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Abstract
[Object]
To provide a derivative of a short chain fatty acid that can exhibit physiological

functions inherent in the short chain fatty acid.

[Solution]

Provided is a block or graft copolymer including a hydrophobic segment of a
repeat unit containing a short chain fatty acid ester that is hydrolyzable by esterase in
vivo and a hydrophilic segment including a poly(ethylene glycol) chain. These
copolymers are effective in the treatment or therapeutic treatment of various diseases or

disorders, including cancer.
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HYDROPHILIC-HYDROPHOBIC COPOLYMER CARRYING SHORT CHAIN FATTY
ACID ESTER

Technical Field
[0001]
The present invention relates to a block copolymer or a graft copolymer containing
a hydrophobic portion carrying a short chain fatty acid ester and a poly(ethylene glycol)

chain as a hydrophilic portion, and use thereof as a nanomedicine material.

Background Art
[0002]

Short chain fatty acids, including acetic acid, propionic acid and butyric acid (or
butanoic acid), have been reported to have a variety of physiological functions, such as
immunosuppressive ability, suppression of liver fibrosis, obesity suppressive ability and
anticancer ability depending on their chain length (e.g., Non-Patent Literature 1). Short
chain fatty acids having the physiological functions as described above are produced
from saccharides by intestinal flora, but are not necessarily sufficient and are expected to
be supplied sufficiently.

[0003]

However, short chain fatty acids are not only limited in terms of administration
method due to their solubility and odor, but also are fast-metabolized due to their low
molecular weight, and, additionally, are difficult to treat because their physiological
functions are changed by association. Therefore, some of short chain fatty acids are
provided as supplements or the like, but it is no exaggeration to say that there is no
effective administration method or formulation capable of exerting their inherent

physiological functions.

Citation List
Non Patent Literature
[0004]
Non-Patent Literature 1: Takashi Sakata, Hirohumi Ichikawa, Physiological
Actions of Short-Chain Fatty Acids, Journal of Japan Oil Chemists' Society, Vol. 46,
1205-1212 (1997)

Summary of Invention
Technical Problem
[0005]
An object of the present invention is to provide a means capable of effectively

administering and delivering a short chain fatty acid into a living body.
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Solution to Problem
[0006]

The present inventors have designed and proposed so far polymerized drug
systems in which a drug to be delivered is carried on a polymeric compound, which is
associative and can self-assemble in an aqueous medium, to modify drug delivery
characteristics (e.g., WO 2009/133647 and WO 2016/052463). The present inventors
have repeated studies, on the assumption that successful use of any polymerized drug
system to achieve the object described above will contribute to the solution of the above-
described problems.

[0007]

As a result, it has been confirmed that a block copolymer containing or carrying a
hydrophobic portion that carrys a short chain fatty acid ester and a poly(ethylene glycol)
chain, or a graft copolymer containing or carrying hydrophobic portions that carry a short
chain fatty acid ester and poly(ethylene glycol) chains, or a nanoparticle or a nano-sized
polymeric micelle formed upon self-assembling through association thereof in water can
cure or correct disadvantages or defects in the delivery of the short chain fatty acid
described above.

[0008]

Accordingly, main aspects provided in accordance with the present invention can
include the following aspects.

Aspect 1: A hydrophilic-hydrophobic copolymer including:

(1) a hydrophobic segment derived from a repeat unit, represented by Formula I:

[0009]
N(

OR
(1)
[0010]

Where in Formula I, R is -(C=0)R! or a hydrogen atom, in which R! is an
unsubstituted or substituted linear or branched alkyl having from 1 to 7 carbon atoms
(when R! is substituted, a substituent is unsubstituted or substituted phenyl, and a
substituent of the substituted phenyl is one or more halogen, hydroxyl, or methyloxy),
and the hydrogen atom, if present, exists in such a number that is 30% or less, preferably
20% or less, more preferably 10% or less, most preferably 0% of n, where n is an integer
from 5 to 1000, preferably from 10 to 1000, more preferably from 15 to 1000, or from 30
to 1000; and

(2) a hydrophilic segment including a poly(ethylene glycol) chain that is:

(1) represented by Formula Ila:
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[0011]

A"
(I11a)

[0012]

where in Formula Ila, A is unsubstituted or substituted Ci-Ci2 alkyloxy, and, when
A is substituted, a substituent is a formyl group, formula R’ R'"CH- group, a phenylamino
group or phenethyl amino group, a phenyl group, or a methoxyphenyl group, where R’
and R™ are independently C1-C4 alkyloxy, or R and R” are taken together to form -
OCH2CH20-, -O(CH2)30- or -O(CH2)40-, and m is an integer from 2 to 500, preferably
from 10 to 300, more preferably from 20 to 200, or

(i) derived from a repeat unit represented by Formula IIb:
[0013]

Ra

I Sy

(I 1b)

[0014]

where in Formula IIb,

R?*is a hydrogen atom or a carboxy group,

X is C (=0)O or C(=O)NH when R* is a carboxy group, or is O or NH when R* is
a hydrogen atom,

B is A-CH2>CH?>, and A and m are each as defined above, and

y is an integer from 1 to 300, preferably from 2 to 150, more preferably from 5 to
100,

wherein the (1) hydrophobic segment and the (2) hydrophilic segment of (i) are
each presented as blocks, and

wherein each member of the repeat units including the (1) hydrophobic segment
and the (2) hydrophilic segment of (ii) exists randomly with each other.

Aspect 2: The hydrophilic-hydrophobic copolymer according to Aspect 1, which is
associated and self-assembled in water to form nanoparticles or nano-sized polymeric
micelles.

Aspect 3: The hydrophilic-hydrophobic copolymer according to Aspect 1 or 2,

wherein the copolymer including the (1) hydrophobic segment derived from a
repeat unit represented by Formula (I) and the (2) hydrophilic segment of (i) Formula Ila

is a block copolymer represented by Formula BC:
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[0015]

/k\/Oﬂ\ z
A m L n
OR

(BC)

[0016]

where in Formula BC, A, R, m, and n are each as defined above, L1 represents a
direct bond or a divalent linking group, Z is a hydrogen atom, SH, S (C=S)-Ph,
S(=S)OCH2CH3, a hydroxyl group, a C1-Cs alkyloxy group or an aryl-Ci-Cz aryloxy
group, and

wherein the copolymer including the (1) hydrophobic segment derived from a
repeat unit represented by Formula (I) and the (2) hydrophilic segment of (ii) Formula IIb
is a graft copolymer represented by Formula GC:
[0017]

Ra

OR X

(GC)
[0018]

Where in Formula GC, R, R* B, X, m, n, and y are each as defined above.

Aspect 4: A nanoparticle formed, in an aqueous medium, from the hydrophilic-
hydrophobic copolymer according to any one of Aspects 1 to 3.

Aspect 5: A pharmaceutical formulation comprising, as an active ingredient, the
hydrophilic-hydrophobic copolymer according to any one of Aspects 1 to 3 or the
nanoparticle described in claim 4.

Aspect 6: The pharmaceutical formulation according to Aspect 5 for use in
preventing or treating cancer, suppressing obesity, preventing or treating ulcerative colitis
or non-alcoholic fatty liver (or suppressing liver fibrosis), preventing or treating diabetes,
enhancing radiation in radiation therapy, or preventing or treating hyperammonemia.

Aspect 7: The hydrophilic-hydrophobic copolymer according to any one of claims
1 to 3 for use in preventing or treating cancer, suppressing obesity, preventing or treating
ulcerative colitis or non-alcoholic fatty liver, preventing or treating diabetes, enhancing
radiation in radiation therapy, or preventing or treating hyperammonemia.

