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(57) ABSTRACT

Provided is a polymeric micelle pharmaceutical preparation
that can increase the ratio of contrast at tumor site to back-
ground contrast in a short period of time after administration
of'alactosome and can suppress the ABC phenomenon so that
the lactosome can be administered more than once within a
short span. A branched-type amphiphilic block polymer com-
prising: a multi-branched hydrophilic block comprising sar-
cosine; and a hydrophobic block comprising polylactic acid.
The branched-type amphiphilic block polymer, wherein the
number of branches of the hydrophilic block is 3. A molecular
assembly comprising the branched-type amphiphilic block
polymer. The molecular assembly further comprising a linear
type amphiphilic block polymer.
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Fig.6
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BRANCHED AMPHIPATHIC BLOCK
POLYMER AND MOLECULAR AGGREGATE
AND DRUG DELIVERY SYSTEM USING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation Application of
patent application Ser. No. 14/126,803, filed on Dec. 16,
2013, which is a 371 application of Application No. PCT/
JP2012/066023, filed on Jun. 22, 2012, which is based on
Japanese Application No. 2011-139468 filed on Jun. 23,
2011, the entire contents of which are hereby incorporated by
reference.

TECHNICAL FIELD

[0002] The present invention belongs to the fields of
supramolecular chemistry, collaborative region of medicine,
engineering and pharmacy, and nanomedicine. The present
invention relates to a nano-carrier as a molecular probe for
molecular imaging, a nano-carrier for drug delivery, and a
dispersing agent, for hydrophobic compounds. More specifi-
cally, the present invention relates to a branched-type
amphiphilic block polymer, a molecular assembly using the
same, and a drug delivery system.

BACKGROUND ART

[0003] WO 2009/148121 (Patent Document 1) and Bioma-
terials, 2009, Vol. 30, p. 5156-5160 (Non-Patent Document 1)
disclose that an amphiphilic block polymer having a polylac-
tic acid chain as a hydrophobic block and a polysarcosine
chain as a hydrophilic block self-assembles in an aqueous
solution to form a polymeric micelle (lactosome) having a
particle size of 30 nm or more. It is known that the lactosomes
exhibit high retentivity in blood and the amount of the lacto-
somes accumulated in the liver is significantly reduced as
compared to polymeric micelles that have been already devel-
oped. The lactosomes utilize the property that nanoparticles
with a particle size of several tens of nanometers to several
hundreds of nanometers retained in blood are likely to be
accumulated in cancer (Enhanced Permeation and Retention
(EPR) effect), and therefore can be used as nano-carriers for
cancer site-targeting molecular imaging or drug delivery.

[0004] A phenomenon, namely “Accelerated Blood Clear-
ance (ABC) phenomenon” is known, in which an immune
system is activated by administering polymeric micelles com-
posed of a synthetic polymer to a living body once so that
when the same polymeric micelles are administered again,
they are accumulated in the liver due to the action of the
immune system. Details of the mechanism of development of
this ABC phenomenon are more or less clarified.
YAKUGAKU ZASSHI, 2009, Vol. 129,No. 12, p. 1445-1451
(Non-Patent Document 2) reports that the development of the
ABC phenomenon is suppressed when polymeric micelles
having a particle size of 30 nm or less are used.

PRIOR ART DOCUMENTS

Patent Document

[0005] Patent Document 1: WO 2009/148121
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Non-Patent Documents

[0006] Non-Patent Document 1: Biomaterials, 2009, Vol.
30, p. 5156-5160

[0007] Non-Patent Document 2: YAKUGAKU ZASSHI,
2009, Vol. 129, No. 12, p. 1445-1451

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0008] Thelactosomes described in Patent Document 1 and
Non-Patent Document 1 exhibit very high retentivity in
blood, and therefore it takes time to reduce background sig-
nals. Specifically, the ratio of contrast at cancer site to back-
ground contrast is maximized 24 hours after administration of
the lactosomes.

[0009] Therefore, it is difficult to perform imaging in a
short period of time.

[0010] Particularly, it is difficult to use the lactosomes as
nano-carriers as molecular probes for imaging (radiodiagno-
sis) using a short-half-life radionuclide, such as 18F-PET
(18F has a half-life of 110 minutes).

[0011] Further, also in the case of the lactosomes (as in the
case of polymeric micelles composed of a synthetic polymer),
the ABC phenomenon occurs.

[0012] Therefore, there is a problem that the lactosomes
cannot be administered more than once while an immuno-
logical memory effect is reduced.

[0013] It is therefore an object of the present invention to
create a polymeric micelle pharmaceutical preparation that
can increase the ratio of contrast at tumor site to background
contrast in a short period of time after administration of a
lactosome and can suppress the ABC phenomenon so that the
lactosome can be administered more than once within a short
span.

Means for Solving the Problems

[0014] The present inventors have intensively studied, and
as a result, have found that the above object of the present
invention can be achieved by molecularly designing an
amphiphilic block polymer so that its hydrophilic block has a
branched structure constituted from a plurality of sarcosine
chains, which has led to the completion of the present inven-
tion.

[0015] The present invention includes the followings.
[0016] (1) A branched-type amphiphilic block polymer

comprising:

[0017] abranched hydrophilic block comprising sarcosine;
and

[0018] a hydrophobic block comprising polylactic acid.
[0019] (2) The branched-type amphiphilic block polymer

according to (1), wherein the hydrophilic block comprising
2 to 200 sarcosine units in total.

[0020] (3) The branched-type amphiphilic block polymer
according to (1) or (2), wherein the number of branches of
the hydrophilic block is 3.

[0021] (4) The branched-type amphiphilic block polymer
according to any one of (1) to (3), wherein lactic acid units
constituting the polylactic acid are 10 to 400.

[0022] (5) The branched-type amphiphilic block polymer
according to any one of (1) to (4), wherein the hydrophobic
block is not branched.

[0023] (6) The branched-type amphiphilic block polymer
according to (5), wherein the plurality of hydrophilic
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blocks extend as branches from one carbon atom in a
molecular chain containing the polylactic acid chain of the
hydrophobic block.

[0024] (7) The branched-type amphiphilic block polymer
according to (6), which has a structure represented by the
following formula (I):

[Chemical Formula 1]

@

HO

=z
'z
=

m

JLC

wherein nl, n2 and n3 represent numbers whose sum is 3 to

200, m represents a number of 15 to 60, and R represents a

hydrogen atom or an organic group.

[0025] (8) The branched-type amphiphilic block polymer
according to any one of (1) to (7), wherein a ratio of a total
number of the sarcosine units contained in the hydrophilic
block to a total number of the lactic acid units contained in
the hydrophobic block is 0.05 or more and less than 1.8.

[0026] (9) A molecular assembly comprising the branched-
type amphiphilic block polymer according to (1) to (8).

[0027] (10) The molecular assembly according to (9), fur-
ther comprising a linear type amphiphilic block polymer
comprising one polysarcosine chain as a hydrophilic block
and one polylactic acid chain as a hydrophobic block.

[0028] (11) The molecular assembly according to (9) or
(10), which encapsulates a functional substance selected,
from the group consisting of a signal agent and a drug.

[0029] (12) The molecular assembly according to (11),
wherein the substance has a polylactic acid chain.

[0030] (13) The molecular assembly according to (9) or
(10), wherein the branched-type amphiphilic block poly-
mer has a functional group selected from the group con-
sisting of a signal group and a ligand group.

[0031] (14) The molecular assembly according to any one
of (9) to (13), whose particle size is 10 to 50 nm.

[0032] (15) The molecular assembly according to any one
of (9) to (14), which is obtained by a preparation method
comprising the steps of:

[0033] preparing a solution, in a container, containing the

branched-type amphiphilic block polymer in an organic sol-

vent;

[0034] removing the organic solvent from the solution to

obtain a film comprising the branched-type amphiphilic

block polymer on an inner wall of the container; and

[0035] adding water or an aqueous solution into the con-

tainer and performing ultrasonic treatment to convert the film

into a molecular assembly, thereby obtaining a dispersion
liquid of the molecular assembly.
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[0036] (16) The molecular assembly according to any one
of (9) to (14), which is obtained by a preparation method
comprising the steps of:

[0037] preparing a solution, in a container, containing the

branched-type amphiphilic block polymer in an organic sol-

vent;

[0038] dispersing the solution into water or an aqueous
solution; and

[0039] removing the organic solvent.

[0040] (17) A drug delivery system comprising administer-

ing the molecular assembly according to any one of (11) to
(16) as a molecular probe to a non-human animal.

Effects of the Invention

[0041] According to the present invention, the branched
structure of the hydrophilic block makes it possible to prepare
a lactosome having a small particle size (e.g., a particle size
less than 30 nm) that conventional lactosomes cannot have.
Therefore, the number of the lactosomes that leak through
gaps in blood vessel walls around cancer cells is increased,
which makes it possible to increase the rate of accumulation
of the lactosomes in a cancer site. Further, the distribution of
the lactosomes in thinner blood vessels is accelerated and
therefore the lactosomes are distributed throughout the body,
which makes it possible to reduce background signals. That
is, it is possible to increase the ratio of contrast at tumor site
to background contrast. This makes it possible to achieve
short-time imaging.

[0042] Further, according to the present invention, the
branched structure of the hydrophilic block makes it possible
to prepare a lactosome having, in its surface, a dense polymer
brush structure of sarcosine chains. Therefore, the develop-
ment, of the ABC phenomenon can be suppressed irrespec-
tive of whether or not the particle size is less than 30 nm.
[0043] Therefore, according to the present invention, it is
possible to create a polymeric micelle preparation that can
increase the ratio of contrast at tumor site to background
contrast in a short period of time after administration of
lactosomes and can suppress the ABC phenomenon so that
the lactosomes can be administered more than once within a
short span.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a 1H NMR spectrum of a branched-type
amphiphilic block polymer synthesized in Example 1.
[0045] FIG. 2 shows the results of DLS measurement of a
branched single-type molecular assembly (polymeric
micelles; lactosomes) prepared in Example 2 and composed
of only a branched-type amphiphilic block polymer.

[0046] FIG. 3 shows the TEM images of the branched
single-type molecular assembly prepared in Example 2 and
composed of only a branched-type amphiphilic block poly-
mer.

[0047] FIG. 4 shows the results of DLS measurement of
branched/linear mixed-type molecular assemblies prepared
in Example 3 and composed of a branched-type amphiphilic
block polymer and a linear type amphiphilic block polymer.
[0048] FIG. 5 shows the results of TEM observation of the
branched/linear mixed-type molecular assemblies prepared
in Example 3 and composed of a branched-type amphiphilic
block polymer and a linear type amphiphilic block polymer.
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[0049] FIG. 6 shows the results of near-infrared imaging of
a cancer-bearing mouse given ICG-modified branched
single-type molecular assembly, which was obtained in
Example 4.

