours later, mice were

treated with HPBCD, and thirty minutes later, mice werse

treated with ABT. Some mice were give

'_J
o}
)

211l these reagents

them or none at all.

®]
h

while others were given a subset

The first week, mice were <freated twice. For <the
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subsequent tThree weeks, mice were <t{reated three times a
week. Tumor size was measured three to four times a week
by electronic calipers (volume = (length X width?)/2). A
group of three mice were treated for each treatment
condition, and the next day, tumor sizes were recorded.
Error bars in the graph indicate the standard desviations.
NSG mice without the UOKlZ21 =xenograft were also treated
with the triple drug combination and theilr weights were
recorded. Using Dblood from the tail vein, leukocyte,
erythrocyte, and platelet in the blood were counted with
Horiba Hematology Analyzer LC-152, and the blood: glucocse
levels were measured with MediSafe Mini (Terumo, Japan).
[0049]

Example 1. Effect of bCD (in vitro)

GF1R,

$—t

Using Hela cells which express both EGFR and
the effects of bCD were tested about the decreases oif EGF-
stimulation and IGFl-stimuiation to the cells. The DbCD
used herein was MBCD.

(Method)

(Test A) Hela cells were incubazed i serum~-free medium
with 0, 1.75, 3.3, and 7.0 mM bCD for 30 minutes, which
were prepared irn duplicate in each DbCD concentration.

the media was

Hh

Bmong the both duplicate sets, one set o

[l

stimulated with 20 ng/mlL IGFI for 20 minutes, and the other

[
I}
O
'_J
U]
H

set was used as 1its con oup. The cells were
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harvested and analyzed by Western Blots for phosphor-serine
AKT and AKT, in which the phosphorylation of AKT was used
as an indicator of the AKT activation.

(Test B and Test C) Hela cells were incubated in serum-free

medium for 30 minutes with 10 mM bCD, and a control group
(untreated) was also prepared. These cells were then
challenged with 100 ng/mL EGF for 0, 2.5, and 5.0 minutes
in Test B, and with 10 ng/mL IGFl for 0, 5, and 10 minutes
in Test C. The cells were harvested and analyzed by
Western Blots about EGFR, IGF1R, ERK, PI3K, and AKT, as
well as each phosphorylaticn thereof. Anti PI3K Class II
antibody was used for the detection of PI3K.

(Result)

The result is shown in Fig. 1, A to C.

The results in Test A showed that 7 mM bCD was enough
to completely block the process that IGFl generates signal
to AKT (Fig 1, A).

‘In Tests B and C, Hela cells untreated with bCD were
activated undoubtedly in both the tests. The bCD-treated

cells were clearly activated in any EGFR, IGF1R, and PI3K,

4

but AKT activations were considerably diminished (the las:
lanes in Fig. 1, B and C).

Thus, it is thought that bCD can interfere the signal
transduction from PI3K toc AKT.

(Discussion)
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~ Most of RTKs activate two distinct signal transduction
cascades: the RTK-Ras-ERK proliferatioﬁ pathway and the
RTK-PI3K-AKT pro-survival pathway.

~ At the same time, the RTK~Ras-ERK signals seem to be
unaffected (the second boxes in Fig 1, B and C).

~ Thus, bCD disrupted the signal transduction between PI3K
and AKT, and diminished PI3K-AKT pro-survival signals
generated by these RTKs while leaving the Ras-ERK
proliferation signals intact.

[0050]

Example 2. Synergy eifect of bCD and 2DG (1)

VHL~-defective renal cancer cells such as RCC4 cells
are less sensitive to 2DG-ABT largely because they express
IGriR. In order to see whether 2Z2DG-ABT combined with bCD
would increase its efficacy, 1t should be considered that
2DG stimulates AKT phosphorylation in many cancer cell
lines. Thus, we first tested whether the dual treatment of
2DG with bCD would increase or decrease AKT phosphorylation
in RCC4 cells.

Since it generally takes 1-Z hours for the effect of
2DG to become noticeable, whereas bCD works within 30
minutes as shown in Example 1, RCC4 cells in serum free
media are first treated with 2DG for Z hours, and in the
last 30 minutes, the celils are alsoc treated with blCD. The

bCD used herein was MBCD.
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{(Method A)

RCC4 cells were incubated in serum free media for 2
hours with or without 10 mM 2DG. In the last hour, 10 mM
bCD was added to each one subset of the cells
treated/untreated with 2DG. Then 0-30 ng/ml IGFl was added
and the incubation continued for 5 minutes before the cells

were harvested and analyzed by Western blotting.