Aspect 8: The nanoparticle according to Aspect 4 for use in preventing or treating
cancer, suppressing obesity, preventing or treating ulcerative colitis or non-alcoholic fatty
liver (or suppressing liver fibrosis), preventing or treating diabetes, enhancing radiation

in radiation therapy, or preventing or treating hyperammonemia.
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Aspect 9: A method for preventing or treating cancer, suppressing obesity,
preventing or treating ulcerative colitis or non-alcoholic fatty liver (or suppressing liver
fibrosis), preventing or treating diabetes, enhancing radiation in radiation therapy, or
preventing or treating hyperammonemia, the method including administering the
hydrophilic-hydrophobic copolymer according to any one of Aspects 1 to 3 to a patient in
need thereof.

Aspect 10: A method for preventing or treating cancer, suppressing obesity,
preventing or treating ulcerative colitis or non-alcoholic fatty liver (or suppressing liver
fibrosis), preventing or treating diabetes, enhancing radiation in radiation therapy, or
preventing or treating hyperammonemia, the method including administering the

hydrophilic-hydrophobic copolymer according to Aspect 4 to a patient in need thereof.

Advantageous Effects of Invention
[0019]

The hydrophilic-hydrophobic copolymer or the nanoparticle or polymeric micelle
thereof according to the present invention can be delivered to a local site in a living body,
when administered to a mammal, including a human, to enzymatically hydrolyze short
chain fatty acid ester bonds in the hydrophobic segment at the local site to slowly release
the corresponding short chain fatty acid, and can eliminate or mitigate problems
associated with the administration of the short chain fatty acid itself. As a result, there
can be provided a copolymer capable of efficiently exerting various physiological
functions inherent in short chain fatty acids locally or systemically in a living body of a

mammal, and a nanoparticle thereof and a pharmaceutical formulation thereof.

Brief Description of Drawings

[0020]

FIG. 1 is a '"H NMR spectrum of N684 obtained in Production Example 3.

FIG. 2 is a 'H NMR spectrum of N731 obtained in Production Example 4.

FIG. 3 is a '"H NMR spectrum of N721 obtained in Production Example 5.

FIG. 4 is a '"H NMR spectrum of N741 obtained in Production Example 6.

FIG. 5 is each of dynamic light scattering spectra of N684, N731, and N721
obtained in Production Example 7.

FIG. 6 is a dynamic light scattering spectrum of N741 obtained in Production
Example 8.

FIG. 7 is graphical representation of cytotoxicity of vinyl ester nanoparticles
(N684, N731, and N721) of Test Example 1.

FIG. 8 is a graphical representation of cytotoxicity of vinyl ester nanoparticles
(N741) of Test Example 2.
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FIG. 9 is a graphical representation of a body weight change of each test group
mouse of Test Example 3. The data are on samples diluted 5 times, 10 times, 20 times,
and 40 times from the left.

FIG. 10 is a graphical representation of results of confirmation (observation by the
naked eye) of a number of lung cancer metastases of Test Example 3. The data are on
water (control) and samples are diluted 5 times, 10 times, 20 times, 40 times, 80 times,
and 160 times.

FIG. 11 is a graphical representation of results of measuring, under a microscope,
a number of micrometastases that cannot be observed by the naked eye in the
confirmation of the number of lung cancer metastases according to Test Example 3.

FIG. 12 is photographs (left) replacing H & E staining views of lung tissue views
in Test Example 3 and a graphical representation (right) of a number of metastatic
cancers determined from the views.

FIG. 13 is photographs (left) replacing H & E staining views of lung tissue views
in Test Example 3 and a graphical representation (right) of an area of metastatic cancer
determined from the views.

FIG. 14 is graphical representations of ALT, AST, LDH, and ALB levels in the
blood according to Test Example 3.

FIG. 15 is photographs (left) replacing H & E staining views of the duodenum in
Test Example 3 and a graphical representation (right) of a villus length of each test
group.

FIG. 16 is photographs (left) replacing H & E staining views of the jejunum in
Test Example 3 and a graphical representation (right) of a villus length of each test
group.

FIG. 17 is photographs (left) replacing H & E staining views of the ileum in Test
Example 3 and a graphical representation (right) of a villus length of each test group.

FIG. 18 is photographs (left) replacing H & E staining views of colorectal tissues
in Test Example 3 and a graphical representation (right) of a villus length of each test
group.

FIG. 19 is a graphical representation of a body weight change in Test Example 4.

FIG. 20 is a graphical representation of a disease activity index (DAI) of Test
Example 5.

FIG. 21 is a graphical representation of a white blood cell count of each
experimental animal of each treatment group (including a control) of Test Example 5.

FIG. 22 is graphical representation of liver and spleen weights of each
experimental animal of each treatment group (including a control) of Test Example 6.

FIG. 23 is graphical representations of sample consumptions and body weight

changes of experimental animals during testing of Test Example 7.
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FIG. 24 is graphical representation of sample consumptions and body weight
changes of experimental animals in Test (1) of Test Example 8.

FIG. 25 is a graphical representation of the results of a glucose resistance test in
Test (2) of Test Example 8.

FIG. 26 is graphical representation of organ weights at the end of Test (3) of Test
Example 8.

FIG. 27 is photographs replacing views illustrating histological analysis results of
H & E stained intestinal tract in Test (4) of Test Example 8.

FIG. 28 is photographs replacing views illustrating histological analysis results of
H & E stained pancreas tissues in Test (5) of Test Example 8.

FIG. 29 is a graphical representation illustrating the effect of radiation irradiation
on a body weight change/volume change in Test (1) of Test Example 9.

FIG. 30 is a graphical representation illustrating the effect of radiation irradiation
on a cancer volume change in Test (2) of Test Example 9.

FIG. 31 is a graphical representation of data on a cancer proliferation profile in
Test (1) of Test Example 10.

FIG. 32 is a graphical representation of a cancer weight at the end of Test (2) of
Test Example 10.

FIG. 33 is a graphical representation illustrating body weight changes of test
animals in Test (3) of Test Example 10.

FIG. 34 is photographs replacing views illustrating a spheroid cancer cell growth
suppressive effect related to a radiation enhancement effect in Test Example 11.

FIG. 35 is graphical representations of liver and spleen weights in Test (1) of Test
Example 12.

FIG. 36 is a graphical representation of histological analysis results of HE stained
liver in Test (2) of Test Example 12.

FIG. 37 is a graphical representation of histological analysis results of MT stained
liver of Test (3) of Test Example 12.

FIG. 38 is a '"H NMR spectrum of N821 obtained in Production Example 9.

FIG. 39 is a representation of size distribution of nanoparticles (Ph-BNP, N832)
obtained in Production Example 10.

FIG. 40 is graphical representations of biochemical assay results of blood in Test
(1) of Test Example 13.

FIG. 41 is photographs replacing histological analysis views of H & E stained
liver of blood in Test (2) of Test Example 13.

FIG. 42 is graphical representations of results of Pharmacokinetic study (1) of Test
Example 14.

FIG. 43 is a graphical representation of results of Pharmacokinetic study (2) of

Test Example 14.
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Detailed Description of Invention
[0021]

The terms and the like described in relation to the present invention are used as
having the meanings or contents that have been commonly used in the art unless
otherwise mentioned. In general, the present invention may be additionally described
below.

[0022]

Short chain fatty acids can be produced from saccharides by intestinal flora of
mammals, as described above, typically including acetic acid, propionic acid, and butyric
acid (or butanoic acid), and, in some cases, including branched chain fatty acids such as
isobutyric acid and isovaleric acid, which may be produced by the degradation of proteins
containing certain branched chain amino acids, and even straight or branched chain fatty
acids having up to 7 carbon atoms, which may exert similar functions to those of these
fatty acids. Thus, when R in the hydrophobic segment represented by Formula I to
provide a hydrophobic domain in the copolymer disclosed herein is -(C=0)R!, examples
of R! can include, but are not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
heptyl, pentyl, and 3-methylbutyl. These groups may be substituted; when they are
substituted, a substituent is unsubstituted or substituted phenyl preferably capable of
binding to a carbon atom at a non-binding end; and a substituent of the substituted phenyl
can be one or more halogen, hydroxy, or methyloxy. Also, alkyl moieties are described as
Cx-Cxx alkyloxy and the like mean straight or branched alkyl having from x to xx carbon
atoms. R can be a hydrogen atom, and, here, R is 30% or less, preferably 20% or less,
more preferably 10% or less, most preferably 0% (absent) of the total number of repeat
units of n. The degree of preferability is a degree to more reliably form the hydrophobic
domain or region when the copolymer is associated and self-assembled in water.

