DESCRIPTION

ALBUMIN-SUGAR CHAIN COMPLEX

TECHNICAL FIELD

[0001]

The present application claims priority on the basis of

Japanese Patent Application No. 2015-132002, filed on June 30,

2015. The present application incorporates the contents of

this basic application, along with the contents of documents

cited therein, by reference.

The present invention relates to an albumin-sugar chain

complex that is present in the body in a stable form and is

capable of demonstrating a sugar chain clustering effect with

a single molecule.

BACKGROUND ART

[0002]
Asparagine-linked sugar chains (also abbreviated as
"N-linked sugar chains") are composed of a structure in which

a sugar chain is bound to an amide nitrogen atom of the side



chain of asparagine (Asn), and may have a wide range of
structures depending on such factors as the types and
arrangement of monosaccharides composing the sugar chain or the
presence or absence of branching. N-linked sugar chains are
intimately involved in various biological functions, such as
immune response regulation, cell growth, malignant
transformation or metastasis of cancer cells, through
interaction with other molecules such as proteins or lipids,
while also contributing to stability of proteins in the body.
Since the functions of these N-linked sugar chains can be
expected to lead to applications in pharmaceuticals for
diagnosis and treatment, analyses are being conducted on the
pharmacokinetics of these N-linked sugar chains in the body.
Since the interaction between N-linked sugar chains and
proteins is mainly dependent on sugar chain structure, methods
used to analyze the functions of N-linked sugar chains consist
of administering a glycoprotein, obtained by binding an

N-linked sugar chain having a specific sugar chain structure



to a protein such as albumin, to an animal and analyzing
parameters such as pharmacokinetics or the presence or absence
of accumulation in tissue (see, for example, Non-Patent
Document 1 or 2). In addition, N-linked sugar chains are also
investigated non-invasively by further introducing a
fluorescent substance into a glycoprotein having an N-linked
sugar chain of a specific structure and analyzing the
pharmacokinetics of the glycoprotein in the body of the animal
by, for example, bioimaging (see, for example, Non-Patent
Document 3).
[0003]

Although the interaction between a single sugar chain and
a protein is weak, a strong interaction is demonstrated when
multiple sugar chains accumulate (sugar chain clustering
effect). Consequently, in order to obtain this sugar chain
clustering effect, complexes obtained by binding as many
N-linked sugar chains as possible to a single protein molecule

are preferable for use as glycoproteins used for functional



analysis of N-linked sugar chains.

[0004]

The inventors of the present invention previously reported

that pharmacokinetics were analyzed by introducing 4 to 16

molecules of N-linked sugar chains per protein molecule into

a polylysine skeleton and further synthesizing a sugar chain

cluster in which the terminals thereof were modified with a

fluorescent substance (see Non-Patent Document 4). Since

sugar chains are bulky and have numerous hydroxy groups, it has

conventionally been extremely difficult to increase the number

of sugar chain molecules bound to a single protein molecule.

[Prior Art Documents]

[Patent Documents]

[0005]

[Patent Document 1] International Publication No. WO

2008/096760

[Patent Document 2] Japanese Unexamined Patent Application,

First Publication No. 2015-030702



[Non~-Patent Documents]

[0006]

[Non-Patent Document 1] Andre, et al., Bioconjugate

Chemistry, 1997, Vol. 8, p. 845-855

[Non-Patent Document 2] Unverzagt, et al., Journal of

Medicinal Chemistry, 2002, Vol. 45, p. 478-491

[Non-Patent Document 3] Ogura, et al., Glycoconjugate

Journal, 2014, Vvol. 31, p. 273-279

[Non-Patent Document 4] Tanaka, et al., Angewandte Chemie

International Edition, 2010, Vol. 49, p. 8195-8200

DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]

[0007]

Sugar chain clusters having 16 molecules of N-linked sugar

chains introduced per molecule of polylysine are susceptible

to degradation when administered into the body. 1In addition,

in the case of actually using as a pharmaceutical for diagnosis

and treatment of humans, it is more preferable to use natural



type proteins whenever possible.
[0008]

An object of the present invention is to provide an
albumin-sugar chain complex bound with a number of sugar chains
sufficient for obtaining a sugar chain clustering effect while
also being able to exist comparatively stably in the body.
[Means for Solving the Problems]

[0009]

As a result of conducting extensive studies to solve the
aforementioned problems, the inventors of the present invention
found that, albumin has numerous lysine residues suitable for
glycosylation, that the glycosylated form can exist
comparatively stably in the body, and that the use of a newly
developed "RIKEN click" reaction (6m-azaelectrocyclic reaction
of a conjugated imine) (see, Patent Documents 1 and 2) enabled
a large number of N-linked sugar chains to be introduced per
molecule of albumin, thereby leading to completion of the

present invention.
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[0010]

Namely, the albumin-sugar chain complex, functional
molecule carrier and bicimaging probe according to the
present invention are as indicated in [1l] to [11] below.

[1] An albumin-sugar chain complex comprising five or
more molecules of an asparagine-linked sugar chain bound
per molecule of albumin.

[2] The albumin-sugar chain complex of [1] above,
wherein the sugar on a non-reducing terminal of the
asparagine-linked sugar chain comprises a sugar selected
from the group consisting of N-acetylglucosamine, galactose,
mannose and sialic acid.