The result is shown in Fig. 2, A. the 2DG pre-
treatment group sensitized these cells for IGFL, increasing
the phosphorylation of AKT in 2DG-treated cells. The dual
treatment group with bCD, however, completely blocked AKT
phosphorylation (Fig. 2, A). These results suggest that
even though 2DG enhances IGFIR activities, signals from
IGF1R did not reach AKT in the presence of bCD.

[0051]

~

Example 3. Synergy effect of bCD and 2DG (2)

In the above Example 2, the cells were incubated in
serum~-free medium and then stimulated with & particular
growth factor, in order to test the effects of bCD on only
a particular RTK. However, serum generally contains
growth factors as welil as 1nsulin that could

multipl

D

multiple RTKs expressed in these cells. Thus, in

vat

0]

act

[

order to test whether DbCD still modulates *the PI3K-ZKT

signals while they are continuously stimulated by serum, we
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treated RCC4 cells with DbCD, with 2DG and with their
combination, and examined the phosphorylation status of AKT.
The bCD used herein was MBCD.

(Method B)

RCC4 cells were incubated with or without 10 mM 2DG
for 2 hours in the presence of 10% serum. In the last 30
minutes, each one subset of cells treated/untreated with
2DG was exposed to 10 mM bCD before the cells were
harvested and analyzed.

(Method C}

Hela cells were incubated with 10‘mM bCD for one hour
in the presence of 10% serum before the cells were washed
and re-incubated in medium containing 10% serum for the
indicated period {(~ 120 minutes).

(Result)

The result of Method B is shown in Fig. 2, B, and that
of Method C is shown in Fig. 2, C. The phosphorylation of
AKT was almost totally absent by being incubated with bCD
or co-incubated with 2DG and bCD (Fig. 2, B).

However, it did not take long Zor the BKT activities
to come back when the cells were returned to media without

bCD but containing 10% serum (Fig. 2, C).
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Several studies had shown that when one of the bCD
derivatives, hydroxypropyl-p-cyclodextrin (HPBCD) is
injected into mice, the amount of bCD that remains in
circulation four hours later would about 50% (J Inherit
Metab Dis 2013, 36 (3) : 491-498; Toxicol Pathol 2008, 36
(1) :30-42) . Thus, to take advantage of bCD-induced
absence of pro-survival signals for cancer therapies,
apoptosis needs to be induced fairly guickly. In order to
see whether bCD affects PI3K-AKT pathways in animals, we
did the following test. The DbCD used herein was HPBCD.
(Method D)

Five-hour starved mice were either pre-treated with 40
ng bCD for 30 minutes, or without. They were then injected
with 100 ng IGFl. After thirty minutes, the blood glucose
levels were measured by drawing blood from each mouse tail.
The experiments were performed in triplicate samples and
the error bars indicate the standard deviation. The mice

were all about 20 g.

=

(Result)
The result 1is shown in Fig. 2, D. bCD clearly
attenuated IGFl-induced hypoglycemia, suggesting that DbCD

partially blocked the signal transduction between IGF1R and
AKT in animal bodies.
[0053]

Example 5. Synergy effect of bCD and 2DG for promoting ABT-
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induced apoptosis

We tested 1f DCD in combination with 2DG-ABT can

promote its apoptosis induction.

{Method E)

L subset of RCC4 cells was pre-incubated with 10 mM
2DG for 2 hours in the presence of 10% serum, another
subset was pre-incubated with 1OAmM bCD for 30 minutes in
the presence of 10% serum, and yet the other subset was
treated with both. And, a control group (Untréated) was
also prepared. One hour after ABT addition indicated in
Fig. 2E, ail the c¢ells were washed with PBS and re--

incubated in the regular medium containing 10% serum

s}
b~

overnight. The cells were harvested and analyzed for
incorporation by FACS. The protocol is shown in Fig. 3.
As bCD, MBCD was used.
(Result)

The result is shown as a graph in Fig. 2, E.

Using 1 uM ABT-263, the 2DG-bCD-ABT compbination

induced apoptosis in about 95% of RCC4 cells.