[0023]

In the copolymer disclosed herein, the segment represented by Formula Ila to
provide a hydrophilic segment can be a hydrophilic block, and, on the other hand, the
hydrophobic segment represented by Formula I provides a hydrophobic block, and those
segments can be a member of a hydrophilic-hydrophobic block copolymer, and,

each repeat unit represented by Formula IIb, which provides a hydrophilic
segment, can be a member of a hydrophilic-hydrophobic random copolymer, which can
be randomly present mutually with each hydrophobic segment represented in Formula I.
“Mutually randomly” means that, if appropriate, they may be present in an alternating
manner, for example, when n of Formula I and y of Formula IIb are close numerical
values; for example, when a ratio of n of Formula I to y of Formula IIb is 30 or greater:
1, the hydrophobic segment may be substantially in a form such that a plurality of

segments form a block.
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[0024]

The block copolymer and random copolymer can include other members, as long
as a plurality of copolymers can be associated and self-assembled in water to form a so-
called core-shell nanoparticle or polymeric micelle in which a hydrophobic segment is
included in a core, and a hydrophilic segment is included in a shell. Typical examples of
the copolymers disclosed herein can include, but are not limited to, copolymers
represented by Formula BC or Formula GC as described above. For example, when L 1 in
Formula BC represents a divalent linking group, the divalent linking group generally
means a group containing up to 34, preferably 18, more preferably up to 10 carbon atoms,
and optionally oxygen and nitrogen atoms. Specific examples of such linking groups can
include the following groups:

[0025]

a group selected from the groups represented by:

—(CH) 7

O O~ O

[0026]

or selected from the group consisting of: -(CHz2)cS-, -CO(CH2)c S-, -(CH2)cNH-, -
(CH2).CO-, -CO-, -OCOO-, and -CONH-, where, each independently, b can be an integer
from 2 to 6, and c is an integer from 1 to 5.

[0027]

“Nano or nano-sized” in “nanoparticles or nano-sized polymeric micelles”, in
relation to the present invention, means that, when subjected to dynamic light scattering
measurement (DLS) in water, nanoparticles or polymeric micelles have an average
diameter in nanometer order, and that the average diameter is generally in the size from
about 10 nm to about 2000 nm, preferably from about 10 nm to about 500 nm, more
preferably from about 25 nm to about 200 nm.

[0028]

The above hydrophilic-hydrophobic copolymer can be produced in accordance
with a per se known production method, with reference to the chemical structures
defined. Conveniently, the hydrophilic-hydrophobic copolymer can be produced in
accordance with either of the following methods.

[0029]

The copolymer represented by typical Formula BC, as defined by (1) and (2)(i)
above, is conveniently produced as follows, with reference to WO 2009/133647 and WO
2016/052463 indicated above.

[0030]
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First, a poly(ethylene glycol) (PEG) segment, can be produced by using a method

involving providing a PEG derivative represented by:

Formula A-1:

[0031]
R)a
Aot O S\[(@
8
(A1)

[0032]

or

Formula A-2:
[0033]

A\L/\o%\/ O~ —SH

(A2)

[0034]

(where A, L, and m are as defined above), then providing a short chain fatty acid
ester of vinyl alcohol corresponding to the repeat unit of Formula I, and adding the latter
to a unit of the former by a living radical polymerization reaction via reversible
degenerative chain transfer. At this time, when L-S(C=S)Ph in A-1 is L-S(C=S)
OCH2CH3 which will be described below, a copolymer of interest can be obtained more
efficiently. Note that, when A has a phenylamino group or a phenethylamino group as a
substituent, the substituent can be introduced by a reductive amination reaction of a
formyl group of a compound corresponding to Formula Ila having the formyl group as a
substituent with a corresponding amine.

[0035]

The graft copolymer represented by typical Formula GC can be produced by:
providing a short chain fatty acid ester of vinyl alcohol corresponding to a repeat unit of
Formula I and a polymerizable unsaturated monomer, e.g., maleic anhydride or vinyl
chloride, which carries a carboxy group or its protected group or a halogen atom (Cl, Br,
etc.); radical polymerizing these substances in the presence of a radical initiator; metal-
alcoholating (e.g., lithiating) a hydroxyl group at one end, for example, in an acid
anhydride unit or vinyl chloride unit of the obtained random copolymer, or grafting a
poly(ethylene glycol) chain via ester or amide bonds or ethers (-O-) or -NH- using a
poly(ethylene glycol) derivative obtained by converting the hydroxyl group at the one
end into an amino group (NH2). When a chain transfer agent such as a cyanomethyl

methyl(phenyl) carbamodithioate or cyanomethyl methyl(phenyl) carbamodithioate is

10
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used in combination during the polymerization reaction described above, a molecular
weight of the synthesized polymer can be reduced, and an operation of a subsequent
grafting reaction can be simplified. Of course, a copolymer of interest can also be
produced without using such a chain transfer agent.

[0036]

The nanoparticles or polymeric micelles described above are made by preparing an
aqueous solution containing a water-soluble organic solvent, e.g., N,N-
dimethylformamide (DMF) or dimethyl sulfoxide (DMSO), and then dialyzing the
solution against water via a dialysis membrane with a constant molecular weight cut-off
so that the copolymer according to the present invention, which is amphipathic, itself is
associated to form micelles. The micelles or nanoparticles thus formed can be obtained as
separated solids, for example, by freeze drying or centrifugation.

[0037]

The nanoparticles and nano-sized polymeric micelles thus provided can be
provided as a solubilized or homogeneously dispersed solution or liquid agent in an
aqueous medium (if necessary, an aqueous solution that can contain a physiological salt
or a pH modifier), and thus can be provided as oral formulations in various forms,
including parenteral formulations. For example, when provided as an oral formulation,
the nanoparticle of the present invention can also be provided as a tablet, a pill, or a
granule, by using an excipient or a diluent, which is per se commonly used in the art. The
excipient or diluent can be, but is not limited to, chlorocarmellose sodium, crystalline
cellulose, hypromellose, sodium lauryl sulfate, magnesium stearate, macrogol 4000,
titanium oxide, or the like, which is commonly used in the art.

[0038]

A pharmaceutical formulation containing such a nanoparticle as an active
ingredient can exert physiological functions inherent in the short chain fatty acid itself as
described above locally in a living body of a mammal, including a human, to which the
nanoparticle is to be delivered. A dose of such a pharmaceutical formulation cannot be
uniquely identified because an optimal dose varies depending on the disease to be treated
or administration method, but can be determined by a specialist based on data and the

like obtained through a small-scale clinical trial or the like.

Description of Embodiments
[0039]

Hereinafter, typical examples of the present invention will be described in detail
for the avoidance of complicated description, but the present invention is not limited to
these examples.