[3] The albumin-sugar chain complex of [1] or [2]
above, wherein the asparagine-linked sugar chain is one or
more types of a sugar selected from the group consisting of
the following formulas (a') to (f'):

[0011]

[Chemical Formula 1]
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Neusﬁé-éal—GlcNAc-Man

@) an—GlcNAc—-GIcNAc
@6 :
NeUSXc-—éal—GlcNAc—Man/w
2.3
Neusx(g—é al-GlcNAc-Man N
b’) 023 Man-GlcNAc-GIcNAc
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[0012]

(wherein, NeuS5Ac represents N-acetylneuraminic acid, Gal
represents galactose, GlcNAc represents N-acetylglucosamine
and Man represents mannose).

[4] The albumin-sugar chain complex of any of [1] to [3]
above, wherein the asparagine-linked sugar chain is bound to
a lysine residue of albumin.

[5] A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,



which comprises the albumin-sugar chain complex of any of [1]

to [4] above.

[6] A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex of [1] or [2] above,

wherein the target tissue is hepatic stellate cells, and the

non-reducing terminal of the asparagine-linked sugar chain is

N-acetylglucosamine.

[7] A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex of [1] or [2] above,

wherein the target tissue is hepatic Kupffer cells, and the

asparagine-linked sugar chain is branched and has mannose and

N-acetylneuraminic acid at its non-reducing terminal.

[8] A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex of [1] or [2] above,

wherein the target tissue is the liver or spleen, and the



hon—reducing terminal of the asparagine-linked sugar chain is
mannose.

[9] A functional molecule carrier for selectively
delivering a functional molecule to a target tissue in the body,
comprising the albumin-sugar chain complex of [1] or [2] above,
wherein the target tissue is cancer cells, and the non-reducing
terminal of the asparagine-linked sugar chain is a(2-3)-1linked
sialic acid.

[10] The functional molecule carrier of any of [5] to [9]
above, wherein the functional molecule is a fluorescent
substance or drug.

[11] Abioimaging probe comprising the albumin-sugar chain
complex of any of [1] to [4] above as an active ingredient thereof
that is administered into the body of an animal.

[Effects of the Invention]
[0013]
The albumin-sugar chain complex according to the present

invention is able to exist comparatively stably in the body,

10



demonstrates a sugar chain clustering effect, and interacts
strongly with other biomolecules such as proteins.
Consequently, the albumin-sugar chain complex according to the
present invention is useful as a tool for analyzing the function
of N-linked sugar chains, while also being useful as a
functional molecule carrier for delivering a functional
molecule to a specific cell or tissue, a bioimaging probe for
labeling a specific cell or tissue, or an active ingredient of
a pharmaceutical targeted at specific cells and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a schematic diagram of biantennary sugar chains

represented by formulas (a') to (f').

FIG. 2 depicts fluorescence images of mouse individuals

at 0.5 hours to 3 hours after administration: (A) mouse

administered HL750-HSA, (B) mouse administered a complex 2a,

(C) mouse administered a complex 2b, and (D) mouse administered

a complex 2c, in a Test Example 1.

11



FIG. 3 depicts graphs showing (A) the results of measuring
the amount of albumin-sugar chain complex or HL750-HSA excreted
into urine for individual mice, (B) the results of measuring
fluorescence intensity in the gallbladder at 3 hours after
administration of albumin-sugar chain complex for individual
mice, and (C) the results of measuring fluorescence intensity
in the small intestine at 3 hours after administration of
albumin-sugar chain complex for individual mice, in a Test
Example 1.

FIG. 4 depicts fluorescence images of mouse individuals
at 0.5 hours to 3 hours after administration: (A) mouse
administered a complex 2d, (B) mouse administered a complex 2e,
and (C) mouse administered a complex 2f, in a Test Example 1.

FIG. 5 depicts (A) fluorescence images in the liver and
spleen excised from mice individuals at 3 hours after
administration of various complexes, (B) a graph indicating the
results of measuring fluorescence intensity in the liver, and

(C) a graph indicating the results of measuring fluorescence

12



intensity in the spleen, in a Test Example 1.

FIG. 6 depicts graphs showing (A) the results of measuring

the amount of albumin-sugar chain complex excreted into urine

for individual mice, (B) the results of measuring fluorescence

intensity in the gallbladder at 3 hours after administration

of albumin-sugar chain complex for individual mice, and (C) the

results of measuring fluorescence intensity in the small

intestine at 3 hours after administration of albumin-sugar

chain complex for individual mice, in a Test Example 2.

FIG. 7 depicts fluorescence images of a mouse individual

at 1 hour after administration of a complex 2b in a Test Example

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0015]

The albumin-sugar chain complex according to the present

invention is characterized in that it comprises five or more

molecules of N-linked sugar chains bound per molecule of albumin.