[0050] FIG. 7 shows changes in fluorescence intensity with
time in the liver, background (back), and tumor of cancer-
bearing mice given ICG-modified branched single-type
molecular assembly in near-infrared imaging.

[0051] FIG. 8 shows the results of near-infrared imaging of
cancer-bearing mice after readministration of branched
single-type molecular assembly or linear single-type molecu-
lar assembly (for comparison), which were obtained in
Example 5.

[0052] FIG. 9 shows changes in fluorescence intensity with
time in the ROIs of the liver, background (back), and tumor of
the cancer-bearing mice in near-infrared imaging after read-
ministration of branched single-type molecular assembly or
linear single-type molecular assembly (for comparison).
[0053] FIG. 10 shows the results of ELISA performed to
determine the amounts of antibody in plasmas collected from
mice one week after administration of branched single-type
molecular assembly or linear single-type molecular assembly
(for comparison).

[0054] FIG. 11 shows the results of DLS measurement of
branched single-type molecular assembly prepared in
Example 7 and composed of only a branched-type
amphiphilic block polymer.

[0055] FIG. 12 is a 1H NMR spectrum of a branched-type
amphiphilic block polymer synthesized in Example 8.
[0056] FIG. 13 shows the results of DLS measurement of
branched single-type molecular assembly prepared in
Example 9 and composed of only a branched-type
amphiphilic block polymer.

MODE FOR CARRYING OUT THE INVENTION

[1. Branched-Type Amphiphilic Block Polymer]

[0057] An amphiphilic block polymer according to the
present invention comprises a branched hydrophilic block
comprising sarcosine, and a hydrophobic block comprising
polylactic acid. The hydrophilic block and the hydrophobic
block are linked together by a linker part.

[1-1. Hydrophilic Block]

[0058] In the present invention, the specific degree of the
physical property, “hydrophilicity” of the hydrophilic block
of the branched-type amphiphilic block polymer is not par-
ticularly limited, but, at least, the whole hydrophilic block
shall be relatively more hydrophilic than a polylactic acid
chain as the hydrophobic block that will be described later.
Alternatively, the hydrophilic block shall be hydrophilic to
such an extent that a copolymer composed of the hydrophilic
block and the hydrophobic block can have amphiphilicity as
a whole molecule of the copolymer. Alternatively, the hydro-
philic block shall be hydrophilic to such an extent that the
amphiphilic block polymer can self-assemble in a solvent to
form a self-assembly, particularly, a particulate self-assem-
bly.

[0059] The amphiphilic block polymer according to the
present invention has a branched structure in the hydrophilic
block. Each of the branches of the hydrophilic block contains
sarcosine.
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[0060] The kinds and ratio of structural units constituting
the hydrophilic block are appropriately determined by those
skilled in the art so that a resultant block can have such
hydrophilicity as described above as a whole. Specifically, the
total number of sarcosine units contained in all the branches
may be, for example, 2 to 200, 2 to 100, or 2 to 10. Alterna-
tively, the total number of sarcosine units contained, in the
plurality of hydrophilic blocks may be, for example, 30 to 200
or 50 to 100. The average number of sarcosine units per one
branch may be, for example, 1 to 60, 1 t0 30, 1 to 10, or 1 to
6. That is, each of the hydrophilic blocks can be formed to
contain sarcosine or a polysarcosine chain.

[0061] If the number of structural units exceeds the above
range, when a molecular assembly is formed, the resultant
molecular assembly tends to lack stability. If the number of
structural units is less than the above range, a resultant block
polymer cannot serve as an amphiphilic block polymer or
formation of a molecular assembly tends to be difficult per se.
[0062] The number of branches of the hydrophilic block
shall be 2 or more, but is preferably 3 or more from the
viewpoint of efficiently obtaining a particulate micelle when
a molecular assembly is formed. The upper limit of the num-
ber of branches of the hydrophilic block is not particularly
limited, but is, for example, 27. Particularly, in the present
invention, the number of branches of the hydrophilic block is
preferably 3.

[0063] Sarcosine (i.e., N-methylglycine) is highly water-
soluble, and polymer of sarcosine is highly flexible, because
said polymer has an N-substituted amide and therefore can be
more easily cis-trans isomerized as compared to a normal
amide group, and steric hindrance around the C* carbon atom
is low. The use of such a structure, as a constituent block is
very useful in that the block can have high hydrophilicity as
its basic characteristic, or both high hydrophilicity and high
flexibility as its basic characteristics.

[0064] Further, the hydrophilic block preferably has hydro-
philic groups (typified by, for example, hydroxyl groups) at
its end (i.e., at the end opposite to the linker part).

[0065] In the polysarcosine chain, all the sarcosine units
may be either continuous or discontinuous. However, it is
preferred that the polypeptide chain is molecularly-designed
so that the basic characteristics thereof described above are
not impaired as a whole.

[1-2. Hydrophobic Block]

[0066] In the present invention, the specific degree of the
physical property, “hydrophobicity” of the hydrophobic
block is not particularly limited, but, at least, the hydrophobic
block shall be hydrophobic enough to be a region relatively
more hydrophobic than the whole hydrophilic block so that a
copolymer composed of the hydrophilic block and the hydro-
phobic block can have amphiphilicity as a whole molecule of
the copolymer, or so that the amphiphilic block polymer can
self-assemble in a solvent to form a self-assembly, preferably
a particulate self-assembly.

[0067] The hydrophobic block present in one amphiphilic
block polymer may or may not be branched.

[0068] Inthe presentinvention, the hydrophobic block con-
tains a polylactic acid chain. The kinds and ratio of structural
units constituting the hydrophobic block are appropriately
determined by those skilled in the art so that a resultant block
can have such hydrophobicity as described above as a whole.
Specifically, for example, when the hydrophobic block is not
branched, the number of lactic acid units may be, for example,
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510 100, 15 to 60, or 25 to 45. When the hydrophobic block
is branched, the total number of lactic acid units contained in
all the branches may be, for example, 10 to 400, and prefer-
ably 20 to 200. In this case, the average number of lactic acid
units per one branch is, for example, 5 to 100, and preferably
10 to 100.

[0069] If the number of structural units exceeds the above
range, when a molecular assembly is formed, the resultant
molecular assembly tends to lack stability. If the number of
structural units is less than the above range, formation of a
molecular assembly tends to be difficult per se.

[0070] When the hydrophobic block is branched, the num-
ber of branches is not particularly limited, but may be, for
example, equal to or less than the number of branches of the
hydrophilic block from the viewpoint of efficiently obtaining
a particulate micelle when a molecular assembly is formed.

[0071] Polylactic acid has the following basic characteris-
tics.
[0072] Polylactic acid has excellent biocompatibility and

stability. Therefore, a molecular assembly obtained from the
amphiphilic material containing polylactic acid as a constitu-
ent block is very useful from the viewpoint of applicability to
a living body, especially a human body.

[0073] Further, polylactic acid is rapidly metabolized due
to its excellent biodegradability, and is therefore less likely to
accumulate in tissue other than cancer tissue in a living body.
Therefore, a molecular assembly obtained from the
amphiphilic material containing polylactic acid as a constitu-
ent block is very useful from the viewpoint of specific accu-
mulation in cancer tissue.

[0074] Further, polylactic acid is excellent in solubility in
low-boiling point solvents. This makes it possible to avoid the
use of a hazardous high-boiling point solvent when a molecu-
lar assembly is produced from the amphiphilic material con-
taining polylactic acid as a constituent block. Therefore, such
a molecular assembly is very useful from the viewpoint of
safety for a living body.

[0075] In the polylactic acid chain, all the lactic acid units
may be either continuous or discontinuous. However, it is
preferred that the polypeptide chain is molecularly-designed
so that the basic characteristics thereof described above are
not impaired as a whole.

[0076] From the viewpoint of optical purity, the hydropho-
bic block chain may include the following variations.

[0077] For example, the lactic acid units constituting the
hydrophobic block chain may include only L-lactic acid
units, or may include only D-lactic acid units, or may include
both L-lactic acid units and D-lactic acid units. The hydro-
phobic block may be used singly or in combination of two or
more of them selected from the above examples.

[0078] In a case where the lactic acid units include both
L-lactic acid units and D-lactic acid units, the order of poly-
merization of L-lactic acid units and D-lactic acid units is not
particularly limited. For example, L-lactic acid units and
D-lactic acid units may be polymerized so that one or two
L-lactic acid units and one or two D-lactic acid units are
alternately arranged, or may be randomly polymerized, or
may be block-polymerized.

[0079] Therefore, in a case where the lactic acid units
include both L-lactic acid units and D-lactic acid units, the
amount of each of the lactic acid units is not particularly
limited. That is, the amount of L-lactic acid units contained in
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the hydrophobic block chain and the amount of D-lactic acid
units contained in the hydrophobic block chain may be dif-
ferent from each other, or may be the same, and in this case the
10 or more lactic acid units may be a racemate having an
optical purity of 0% as a whole.

[1-3. Ratio of Number of Sarcosine Units to Number of Lactic
Acid Units]

[0080] In the amphiphilic block polymer according to the
present invention, when the number of sarcosine units (i.e.,
the total number of sarcosine units contained in all the
branches of the hydrophilic block) is defined as N* and the
number of lactic acid units (i.e., the number of lactic acid units
contained in the hydrophobic block, or the total number of
lactic acid units contained in all the branches when the hydro-
phobic block is branched) is defined as N*, the ratio of N*/N*
maybe, for example, 0.05 to 5 or 0.05 to 4.

[0081] More preferably, the ratio of N*/N* may be 0.05 or
more and less than 1.8, for example, 0.05 or more and 1.7 or
less, 0.05 ormore and 1.67 orless, 0.1 or more and 1.7 or less,
or 0.1 or more and 1.67 or less.

[1-4. Branched Structure]

[0082] The structure of the linker site that links the hydro-
philic block and the hydrophobic block together is not par-
ticularly limited as long as it is a chemically acceptable struc-
ture.

[0083] For example, when the number of branches of the
hydrophilic block side is 2, two molecular chains containing
a polysarcosine chain may extend as branches from one N
atom present in the linker site of a molecular chain containing
a polylactic acid chain. In other words, an N atom directly or
indirectly bound to a polylactic acid chain may be directly or
indirectly bound to two polysarcosine chains.

[0084] Further, for example, when the number of branches
of the hydrophilic block side is 3, three molecular chains
containing a polysarcosine chain may extend as branches
from one C atom present in the linker site of a molecular chain
containing a polylactic acid chain. In other words, a C atom
directly or indirectly bound to a polylactic acid chain may be
directly or indirectly bound to three polysarcosine chains.
The same applies when branching occurs at one P or Si atom
present in the linker site, or when the whole molecule of the
amphiphilic block polymer forms a quaternary ammonium
molecule.

[0085] When the number of branches of the hydrophilic
block side exceeds 3, the hydrophilic block side can be
molecularly-designed so that the branches further have a
branched structure.

[0086] When the hydrophobic block side is also branched,
the hydrophobic block side can be molecularly-designed
from the same viewpoint as described above.