[0040]
Production Example 1: Synthesis of CH30-(CH2CH20)n-CH2PhCH2Br (N686)

11
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To commercially available CH30-(CH2CH20)m-H (MW = 5,000, 100 g, 20 mmol),
200 mL of tetrahydrofuran (THF) and 14.4 mL of butyllithium (23 mmol, 1.6 M-hexanes)
were added. Then, a,0'-dibromoxylene (25 g, 95 mmol) was added, and they were reacted
at 50°C for 2 days. After precipitation of the reaction product in 2-propanol (IPA), the
precipitate was dried under reduced pressure. The resulting pale yellow polymer was
dissolved in methanol and centrifuged to remove o,a'-dibromoxylene as a precipitate. A
methanol solution was charged into IPA, and the resulting white precipitate was vacuum
dried to give a target product (N686) (yield: 104 g).
[0041]
Production Example 2: Synthesis of CH30-(CH2CH20)m-CH2PhCH2S(=S)OCH2CH3
(N717)

N686 (20 g), which was synthesized in Production Example 1, was dissolved in
100 mL of ethanol, potassium ethylxanthate (CH3CH20C(=S)SK, 7 g) was added, and
they were reacted at room temperature for 10 minutes. After centrifugal fractionation of
the precipitate, ethanol was distilled off under reduced pressure. The residue was
dissolved in chloroform and washed with water, and the chloroform layer was
fractionated. After anhydrous sodium sulfate dehydration and filtration, the product was
precipitated in IPA. After centrifugation, the product was dried under reduced pressure to
give a target product (N717) (yield: 15 g).
[0042]
Production Example 3: Synthesis of CH30-(CH2CH20)m-
CH2PhCH2[CH2CH(OC(=0)CH3)]2S(=S)OCH2CH3 (N684)

N717 (1 g) synthesized in Production Example 2, azobisisobutyronitrile (15 mg),
and vinyl acetate (6.6 g) were added to a flask, subjected to nitrogen bubbling for 5
minutes, and then reacted at 60°C for 1 day. The resulting target product was dissolved in
THF, precipitated in IPA, and dried under reduced pressure to give a target product
(N684) (2.6 g). A 'H NMR spectrum of N684 is illustrated in FIG. 1.
[0043]
Production Example 4: Synthesis of CH30-(CH2CH20)m-
CH2PhCH2[CH2CH(OC(=0)CH2CH3)]nS(=S)OCH2CH3 (N731)

N717 (5 g) synthesized in Production Example 2, azobisisobutyronitrile (75 mg),
and vinyl propionate (7 g) were added to a flask, subjected to nitrogen bubbling for 5
minutes, and then reacted at 60°C for 2 days. The resulting target product was dissolved
in THEF, precipitated in IPA, and dried under reduced pressure to give the target (9.3 g). A
'H NMR spectrum of N731 is illustrated in FIG. 2.
[0044]
Production Example 5: Synthesis of CH30-(CH2CH20)m-
CH2PhCH2[CH2CH(OC(=0)CH2CH2CH3)]2S(=S)OCH2CH3 (N721)

12
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N717 (5 g) synthesized in Example 2, azobisisobutyronitrile (75 mg), and vinyl
butyrate (10 g) were added to a flask, subjected to nitrogen bubbling for 5 minutes, and
then reacted at 60°C for 2 days. The resulting target product was dissolved in THF,
precipitated in IPA, and dried under reduced pressure to give a target product (N721)
(12.3 g). A 'H NMR spectrum of N721 is illustrated in FIG. 3.

[0045]
Production Example 6: Synthesis of the graft copolymer (N741)
[0046]
COOH
~(CH2CH)a- = - - - - - = - - (CHCH),-
OC(=0)CH2CHCH3  COO(CH2CH;0)m-CH; (NT41)
[0047]

Azobisisobutyronitrile (75 mg), vinyl butyrate (5.7 g), maleic anhydride (100 mg),
and cyanomethyl methyl(phenyl) carbamodithioate, (PhN(CH3)C(=S)SCH2CN, 200 mg)
were added to a flask, subjected to nitrogen bubbling for 5 minutes, and then reacted at
60°C for 2 days. The resulting target product was dissolved in THF, and after small-
amount sampling, and a THF solution of CH30-(CH2CH20)mOLi*Y°'* prepared separately
was added and stirred 30 minutes. The reaction solution was poured into IPA, and the
precipitate was dried to give a target product (N741) (6 g). A 'H NMR spectrum of N741
is illustrated in FIG. 4.

*Note: to THF (20 mL), CH30-(CH2CH20)mOH (MW = 5,000; 5 g) and butyl
lithium (0.6 mL) were added to make a THF solution of CH30-(CH2CH20)mOLi.

[0048]
Production Example 7: Preparation 1 of self-assembled particles

Fifty (50) mg of each polymer synthesized above (N684, N731, and N721) was
collected and dissolved in 1 mL of DMF; 1 mL of water was added; and the solution was
put in a dialysis membrane (MWCO = 3.5 KDa) and dialyzed against 2 L of water. After
exchanging the dialysis water three times every half day, dynamic light scattering
measurement was performed, and it was confirmed that particles having an average from
30 to 100 nm were formed (see FIG. 5).

[0049]
Production Example 8: Preparation 2 of self-assembled particles

The operation of Production Example 7 was repeated except that the graft polymer
(N741) synthesized in Production Example 6 was used, and it was confirmed that
particles having an average particle size of 153 nm were formed (see FIG. 6).

[0050]
Test Example 1: Cytotoxicity 1
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To a 96-well plate seeded with 1 x 10* HepG?2 cells, each sample of the self-
assembled particles made in Production Example 7 was added, and incubated for 24
hours. Then, a WST solution was added, and, after 2 hours, UV absorption at 450 nm was
measured and compared with that of a control. As a result, it was confirmed that all of the
samples hardly exhibited toxicity at the measurement concentrations (Fig. 7 illustrates
cytotoxicity of each of the nanoparticles N684, N731, and N721).

[0051]
Test Example 2: Cytotoxicity 2

The operation of Test Example 1 was repeated except that the self-assembled
particles made in Production Example 8 were used, and the cytotoxicity of N741 was
evaluated. The test results are illustrated in FIG. 8. From FIG. 8, the nanoparticles of
N741 are found not to be cytotoxic in this test system.

[0052]
Test Example 3: Cancer metastasis suppressive effect

From five to seven 5-week-old BALB/c mice (male) were allowed to freely take
each sample described in the following administration groups GP1 to GP6. Two days
later, the mice were tail vein injected with 1 x 10* B16F10/B16F10 melanoma cells
(obtained from RIKEN Cell Bank), and the intake of the sample water was continued.
The mice were dissected on Day 11, and the number of cancers rightly moved to the lung
were observed by the naked eye. The results of the observation are illustrated in FIG. 10,
and the body weight changes of experimental animals during testing are illustrated in
FIG. 9.

[0053]

From FIG. 10, the short chain fatty acids showed almost no effect of suppressing
the number of cancer metastases, whereas the GP5 group of propionic acid nanoparticles
showed extremely high suppression of cancer metastasis. FIG. 11 illustrates the results of
measuring, under a microscope, a number of micrometastases that cannot be observed by
the naked eye. Similarly to FIG. 10, it was confirmed that propionic acid nanoparticles
(abbreviated as PEG-b-PVPro in the figure) extremely suppressed cancer metastasis.
[0054]

FIG. 12 shows H & E staining views (left) of lung tissue views and the number of
metastatic cancers (right) determined from the views. A significant reduction in the
number of cancers was observed with the propionic acid nanoparticles and the butyric
acid nanoparticles as compared with the control. FIG. 13 shows H & E staining views
(left) of lung tissue views and an area of metastatic cancer (right) determined from the
views. A significant reduction in the area of cancer was observed with the propionic acid
nanoparticles and the butyric acid nanoparticles as compared with the control and low
molecular weight fatty acids. FIG. 14 shows ALT, AST, LDH and ALB levels in the

blood. It was confirmed that the liver and organs were hardly impaired in any case.
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[0055]
FIGS. 15 to 18 show H & E staining views of the small intestine and colorectal
tissue. It was confirmed that, in the low molecular weight fatty acid groups, villus

shortening and damage were observed at some locations.