A sugar chain complex having only one sugar chain molecule bound

13



to a single albumin molecule exhibits weak interaction between

the sugar chain and other molecules such as proteins and has

low reactivity. 1In contrast, the albumin-sugar chain complex

according to the present invention comprises five or more

molecules of N-linked sugar chains bound per molecule, thereby

enabling the complex to demonstrate an adeguate sugar chain

clustering effect even in the case of a single molecule thereof,

while also resulting in strong interaction between the sugar

chain and a specific biomolecule. The albumin-sugar chain

complex according to the present invention preferably comprises

nine or more molecules of N-linked sugar chains per molecule

of albumin. Although there are no particular limitations

thereon, the upper limit of the number of N-linked sugar chains

can be, for example, 30 molecules or less, preferably 20

molecules or less, more preferably 15 molecules or less, and

even more preferably 11 molecules or less.

[0016]

The albumin-sugar chain complex according to the present

14



invention uses albumin for the protein that binds the N-linked
sugar chain. The N-linked sugar chain is linked to a lysine
residue of albumin. Albumin demonstrates superior stability
in the body and has numerous lysine residues suitable for
glycosylation. For example, human albumin has roughly 60
lysine residues per molecule, and 10 to 30 of these are presumed
to be lysine residues capable of glycosylation. In addition,
albumin also offers the advantages of resisting the acquisition
of antigenicity and being less likely to be metabolized as a
foreign body in the body even after having been glycosylated.
[0017]

The albumin that constitutes the albumin-sugar chain
complex according to the present invention may be a natural type
protein purified from an animal or may be a recombinant. In
addition, the albumin may be wild-type albumin inherently
possessed by any animal, or may be a mutant albumin in which
one or a plurality of amino acids other than lysine residues

present in wild-type albumin have been deleted, substituted or

15



added.
[0018]

The albumin that constitutes the albumin-sugar chain
complex according to the present invention is preferably serum
albumin and more preferably serum albumin derived from a mammal .
Preferable examples of mammals include humans, mice, rats,
rabbits, guinea pigs, hamsters, monkeys, sheep, horses, cows,
pigs, donkeys, dogs, cats and other domestic or laboratory
animals, with humans being particularly preferable.

[0019]

The N-linked sugar chain that constitutes the
albumin-sugar chain complex according to the present invention
may consist of only one type of sugar chain or may consist of
two or more types of sugar chains. In addition, there are no
particular limitations on the sugar that constitutes a single
molecule of the N-linked sugar chain provided it is a
monosaccharide (monosaccharide or derivative thereof) capable

of forming a chain structure by glycosidic linkages, and may

16



be a monosaccharide composed of one type of monosaccharide or
monosaccharidecomposedcﬂftwocn:moretypes<1fmonosaccharides.
Examples of these monosaccharides include glucose (Glu),
galactose (Gal), mannose (Man), N-acetylglucosamine (GlcNAc),
N-acetylgalactosamine (GalNAc), fucose (Fuc), xylose (Xyl),
glucuronic acid (GlcA), iduronic acid (Idod),
N-acetylneuraminic acid (NeubAc), N-glycolylneuraminic acid
(NeubGc), deaminoneuraminic acid (KDN:
2-keto-3-deoxy-D-glycero-D-galactonononic acid) and
derivatives thereof.

[0020]

There are no particular limitations on the state of the
glycosidic linkages, and may be, for example, al,4 linkage,
al, 6 linkage, a2,3 linkage, a2,6 linkages, PB1,2 linkages or
Bl,4 linkages.

The N-linked sugar chains that constitutes the
albumin-sugar chain complex according to the present invention

preferably comprises a consensus sequence consisting of

17



*¥-Man-GlcNAc-GlcNAc-** (wherein, *¥ represents the side

bound to albumin).

[0021]

In the albumin-sugar chain complex according to the present

invention, the sugar chain moiety of the N-linked sugar chains

bound to one molecule of albumin may be linear or branched. The

sugar chains that constitutes the albumin-sugar chain complex

according to the present invention are preferably biantennary

sugar chains present in comparatively large amounts in the body

of an animal, and are preferably one or more types selected from

the group consisting of formulas (a') to (£') shown in FIG. 1.

Furthermore, the sugar chains of formulas (a') to (f') are

present in large amounts in the bodies of humans and other

animals.

[0022]

[Chemical Formula 2]

18



For example,

2.6
Neusxo—é( al-GlcNAc-Man
“(g?f&; /Man—GlcNAo—GlcNAc
Neu5A al-GlcNAc-Man

2.3) .
Neusﬁé—éal—GlcNAc—Man
Man—-GlcNAc-GlcNAc
2.3
Neusﬁé—éaI—GIcNAc—Man/

Gal-GlcNAc-Man
(c) >/Ian—GIcNAc—GIcNAc
Gal-GicNAc~-Man

’ GIcNAc—Man\
(d ) Man—GicNAc—-GicNAc
GlcNAc—-Man

Man\

e ) an—-GlcNAc—GIcNAc
Man/VI

of2-6
Neu5Ao—(§aL—GlcNAc—Man a(1-6)
) Man—GIcNAc-GIcNAc
Man

Documents 1 and 2makes it possible to link five or more molecules

of N-linked sugar chains per molecule of albumin.

specifically, an aldehyde compound containing an N-linked sugar
chain represented by the following general formula (I-0) is

linked to a lysine residue of albumin by the reaction indicated

the use of a compound described in Patent

This reaction is carried out on the side chains of at

least five lysine residues on the surface of albumin.