Using the data from Fig. 2, E at 1 uaM ABT
concentration, based on the assumption that bCD and 2DG

work independently, we calculated tThe expected ocutcome as
72% cell death, but the observed outcome was 97%. The chi

square test of independence indicated p less than 0.0001.

=

Thus, it was found that bCD and 2DG work synergistically



30

or ABT-induced apoptosis.

[}

[0054)
Example 6. Effect of 2DG-bCD-ABT triple combination across

1

n

a broad spectrum of cancer cel

5 First, we tested the effects of DbCD on AKT pro-
survival signals on several cancer cell lines in Test A.
we also analyzed

Regarding A431 epidermoid carcinoma cells,

EGF, ERK1/2, PI3K, and each phosphorylated form thereof by
Western Blotting in Test B. Next, we tested the apoptosis
Test C. The bCD used

effect in combination with ABT in

10
herein was MBCD.
(Method)
{Test A) HeLa cervical cancer cells, UCKl21 renal cancer
cells, Panc-1l pancreatic cancer cells, and 2431 sqguamous
15 cancer cells were untreated, pre-treated with 10 mM 2DG,
co-incubated with 10 mM bCD for the last 30 minutes, or
both-treated with the 10 mM 2DG and the 10 mM bCD, in the
presence oI 25 mM glucose contained in the media. Each
cell was harvested and analyzed by Western Blotting.
20 (Test B) The same samples of A431 cell lysates in Test A
and

EGFR activation, ERKL/2 activation,

For PI3K detection in A431 cells, anti-

e

oligoclonal antibody (6HCLC) was used.

lw}

(Test C) Untreated cells and cells treated with 2DG and bC

T
@]
0]
[
‘A r
wn

the same manner as Test

25 were prepared in
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incubated with 1 uM ABT for 2 hours and cells treated with
all of the treatments of 2DG, DbCD and ABT were aliso
prepared. The cells were harvested and the live cells were
counted by trypan-blue dye exclusion assay. Error bars

indicate standard deviations from triplicate samples.

(Result)

As expected, bCD attenuated AKT phosphorylation in
Hela cervical cancer cells, UOK121 renal cancer cells,
Panc-1 pancreatic cancer cells, and A431 sguamous cancer
cells. In all, bCD attenuated AKT pro-survival signals
(Fig 5, A).

Test B was performed for evaluating the effect of blD
and/or 2DG for A431 sguamous cancer cells that are known to
overexpress EGFR among the cancer cells used in Test A, and

the results thereof showed that EGFR, ERK1/2, and PI3K were

oF

all activated (Fig. 5, B).

According to the result in Test C, the triple
combination including ABT induced apoptosis in all the cell
lines very effectively. Considering the results of Tests A
and B, therefore it was suggested that the activity of ABRT
for inducing apoptosis can be enhanced by attenuating AKT
pro-survival signals.

In the result of Panc-1 cells in Test C, there was not

M

double combination of

[

any noticeable difference between th

2DG/bCD and the triple combination including ABT, but it is

U
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thought to be because Panc-1 <cells cannot take ABRT
intracellularly.
[0055]

Example 7. Analysis of mechanism of apoptosis induction

with triple combination of 2DG-bCD-ABT

The results in the above examples show that the
combination of 2DG and bCD can give a synergistic effect
with overwhelming probability. In order to ensuré the
synergistic effect molecular-~bioclogically, the following
protocol of tests to investigate where in the cells the

synergistic effect is observed was built. 'irstly,

-

proteins that precipitate with Bak were harvested and
analyzed by Western Blots to identify when Mcl-1 and Bcl-xL
are deleted from the Bak complex, and the microscopic
examination was made to investigate when cytochrome ¢ 1is
released from mitochondria.

(Method)

(A and B) RCC4 cells were treated with 2DG, bCD, 2DG + bCD,
or left untreated as done 1n Example 6. Approximately 20

the whole cell lysates (WCL) were analyzed by western

h

Hg ©
blotting. Bak- and Bcl-xL-bound proteins were immune-
precipitated from approximately 200 pg of cell lysates and
analyzed by western blotting.

(C) 3 uM ABT with or without the 20 uM pan-caspase

inhibitor z-VAD was added tc the cells pre-treated with the
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combination of ZDG and bCD over 2 hours, and analyzed by
Western blotting for caspase 9. Cleaved caspase 9 was
indicated by cC9.