Sample administration group
GP1: Healthy group (n=5)

GP2: Melanoma administration group (n=7)

GP3: Melanoma administration group/30 mM propionic acid free intake group (n=7)
GP4: Melanoma administration group/30 mM butyric acid free intake group (n=7)
GP5: Melanoma administration group/30mM N731 free intake group (n=7)
GP6: Melanoma administration group/30mM N721 free intake group (n=7)
[0056]
Test Example 4: Diet effect

Five 4-week-old C57BL/6J mice (male) per group were fed with a solid feed
D12492 (60% Fat, ultra-high fat feed) purchased from EPS EKISHIN Co., Ltd. Each of
the following administration groups GP1 to GP3 was fed with each sample described, and
their body weight was measured. The results are illustrated in FIG. 19.
[0057]

From FIG. 19, it was confirmed that the butyric acid particle group (N721)
significantly suppressed the body weight increase as compared with the tap water group

and the propionic acid particles (N731).

Sample administration group

GP1: Tap water free intake
GP2: N731 free intake (5 mg/mL)
GP3: N721 free intake (5 mg/mL)
[0058]
Test Example 5: Effect on ulcerative colitis

Severn 7-week-old ICR mice (male) per group were allowed to freely take 4%
sodium dextran sulfate (DSS), and orally administered with the following samples once
daily with a probe. The disease activity index (DAI) was measured after 10 days, and the
blood was evaluated. As illustrated in FIG. 20, the butyric acid nanoparticles (designated
as BNP in the figure) gave a significant reduction in disease activity index in the
ulcerative colitis model, and therapeutic effects were observed. In addition, as illustrated
in FIG. 21, a significant increase in white blood cell count was observed in the ulcerative

colitis model, whereas BNP significantly suppressed such an increase.

Sample administration group
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GP1: Tap water free intake + tap water (0.65 mL)

GP2: 4% DSS intake + tap water (0.65 mL)

GP3: 4% DSS intake + butyric acid (2.32 mg/mL, 0.65 mL)

GP4: 4% DSS intake + CNP (PEG-b-polystyrene) (10 mg/mL, 0.65 mL)

GP5: 4% DSS intake + BNP (PEG-b-poly(viylburyrate) (10 mg/mL, 0.65 mL)
[0059]

Test Example 6: Effect on non-alcoholic steatohepatitis (NASH)

Forty-nine (49) 5-week-old C57BL/6J mice (male) were allowed to freely take a
solid feed A06071302 purchased from EPS EKISHIN Co., Ltd. (choline-deficient high-fat
feed, methionine weight decreased, 0.1% methionine added), and randomly divided into
groups each including 7 mice after 4 weeks. Each sample described was administered,
through the free intake, to each of the following administration groups GP1 to GP7. Data
analysis was performed after 8 weeks. FIG. 22 shows liver and spleen weights. It was
confirmed that enlargement occurred due to inflammation in the NASH group, whereas

the enlargement was significantly suppressed in the propionic acid particle administration

group.

Sample administration group

GP1: Normal solid feed (Oriental Yeast MF)

GP2: Solid feed A06071302

GP3: Solid feed A06071302 + butyric acid (65 mM)

GP4: Solid feed A06071302 + propionic acid (50 mM)

GP5: Solid feed A06071302 + butyric acid nanoparticles (10 mg/mL, polymer

concentration in terms of 1 mM butyric acid: 65 mM)

GP6: Solid feed A06071302 + propionic acid nanoparticles (10 mg/mL, polymer
concentration in terms of 1 mM propionic acid: 50 mM)
GP7: Solid feed A06071302 + polystyrene nanoparticles (10 mg/mL)
[0060]
Test Example 7: Cancer metastasis suppressive effect 2

Five to seven 7 to 8-week-old C57BL/6] mice (male) per group were obtained
from Charles River Japan, Inc (Yokohama). These mice were bred while being freely fed
with a standard solid feed at controlled temperature (23 +1°C) and humidity (50 £5%) in
a controlled temperature (23 +1°C) and humidity (50 £5%) under non-pathogenic
conditions in 12 hour dark/light cycles. The mice were randomly divided into the
following administration groups GP1 to GP6 and allowed to freely take each sample
described. One day later, the mice were tail vain injected with 2.5 x 105 B16F10/B16F10
melanoma cells per 200 uL (saline) (obtained from RIKEN Cell Bank). Each sample was
given to the mice in a free water drinking manner from 1 day before this tail vain

injection to the end point of the test, Day 11. On Day 11, the plasma and other organs
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were collected and stored appropriately for each further analysis which will be described
below.
[0061]

Changes in consumptions of the samples under test and body weight changes of
experimental animals are illustrated in FIG. 23. Other tests yielded test results that were

substantially equivalent to the test results observed or confirmed in Test Example 3.

Sample administration group
GP1: Healthy group (n=5)

GP2: Melanoma administration group (n=7)

GP3: Melanoma administration group/30 mM propionic acid free intake group (n=7)
GP4: Melanoma administration group/30 mM butyric acid free intake group (n=7)
GP5: Melanoma administration group/30 mM PNP (N731-derived particles: see
Production Example 7) free intake group (n=7)

GP6: Melanoma administration group/30 mM BNP (N721-derived particles: see
Production Example 7) free intake group (n=7)

[0062]

Test Example 8: Effect on antidiabetic test

The management and use of animals in this test and in the tests using all
experimental animals disclosed in the present specification were performed strictly in
accordance with the guidelines of the University of Tsukuba regarding the management
and the like.

Seven 7 to 8-week-old C57BL/6J mice (male) per group were obtained from
Charles River Japan, Inc (Yokohama). These mice were bred while being freely fed with
a standard solid feed at controlled temperature (23 £1°C) and humidity (50 £5%) in a
controlled temperature (23 £1°C) and humidity (50 +5%) under non-pathogenic
conditions in 12 hours dark/light cycles. The mice were randomly divided into the
following administration groups of GP1 to GP6, and allowed to freely drink each sample
described until Day 36. One day later, a glucose resistance test was performed. In the
test, the body weight and sample consumption for each mouse were monitored every day.

The sample was then replaced with drinking water until the end of the test (Day 40).

Sample administration group
GP1: Exenatide (traditional antidiabetic agent), 1 pg (Days 1 to 4) or 2 ug (Days 5 to 36)

daily subcutaneous injection group

GP2: 60 mM BNP (N721-derived particles: see Production Example 7) free intake group
GP3: 60 mM PNP (N721-derived particles: see Production Example 7) free intake group
GP4: 30 mM butyric acid free intake group

GP5: 30 mM propionic acid free intake group
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GP6: Control group (water free intake)
[0063]

(1) In FIG. 24, the sample consumption in the test is indicated as volume (mL) per
mouse, and the mouse body weight is indicated as mean + SD values.
[0064]

(2) The glucose resistance test was performed to evaluate the therapeutic effects of
short chain fatty acids in controlling the metabolism of the administered glucose. Sixteen
(16) hours after overnight constraint, glucose (2 g/kg) was orally administered to the
mice. One hour before and after the glucose administration, 10 pL of blood was collected
from the tail vein, and mixed with heparin-containing (50 units/mL) saline in a volume
(v: v) ratio of 1:1. A glucose concentration in the diluted blood was measured by FUJI
DRY-CHEM 7000V (FUJIFILM Corporation). A final blood glucose concentration was

calculated by the following equation:

Final glucose concentration (mg/mL) = [glucose]6o min - [glucose]o min
[0065]

The data as mean + SEM (n=7) values are illustrated in FIG. 25.

Student's t-test, tail (2) and type (2), was performed to determine a statistical error
between the average values (P < 0.05 was considered statistically significant).

[0066]

As compared with the diabetic model mice, the propionic acid administration
group, the butyric acid administration group, and the propionic acid nanoparticle (PNP)
administration group showed no significant differences, while the glucose concentration
could be significantly reduced in the diabetic drug exenatide and BNP administration
groups, demonstrating that the pancreatic function was improved.

[0067]
(3) Organ weights at end of the test

Results of measuring weights of the spleen, kidney, and liver were taken out
rapidly after dissection of the mice were illustrated in FIG. 26. These organs were stored
in a 10% neutral buffer for further histological analysis. The Student's t-test is the same
as described above.