19



albumin-sugar chain complex synthesized in this manner has five
or more structures represented by the following general formula
(I) per molecule of albumin.
[0024]

[Chemical Formula 3]

CHO

Ahﬂ~ﬂv¢ﬁ/
CO,R? 1 1 1l
Atz ! Al—L-Z CO,R!
(-0) . \/\flrcozm \@ 0,
—_ P
. G e
U]
Alb-NH,

[0025]

In general formula (I) and general formula (I-0), Al
represents N-linked sugar chain-Asn- (group in which an
N-linked sugar chain is bound to an amide nitrogen atom of a
side chain of an Asn residue). The sugar chain present in A’
is preferably a sugar chain represented by the aforementioned
formulas (a') to (f'). In addition, L' is bound to a nitrogen
atom not bound to the sugar chain of the Asn residue present
in A'.

[0026]

20



In general formula (I), *%* represents the site that binds
to a carbon atom bound to an amino group on a side chain of a
lysine residue of albumin. In addition, Alb-NH, represents
albumin.

[0027]

In general formula (I) and general formula (I-0), R!
represents an alkyl group having 1 to 6 carbon atoms. Thisalkyl
group may be linear or branched. Examples of this alkyl group
include a methyl group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, t-butyl group, pentyl
group, isoamyl group and hexyl group. In the case of the
albumin-sugar chain complex according to the present invention,
R' in general formula (I) is preferably an alkyl group having
1 to 3 carbon atoms, more preferably a methyl group, ethyl group
or propyl group, and even more preferably an ethyl group.
[0028]

In general formula (I) and general formula (I-0), Z*

represents a 1,2-phenylene group, 1,3-phenylene group or

21



1,4-phenylene group. In the case of the albumin-sugar chain
complex according to the present invention, Z' in general
formula (I) preferably represents a 1,4-phenylene group.
[0029]

In general formula (I) and general formula (I-0), L}
represents an arbitrary linking group. Although there are no
particular limitations on L' provided it is a divalent group
that does not inhibit the RIKEN click reaction, since a higher
degree of freedom of movement of the N-linked sugar chain linked
to albumin makes it easier to demonstrate the sugar chain
clustering effect, a group having a comparatively long chain
or a bulky group, such as that having a ring structure, is
preferable.

[0030]

L' in general formula (I) and general formula (I-0) is
preferably a group represented by the following general formula
(II). 1In general formula (II), R? represents an alkylene group

having 1 to 20 carbon atoms and L? represents an arbitrary

22



linking group. In general formula (II), * represents the site
that binds to A' in the aforementioned general formula (I), while
** represents the site that binds to 2z' in the aforementioned
general formula (I).

[0031]

[Chemical Formula 4]

— O ()

[0032]

The alkylene group represented by R’ may be linear or
branched. As a result of increasing the degree of freedom of
movement of the N-linked sugar chain by linking albumin and the
N-linked sugar chainwith a flexible alkylene group, a plurality
of N-linked sugar chains bound to the same albumin molecule
mutually accumulate more easily. Examples of this alkylene
group include a methylene group, ethylene group, propylene
group, isopropylene group, n-butylene group, isobutylene group,

pentylene group, hexylene group, heptylene group, octylene

23



group, nonylene group, decylene group, undecylene group,
dodecylene group, tridecylene group, tetradecylene group,
pentadecylene group, hexadecylene group, heptadecylene group
and nonadecylene group. In the case of the albumin-sugar chain
complex according to the present invention, R? of general
formula (II) preferably represents an alkylene group having 3
to 10 carbon atoms, more preferably represents a linear alkylene
group having 3 to 10 carbon atoms, and even more preferably
represents a linear alkylene group having 4 to 8 carbon atoms.
[0033]

There are no particular limitations on L® in general formula
(II) provided it is a divalent group that does not inhibit the
RIKEN click reaction. Specific examples of L? include
~0-CO-NH- (CHz) ,~CO-NH~, -0-CO-NH- (CH),-NH-CO-, = (CHy),.—,
= (CH2) n—-O-(CHz) n—, - (CH3),~CO-NH- and - (CH;),-NH-CO- (wherein, n
and m respectively and independently represent an integer of 1
to 20).

[0034]

24



An aldehyde compound (I'-0), in which L' in general formula
(I-0) represents a group represented by general formula (II),
can be synthesized by a cyclization reaction between an azide
represented by the following general formula (III) and an
aldehyde represented by the following general formula (IV)
(alkyne-azide cyclization). In general formulas (III) and
(Iv), A', z' and R! are the same as in general formula (I), while
L’ and R’ are the same as in general formula (II).

[0035]

[Chemical Formula 5]

CHO ) /CHO
/21 P~ LZIZ\N
L2

7 COR'
Al—CO-RZ—N; + I :/: I COR' O O 2
== N

(i V) (I'-0)
[0036]
This cyclization reaction canbe carriedout by, for example,
mixing both substances in a polar solvent in a nitrogen
atmosphere. Examples of polar solvents include water,

dimethylformamide (DMF), dimethylsulfoxide (DMSO), methyl

25



cyanide (acetonitrile), propionitrile, dimethoxyethane (DME)
and mixed solvents thereof. The reaction is preferably carried
out at a temperature of 50°C or higher, more preferably at a
temperature of 60°C to 100°C, and even more preferably at a
temperature of 60°C to 80°C.