[0087] A preferred structure of the branched-type
amphiphilic block polymer in which the number of branches
of the hydrophilic block side is 3 and the hydrophobic block
side is not branched is represented by the following formula

.
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[Chemical Formula 2]

@

HO
N

Jw; |

[0088] In the formula (I), nl, n2 and n3 represent numbers
whose sum is 3 to 200, m represents a number of 5 to 100, and
R represents a hydrogen atom or an organic group. The num-
ber of carbon atoms in the organic group may be 1 to 20.
Specific examples of the organic group include alkyl groups,
alkylcarbonyl groups, and the like.

[0089] A preferred structure of the branched-type
amphiphilic block polymer in which the number of branches
of'the hydrophilic block side is 3 and the number of branches
of the hydrophobic block side is 2 is represented by the
following formula (II).

[Chemical formula 3]

LRI
vARRAY

[0090] Inthe formula (II), n1, n2 and n3 and R are the same
as those in the formula (I) and m1 and m2 represent numbers
whose sum is 10 to 400.

an

[1-5. Synthesis Method of Branched-Type Amphiphilic
Block Polymer]

[0091] In the synthesis of the branched-type amphiphilic
block polymer, the synthesis of a hydrophobic block part
(polylactic acid part), the synthesis of a hydrophilic block part
(sarcosine part or polysarcosine part), and the synthesis of a
linker part that links these blocks together are performed.
[0092] The branched-type amphiphilic block polymer can
be synthesized by, for example, synthesizing a linker reagent
that links sarcosine or polysarcosine chains and a polylactic
acid chain(s) together, and then using the linker reagent as an
initiator to perform attachment of a sarcosine site or extension
of'a polysarcosine site by polymerization reaction and exten-
sion of a polylactic acid site by polymerization reaction.
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[0093] Further, the branched-type amphiphilic block poly-
mer can be synthesized by, for example, extending a polylac-
tic acid chain(s) after attachment of sarcosine to a linker
reagent, or after attachment of polysarcosine chains, previ-
ously prepared as a hydrophilic block by polymerization
reaction, to a linker reagent.

[0094] Furthermore, the branched-type amphiphilic block
polymer can be synthesized by, for example, previously pre-
paring both sarcosine or polysarcosine chains and polylactic
acid chains as a hydrophilic block and a hydrophobic block,
respectively, and linking these blocks together using a linker
reagent separately synthesized.

[0095] The linker reagent can have a structure in which the
number of functional groups (e.g., hydroxyl groups, amino
groups or the like) that can be bound to a lactic acid monomer
(lactic acid or lactide) or a polylactic acid chain is one or equal
to the desired number of branches of the hydrophobic block
side and the number of functional groups (e.g., amino groups)
that can be bound to a sarcosine monomer (e.g., sarcosine or
N-carboxysarcosine anhydride) or polysarcosine is equal to
the desired number of branches of the hydrophilic block side.
In this case, the linker reagent is appropriately molecularly-
designed by those skilled in the art so that each of the func-
tional groups that can be bound to a sarcosine monomer or
polysarcosine has the same reactivity as much as possible.
[0096] The functional group that can be bound to a lactic
acid monomer or a polylactic acid chain and the functional
group that can be bound to a sarcosine monomer or polysar-
cosine may each be protected with a protective group. In this
case, as their respective protective groups, those that can be
selectively removed if necessary are appropriately selected
by those skilled in the art.

[0097] For example, a linker reagent used to synthesize the
branched-type amphiphilic block polymer whose number of
branches of the hydrophilic block side is 3 can be prepared
based on, for example, a 2,2,2-triethanolamine (Tris) struc-
ture.

[0098] Further, in the case of allowing the hydrophobic
block side to be branched, a linker reagent can be prepared
based on, for example, a structure having a larger number of
branching points than the 2,2,2-triethanolamine structure.
The structure having a larger number of branching points can
be obtained in the following manner: a derivative of amino
acid (specific examples thereof include lysine and ornithine)
having, in its side chain, an amino group as an example of a
functional group that can be bound to a polylactic acid chain,
in which all the amino groups are protected, is attached to
2,2 2-triethanolamine, and then deprotection is performed.
The number of branching points can be increased by further
attaching such an amino acid derivative to free amino groups
obtained by deprotection.

[0099] A method for synthesizing the polysarcosine chain
or the polylactic acid chain can be appropriately determined
by those skilled in the art depending on the kind of functional
group in a linker reagent, and may be selected from known
peptide synthesis methods or polyester synthesis methods.
[0100] Peptide synthesis is preferably performed by, for
example, ring-opening polymerization of N-carboxysar-
cosine anhydride (sarcosine NCA) using, as an initiator, a
basic group, such as an amino group, in a linker reagent.
[0101] Polyester synthesis is preferably performed by, for
example, ring-opening polymerization of lactide using, as an
initiator, a basic group, such as an amino group, in a linker
reagent.
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[0102] When a branched-type amphiphilic block polymer
different in the number of branches from the above specific
example is synthesized, the branched-type amphiphilic block
polymer can be prepared by those skilled in the art with
appropriately making various changes in terms of organic
chemistry.

[0103] The chain length of the polysarcosine chain or the
polylactic acid chain can be adjusted by adjusting a loading
ratio between the initiator and the monomer in the polymer-
ization reaction. The chain length can be also determined by,
for example, "HNMR.

[2. Molecular Assembly]

[0104] A molecular assembly (lactosome) according to the
present invention is a structure formed by aggregation or
self-assembling orientation of the branched-type amphiphilic
block polymer described above. The molecular assembly
according to the present invention is preferably a micelle
constituted to have a hydrophobic block on the inside (core)
and a hydrophilic block on the outside in terms of practical
use. The molecular assembly according to the present inven-
tion includes one composed of the branched-type amphiphilic
block polymer (single type), and one composed of the
branched-type amphiphilic block, polymer and a linear type
amphiphilic block polymer (mixed type).

[0105] Further, the molecular assembly according to the
present invention is allowed to have an appropriate functional
structure so as to be a useful structure as a probe for molecular
imaging or a preparation for a drug delivery system.

[2-1. Single-Type Molecular Assembly Composed of
Branched-Type Amphiphilic Block Polymer]|

[0106] The branched-type amphiphilic block polymer is
larger in the molecular cross-sectional area of a hydrophilic
site than a linear amphiphilic block polymer due to the pres-
ence of a plurality of polysarcosine chains as branched
chains. Therefore, the molecular assembly composed of the
branched-type amphiphilic block polymer is excellent in sta-
bility as a particle. Further, such a particle can have a large
curvature. Therefore, as will be described later, the molecular
assembly according to the present invention has a basic char-
acteristic that said molecular assembly can have a reduced
particle size.

[0107] Further, the molecular assembly composed of the
branched-type amphiphilic block polymer has a basic char-
acteristic that said molecular assembly has a higher hydro-
philic group density on the surface than conventional lacto-
somes due to the presence of a plurality of polysarcosine
chains as branched chains, and therefore hydrophobic site in
said molecular assembly is less exposed.

[2-2. Mixed-Type Molecular Assembly Composed of
Branched-Type Amphiphilic Block Polymer and Linear Type
Amphiphilic Block Polymer]

[0108] A linear type amphiphilic block polymer mixed
with the branched-type amphiphilic block polymer in the
molecular assembly according to the present invention may
be an amphiphilic block polymer that has been used as a
component of conventional lactosomes or an amphiphilic
block polymer that has not been able to function as a compo-
nent of conventional lactosomes. It is to be noted that the
amphiphilic block polymer that has beenused as a component
of conventional lactosomes is a polymer that can self-as-
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semble by itselfto form a particle. Specifically, itis a polymer
that has, when the number of sarcosine units is defined as N®
and the number of polylactic acid units is defined as N*, a
ratio of N*/N¥ of, for example, 1.8 or more (the upper limit
within the range is not particularly limited but is, for example
5 or4). On the other hand, the amphiphilic block polymer that
has not been able to function as a component of conventional
lactosomes is a polymer that exhibits amphiphilicity as a
whole molecule of a copolymer composed of a hydrophilic
block and a hydrophobic block but cannot self-assemble by
itself to form a particle. Specifically, it is a polymer that, has
aratio of N¥/N” of, for example, less than 1.8, for example 1.7
or less or 1.67 or less (the lower limit within the range is not
particularly limited but is, for example, 0.05 or 0.1).

[0109] The linear type amphiphilic block polymer used in
the present invention may be molecularly-designed from the
same viewpoint as the branched-type amphiphilic block poly-
mer according to the present invention except that it basically
has a linear structure. Specifically, the linear type amphiphilic
block polymer used may be one composed of a hydrophilic
block containing one sarcosine or one polysarcosine chain
and a hydrophobic block containing one polylactic acid
chain. The number of sarcosine units in the hydrophilic block
is, for example, 1 to 200, 1 to 29, 30 to 200, or 50 to 100. The
number of lactic acid units in the hydrophobic block is, for
example, 5 to 100, 15 to 60, or 25 to 45.

[0110] The mixed-type molecular assembly (branched/lin-
ear mixed-type molecular assembly) according to the present
invention has the above-described basic characteristics of the
single-type molecular assembly (branched single-type
molecular assembly) according to the present invention, and
in addition, due to the presence of the linear type amphiphilic
block polymer mixed, can have a particle size intermediate
between the particle size of the branched single-type molecu-
lar assembly according to the present invention and the par-
ticle size of a conventional lactosome (linear type single-type
molecular assembly).

[0111] It is to be noted that in the case of the mixed-type
molecular assembly, the branched-type amphiphilic block
polymer and the linear amphiphilic block polymer are pref-
erably the same in the optical activity of the polylactic acid
chain to each other in terms of particle size control. For
example, when the polylactic acid chain of the branched-type
amphiphilic block polymer is composed of only L-lactic acid
units, the polylactic acid chain of the linear type amphiphilic
block polymer is also preferably composed of only L-lactic
acid units.

[0112] In the case of the mixed-type molecular assembly,
the mixing ratio between the branched-type amphiphilic
block polymer and the linear type amphiphilic block polymer
may be 50:50 to 100:0, and preferably 67:33 to 100:0 on
molar basis. If the proportion of the linear type amphiphilic
block polymer exceeds the above range, it tends to be difficult
to obtain the effects of the present invention obtained by the
branched-type amphiphilic block polymer.

[2-3. Particle Size]

[0113] The particle size of the molecular assembly accord-
ing to the present invention may be, for example, 10to 50 nm.
The upper limit within the range may be 35 nm, 30 nm, 25 nm,
or 20 nm. The term “particle size” used herein refers to a
particle size occurring most frequently in particle size distri-
bution, that is, a mode particle size. As has been described
above, the molecular assembly according to the present
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invention basically tends to have a smaller particle size than
conventional ones due to the branched structure of the hydro-
philic block of the amphiphilic block polymer.