[0068]

In the results, the spleen weight was increased in the propionic acid administration
group, and the liver weight increase was confirmed in the butyric acid administration
group and the exenatide administration group. This indicates organ inflammation. On the
other hand, the BNP administration group is comparable to the control all in terms of
spleen, kidney, and liver, and BNP is not toxic.

[0069]
(4) Histological analysis of H & E stained intestinal tract
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The organs of the mice taken out after dissection were fixed by immediately
putting them in a 10% neutral formalin solution and immersing them therein for 1 day.
Thereafter, the solution was replaced with a 70% ethanol solution for paraffin embedding.
All the organs after the paraffin embedding were processed into tissue sections with a
thickness of 5 um, which were hematoxylin/eosin (HE) stained by a routine method. The
tissue sections were dehydrated with high-concentration alcohol and washed with xylene,
followed by microscope examination (biorevo, BZ-9000, Keyence). A villus length was
measured by Image] software (NIH). The results are illustrated in FIG. 29. As
quantitative data, minimum and maximum range values, upper and lower quartiles, and
median: duodenum (n = from 130 to 132), jejunum (n = from 96 to 185), ileum (n = from
109 to 138), and colon (n = from 37 to 47) were displayed as a plot in the box. The t-test
is the same as described above.

[0070]

It is indicated that the exenatide administration group had a significantly shortened
villus length in the duodenum, jejunum, ileum, and large intestine, and exhibited strong
side effects. The propionic acid and butyric acid administration groups are also in the
same trend. On the other hand, it can be seen that the BNP administration group and the
PNP administration group did not have a shortened villus length or damage to the
digestive tract.

[0071]
(5) Histological analysis of H & E stained pancreatic tissue

The organs of the mice taken out after dissection were fixed by immediately
putting them in a 10% neutral formalin solution and immersing them therein for 1 day.
Thereafter, the solution was replaced with a 70% ethanol solution for paraffin embedding.
In accordance with a routine method, all the organs after the paraffin embedding were
processed into tissue sections with a thickness of 5 pm, which were hematoxylin/eosin
(HE) stained by a routine method. The tissue sections were dehydrated with high-
concentration alcohol, washed with xylene, then fixed, and subjected to microscope
examination (biorevo, BZ-9000, Keyence). A region of the islets of Langerhans was
determined by Image]J software (NIH). The results are illustrated in FIG. 30. As
quantitative data, minimum and maximum range values, upper and lower quartiles, and
median (n = from 10 to 20) were displayed as a plot in the box. The t-test is the same as
described above.

[0072]

It is indicated that, in the diabetic model mice, and the propionic acid
administration group, the butyric acid administration group and the PNP administration
group, the size of the islets of Langerhans was reduced, but the BNP administration group
and the exenatide administration group did not show atrophy of the islets of Langerhans

and maintained the function of the islets of Langerhans.
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[0073]
Test Example 9: Effect 1 as radiation enhancer

Five 5 to 7-week-old C57BL/6J mice per group obtained similarly as in the above
test were bred under similar conditions. 0.076 x 10° melanoma B16F10 cells per 100 pL
(serum free DMEM) were injected subcutaneously into the outer side of the right thigh of
each of the mice (Day 7 before irradiation). After 1 week of cancer proliferation, the mice
were randomly divided into the following administration groups. BNP (500 mg/kg) was
administered intraperitoneally (i.p.) to the mice 1 day before irradiation and immediately
after irradiation to confirm a radiation enhancement effect (GP3 and GP4, respectively).
The irradiation conditions were set to 10 Gy, 150 kV, 20 mA, Al filtration, and 330 mm

intervals.

Sample administration group

GP1: Cancer control group

GP2: Cancer + irradiation (IR: 10 Gy) group

GP3: BNP 500 mg/kg (Day 1 before irradiation) group
GP4: BNP 500 mg/kg (Day 0 after irradiation) group
[0074]

(1) After the irradiation, the cancer proliferation and body weight were followed
until the end of the test (8 days). The results are illustrated in FIG. 31. Day O is data
before the irradiation, and Day 8 is data after the irradiation (at the end of the test).

No body weight change or toxicity is observed in the BNP administration group,
similarly to the non-administration group.

[0075]

(2) Plasma and other organs were collected at the end of the test and stored
properly for further analysis. A cancer size was measured with a caliper, and a cancer
volume was calculated using the following equation:

Cancer volume = 0.52 x length x width?

The results are illustrated in FIG. 30. The t-test is the same as in Test 8 (2).

A tumor growth suppressive effect was observed in the 10 Gy irradiation group,
and, even when BNP was administered before and after X-ray irradiation, the tumor size
after 8 days was significantly smaller than that in the BNP non-administration group,
confirming the radiation enhancement effect.

[0076]
Test Example 10: Effect 2 as radiation enhancer

Five or seven 5 to 7-week-old C57BL/6J mice per group obtained similarly as in
the above test were bred under similar conditions. 0.076 x 10° melanoma B16F10 cells

per 100 pL (serum free DMEM) were injected subcutaneously into the outer side of the
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right thigh of each of the mice (Day 9 before irradiation). When the cancer volume
reached from 350 to 560 mm?, the mice were randomly divided into the following
administration groups. The irradiation conditions were set to 10 Gy, 150 kV, 20 mA, Al +
Cu (0.5 mm + 0.1 mm) filtration, and 330 mm intervals.

The cancer volume was calculated in the same manner as described above.

Sample administration group

GP1: Healthy (saline) group (n=5)

GP2: Cancer control group (n=7)

GP3: Cancer + irradiation (IR (5Gy)) group (n=7)

GP4: Butyric acid (i.p.; 250 mg/kg) (6 hours before irradiation) + IR group (n=7)
GP5: Butyric acid (i.p.; 500 mg/kg) (24 hours before irradiation) + IR group (n=7)
GP6: BNP (i.p.: 500 mg/kg) (6 hours before irradiation) + IR group (n=7)

GP7: BNP (i.p.: 500 mg/kg) (12 hours before irradiation) + IR group (n=7)

[0077]

(1) The data on cancer proliferation profiles by 5 Gy irradiation after butyric acid

and NP administration in a melanoma xenograft model is illustrated in FIG. 33.

Butyric acid and BNP were administered prior to radiation irradiation. The tumor
proliferation suppressive effect increased in the order: irradiation group < butyric acid (6
hours before) administration group < BNP (6 hours before) administration group =
butyric acid (24 hours before) administration group < BNP (24 hours before)
administration group.

[0078]

(2) The data on the cancer weight at the end of the test (Day 6 after irradiation) is
illustrated in FIG. 32 as mean + SEM values (n = from 2 to 7). The t-test is the same as in
Test 8 (5).

[0079]

According to the tumor weight results, the tumor size was significantly reduced in
the butyric acid (24 hours before) administration group and the butyric acid (6 hours
before) administration group. (3) The data on body weight changes in the mice as mean +
SD values (n = 7) are illustrated in FIG. 35. The t-test is the same as described above.
[0080]

A body weight decrease is found in butyrate administration groups, and toxicity is
developed. On the other hand, the BNP administration group does not have a body weight
decrease, and toxicity is not developed.

[0081]
Test Example 11: In vitro evaluation of radiation enhancement effect of BNP evaluated

by spheroid test

21

Date regue/ date received 2022-02-18



Melanoma B16F10 cells were treated with 50 mM butyric acid for 7 hours and
then irradiated with 2 Gy (Al + Cu (0.5 mm + 0.1 mm) filter). The irradiation was kept
for 1 hour at 37°C, the medium was removed, and the sample was removed through
several times of washing. Then, a fresh medium was added. The treated cells were
incubated for 24 hours and then cultured in 0.6% methylcellulose and DMEM (1: 1) for 3
days to form spheroids. Images were taken by direct microscopy and the spheroids were
measured by Imagel software (NIH). The cells were grouped and then treated with
samples for 7 hours after 2 Gy irradiation. The data are displayed as mean + SEM (n =
from 32 to 37) values. These results are illustrated in FIG. 38. The t-test is the same as
described above.