[0037]

The albumin-sugar chain complex according to the present
invention preferably has a structure represented by the
following general formulas (V-1) to (V-8). 1Ingeneral formulas
(V-1) to (V-8), R' is the same as R' in the aforementioned general
formula (I), R® is the same as R® in the aforementioned general
formula (II), nl represents an integer of 1 to 6, * represents
the binding site with a sugar chain, and ** represents the site
that binds to a carbon atom bound to an amino group of a side
chain of a lysine residue of albumin. The sugar chain bound
at * is preferably that represented by any of the aforementioned
formulas (a') to (£f').

[0038]
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Compounds represented by the following general formulas
(V-1) to (V-8) are preferably compounds in which R! represents
an alkyl group having 1 to 3 carbon atoms, R’ represents an
alkylene group having 3 to 16 carbon atoms, nl represents an
integer of 1 to 3 and the sugar chain bound at * is any of those
represented by the aforementioned formulas (a') to (f'), and
more preferably compounds in which R' represents an alkyl group
having 1 to 3 carbon atoms, R? represents an alkylene group
having 3 to 10 carbon atoms, nl represents an integer of 1 to
3, and the sugar chain bound at * is any of those represented
by the aforementioned formulas (a') to (f').

[0039]

[Chemical Formula 6]
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[0040]

[Chemical Formula 7]
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[0041]

The RIKEN click reaction between an aldehyde compound
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represented by the aforementioned general formula (I-0) and

albumin can be carried out by, for example, mixing both

substances in a polar solvent.

Examples of polar solvents include water,

dimethylformamide (DMF), dimethylsulfoxide (DMSO), methyl

cyanide, propionitrile, dimethoxyethane (DME) and mixed

solvents thereof. The reaction is preferably carried out at

a temperature of 60°C or lower, more preferably at a temperature

of 50°C or lower, and even more preferably at a temperature of

15°C to 40°C so not denature the albumin.

[0042]

The number of molecules of N-linked sugar chains introduced

into amolecule of albumin can be adjusted by adjusting the molar

ratio between the aldehyde compound represented by the

aforementioned general formula (I-0) and albumin used in the

aforementioned RIKEN click reaction. The greater the amount

of the aforementioned aldehyde compound relative to albumin,

the greater the number of molecules of N-linked sugar chains
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that can be introduced into one molecule of albumin.
[0043]

In the case of introducing two or more types of N-linked
sugar chains into one molecule of albumin, each aldehyde
compound represented by general formula (I-0) containing an
N-linked sugar chain is sequentially reacted with albumin.
N-linked sugar chains are sequentially introduced in order
starting with the lysine residue among the plurality of lysine
residues on the surface of albumin that reacts most easily with
the aldehyde compound. Consequently, depending on the order
in which N-linked sugar chains are reacted with albumin,
albumin-sugar chain complexes having different reactivity with
other proteins may be obtained even if the number of molecules
of each N-linked sugar chain bound per molecule of albumin is
the same.

[0044]
The albumin-sugar chain complex according to the present

invention preferably contains a labeling substance or a binding
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site for binding with a labeling substance. The albumin-sugar
chain complex can be detected with this labeling substance. The
labeling substance is preferably a labeling substance that
enables detection of an albumin-sugar chain complex
administered into the body, and examples thereof include
fluorescent substances, substances having a structure that
coordinates with a radiocactive metal, substances containing a
radioisotope, and substances having a structure that
coordinates with a paramagnetic substance used for MRI. These
labeling substances are preferably bound to a moiety other than
the N-linked sugar chain in the albumin-sugar chain complex.
[0045]

There are no particular limitations on the fluorescent
substance retained by the albumin-sugar chain complex according
to the present invention, and a fluorescent substance can be
used that has been suitably selected from among fluorescent
substances used during fluorescent labeling of proteins or

sugars and the 1like. The fluorescent substance may be a protein,
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a pigment or a quantumdot. The fluorescent substance contained
by the albumin-sugar chain complex according to the present
invention is preferably that which can be administered into the
body comparatively safely, and more preferably a near-infrared
fluorescent substance since the albumin-sugar chain complex
within the body is detected more easily outside the body.

Examples of near-infrared fluorescent substances include

organic fluorescent dyes having an indocyanine skeleton such
as HiLyte Fluor® 750, indocyanine green, Alexa Fluor® 647,

Alexa Fluor 680, Alexa Fluor 790, Cy® 3.5, Cy 5, Cy 5.5 and

Cy 7, cyanine derivatives such as brilliant blue or brilliant
green, and inorganic nanoparticles such as Y,0; fluorescent
nanoparticles.
[0046]

Among the labeling substances retained by the
albumin-sugar chain complex according to the present invention,
examples of substances having a structure that coordinates with

a radiocactive metal include DOTA
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(1,4,7,10-tetraazacyclodecane-1,4,7,10-tetraacetic acid) and
DTPA (diethylenetriamine pentaacetic acid). Examples of the
aforementioned substances containing a radioisotope include
derivatives containing one or more types of radioisotopes
selected from the group consisting of *F, 'C, N, 0 and *™Tc
(such as trifluoro('®F)borate). An example of the
aforementioned substances having a structure that coordinates
with a paramagnetic substance used for MRI is gadolinium.
[0047]