[0114] The single-type molecular assembly tends to have a
relatively small particle size within the above range. Specifi-
cally, the single-type molecular assembly may have a particle
size of, for example, 10 to 35 nm. The upper limit within the
range may be 30 nm, 25 nm, or 20 nm.

[0115] Onthe other hand, the mixed-type molecular assem-
bly tends to have a relatively large particle size. Specifically,
the mixed-type molecular assembly may have a particle size
of, for example, 20 to 50 nm. The lower limit within the range
may be 25 nm, 30 nm, 25 nm, 30 nm, or 35 nm, and the upper
limit may be 35 nm.

[0116] In either case, a molecular assembly having a par-
ticle size smaller than the lower limit of the above range can
be obtained by shortening the chain length of the branched-
type amphiphilic block polymer. If the particle size exceeds
the above range, it is difficult to obtain a preferred EPR effect
when the molecular assembly is administered as a molecular
probe into a living body, which tends to make short-term
imaging difficult.

[0117] Examples of a method for controlling the particle
size include a method in which the chain length of the poly-
mer constituting the molecular assembly is shortened to
adjust the particle size to be smaller; a method in which the
amount of the linear type amphiphilic block polymer to be
blended is reduced to adjust the particle size to be smaller; a
method in which the amount of an encapsulated substance is
reduced to adjust the particle size to be smaller; and the like.
[0118] A method for measuring the size of the molecular
assembly according to the present invention is not particu-
larly limited, and is appropriately selected by those skilled in
the art. Examples of such a method include an observational
method with a TEM (Transmission Electron Microscope) and
a DLS (Dynamic Light Scattering) method. In the case of a
DLS method, the translational diffusion coefficient of par-
ticles undergoing Brownian movement in a solution is mea-
sured.

[2-4. Embodiment Having Functional Structure]

[0119] The molecular assembly according to the present
invention can have a functional structure that allows the
molecular assembly to have a useful form or function for use
in a molecular imaging system or a drug delivery system.
Therefore, the molecular assembly according to the present
invention can be a structure useful as a probe for molecular
imaging or a preparation for a drug delivery system.

[0120] Examples of a specific embodiment of the molecu-
lar assembly having a functional structure include an embodi-
ment in which a functional group selected from the group
consisting of a signal group and a ligand group is bound to the
amphiphilic block polymer itself constituting the molecular
assembly, and an embodiment in which the molecular assem-
bly encapsulates a functional substance selected from the
group consisting of a signal agent and a drug.

[2-4-1. Binding of Functional Group]

[0121] The functional group is, for example, an organic
group, and is appropriately selected by those skilled in the art
depending on the intended use of the molecular assembly.
Examples of the functional group include a signal group and
a ligand group.
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[0122] A signal group is a group having a property detect-
able for imaging. Examples of such a signal group include
fluorescent groups, radioactive element-containing groups,
and magnetic groups. Means for detecting these groups may
be appropriately selected by those skilled in the art.

[0123] Examples of the fluorescent groups include, but are
not limited to, groups derived from fluorescein-based dyes,
cyanine-based dyes such as indocyanine dyes, rhodamine-
based dyes, and quantum dots.

[0124] In the present invention, near-infrared fluorescent
groups (e.g., groups derived from cyanine-based dyes or
quantum dots) are preferably used.

[0125] Each substituent group having a hydrogen bond
exhibits absorption in the near-infrared region (700 to 1300
nm), but the degree of absorption is relatively small. There-
fore, near-infrared light easily penetrates through living tis-
sue. It can be said that by utilizing such characteristics of
near-infrared light, in-vivo information can be obtained with-
out putting an unnecessary load on the body. Particularly,
when a target to foe measured is decided to a site close to the
body surface of a small animal, near-infrared fluorescence
can give useful information.

[0126] More specific examples of the near-infrared fluores-
cent groups include groups derived from indocyanine dyes
such as ICG (indocyanine green), Cy7, DY776, DY750,
Alexa790, Alexa750, and the like. In a case where the
molecular assembly according to the present invention is
intended for use targeting, for example, cancer, groups
derived from an indocyanine dye such as ICG may be par-
ticularly preferably used from the viewpoint of accumulation
in a cancer.

[0127] Examples of the radioactive element-containing
groups include, but are not limited to, groups derived from
saccharides, amino acids, or nucleic acids labeled with a
radioisotope such as '*F. One specific example of a method
for introducing a radioactive element-containing group
includes a method comprising the step of polymerizing lac-
tide using mono-Fmoc (9-fluorenylmethyloxycarbonyl)eth-
ylenediamine, the step of protecting a terminal OH group by
a silyl protecting group, the step of eliminating Fmoc by
piperidine treatment, the step of polymerizing sarcosine-N-
carboxyanhydride (SarNCA) and terminating the end of the
polymer, the step of eliminating the silyl protecting group to
perform conversion to a sulfonate ester (e.g., trifluo-
romethanesulfonate ester, p-toluenesulfonate ester), and the
step of introducing a radioactive element-containing group. If
necessary, this specific example may be modified by those
skilled in the art.

[0128] Examples of the magnetic groups include, but are
not limited to, groups having a magnetic substance such as
ferrichrome and groups contained in ferrite nanoparticles and
magnetic nanoparticles.

[0129] The ligand group shall be one that binds to a bio-
molecule expressed in a target cell to control the directivity of
the molecular assembly to thereby improve the targeting
property of the molecular assembly. Examples of the ligand
group include an antibody, a cell-adhesive peptide, a sugar
chain, a water-soluble polymer, and the like.

[0130] Examples of the antibody include those having an
ability to specifically bind to an antigen expressed in a cell in
a target site.

[0131] Examples ofthe cell-adhesive peptide include adhe-
sion factors such as RGD (arginine-glycine-aspartic acid).
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[0132] Examples of the sugar chain include stabilizers such
as carboxymethyl cellulose and amylose, and those having an
ability to specifically bind to a protein expressed in acellin a
target site.

[0133] Examples of the water-soluble polymer include
polymers such as polyether chains and polyvinyl alcohol
chains.

[0134] Such a group can be preferably bound to the termi-
nal structural unit of the hydrophilic block-side in the
amphiphilic block polymer. This makes it possible, when a
micelle is formed, to obtain a particle having the functional
groups on its surface, that is, a particle having a surface
modified with the functional groups.

[2-4-2. Encapsulation of Functional Substance]

[0135] The functional substance is selected from the group
consisting of a signal agent and a drug. This substance is a
hydrophobic compound and is encapsulated by placing said
substance in the hydrophobic core of the molecular assembly.
[0136] As the signal agent, a molecule having the above-
described signal group can be used. Among such molecules,
near-infrared fluorescent substances such as indocyanine
green-based dyes, or radioactive element-containing sub-
stances such as saccharides, amino acids, or nucleic acids
labeled with a radioisotope such as '®F may be preferably
used in the present invention.

[0137] As the drug, one suitable for a target disease is
appropriately selected by those skilled in the art. Specific
examples of the drug include anticancer drugs, antimicrobial
agents, antiviral agents, anti-inflammatory agents, immuno-
suppressive drugs, steroid drugs, hormone drugs, anti-angio-
genic agents, and the like. These drug molecules may be used
singly or in combination of two or more thereof.

[0138] The functional substance to be encapsulated may be
bound with a polylactic acid group.

[0139] The polylactic acid group is a group comprising
lactic acid units as a main component. All the lactic acid units
may be either continuous or discontinuous. The structure,
chain length, and optical purity of the polylactic acid group
can be basically determined from the same viewpoint as
described above with reference to the molecular design of the
hydrophobic block. This also makes it possible to obtain the
effect that the functional substance can have excellent affinity
for the hydrophobic block of the amphiphilic block polymer
in the molecular assembly.

[0140] Thenumber oflactic acid units of the polylactic acid
group is 15 to 60, and preferably 25 to 45. Within the above
range, the polylactic acid-bound functional substance is
molecularly-designed so that its entire length does not exceed
the length ofthe above-described amphiphilic block polymer.
Preferably, the polylactic acid-bound functional substance is
molecularly-designed so that its entire length does not exceed
twice the length of the hydrophobic block of the amphiphilic
block polymer. If the number of structural units exceeds the
above range, when a molecular assembly is formed, the
resultant molecular assembly tends to lack stability. If the
number of structural units is less than the above range, the
affinity of the functional substance for the hydrophobic block
of the amphiphilic block polymer tends to be lowered.
[0141] It is to be noted that the polylactic acid chain of the
polylactic acid-bound functional substance is preferably the
same in optical activity as that of the branched-type
amphiphilic block polymer or the linear type amphiphilic
block polymer as the component of the molecular assembly.

Jun. 23,2016

For example, when the polylactic acid chain of the branched-
type amphiphilic block polymer or the linear type
amphiphilic block polymer is composed of L-lactic acid
units, it is preferred that the polylactic acid chain of the
polylactic acid-bound functional substance is also composed
of L-lactic acid units.

[0142] The amount of the functional substance encapsu-
lated is not particularly limited, but when the functional sub-
stance is, for example, a fluorescent substance, the amount of
a fluorescent dye may be 0.5 to 50 mol %, for example, 0.5 to
1 mol % or 1 to 50 mol % with respect to the total amount of
the amphiphilic block polymer and the fluorescent dye. The
same can be applies to the amount of another functional
substance (a radioactive substance as an example) encapsu-
lated.

[2-5. Formation of Molecular Assembly]

[0143] A method for forming the molecular assembly is not
particularly limited, and can be appropriately selected by
those skilled in the art depending on, for example, the desired
size and characteristics of the molecular assembly and the
kind, properties, and amount of a functional structure to be
carried by the molecular assembly. If necessary, after being
formed by a method that will be described later, the resultant
molecular assemblies may be surface-modified by a known
method.

[0144] It is to be noted that whether particles have been
formed or not may be confirmed by observation with an
electron microscope.

[2-5-1. Film Method]

[0145] The branched-amphiphilic block polymer accord-
ing to the present invention is soluble in low-boiling point
solvents, and therefore the molecular assembly can be pre-
pared by a film method.

[0146] The film method includes the following steps of:
preparing a solution, in a container (e.g., a glass container),
containing the branched-type amphiphilic block polymer in
an organic solvent (e.g., a solution containing the branched-
type amphiphilic block polymer and the functional substance
in an organic solvent); removing the organic solvent from the
solution to obtain a film comprising the branched-type
amphiphilic block polymer (e.g., a film comprising the
branched-type amphiphilic block polymer and the functional
substance) on an inner wall of the container; and adding water
or an aqueous solution into the container and performing
ultrasonic treatment or warming treatment to convert the film-
like substance into a molecular assembly (e.g., a molecular
assembly encapsulating the functional substance), thereby
obtaining a dispersion liquid of the molecular assembly. The
film method may further include the step of subjecting the
dispersion liquid of the molecular assembly to freeze-drying
treatment.