(D) 200 wug from the last two samples were used o

precipitate Bak-bound proteins and blotted for BcL-xL and
Bak.

(E) RCC4 cells treated with 2DG-bCD (left panel), RCC4
cells treated with 2DG-bCD-ABT (middle panel), and RCC4
cells treated with 2DG-bCD-ABT in the presence of 20 uM
pan~caspase inhibitor z-VAD (right panel) were
immunostained using anti-cytochreome ¢ antibody and GFPFP-
conjugated anti-mouse antibody. Nuclel were stained red
with propidium iodide.

The punctate green spots appearing 1in cells treated
with both 2DG anc bCD (left panel) represent mitochondria-
localized cytochrome ¢, while the defused stains in both
middle and right panels represent cytochrome ¢ released
from mitochondria. Note: cytochrome ¢ release takes place
only after the addition of ABT. The graphic illustration

of the protocoi for this and other experiments is found in

[Result)

0]

-1-Bak

ot

The result is shown in Fig. 6, A to E. The Mc
association was lost (Fig 6, A).

In contrast, ABT bound directly to Bcl-xL and caused
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the dissociation of the Bak-Bcl-x1 complex (Fig 6, D).
Only then, caspase 9 was activated (Fig 6, C).

Thus, the release of cytochrome ¢ took place only
after the addition of ABT, and it also took place in the
presence of a caspase inhibitor, namely even in the absence
of caspase activation (Fig. 6, D and E). Cytochrome ¢
release was followed by caspase S activation.

We note that both the full release of cytochrome c and
full caspase 9 activation were observed within 2 hours of
ABT addition, and the apoptosis proceeded in the final step
within 4 hours after first administering 2DG.

Considering these results, it has been found that both
of 2DG and bCD are indispensable to sensitize cells to
apoptosis caused by the release of Bak from Mcl-1 which is
ornne of inhibitory factors of apoptosis. Namely, the
synergistic effect of 2DG and bCD can release Mcl-1 from
the Bak complex. In addition, 1t has been also found that
when ABT is added, ABT binds Bcl-xL to delete Bcl-xL Ifrom
the Bak complex, Bak 1s released from all the inhibitory
factors to be activated, cytochrome ¢ 1s released from

; .

mitochondria, and then apoptosis starts (see, Fig. 6, C

tr

[0056]

Example 8. Effect of 2DC-bCD-ABT causing tumor regression

in vivo

(Method)
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(A) UOK121 cells which were human-derived cancer cells were
grafted into mice, and the treatment was begun on the 7th
day according to the protocol (in vivo) in Fig 3.
Treatment groups were untreated, or treated with 2DG-ABT,
HPRCD, or 2DG-HPBCD-ABT. The mice were treated further two
times and tumor sizes were recorded. The error Dbars
represent the standard deviation. Only for the mice
treated with 2DG-HPBCD-ABT, the 4th treatment was carried
out on 50th day.

(B) As an advanced assessment of (A), mice were divided
into 5 treatment groups of untreaied, or treated with 2DG-
ABT, HPRBCD, HPBCD-ABT, or 2DG-HPBCD-ABT, and they were
treated 8 times from day 10 to day 30.

(Result)

Only in the group treated with the triple combination,
tumor regression was observed (Fig. 7, A). All the other
mice were sacrificed because their tumors had grown to be
more than 600 mm®. In the group treated with the triple
combination in the first two weeks, tumors remained small
(less than 60 mm’). The mice were left untreated for <the
subsequent Weeks, during which tumors grew slowly,

eventually reaching 400 mrn®

on day 50.
The advanced assessment showed that only the mice

treated with +the triple combination responded to the

treatment and tumors remained small (Fig. 7, B), which was
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similar to the result of Fig. 7, A. Tumors in all the mice
in all the other treatment groups had grown, the tumor
sized ranging from 600 - 1200 mm® on the sixth week. In
contrast, the tumors of the mice in the triple combination
group grew slowly (Fig 5B).