The albumin-sugar chain complex according to the present
inventionmay also contain a tag peptide or lowmolecular weight
substance such as biotin. Examples of this tag peptide include
His tag, Flag tag and HA tag. Isolation and purification from
a mixture can be carried out easily by containing such a
substance that specifically binds with a specific substance.
[0048]

Since the albumin-sugar chain complex according to the

present invention has a large number of N-linked sugar chains
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in a single molecule thereof, specific interactions between the

sugar chain and other substances appear more prominently than

sugar chain complexes having only one N-linked sugar chain in

a molecule thereof. Therefore, by utilizing the affinity

between this sugar chain and another substance, the

albumin-sugar chain complex according to the present invention

can be used as a probe for detecting cells or tissue in which

a substance having high affinity for the sugar chain contained

therein is present on the surface thereof. Inparticular, since

the albumin-sugar chain complex according to the present

invention is comparatively stable in the body of an animal, it

is useful as an active ingredient of a bioimaging probe

administered into the body of an animal for the purpose of

ascertaining the distribution or localization of a protein or

other biomolecule at the cell, tissue or individual level, and

analyzing the pharmacokinetics thereof in the form of an image.

[0049]

For example, in the case of having administered the
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albumin-sugar chain complex according to the present invention

to an animal, complexes in which the non-reducing terminal

contains an N-linked sugar chain in the form of

N-acetylglucosamine in the manner of the formula (d')

accumulate in the liver and are taken up into stellate cells

in particular through interaction with Desmin and Vimentin.

Consequently, these albumin-sugar chain complexes are useful

as bioimaging probes for detecting activated stellate cells in

the liver in particular, or as functional molecule carriers for

selectively delivering a functional molecule to stellate cells

in particular. In addition, complexes in which the

non-reducing terminal contains a biantennary N-linked sugar

chain consisting of mannose and N-acetylneuraminic acid in the

manner of formula (f') accumulate in the liver and are taken

up by Kupffer cells in particular. Consequently, these

albumin-sugar chain complexes are useful as functional molecule

carriers for selectively delivering a functional molecule to

Kupffer cells in particular. In addition, complexes in which
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the non-reducing terminal contains an N-linked sugar chain in
the form of mannose in the manner of formula (e') accumulate
mainly in the liver and spleen through interaction with C-type
lectin present on Kupffer cells. Consequently, these
albumin-sugar chain complexes are useful as bioimaging probes
for detecting the liver or spleen, or as functional molecule
carriers for selectively delivering a functional molecule to
the liver or spleen. Moreover, complexes in which the
non-reducing terminal contains an N-linked sugar chain in the
form of a(2-3)-linked sialic acid (having a sialic
acid-galactose linkage) in the manner of formula (b')
accumulate in cancer cells through interaction with selectin
highly expressed on the surface of cancer cells. Consequently,
an albumin-sugar chain complex in which at least one molecule
of the N-linked sugar chain per molecule of albumin is
a(2-3)-1linked sialic acid is useful as a bioimaging probe for
detecting cancer or as a functional molecule carrier for

selectively delivering a functional molecule to cancer cells.
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Furthermore, examples of functional molecules include
radiation therapy drugs and diagnostic drugs. In the case of
using the albumin-sugar chain complex according to the present
invention as a functional molecule carrier, the functional
molecule is preferably bound to a moiety other than the N-linked
sugar chain in the albumin-sugar chain complex, and is more
preferably bound to a moiety other than a lysine residue of
albumin.
(00501

In addition, the albumin-sugar chain complex according to
the present invention is also useful as an active ingredient
of a pharmaceutical. For example, that in which an anticancer
drug is bound to the albumin present in an albumin-sugar chain
complex in which the non-reducing terminal contains an N-linked
sugar chain in the form of a(2-3)~-linked sialic acid can serve
as an active ingredient of a pharmaceutical used to treat
cancer.

[0051]
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The albumin-sugar chain complex according to the present
invention enhances differences in physiological activity
attributable to differences in sugar chain structure by a sugar
chain clustering effect. Consequently, the albumin-sugar
chain complex according to the present invention is also useful
for analyzing functions as recognition signals in the vital
phenomena of sugar chains. By administering an albumin-sugar
chain complex containing a labeling substance into an animal
and detecting that labeling substance, the pharmacokinetics of
the albumin-sugar chain complex in the body, such as the
elimination route thereof, can be analyzed. For example,
although asialoglycoproteins present in the blood, in which the
non-reducing terminal thereof is not sialic acid, are taken up
into hepatocytes by binding with asialoglycoprotein receptors
(ASGR) present on the surface of hepatocytes,
sialoglycoproteins, in which the non-reducing terminal is
sialic acid, are not taken up into hepatocytes despite binding

with ASGR. In actuality, as is indicated in the examples to
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be subsequently described, although albumin-sugar chain

complexes containing an N-linked sugar chain in which the

non-reducing terminal is acidic sialic acid in the manner of

formula (a') or formula (b') are metabolized and rapidly

excreted from the urinary bladder via the kidneys,

albumin-sugar chain complexes containing an N-linked sugar

chain in which the non-reducing terminal is galactose in the

manner of formula (c') have been determined to be excreted

intestinally via the liver and gallbladder. The effects of

other sugar chains on the excretion route of a particular

substance can be similarly analyzed using the albumin-sugar

chain complex according to the present invention.