[0147] The solution containing the branched-type
amphiphilic block polymer and the functional substance in an
organic solvent may be prepared by previously preparing a
film comprising only the branched-type amphiphilic block
polymer, and then adding a solution containing the functional
substance to the film for dissolution at the time of nanopar-
ticle preparation.

[0148] Inthecase of preparation of the mixed-type molecu-
lar assembly, the respective steps described above shall be
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performed in a state where the linear type amphiphilic block
polymer is mixed with the branched-type amphiphilic block
polymer.

[0149] Preferred examples of the organic solvent used in
the film method include low-boiling point solvents. In the
present invention, the term “low-boiling point solvent” refers
to one whose boiling point is 100° C. or less, and preferably
90° C. or less at 1 atmospheric pressure. Specific examples of
such a low-boiling point solvent, include chloroform, diethyl
ether, acetonitrile, ethanol, acetone, dichloromethane, tet-
rahydrofuran, hexane, and the like.

[0150] Theuse of such alow-boiling point solvent makes it
very easy to perform solvent removal. A method for solvent
removal is not particularly limited, and may be appropriately
determined by those skilled in the art depending on the boil-
ing point of an organic solvent to be used, or the like. For
example, solvent removal may be performed under reduced
pressure or by natural drying.

[0151] After the organic solvent is removed, a film contain-
ing the branched-type amphiphilic block polymer is formed
on the inner wall of the container. Water or an aqueous solu-
tion is added to the container to which the film is attached. The
water or aqueous solution is not particularly limited, and
biochemically or pharmaceutically acceptable ones may be
appropriately selected by those skilled in the art. Examples
thereof include distilled water for injection, normal saline, a
buffered solution, and the like.

[0152] After water or an aqueous solution is added, warm-
ing treatment is performed. The film is peeled off from the
inner wall of the container by warming, and in this process,
the molecular assembly is formed. The warming treatment
can be performed under conditions of, for example, 70to 100°
C. and 5 to 60 minutes. After the completion of the warming
treatment, a dispersion liquid in which the molecular assem-
bly (when the functional substance is used, the molecular
assembly encapsulating the functional substance) is dis-
persed in the water or aqueous solution is prepared in the
container. Further, if necessary, ultrasonic treatment may be
performed in combination when the film is peeled off.
[0153] The obtained dispersion liquid can be directly
administered to a living body. That is, the molecular assembly
does not need to be stored by itself under solvent-free condi-
tions.

[0154] On the other hand, the obtained dispersion liquid
may be subjected to freeze-drying treatment. A method for
freeze-drying treatment is not particularly limited, and any
known method can be used. For example, the dispersion
liquid of the molecular assembly obtained in such a manner as
described above may be frozen by liquid nitrogen and subli-
mated under reduced pressure. In this way, a freeze-dried
product of the molecular assembly is obtained. That is, the
molecular assembly can be stored as a freeze-dried product. If
necessary, water or an aqueous solution may be added to the
freeze-dried product to obtain a dispersion liquid of the
molecular assembly, and the molecular assembly can be used.
The water or aqueous solution is not particularly limited, and
biochemically or pharmaceutically acceptable ones may be
appropriately selected by those skilled in the art. Examples
thereof include distilled water for injection, normal saline, a
buffer solution, and the like.

[2-5-2. Injection Method]

[0155] An injection method includes the following steps:
preparing a solution, in a container (e.g., a test tube), contain-

Jun. 23,2016

ing the branched-type amphiphilic block polymer in an
organic solvent; dispersing the solution in water or an aque-
ous solution; and removing the organic solvent. In the injec-
tion method, the step of purification treatment maybe appro-
priately performed before the step of removing the organic
solvent.

[0156] Examples of the organic solvent used in the injec-
tion method include trifluoroethanol, ethanol, hexafluoroiso-
propanol, dimethylsulfoxide, dimethylformamide, and the
like.

[0157] Examples of the water or aqueous solution used
include distilled water for injection, normal saline, a buffer
solution and the like.

[0158] Examples of the purification treatment performed
include gel filtration chromatography, filtering, ultracentrifu-
gation, and the like.

[3. Drug Delivery System and Molecular Imaging]

[0159] [3-1. Object to which Molecular Assembly is to be
Administered]
[0160] A drug delivery system and molecular imaging

according to the present invention include administration of
the above-described molecular assembly to aliving body. The
living body to which the molecular assembly is administered
is not particularly limited, but may be a human or a non-
human animal. The non-human animal is not particularly
limited, and may be a mammal other than a human. Specific
examples thereof include primates, gnawing mammals (e.g.,
mice, rats), rabbits, dogs, cats, pigs, bovines, sheep, horses,
and the like.

[0161] The molecular assembly used in the method accord-
ing to the present invention is excellent in specific accumu-
lation in a vascular lesion site (e.g., a malignant tumor site, an
inflammatory site, an arterial sclerosis site, an angiogenic
site). The molecular assembly according to the present inven-
tion accumulates in the tissue of such a site due to EPR
(enhanced permeability and retention) effect, and therefore
its accumulation does not depend on the kind of tissue of a
vascular lesion site. The administration target of the fluores-
cent probe according to the present invention is preferably a
cancer. Examples of the cancer as the administration target
include a wide variety of cancers such as liver cancers, pan-
creas cancers, lung cancers, uterine cervical cancers, breast
cancers, and colon cancers.

[3-2. Administration]

[0162] A method for administration to a living body is not
particularly limited, and can be appropriately determined by
those skilled in the art. Therefore, the administration method
may be either systemic or local. That is, the molecular probes
can be administered by any one of injection (needle injection
or needleless injection), oral administration, and external
administration.

[0163] The molecular assembly according to the present
invention has a dense polymer brush structure of sarcosine
chains in its particle surface due to the branched structure of
the branched-type amphiphilic block polymer as its essential
component. Therefore, it is considered that, as compared to
conventional lactosomes, the hydrophobic site of the particle
is less exposed to an external environment, and therefore the
recognition of the particle as a foreign substance by the exter-
nal environment is suppressed. The molecular assembly
according to the present invention makes it possible to
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achieve areduction in ABC phenomenon believed to be dueto
this matter. Therefore, the molecular assembly according to
the present invention can be administered more than once. For
example, the molecular assemblies according to the present
invention may be administered to the same individual two or
more necessary times (e.g., 2 to 10 times). Further, the span
between administrations may be, for example, 1 to 60 days.

[3-3. Detection of Molecular Assembly]

[0164] The molecular imaging according to the present
invention includes the step of detecting signals derived from
the administered molecular assembly. By detecting the
administered molecular assembly, it is possible to observe the
appearances of an administration target (especially, the posi-
tion and size of cancer tissue, and the like) from outside the
body.

[0165] As adetection method, any means that can visualize
the administered molecular assembly can be used. The detec-
tion means can be appropriately determined by those skilled
in the art depending on the kind of signal group or signal
substance of the molecular assembly.

[0166] When the particle size of the molecular assembly is
the same as that of a molecular assembly by a conventional
method, the time from administration to the start of detection
can be appropriately determined by those skilled in the art
depending on the kind of functional structure of the molecular
assembly to be administered and the kind of administration
target. For example, detection may be started after a lapse of
1 to 24 hours from administration. If the time is shorter than
the above range, a detected signal is too strong, and therefore
it tends to be difficult to clearly distinguish an administration
target from other sites (background). On the other hand, if the
time is longer than the above range, the molecular assembly
tends to be excreted from the administration target.

[0167] On the other hand, the molecular assembly accord-
ing to the present invention is excellent in stability as a par-
ticle due to the branched structure of the branched-type
amphiphilic block polymer as its essential component, and a
molecular assembly with a small particle size, which is not
previously attainable, can be prepared. When the molecular
assembly having a small particle size is administered to a
living body, the rate of accumulation of the molecular assem-
bly in target tissue by the EPR effect can be accelerated, and
excretion of the molecular assembly to the outside of the body
by the kidney can be accelerated. Therefore, when the
molecular assembly is smaller in particle size than those by a
conventional method, the time from administration to the start
of detection can be shortened as compared to a conventional
method. For example, the time may be 1 to 24 hours, and
preferably 1 to 9 hours. The present invention makes it pos-
sible to reduce the particle size of a molecular assembly, and
therefore the ratio of contrast at tumor site to background can
be increased in a short period of time after intravascular
administration so that short-time selective imaging of a can-
cer site can be achieved.

[0168] Itisto be noted that from the viewpoint of accuracy,
detection of the molecular assembly is preferably performed
by measuring a living body not from one direction but from
two or more directions. Specifically, a living body may be
measured from at least three directions, and more preferably
from at least five directions. When measurement is performed
from five directions, a living body can be measured from, for
example, both right and left abdomen sides, both right and left
sides of the body, and a back side.
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EXAMPLES

[0169] Hereinbelow, the present invention will be
described in more detail with reference to examples, but is not
limited thereto.

Example 1

Synthesis of Branched-Type Amphiphilic Block
Polymer (1)

[0170] Inthis example, a branched-type amphiphilic block
polymer, in which three polysarcosine (PS) chains were
bound to one polylactic acid (L-polylactic acid: PLLLA) chain,
was synthesized.

[Chemical formula 4]

HO
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|\)J\ o
N
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quant.
[0171] Asanoutline, first, a linker reagent was synthesized.

The linker reagent was synthesized from tris hydroxymethyl
aminomethane (Tris) 1 having one amino group as an initiator
of PLLA polymerization and three hydroxyl groups as an
initiator of NCA (N-carboxy anhydride) polymerization in a
sarcosine site. Further, appropriate protective groups were
attached to the amino group and hydroxyl groups of Tris 1 so
that these groups could be deprotected, if necessary. Specifi-



US 2016/0175464 Al
11

cally, the amino group of Tris 1 was protected with a protec-
tive group having a Boc group by using N-tert-butoxycarbo-
nylglycine (Boc-Gly-OH) in the presence of 2-ethoxy-1-
ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) to obtain a
compound 2, and further the hydroxyl groups of the com-
pound 2 were protected with protective groups having a Cbz
group by using benzyloxycarbonylsarcosine (Cbz-Sar-OH)
in the presence of dichlorodicyanobenzoquinone (DDQ) and
dimethylaminopyridine (DMAP) to obtain a compound 3 as a
linker reagent. Only the Boc group of the linker reagent 3 was
selectively removed for deprotection using HCI-Dioxane to
obtain an amino group-containing compound 4.

[0172] A specific synthesis procedure is as follows.
[Compound 2]
[0173] Boc-glycine (2.5 g, 0.014 mol) and EEDQ (6.0 g,

0.024 mol) were added to an EtOH solution (75 mL) contain-
ing tris(thydroxymethyl)aminomethane (1.9 g, 0.016 mol)
and stirred under reflux (95° C.) for 4.5 hours. After the
completion of reaction, a precipitate was removed with filter
paper, EtOH was distilled away under reduced pressure, and
then purification was performed by silica gel column chro-
matography (CHCl;/MeOH mixtures with mixing ratios
(v/v) 0f 1/0,40/1, and 10/1 were used as eluents in this order).
The thus obtained product 2 had a weight 03.2 g (0.012 mol),
and a yield of 82% was achieved.