[0082]
Cell culture:

Mouse melanoma B16F10 cells were purchased from CellBankk (RIKEN, Japan).
These cell lines were held at 37°C under a humid atmosphere of 5% CO2 in a Dulbecco's
modified Eagle's medium (DMEM; L-glutamine, 1 g/L glucose, sodium bicarbonate,
Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum and 100
ng/mL of a penicillin-streptomycin-neomycin antibiotic mixture. The test results are
illustrated in FIG. 34.

A spheroid cancer cell growth suppressive effect is confirmed clearly in the BNP
administration group.

[0083]
Test Example 12: Effect 2 on non-alcoholic steatohepatitis (NASH)

Forty-two (42) 5-week-old C57BL/6J mice (male) were allowed to freely take a
solid feed A06071302 purchased from EPS EKISHIN Co., Ltd. (choline-deficient high-fat
feed, methionine weight decreased, 0.1% methionine added), and randomly divided into
groups each including 7 mice after 4 weeks. Each sample described was administered,
through the free intake, to each of the following six groups: healthy group (Healthy)
(solid feed A06071302 not administered), NASH, butyric acid administration (BA),
propionic acid administration (PA), PNP administration, and BNP administration (each
sample was prepared to attain a PA concentration of 65 mM for the PA and PNP groups,
and prepared to attain a BA concentration of 50 mM for the BA and BNP groups). Data
analysis was performed after 8 weeks.

[0084]

(1) Liver and spleen weights are illustrated in FIG. 35. It was confirmed that
enlargement occurred due to inflammation in the NASH group, whereas the enlargement
was significantly suppressed in the propionic acid particle administration group.

Here, in order to compare the difference in the amount of fat accumulated in the
liver and the degree of swelling in response to inflammation in the liver, the weights of

the liver and spleen taken out after dissection of the mice were measured, and average
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weights of each group were calculated (each group n = 7). As error bars of the average
liver weight value and the average spleen weight value of each group, a standard
deviation value (n = 7 for each group) was used. The t-test is performed to examine the
presence or absence of statistical significance between average values, and P < 0.05
indicates a statistically significant difference.

[0085]

As for the liver weight (left figure), the liver weight of the NASH group is
significantly heavy relative to the liver weight of the healthy group, and inflammation is
caused. On the other hand, the PNP administration group is significantly lighter in liver
weight than the NASH group, and inflammation is suppressed.

[0086]

Similarly, as for the spleen weight (left figure), the spleen weight of the NASH
group significantly increases relative to that of the healthy group, and the spleen weight
of the PNP administration group significantly decreases.

[0087]
(2) Histological analysis of HE stained liver

The liver of the mice taken out after dissection was fixed by immediately putting it
in a 10% neutral buffer formalin solution and immersing it therein for 1 day. Thereafter,
the solution was replaced with a 70% ethanol solution for paraffin embedding. All the
livers after the paraffin embedding were processed into tissue sections with a thickness of
5 um, which were hematoxylin/eosin (HE) stained. All the tissue sections after staining
were imaged by a microscope (all-in-one fluorescence microscope, BZ-X710, Keyence),
and then a proportion of oil droplet tissue area relative to liver tissue area by ImagelJ
(NIH) (each group n = 7). The measurement results are illustrated in FIG. 36. The graph
shows an error bar based on the average value and standard deviation of the oil droplet
tissue area of each group. The t-test is performed to examine the presence or absence of a
statistical significance between average values, and P < 0.05 indicates statistically
significant difference.

The oil droplet volume of the liver of the NASH group significantly increases
relative to that of the healthy group (fatty liver condition). On the other hand, the PNP
administration group has significantly less oil droplet volume as compared with the
NASH group.

[0088]
(3) Histological analysis of MT stained liver

The liver of the mice taken out after dissection was fixed by immediately putting it
in a 10% neutral buffer formalin solution and immersing it therein for 1 day. Thereafter,
the solution was replaced with a 70% ethanol solution for paraffin embedding. All the
livers after the paraffin embedding were processed into tissue sections with a thickness of

5 um, which were Masson trichrome (MT) stained. All the tissue sections after staining
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were imaged by a microscope (all-in-one fluorescence microscope, BZ-X710, Keyence),
and then a proportion of fibrotic tissue area relative to liver tissue area by ImageJ (NIH)
(each group n = 7). The measurement results are illustrated in FIG. 42. The graph shows
an error bar based on the average value and standard deviation of the fibrotic tissue area
of each group. The T-test is performed to examine the presence or absence of statistical
significance between average values, and p < 0.05 indicates a statistically significant
difference.

The amount of liver fibrosis is significantly larger in the NASH group than in the
healthy group. On the other hand, the amount of liver fibrosis is significantly smaller in
the PNP administration group than in the NASH group.

[0089]
Production Example 9: Synthesis of CH30-(CH2CH20)m-
CH2PhCH2[CH2CH2(OC(C=0)CH2CH2CH2Ph)a]S(=S)OCH2CH3 (N821)

N817 (1.5 g) synthesized in the same manner as for N717 synthesized in
Production Example 2 (the present application), azobisisobutyronitrile (45 mg), and 4-
phenylbutyric acid vinyl (2 g) were added to a flask, subjected to nitrogen bubbling for 5
minutes, and then reacted at 60°C for 1 day. The resulting target product was dissolved in
THEF, precipitated in isopropyl alcohol (IPA), and dried under reduced pressure to give a
target product (N821) (2.8 g). 'H NMR spectrum of N821 is shown in FIG. 38.

[0090]
Production Example 10: Preparation of self-assembled particles (Ph-BNP)

Fifty (50) mg of the polymer (N821) synthesized in Production Example 9 was
each collected and dissolved in 1 mL of DMF; 1 mL of water was added; and the solution
was put in a dialysis membrane (MWCO = 3.5 KDa) and dialyzed against 2 L of water.
After exchanging the dialysis water three times every half day, dynamic light scattering
measurement was performed, and it could be confirmed that particles having an average
of 67 nm were formed. The size distribution of PEG-b-poly(vinyl 4-phenylbutyric acid)
nanoparticles (Ph-BNP, N832), which is a result of the dynamic scattering measurement,
is illustrated in FIG. 44.

[0091]
Test Example 13: Anti-ammonemia effect

Twenty-four (24) 6-week-old C57BL/6N mice (male) were randomly divided into
4 groups and samples were orally administered (once a day, 1.22 mmol-4 PBA/kg)
thereto with a probe over 4 days. In the administration groups 2GP to 4GP,
acetaminophen (acetyl-p-aminophenol; APAP; 300 mg/kg) was intraperitoneally
administered on Day 4, causing acute liver disorder and hyperammonemia. The mice

were dissected on Day 5, and the evaluation was performed.

Sample administration group:
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1GP: Saline

2GP: APAP + water

3GP: APAP + 4-phenylbutyric acid (200 mg/kg, 1.22 mmol-4 PBA/kg)
4GP: APAP + Ph-BNP (200 mg/kg, 1.22 mmol-4PBA/kg)

[0092]

(1) Biochemical assay of blood

Immediately after cardiac blood collection on Day 5 of the test, blood ammonia
concentration, and plasma alanine aminotransferase (AST) and plasma alanine
aminotransferase (ALT) levels as liver function indexes were each measured with an
animal biochemical automated analyzer using a colorimetric slide. The results (oral
administration effect of Ph-BNP on APAP acute liver disorder model) are illustrated in
FIG. 40.

It can be seen, from the figure, that 4-Ph-BNP reduces the blood ammonia
concentration and also significantly decreases the AST and ALT levels, and contributes to
the liver function recovery.