[Examples]

[0052]

The following provides a detailed explanation of the

present invention by indicating examples thereof. However,

the present invention is not limited by the following

descriptions.
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[0053]

Furthermore, azide derivatives of N-linked sugar chains

used in the following experiments represented by the following

formulas (a) to (f) were all synthesized by GlyTech, Inc. using

the method described in Angew. Chem. Int. Ed., Vol. 49, p.

8195-8200 (2010), and the aldehyde compound represented by the

following formula (1) was synthesized using the method

described in Org. Biomol. Chem., Vol. 12, p. 1412-1418 (2014).

[0054]

In addition, in the following experiments, reversed-phase

HPLC was carried out using a high-performance chromatography

system (system name: Prominence® System, Shimadzu Corp.)

equipped with a C18 column (trade name: 5C18-AR-300, 4.6 x 250

mm, Nacalai Tesque, Inc.). High-resolution mass spectra

(HRMS) were obtained by ESI-TOF MS using a mass spectrometer

(trade name: micrOTOF-QIII® Spectrometer, Bruker GmbH).

Protein mass spectra were obtained by MALDI-TOF MS using a mass

spectrometer (trade name: Autoflex® Spectrometer, Bruker
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[0055]

[Production Example 1] Synthesis of HL750-HSA

A solution obtained by dissolving 0.25 mg (0.19 umol) of

near-infrared fluorescent dye HiLyte Fluor® 750 Acid SE (2x

tetraethylammonium salt) in 10 uL of DMSO was added to an HSA

solution obtained by dissolving 3.4 mg (48 nmol) of human serum

albumin (HSA, purchased from Sigma Corp.) in 300 pL of PRS

(phosphate-buffered saline, pH: 7.4) to prepare a reaction

solution. After incubating the resulting reaction solution

for 10 minutes at 37°C to allow the near-infrared fluorescent

dye to bind to the HSA, the reaction solution was centrifuged

(15,000 rpm, 10 minutes) with the Amicon® 10K (Merck-Millipore

Ltd.). The residue was further washed three times with

phosphate buffer. A solution obtained by dissolving the

resulting HL750-HSA (HSA bound to near-infrared fluorescent

dye) in 800 pL of ultrapure water was used as an HL750-HSA stock

solution. As aresult of analyzing by MALDI-TOF MS, the average
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mass of the synthesized HL750-HSA was 70.5 kDa and 3.1 molecules
of near-infrared fluorescent dye were bound per molecule
thereof.

[0056]

[Example 1]

HL750-HSA bound with the N-linked sugar chain represented
by formula (a') (2, 6-HLF-HSA, to be referred to as "Complex 2a")
was synthesized.

[0057]

<Synthesis of Aldehyde Compound represented by Formula (la)>

45 pL (0.45 pmol) of a solution of the aldehyde compound
represented by formula (1), obtained by dissolving in methyl
cyanide to a concentration of 10 mM in a nitrogen atmosphere,
were added to a solution obtained by dissolving 1.24 mg (0.50
pmol) of an azide derivative of an N-linked sugar chain having
a sugar chain represented by formula (a') (azide derivative
represented by the following formula (a), GlyTech, Inc.) in 139

pL of DMSO. The resulting reaction solution was heated to 70°C
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followed by confirming the reaction product by HPLC. After the
initially addedvaldehyde compound was consumed, the reaction
solution was cooled to room temperature to obtain a stock
solution (3.8 mM) in which the aldehyde compound represented
by the following formula (la) is dissolved in DMSO. The
synthesized aldehyde compound represented by formula (la) was
able to be detected by ESI-TOF MS (detected value of CigH153N13071
[M-2H] ?/2: 1518.0509, calculated value: 1518.0482).

[0058]

[Chemical Formula 8]
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[0059]
<Synthesis of Complex 2a>
132 pL of water, 66 pL of DMSO and 32 pL (0.12 pmol, 16 eq)

of the stock solution of the aldehyde compound represented by

formula (la) (3.8 mM) were mixed with 132 puL (7.5 nmol) of the

HL750-HSA stock solution synthesized in Production Example 1
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to prepare a reaction solution. The resulting reaction
solution was allowed to react by incubating while gently
stirring overnight at 37°C in an air atmosphere to synthesize
Complex 2Z2a. After filtering the resulting reaction product
with the Amicon 10K, the reaction product was washed three times
with water. Subseqguently, the reaction solution was filtered
with a Durapore® PVDF membrane (0.45 um) followed by diluting
to 150 uL with water to prepare a Complex 2a solution. As a
result of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2a was 98.0 kDa and 9.2 molecules of
N-linked sugar chain (aldehyde compound represented by formula
(la)) were bound per molecule thereof.
[0060]

[Example 2]

HL750-HSA bound with the N-linked sugar chain represented
by formula (b') (2,3-HLF-HSA, tobe referred to as "Complex 2b")
was synthesized.