[Compound 3]

[0174] To a mixture of the compound 2 (278 mg, 1.0
mmol), Cbz-Sar-OH (804 mg, 3.6 mmol), DCC (887 mg, 4.3

[Chemical formula 5]
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mmol), and DMAP (26 mg, 0.21 mmol) was added 10 mL of
dichloromethane cooled with ice, and then the resultant mix-
ture was stirred at room temperature overnight. After the
completion of reaction, washing with ethyl acetate was per-
formed, a white precipitate (urea) was removed, and then
purification was performed by silica gel chromatography
(n-hexane/ethyl acetate mixtures with mixing ratios (v/v) of
2/1, 1/1, and 1/2 were used as eluents in this order). As a

result, a target compound 3 (719 mg) was obtained in a yield
of 84%.

[Compound 4]

[0175] To the compound 3 (710 mg) cooled with ice was
added 4 mol/l. HCl/Dioxane (7.0 mL) for dissolution to
obtain a reaction solution, and the reaction solution was
stirred at room temperature for 5 minutes. Then, the solvent
was distilled away from the reaction solution under reduced
pressure, and purification was performed by silica gel chro-
matography (a CHCl;/MeOH mixture with a mixing ratio of
10/0 (v/v) was used as an eluent).

[0176] Thethus obtained white precipitate was dissolved in
chloroform to obtain a solution, and the solution was sub-
jected to phase separation by adding an aqueous 1N NaOH
solution to remove an HCl salt from a terminal amino group.
Then, the solution was dehydrated with anhydrous magne-
sium sulfate, and the magnesium sulfate was removed by
Celite filtration to obtain a compound 4.

DMAP

DMF

25%

HBr—AcOH
CH,Cl,

1IN NaOH aq

P

/

XN
0 O/Ko
DMF
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-continued

=}

[0177] Then, lactide 5 was subjected to a polymerization
reaction using the amino group-containing compound 4 as an
initiator to synthesize a PLL A chain so that acompound 6 was
obtained. The Cbz groups remaining as protective groups in
the compound 6 were removed with HBr-AcOH for depro-
tection, and at the same time, the terminal hydroxyl group of
PLLA was protected with an acetyl group. Sarcosine-NCA
was subjected to N-carboxyanhydride polymerization reac-
tion using three amino groups in a compound 7 as an initiator
to synthesize PS chains so that a compound 8 is obtained.
Further, glycolic acid, O-(benzotriazol-1-y1)-N,N,N',N'-tet-
ramethyluroniumhexa-fluorophosphate (HATU), and N,N-
diisopropylethylamine (DIEA) were added to the compound
8 to introduce carboxyl groups thereinto so that a branched-
type amphiphilic block polymer 9 is obtained. It is to be noted
that in the above formula, numbers representing the degree of
polymerization are omitted.

[0178] A specific synthesis procedure is as follows.
[Compound 6]
[0179] To a DMEF solution (2 ml.) containing the initiator 4

(485 mg, 0.61 mmol) dissolved therein were added 15 equiva-
lents (1.32 g, 9.2 mmol) of L-lactide (5) relative to the initia-
tor 4 and DMAP (75 mg, 0.61 mmol), and then the resultant
mixture was stirred at 55° C. in an argon atmosphere over-
night (for about 15 hours). The reaction solvent DMF was
removed to some extent by distillation under reduced pres-
sure to obtain a concentrate, and the concentrate was then
dropped into cold MeOH. The thus obtained white precipitate
was collected by centrifugation to obtain a compound 6.

[Compound 7]

[0180] The compound 6 was dissolved in 10 mL of dichlo-
romethane to obtain a reaction solution, and the reaction
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Glycolic acid
HATU, DIEA
DMF

solution was cooled to 0° C., and then 20 mL of 25% HBr-
AcOH was added thereto. The reaction solution was stirred at
room temperature overnight, and then the solvent was dis-
tilled away under reduced pressure so that a white precipitate
was obtained. The white precipitate wets subjected to NMR
measurement, and as a result, it was confirmed that removal of
Cbz groups for deprotection had been completed.

[0181] The obtained white precipitate was dissolved in
chloroform to obtain a solution, and the solution was sub-
jected to phase separation by adding an aqueous 1N NaOH
solution to remove an HBr salt from terminal amino groups.
Successively, the solution was dehydrated with anhydrous
magnesium, sulfate, and the magnesium sulfate was removed
by Celite filtration to obtain a compound 7.

[Compounds 8 and 9]

[0182] A polymerization reaction was performed using the
compound 7 as a macroinitiator to form a hydrophilic site.
Sar-NCA was added to a DMF solution of the compound 7 in
an amount of 40 or 60 equivalents relative to the initiator, and
then the concentration of Sar-KCA was adjusted to 0.50 M.
The thus obtained reaction solution was stirred at room tem-
perature for 24 hours to obtain a compound 8, and then
glycolic acid, HATU, and DIEA were added thereto, and
further stirred for 24 hours. After the completion of reaction,
the reaction solution was concentrated and then purified by
size exclusion chromatography (Sephadex [LH20, eluent:
DMF) to obtain a target amphiphilic block polymer 9.
[0183] The 'H NMR measurement result of the obtained
amphiphilic block polymer 9 is shown in FIG. 1. From result
shown in FIG. 1, the composition of the branched-type
amphiphilic block polymer obtained in this example was
identified, and it was found that the number of lactic acid units
in the PLLA chain was 30 and the number of sarcosine units
per one PS chain was 34.
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Example 2

Preparation of Branched Single-Type Molecular
Assembly (Preparation of Molecular Assembly from
Only Branched-Type Amphiphilic Block Polymer)

M

[0184] In this example, a molecular assembly (polymeric
micelle; lactosome) was prepared by a film method from the
branched-type amphiphilic block polymer 9 obtained in
Example 1.

[0185] 1.0 mg of the branched-type amphiphilic block
polymer 9 was dissolved in an appropriate amount of chloro-
form, and then the solvent was distilled away under reduced
pressure to form a polymer film on a wall of a test tube. The
polymer film was vacuum-dried overnight to sufficiently
remove chloroform, and then 1.0 mL of normal saline was
added to the film and was subjected to ultrasonic treatment in
a bath sonicator filled with water at 85° C. for 5 minutes to
prepare a dispersion liquid of a molecular assembly.

[0186] The obtained dispersion liquid was observed by
dynamic light scattering (DLS) and with a transmission elec-
tron microscope (TEM).

[0187] The results of the DL.S measurement are shown in
FIG. 2. From a size distribution chart shown in FIG. 2, the
dispersion liquid prepared from the branched-type
amphiphilic block polymer exhibited a monodisperse peak
whose peak top particle size (Diam.) was 20.26 nm, Z-aver-
age value (Z-average) was 19.99 nm, and peak width (Width)
was 5.309 nm.

[0188] The results of the TEM observation are shown in
FIG. 3. InFIG. 3, three kinds of photographs different in scale
are shown. As shown in FIG. 3, it was confirmed that poly-
meric micelles having a particle size as small as about 20 nm
(lactosomes with small particle size) were obtained.

Comparative Example 1

Synthesis of Linear Type Amphiphilic Block
Polymer and Linear Single-Type Molecular
Assembly Prepared Therefrom (1)

[0189] A linear type amphiphilic block polymer was syn-
thesized, in which one polysarcosine (PS) chain was bound to
one polylactic acid (L-polylactic acid; PLLA) chain.

[Synthesis of Aminated poly-L-lactic Acid (a-PLA)]|

[0190] Aminated poly-L-lactic acid (a-PLLA) was synthe-
sized using [-lactide (11) and N-carbobenzoxy-1,2-diamino-
ethane hydrochloride (12).

[Chemical formula 6]

CH;

CH;

11
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[0191] To N-carbobenzoxy-1,2-diaminoethane hydrochlo-
ride (12) (310 mg, 1.60 mmol) as a polymerization initiator
was added toluene (1.0 mL) in which tin octanoate (6.91 mg)
was dispersed. Then, the toluene was distilled away under
reduced pressure, and then L-lactide (11) (3.45 g, 24 mmol)
was added to perform a polymerization reaction at 120° C. in
an Ar atmosphere. After 12 hours, the reaction container was
air-cooled to room temperature. The obtained yellowish
white solid was dissolved in a small amount of chloroform
(about 10 mL). The chloroform was dropped into cold metha-
nol (100 mL) to obtain a white precipitate. The obtained white
precipitate was collected by centrifugation and dried under
reduced pressure.

[0192] To a dichloromethane solution (1 mL) of the
obtained white precipitate (500 mg) was added 25 v/iv %
hydrogen bromide/acetic acid (2.0 mL) to obtain a reaction
solution, and the reaction solution was protected from light
and stirred for 2 hours in dry air. After the completion of
reaction, the reaction solution was dropped into cold metha-
nol (100 mL), and then a deposited precipitate was collected
by centrifugation. The obtained white precipitate was dis-
solved in chloroform, and then washed with a saturated aque-
ous NaHCO; solution and dehydrated with anhydrous
MgSO,. The MgSO, was removed by Celite (registered
trademark) filtration, and then the resultant product was sub-
jected to vacuum drying to obtain a white amorphous powder
of' a-PLA (440 mg).

[Synthesis of polysarcosine-poly-L-lactic Acid (PSL1 )]

[0193] An amphiphilic substance, polysarcosine-poly-L.-
lactic acid (PSL1) was synthesized from sarcosine-NCA
(Sar-NCA) and aminated poly-L-lactic acid (a-PLA).

[Chemical formula 7]
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[0194] Dimethylformamide (DMF) (140 mlL.) was added to
a-PLA (383 mg, 0.17 mmol) and sarcosine-NCA (Sar-NCA)
(3.21 g, 27.9 mmol) in an Ar atmosphere to obtain a reaction
solution, and the reaction solution was stirred at room tem-
perature for 12 hours. The reaction solution was cooled to 0°
C., and then glycolic acid (72 mg, 0.95 mmol), O-(benzotria-
zol-1-y1)-N,N,N'N'-tetramethyluroniumhexa-fluorophos-
phate (HATU) (357 mg, 0.94 mmol), and N,N-diisopropyl-
ethylamine (DIEA) (245 pl, 1.4 mmol) were added thereto
and allowed to react at room temperature for 18 hours.

[0195] After DMF was distilled away under reduced pres-
sure by a rotary evaporator, purification was performed using
an LH20 column. Fractions showing a peak detected at UV
270 nm were collected and concentrated. The thus obtained
concentrated solution was dropped into diethyl ether at 0° C.
for reprecipitation to obtain a target substance, PSL1 (1.7 g).