[0093]
(2) Histological analysis of HE stained liver

The liver of the mice taken out after dissection was stained according to the HE
staining method for the organs or organs previously described. The results are illustrated
in FIG. 41. It can be seen, from the figure, that the liver is strongly impaired by APAP
administration, but that damage is suppressed by Ph-BNP. In the figure, Healthy
corresponds to the healthy group mice; APAP administration group mice, APAP + PBA
corresponds to the administration group of APAP and 4-phenylbutyric acid; APAP + Ph-
BNP corresponds to the administration group of APAP and Ph-BNP (nanoparticles
according to the present invention).

[0094]
Test Example 15: Pharmacokinetic study

In accordance with the methods of Production Examples 1 to 8 described above,
the modifications involved were performed according to the conventional methods. 1257
was introduced into phenyl groups of PEG-b-poly(vinyl butyric acid) (see the left
formula below) and PEG-b-poly(vinyl 4-phenylbutyric acid) (see the right formula
below) having a benzene ring at an o-terminal of PEG by a chloramine method, and they

were purified twice on a PD-10 column to fractionate unreacted iodine.

1251 1251

CH30-PEG-(CH2CH)n-
@-PEG-(CHzCH)n‘ OC(=O)CH2CH2CH2—</—=—§

OC(=0)CH2CH2CH3
(N9 32) (N930)

[0095]
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(D

After 24 hours, the blood, liver and digestive tract were collected from the mice
which had been allowed to freely take N932 from the water bottle, and the gamma-ray
intensity thereof was measured by a scintillation detector. The results are illustrated in
FIG. 42 (left). In the figure, N932 was confirmed to be nearly completely localized to the
digestive tract.

[0096]

On the other hand, N930 was forcibly administered orally with a probe, and
gamma intensities of the main organs were measured after 24 hours. The results are
illustrated in FIG. 42 (right). From this figure, it can be confirmed that N930 is widely
distributed in the blood, liver, kidney, etc. in addition to the digestive tract, and that 4-
phenylbutyric acid is hydrolyzed in the digestive tract and taken up into the circulatory
system.

[0097]
(2)

Forty-five (45) 7-week-old ICR mice (male) were randomly divided into the
following three groups. Doses for the administration groups 2GP and 3GP were
determined so that the amount of phenylbutyric acid contained therein reached 200 mg/kg
(1.22 mmol-4PBA/kg). After each sample is administered nearly simultaneously to all the
mice, 1 mL of blood is taken by cardiac puncture, according to each endpoint (7
endpoints of 30 min, 1 h, 2 h,4 h, 12 h, 16 h, 24 h), to separate plasma. The target organ,
liver, was also taken out from each of the mice, and content of the phenyl butyric acid
monomer was quantified by high performance liquid chromatography/mass spectrometry
(LC/MS). The measurement results are illustrated in FIG. 43. In these figures, PBA was
totally metabolized within 4 hours, whereas 4-Ph-BNP persistently released the
phenylbutyric acid monomer in the blood and in the liver, and the release was not
terminated even after 24 hours. Also, when the area under the concentration-time curve
(AUC) was calculated, 4-Ph-BNP showed an approximately 3-time increase in the blood

and approximately 15-time increase in the liver, as compared with PBA.

Sample administration group:

1GP: Saline (control, 3 mice)

2GP: 4-Phenylbutyric acid (7 endpoints (30 min, 1 h, 2h, 4 h, 12 h, 16 h, and 24 h) x 3
mice)

3GP: Ph-BNP (7 endpoints (30 min, 1 h, 2 h, 4 h, 12 h, 16 h, and 24 h) x 3 mice)

26
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Claims

[Claim 1] (amended)
A hydrophilic-hydrophobic copolymer comprising:

(1) a hydrophobic segment derived from a repeat unit represented by Formula I:

M
OR
(1)
where in Formula I, R is -(C=0)R" or a hydrogen atom, in which R' is an
unsubstituted or substituted linear or branched alkyl having from 1 to 7 carbon atoms
(when R! is substituted, a substituent is unsubstituted or substituted phenyl, and a
substituent of the substituted phenyl is one or more halogen, hydroxyl, or methyloxy),

and the hydrogen atom, if present, exists in such a number that is 30% or less of n, where

n is an integer from 5 to 1000; and

(2) a hydrophilic segment including a poly(ethylene glycol) chain represented by

AT

(I11a)

Formula Ila:

where in Formula Ila, A is unsubstituted or substituted Ci-Ci2 alkyloxy, and when
A is substituted, a substituent is a formyl group, formula R’ R"CH- group, or a
phenylamino group or phenethyl amino group, where R" and R™ are independently C1-Ca4
alkyloxy, or R" and R are taken together to form -OCH2CH20-, -O(CH2)30- or -
O(CH2)40-, and

m is an integer from 10 to 500,

wherein the (1) hydrophobic segment and the (2) hydrophilic segment are each
presented as a block.

[Claim 2]
The hydrophilic-hydrophobic copolymer according to claim 1, which is associated

and self-assembled in water to form a nanoparticle or a nano-sized polymeric micelle.

[Claim 3] (amended)

AMENDED SHEETS
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The hydrophilic-hydrophobic copolymer according to claim 1 or 2,
wherein the copolymer comprising the (1) hydrophobic segment derived from a
repeat unit represented by Formula I and the (2) hydrophilic segment of Formula Ila is a

block copolymer represented by Formula BC:

A m L1 n
OR

(BC)

where in Formula BC, A, R, m, and n are each as defined above, Li represents a
direct bond or a divalent linking group, Z is a hydrogen atom, SH, S (C=S)-Ph,
S(=S)OCH2CH3, a hydroxyl group, a C1-Ce alkyloxy group or an aryl-C:-C: alkyloxy

group.

[Claim 4]
A nanoparticle formed, in an aqueous medium, of the hydrophilic-hydrophobic

copolymer according to any one of claims 1 to 3.

[Claim 5]
A pharmaceutical formulation comprising, as an active ingredient, the hydrophilic-
hydrophobic copolymer described in any one of claims 1 to 3 or the nanoparticle

according to claim 4.

[Claim 6]

The pharmaceutical formulation according to claim 5 for use in preventing or
treating cancer, suppressing obesity, preventing or treating ulcerative colitis or non-
alcoholic fatty liver (or suppressing liver fibrosis), preventing or treating diabetes,

enhancing radiation in radiation therapy, or preventing or treating hyperammonemia.

[Claim 7]

The hydrophilic-hydrophobic copolymer according to any one of claims 1 to 3 for
use in preventing or treating cancer, suppressing obesity, preventing or treating ulcerative
colitis or non-alcoholic fatty liver, preventing or treating diabetes, enhancing radiation in

radiation therapy, or preventing or treating hyperammonemia.

[Claim 8]
The nanoparticle according to claim 4 for use in preventing or treating cancer,

suppressing obesity, preventing or treating ulcerative colitis or non-alcoholic fatty liver

AMENDED SHEETS
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(or suppressing liver fibrosis), preventing or treating diabetes, enhancing radiation in

radiation therapy, or preventing or treating hyperammonemia.

[Claim 9]

A method for preventing or treating cancer, suppressing obesity, preventing or
treating ulcerative colitis or non-alcoholic fatty liver (or suppressing liver fibrosis),
preventing or treating diabetes, enhancing radiation in radiation therapy, or preventing or
treating hyperammonemia, the method comprising administering the hydrophilic-

hydrophobic copolymer according to any one of claims 1 to 3 to a patient in need thereof.

[Claim 10]

A method for preventing or treating cancer, suppressing obesity, preventing or
treating ulcerative colitis or non-alcoholic fatty liver (or suppressing liver fibrosis),
preventing or treating diabetes, enhancing radiation in radiation therapy, or preventing or
treating hyperammonemia, the method comprising administering the nanoparticle

according to claim 4 to a patient in need thereof.

AMENDED SHEETS
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Sample type: Plasma
Sample volume: 104l
Medsurement maching: DriChemi

No of samples: 3-Tgroup
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