[0057]

Example 9. Effect of 2DG-bCD-TRAIL in inducing apoptosis in

pancreatic cancer cells

We hypothesized that 2DG-bCD can be combined with
apoptosis inducers other than Bcl-2 antagonists, such as
Fas and TNF-related apoptosis-inducing ligands (TRAIL), for
efficient cancer therapy. There are reports suggesting
that bCD does not interfere with death receptor activation
of caspase 8, while bCD alone or together with 2DG clearly
sensitizes mitochondria for induced cytochrome ¢ release
(Molecular and cellular biology 2002, 22 (1): 207-220;.
Thus, in type II cells, TRAIL may benefit from having
mitochondria sensitized so that both the extrinsic and
intrinsic pathways of apoptosis may be activated. In order
to confirm the hypothesis, we did the fcllowing test.
(Method)

(A) Panc-1 cells were treated with the standard 2DG-bCD-

TRAIL protocol (Fig. 3). The live cells were distinguished
from the dead cells by trypan-blue dye exclusion assavys,

and the live cells were counted, and graphed. The
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experiments were performed in triplicate and the error bars
represent the standard deviations.

(B) Western blots of Panc-1 cells left untreated, treated
with TRAIL, treated with 2DG-bCD combination, and treated
with the combination of 2DG-bCD-TRAIL as depicted in Fig. 3.
The cells were harvested at hour 6. The experiments were
repeated three times with similar results.

(Result)

The result is shown in Fig. 8. TRAIL at 10 ng/ml
concentration had virtually no effect on Panc-1 cells.
However, when these cells were pre-treated with 2DG-bCD,
the same 10 ng/ml TRAIL was enough to induce apoptosis in
90% of the cells. Thus, 2DG-bCD clearly sensitized Panc-1
ceils for TRAIL-mediated apoptosis, suggesting that 2DG-
bCD-TRAIL may be an effective treatment for pancreatic
cancer.

[0058]

Example 10. Effect of different kind of cyclodextrin

We tested the effect of o-, B-, and y-cvclodextrins on
the activation of AKT and the apoptosis induction using
2DG-ABT.

(Method)

(Test A) UOK1I21 cells were incubated in 10% serum medium

with 5 mM or 10 m

Q
|

o=, f~, and y-cyclodextrins Ifor 45

¥

minutes. The same medium without any cyclodextrin was also
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incubated as a control. The cells were harvested and
analyzed by Western Blots for the phosphorylation of AKT
and ERK1/2 as an indicator of the AKT and ERK1/2
activations.

(Test B) 10 mM 2DG was added to a medium of UOK1l2l cells in
the presence of 25 mM glucose, 'and the medium was incubated
for 1.5 hours. To the medium was added 10 mM o-, f(-, or vy-
cyclodextrin, and the medium was incubated for 30 minutes.
Then, 0.3 uM ABT-263 was added thereto, and the medium was
further incubated for 2 hours. Separately, a control that
includes only o-, p-, or y-cyclodextrin without 2DG or ABT-
263, and another control that includes neither o-, B-, or
vy-cyclodextrin, nor 2DG or ABT-263 were prepared. 2.5
hours after adding each cyclodextrin (i.e., 2 hours after
adding ABT-263), all the cells were washed with the medium
ftwice, and next day the live cells were counted by trypan-

blue dye exclusion assay.

(Result)

The result is shown in Fig. 9 (A) and (B). In Test A,
only the AKT activation for the cellis treatec with [~
cyclodextrin was lowered (Fig. 9, A). In Test B, the

combination effect of 2DG-ABRT for UOK1l21 cells treated with

B-cyclodextrin was alse clearly  enhanced, but The

+h
t

combination effect

t

hereof using o- or vy-cyclodextrin was

little enhanced (Fig. 9B).
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CLAIMS
1. An antitumor agent comprising B-cyclodextrin or its
derivative.
2. R-Cyclodextrin or its derivative which 1s used in

combination with one or more other antitumor agents.

3. The p-cyclodextrin or its derivative of claim 2
wherein the other antitumor agents comprise 2-deoxyglucose.
4. The f-cyclodextrin or its derivative of claim 2
wherein the other antitumor agents comprise an antitumor

agent having apoptosis-inducing activity.

5. The p-cyclodextrin or its derivative of claim 2
wherein the other antitumor agents comprise Z2-deoxyglucose

and an antitumor agent having apoptosis-inducing activity.

6. The p-cyclodextrin or its derivative of any one of
claims 2 to 5 wherein the B-cyclodextrin or its derivative
is administered at the same time as, prior to, or after

administering the other antitumor agents.

7. An antitumor agent comprising the {~cyclodextrin or
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its derivative of any one of claims 2 to 6.