[Synthesis of sarcosine-poly(leucine-aminoisobutyric Acid)
(SLA)]

[0196] An amphiphilic substance, sarcosine-poly(leucine-
aminoisobutyric acid) (SLA) was synthesized from sar-
cosine-NCA (Sar-NCA) and poly(leucine-aminoisobutyric
acid) (LAI).

[Chemical formula 8]
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[0197] Boc-(Leu-Aib)g-OMe (600 mg, 0.349 mmol) was
added to a mixed solution of 6.0 mL of trifluoroacetic acid
(TFA) and 0.6 mL of anisole so that a Boc group was removed
and a TFA salt derivative was obtained. The TFA salt deriva-
tive was washed with isopropyl ether and dried under vacuum
for 2 hours. The residue was dissolved in chloroform and
neutralized with a 4 wt % aqueous sodium hydrogen carbon-
ate solution to remove a TFA group. The chloroform, solution
was concentrated to obtain 420 mg (0.259 mmol) of poly
(leucine-aminoisobutyric acid) (LAI) (H-(Leu-Aib);OMe;
LAD.

[0198] The obtained LAI was dissolved in 8.0 mL of'a 1/1
(v/v) mixed solution of DMF/HCI; to obtain a solution, and
the solution was added to a solution obtained by dissolving
Sar-NCA (1.11 g, 15.6 mmol) in 6.0 mLL of a 1/1 (v/v) mixed
solution of DMF/HCI, to obtain a reaction solution. After the
Sar-NCA was consumed by reaction, the reaction solution
was cooled to 0° C., and glycolic acid (98 mg, 1.30 mmol),
HATU (492 mg, 1.30 mmol), and DIEA (338 pul, 1.94 mmol)
were added thereto and stirred at room temperature for 10
hours. To the reaction solution, glycolic acid (40 mg, 0.52
mmol), HATU (198 mg, 0.52 mmol), and DIEA (135 uL,, 0.78
mmol) were further added and stirred for 12 hours. After the
completion of reaction, the reaction solution was concen-
trated and subjected to gel filtration using Sephadex LH-20to
purity a target substance, SLA (186 mg).

[Preparation of Lactosome Nanoparticles Using Linear Type
Polylactic Acid-Based Amphiphilic Block Polymer]|

[0199] A chloroform solution of the linear type polylactic
acid-based amphiphilic block polymer (0.2 mM) was pre-
pared. Then, the solvent was distilled away under reduced
pressure to form a film on a wall surface of a glass container.
Further, the film was dispersed in water or a buffer solution in
the glass container and was subjected to ultrasonic treatment
at 60° C. for 30 minutes to obtain a dispersion liquid of a
molecular assembly.

[0200] Further, the obtained dispersion liquid was frozen
with liquid nitrogen and sublimated under reduced pressure
to obtain a freeze-dried product. Water was added again to the
obtained freeze-dried product to obtain a lactosome.

[0201] The molecular assembly composed of only the lin-
ear type amphiphilic block polymer had a particle size of 35
nm.

Example 3

Preparation of Branched/Linear Mixed-Type
Molecular Assembly (Preparation of Molecular
Assembly from Mixture of Branched-Type
Amphiphilic Block Polymer and Linear Type
Amphiphilic Block Polymer
[0202] In this example, molecular assemblies (polymeric
micelles; lactosomes) were prepared by a film method from a
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mixture of the branched-type amphiphilic block polymer
obtained in Example 1 and the linear type amphiphilic block
polymer obtained in Comparative Example 1.

[0203] The branched-type amphiphilic block polymer and
the linear type amphiphilic block polymer were dissolved in
an appropriate amount of chloroform in arbitrary ratios, and
the same manner as in Example 2 was performed to prepare
dispersion liquids of molecular assemblies. The dispersion
liquids were subjected to DLS measurement and observed
with a TEM.

[0204] FIG. 4 shows the results of the DLS measurement.
In FIG. 4, the horizontal axis represents the content of linear
type amphiphilic block polymer (Content of AB(L) %) and
the vertical axis represents a particle size (Size/nm). From
FIG. 4, it was confirmed that, as a result of the DLS measure-
ment of the prepared dispersion liquids of molecular assem-
blies, the particle size was changed by changing the mixing
ratio between the amphiphilic block polymers.

[0205] FIG. 5 shows the results of the TEM observation. In
FIG. 5, the mixing ratio is expressed as branched-type
amphiphilic block polymer/linear type amphiphilic block
polymer. From FIG. 5, it was confirmed that uniform poly-
meric micelles (lactosomes) different in particle size were
formed by changing the mixing ratio between the amphiphilic
block polymers.

[0206] The branched single-type molecular assembly pre-
pared in Example 2 had a particle size of 20 nm, whereas the

[Chemical formula 9]
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branched/linear mixed-type molecular assemblies prepared
in this example had a particle size 0f 20 to 35 nm. On the other
hand, as shown in Comparative Example 1, the linear single-
type molecular assembly had a particle size of 35 nm. That is,
this indicates that the branched/linear mixed-type molecular
assemblies prepared in this example can have an arbitrary
particle size between the particle size of the linear single-type
molecular assembly and the particle size of the branched
single-type molecular assembly.

Example 4

Evaluation of Disposition of ICG-Modified
Branched Single-Type Molecular Assembly

[0207] [Synthesis of ICG-Labeled poly-L-lactic Acid
(PLA-ICG)]
[0208] The aminated poly-L-lactic acid (a-PLA) was

labeled with ICG to obtain ICG-labeled poly-L-lactic acid
(PLA-ICG). Specifically, a DMF solution containing 1 mg
(1.3 eq) of an indocyanine green derivative (ICG-sulfo-OSu)
dissolved therein was added to a DMF solution containing 1.9
mg (1.0 eq) of a-PLA and stirred at room temperature for
about 20 hours. Then, the solvent was distilled away under
reduced pressure, and purification was performed using an
LH20 column to obtain a compound, PLA-ICG.
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[Preparation of ICG-Modified Branched Single-Type
Molecular Assembly]

[0209] A dispersion liquid of ICG-modified branched
single-type molecular assembly was prepared, in the same
manner as in Example 2 except that 3 wt % of the ICG-labeled
polylactic acid (ICG-PLLA) was further mixed with the chlo-
roform solution of branched-type amphiphilic block polymer.
In-vivo fluorescent imaging of a cancer-bearing mouse (right
shoulder, subcutaneous implantation) was performed using
the ICG-modified branched single-type molecular assembly
obtained in this example.

[0210] For comparison, ICG-modified linear single-type
molecular assembly was prepared in the same manner from
the linear type amphiphilic block polymer synthesized in
Comparative Example 1, and in-vivo fluorescent imaging was
performed.

[0211] FIG. 6 shows the results of the fluorescent imaging.
It was confirmed that, as in the case of the linear single-type
molecular assembly prepared for comparison, the branched
single-type molecular assembly was less accumulated in the
liver but accumulated in the tumor (right shoulder) by the
EPR effect.

[0212] FIG. 7 shows changes in fluorescence intensity with
time in the right shoulder tumor (Tumor) and back (Back). In
FIG. 7, the vertical axis represents fluorescence intensity and
the horizontal axis represents time (Time (H)). In the case of
the linear type molecular assembly, the fluorescence intensity
in the cancer site peaked about 24 hours after administration,
but in the case of the branched-type lactosome, the fluores-
cence intensity in the cancer site peaked about 9 hours after
administration. The changes in fluorescence intensity in the
background and the cancer site, and the changes in the con-
trast with time between the cancer site and the background
were evaluated, and as a result, in the case of the branched-
type lactosome, the contrast was maximized after 6 hours.
That is, it was confirmed that short-time imaging can be
achieved by the molecular assembly according to the present
invention.

Example 5

Evaluation of ABC Effect

[0213] Inthis example, 8 days after the administration per-
formed in Example 4, the branched single-type molecular
assemblies or the linear single-type molecular assembly (for
comparison) was again administered to the mice, and in-vivo
fluorescent imaging was performed. It is to be noted that two
mice were used in each of a branched single-type molecular
assembly administration group and a linear single-type
molecular assembly administration group.

[0214] FIG. 8 shows the results of the fluorescent imaging
as in FIG. 6. Further, FIG. 9 shows changes with time in the
ROIs of'the liver (Liver), back (Background), and right shoul-
der tumor (Tumor) after first administration (1st) and second
administration (2nd).

[0215] In the case of the linear single-type molecular
assembly (for comparison), almost all the amount of the
molecular assembly were accumulated in the liver just after
readministration (data not shown). On the other hand, in the
case of the branched single-type molecular assembly, the
amount of the molecular assembly accumulated in the liver
was slightly increased just after readministration, but accu-
mulation in the cancer site was observed after 6 hours. That s,
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it was confirmed that in the case of the branched single-type
molecular assembly, sufficient fluorescence intensity for the
fluorescent imaging of the tumor site was ensured. Therefore,
it was apparent that the branched single-type molecular
assembly can be administered more than once because inhi-
bition of their accumulation in a tumor site due to the ABC
effect is reduced.

[0216] FIG. 10 shows the results of ELISA performed to
determine the amounts of antibody in plasmas collected from
mice one week after administration of the branched single-
type molecular assembly or the linear single-type molecular
assembly (for comparison). In FIG. 10, N represents the
results of control, A3B represents the results of the branched
single-type molecular assembly, and P represents the result of
the linear single-type molecular assembly (for comparison).
As shown in FIG. 10, it was confirmed that the amount of
antibody produced in the mouse administered with the
branched single-type molecular assembly was reduced to
about %4 to %3 of that in the mouse administered with the linear
single-type molecular assembly. It is considered that such a
smaller amount of antibody production contributed to the fact
that the branched single-type molecular assembly was accu-
mulated in the cancer without being trapped in the liver even
after the second administration (i.e., to areduction in the ABC
effect).

Example 6

Synthesis of Branched-Type Amphiphilic Block
Polymer (2)

[0217] Inthis example, a branched-type amphiphilic block
polymer in which three polysarcosine chains were bound to
one end of one polylactic acid chain was synthesized using a
linker reagent different from that used in Example 1.

[Chemical formula 10]
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[0218] A compound 2 was synthesized in the same manner
as in Example 1. A linker reagent 13 was obtained and then an
amino group-containing compound 14 was obtained by selec-
tive deprotection in the same manner as in Example 1 except
that benzyloxycarbonyl-f3-alanine (Cbz--Ala-OH) was used
instead of benzyloxycarbonylsarcosine (Cbz-Sar-OH).

[Chemical Formula 11]
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[0219] An amphiphilic block polymer 15 was obtained by
performing synthesis of a PLLA chain by the polymerization
reaction of lactide, removal of Cbz groups for deprotection,
protection of the end of the PLL A chain with an acetyl group,
synthesis of PS chains by the carboxyanhydride polymerisa-
tion reaction of sarcosine-NCA, and introduction of carboxyl
groups in the same manner as in Example 1 using the amino
group-containing compound 14 as aninitiator. It is to be noted
that in the above formula, numerals indicating the degree of
polymerization are omitted.

Example 7

Preparation of Branched Single-Type Molecular
Assembly (Preparation of Molecular Assembly from
Only Branched-Type Amphiphilic Block Polymer)

@

[0220] In this example, molecular assemblies (polymeric
micelles; lactosomes) were prepared from the branched-type

17
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amphiphilic block polymer 15 obtained in Example 6 by an
injection method and a film method.

[Injection Method]

[0221] Thebranched-type amphiphilic block polymer 15 in
an amount of 2 mg was placed in a glass test tube, and
dissolved in 0.1 mL of a DMF solution. Ultrapure water in an
amount of 1.9 mL, was placed in another glass test tube, and
the test tube was placed in a water bath at 0° C. while the
ultrapure water was stirred for 5 minutes. Then, the DMF
solution of the polymer 15 was dispersed in the ultrapure
water with stirring, and then further stirred for 5 minutes. The
thus obtained particle dispersion liquid was returned to room
temperature, and then the organic solvent was removed by
treatment with a PD-10 column to prepare a dispersion liquid
of'a molecular assembly.

[Film Method 1 (Based on Ultrasonic Treatment)]

[0222] A dispersion liquid of molecular assembly was pre-
pared, in the same manner as in Example 2 except that 2.0 mg
of the branched-type amphiphilic block polymer 15 and 2.0
mL of normal saline were used.

[Film Method 2 (Based on Warming Treatment)]

[0223] A dispersion liquid of molecular assembly was pre-
pared in the same manner as in the above film method 1 except
that the time of ultrasonic treatment in the bath sonicator filled
with water at 85° C. was changed to 20 minutes.

[Evaluation of Particle Size]

[0224] The obtained dispersion liquids were subjected to
particle size measurement, and the results are shown in Table
1 together with polydispersity index (PdI). FIG. 11 shows the
dynamic light scattering (DLS) measurement results of par-
ticles formed by the injection method (i), particles formed by
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the film method 1 (ii), and particles formed by the film
method 2 (iii). In this example, particles having a particle size
of 20 nm to 24 nm were formed.

TABLE 1
Particle size
immediately after
particle formation
Formation method of particles (PdI)

Injection method (DMF) 0° C.

Film method 1 (Ultrasonic treatment)
85° C., 5 minutes

Film method 2 (Warming treatment)
85° C., 20 minutes

23.88 nm (0.157)
20.99 nm (0.140)

20.19 nm (0.116)

Example 8

Synthesis of Branched-Type Amphiphilic Block
Polymer (3)

[0225] Inthis example, a branched-type amphiphilic block
polymer in which three sarcosines were bound to one end of
one polylactic acid chain was synthesized.

[Chemical formula 12]
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[0226] First, a compound 7 was synthesized in the same
manner as in Example 1. Then, glycolic acid, HATU, and
DIEA were added respectively to the compound 7 to obtain a
reaction solution, and the reaction solution was stirred at
room temperature for 24 hours. After the completion of reac-
tion, the reaction solution was concentrated and then purified
by size exclusion chromatography (Sephadex LH20, eluent:
DMF) to obtain a target amphiphilic block polymer 16. It is to
be noted that in the above formula, numbers indicating the
degree of polymerization of polylactic acid are omitted.

[0227] FIG. 12 shows the result of 1H NMR measurement
of'the obtained amphiphilic block polymer 16. From FIG. 12,
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the composition of the branched-type amphiphilic block
polymer obtained in this example was identified, and it was
found that the number of lactic acid units in the PLLA chain
was 30 and the number of sarcosine units per branch was 1.

Example 9

Preparation of Branched Single-Type Molecular
Assembly (Preparation of Molecular Assembly from
Only Branched-Type Amphiphilic Block Polymer)

3)

[0228] In this example, molecular assemblies (polymeric
micelles; lactosomes) were prepared by an injection method
from the branched-type amphiphilic block polymer 16

obtained in Example 8.

[0229] The same manner as in Example 7 was performed
except that the branched-type amphiphilic block polymer 16
was used. Dispersion liquids were obtained in both cases,
respectively, one case where the particle formation tempera-
ture was 0° C., which was the same as that in Example 7, and
the other case where the particle formation temperature was
60° C. instead of 0° C.,

[0230] The obtained dispersion liquids were subjected to
particle size measurement. Then, the dispersion liquids were
treated by filtering using a filter with a pore size for removing
particles of 200 nm, and were then again subjected to particle
size measurement. The particle size measurement results are
shown in Table 2 together with polydispersity index (PdI).
Further, FIG. 13 shows the results of DLS measurement of
particles formed at a temperature condition of 0° C. (i) and
particles formed at a temperature condition of 60° C. (ii).

TABLE 2
Particle size
Particle immediately after Particle size
formation particle formation after filter treatment
temperature (PdI) (PdI)
60° C. 77.20 nm (0 134) 74.79 nm (0.121)
0°C. 63.29 nm (0.123) 62.43 nm (0.132)

Comparative Example 2

Synthesis of Linear Type Amphiphilic Block
Polymer and Linear Single-Type Molecular
Assembly Prepared Therefrom (2)

[0231] Linear type amphiphilic block polymers different in
the number of lactic acid units (N*) and the number of sar-
cosine units (N*) were synthesized, in which one polysar-
cosine (PS) chain was bound to one polylactic acid (L-poly-
lactic acid; PLLA) chain. A specific synthesis method was the
same as that described in Comparative Example 1.

[0232] The number of lactic acid units (N%), the number of
sarcosine units (N°), and the ratio thereof (N*/N%) of each of
the synthesized linear type amphiphilic block polymers, and
the particle size of molecular assemblies are summarized in
Table 3. It is to be noted that when particles were not formed
from the linear type amphiphilic block polymer, the phrase
“no particles were formed” was written in the column instead
for particle size. Further, the data of the block polymer whose
sample nameis “Ref” is a copy of the data of a sample in Entry
1 shown in Table 1 in Chemistry letters, Vol. 36, No. 10,
1220-1221 (2007).
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TABLE 3
No.  Sample Name NE NS NS/NE Particle size (nm)
1 SA86-12-1 30 93 3.10 34.3
2 SAR6-8-1 30 78 2.60 31.8
3 SAR6-10-1 30 75 2.50 33.8
4 SA86-9-1 30 73 2.43 32.0
5  SAR6-5-1 30 73 2.43 325
6  SAB6-2-1 31 75 2.42 32.8
7 SAR6-6-1 30 71 2.37 37.1
8  SAB6-19-1 30 70 2.33 33.0
9  SAR6-3-1 31 71 2.29 37.4
10 SA86-16-1 30 65 2.17 31.6
11 SAB6-17-1 30 64 2.13 33.6
12 SA86-13-1 30 63 2.10 333
13 SA86-15-1 30 63 2.10 32.2
14  SA86-18-1 30 63 2.10 323
15 SAle6-10-1 40 76 1.90 47.1
16 SA86-14-1 30 54 1.80 41.2
17 Ref 30 50 1.67 No particles were
formed
18 SAl16-9-1 64 76 1.19 No particles were
formed
19 SAl6-11-1 50 42 0.840 No particles were
formed
[0233] The results indicated that the linear type

amphiphilic block polymer composed of polysarcosine and
polylactic acid needs to have such composition that a ratio of
N°/N* of 1.8 or more is achieved in order to form particles
from the linear type amphiphilic block polymer.

[0234] On the other hand, particles could be formed from
the branched-type amphiphilic block polymer according to
the present invention (e.g., the compound 16 synthesized in
Example 8; N*/N*=0.1) even when its N°/N* ratio was less
than 1.8 at which particles could not be formed in this com-
parative example (Example 9).

1. A branched-type amphiphilic block polymer compris-
ing:

a branched hydrophilic block comprising sarcosine;

a hydrophobic block comprising polylactic acid; and

a linker site that links the hydrophilic block and the hydro-

phobic block together,

wherein the hydrophilic block has two or more branches

that extend from the linker site, and each of the branches
comprises sarcosine.

2. The branched-type amphiphilic block polymer accord-
ing to claim 1, wherein the hydrophilic block comprising 2 to
200 sarcosine units in total.

3. The branched-type amphiphilic block polymer accord-
ing to claim 1, wherein the number of branches of the hydro-
philic block is 3.

4. The branched-type amphiphilic block polymer accord-
ing to claim 1, wherein lactic acid units constituting the
polylactic acid are 10 to 400.

5. The branched-type amphiphilic block polymer accord-
ing to claim 1, wherein the hydrophobic block is not
branched.

6. The branched-type amphiphilic block polymer accord-
ing to claim 5, wherein the plurality of hydrophilic blocks
extend as branches from one carbon atom in a molecular
chain containing the polylactic acid chain of the hydrophobic
block.

7. The branched-type amphiphilic block polymer accord-
ing to claim 6, which has a structure represented by the
following formula (I):
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[Chemical Formula 1]
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whereinnl, n2 and n3 represent numbers whose sum is 3 to
200, m represents a number of 15 to 60, and R represents
a hydrogen atom or an organic group.

8. The branched-type amphiphilic block polymer accord-
ing to claim 1, wherein a ratio of a total number of the
sarcosine units contained in the hydrophilic block to a total
number of the lactic acid units contained in the hydrophobic
block is 0.05 or more and less than 1.8.

9. A molecular assembly comprising the branched-type
amphiphilic block polymer according to claim 1.

10. The molecular assembly according to claim 9, further
comprising a linear type amphiphilic block polymer compris-
ing one polysarcosine chain as a hydrophilic block and one
polylactic acid chain as a hydrophobic block.

11. The molecular assembly according to claim 9, which
encapsulates a functional substance selected from the group
consisting of a signal agent and a drug.

12. The molecular assembly according to claim 11,
wherein the substance has a polylactic acid chain.

13. The molecular assembly according to claim 9, wherein
the branched-type amphiphilic block polymer has a func-
tional group selected from the group consisting of a signal
group and a ligand group.

14. The molecular assembly according to claim 9, whose
particle size is 10 to 50 nm.

15. The molecular assembly according to claim 9, which is
obtained by a preparation method comprising the steps of:

preparing a solution, in a container, containing the

branched-type amphiphilic block polymer in an organic
solvent;

removing the organic solvent, from the solution to obtain a

film comprising the branched-type amphiphilic block
polymer on an inner wall of the container; and

adding water or an aqueous solution into the container and

performing ultrasonic treatment to convert the film into
a molecular assembly, thereby obtaining a dispersion
liquid of the molecular assembly.

16. The molecular assembly according to claim 9, which is
obtained by a preparation method comprising the steps of:

preparing a solution, in a container, containing the

branched-type amphiphilic block polymer to an organic
solvent;

dispersing the solution into water or an aqueous solution;

and

removing the organic solvent.
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17. A drug delivery system comprising administering the
molecular assembly according to claim 11 as a molecular
probe to a non-human animal.

#* #* #* #* #*
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