[0061]
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<Synthesis of Aldehyde Compound represented by Formula (lb)>

54 pL (0.54 pumol) of a solution of the aldehyde compound
represented by formula (1), obtained by dissolving in methyl
cyanide to a concentration of 10 mM in a nitrogen atmosphere,
were added to a solution obtained by dissolving 1.48 mg (0.59
pmol) of an azide derivative of an N-linked sugar chain having
a sugar chain represented by formula (b') (azide derivative
represented by the following formula (b), GlyTech, Inc.) in 144
uL of DMSO. The resulting reaction solution was heated to 70°C
followed by confirming the reaction product by HPLC. After the
initially added aldehyde compound was consumed, the reaction
solution was cooled to room temperature to obtain a stock
solution (3.8 mM) in which the aldehyde compound represented
by the following formula (1lb) is dissolved in DMSO. The
synthesized aldehyde compound represented by formula (1lb) was
able to be detected by ESI-TOF MS (detected value of Ci,8H153N1307
[M-2H]*/2: 1518.0460, calculated value: 1518.0482).

[0062]
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30

(90 nmol,

26.2 uL of DMSO and 24 uL
47

(3.8 mM) were mixed with 52.5 pL (3.0 nmol) of

<Synthesis of Complex Z2b>

52.5 uL of water,
eq) of the stock solution of the aldehyde compound represented

by formula (la)

[0063]



the HL750-HSA stock solution synthesized in Production Example

1 to prepare a reaction solution. The resulting reaction

solution was allowed to react by incubating while gently

stirring overnight at 37°C in an air atmosphere to synthesize

Complex 2b. After filtering the resulting reaction product

with the Amicon 10K, the reaction product was washed three times

with water. Subsequently, the reaction solution was filtered

with a Durapore PVDF membrane (0.45 pum) followed by diluting

to 60 uL with water to prepare a Complex 2b solution. As a result

of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2b was 102.1 kDa and 10.5 molecules of
N-linked sugar chain (aldehyde compound represented by formula
(1b)) were bound per molecule thereof.
[0064]

[Example 3]

HL750-HSA bound with the N-linked sugar chain represented
by formula (c') (asialo-HLF-HSA, to be referred to as "Complex

2¢c") was synthesized.
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[0065]

<Synthesis of Aldehyde Compound represented by Formula (lc)>

52 puL (0.52 pmol) of a solution of the aldehyde compound

represented by formula (1), obtained by dissolving in methyl

cyanide to a concentration of 10 mM in a nitrogen atmosphere,

were added to a solution obtained by dissolving 1.09 mg (0.57

pmol) of an azide derivative of an N-linked sugar chain having

a sugar chain represented by formula (c') (azide derivative

represented by the following formula (c), GlyTech, Inc.) in 139

uL of DMSO. The resulting reaction solution was heated to 70°C

followed by confirming the reaction product by HPLC. After the

initially added aldehyde compound was consumed, the reaction

solution was cooled to room temperature to obtain a stock

solution (3.8 mM) in which the aldehyde compound represented

by the following formula (lc) is dissolved in DMSO. The

synthesized aldehyde compound represented by formula (lc) was

able to be detected by ESI-TOF MS (detected value 0f Ci96H147N11055

[M—ZH}*/Z: 1226.9545, calculated value: 1226.9527).
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[0066]

[Chemical Formula 10]
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[0067]

<Synthesis of Complex 2c>

30 pL (0.15 pmol) of a solution of the aldehyde compound

(1), obtained by dissolving in methyl

represented by formula
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cyanide to a concentration of 5 mM in a nitrogen atmosphere,
were added to a solution obtained by dissolving 0.29 mg
(0.15 pmol) of an azide derivative represented by the
aforementioned formula (c) (GlyTech, Inc.) in 20 puL of DMSO.
The resulting reaction solution was heated to 70°C followed
by confirming the reaction product by HPLC. After the
initially added aldehyde compound was consumed, the
reaction solution was cooled to room temperature followed
by diluting by adding 44 pL of DMSO and 88 upL of water.
Next, 88 upL (5.0 nmol) of the HL750-HSA stock solution
synthesized in Production Example 1 were added followed by
mixing well to prepare a reaction solution. The resulting
reaction solution was allowed to react by incubating while
gently stirring overnight at 37°C in an air atmosphere to
synthesize Complex Z2c. After filtering the resulting
reaction product with the Amicon 10K, the reaction product
was washed three times with water. Subsequently, the
reaction solution was filtered with a Durapore PVDF
membrane (0.45 pm) followed by diluting to 100 pL with

water to prepare a Complex 2c sclution. As a result of
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analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2c was 92.6 kDa and 2.1 molecules of N-
linked sugar chain (aldehyde compound represented by
formula (lc)) were bound per molecule thereof.

[0068]

[Example 4]

HL750-HSA bound with the N-linked sugar chain
represented by formula (d') (GlcNAc-HLF-HSA, to be referred
to as "Complex 2d") was synthesized.

[0069]
<Synthesis of Aldehyde Compound represented by Formula
(1d) >

30 puL  (0.15 pmol) of a solution of the aldehyde
compound represented by formula (1), obtained by dissolving
in methyl cyanide to a concentration of 5 mM in a nitrogen
atmosphere, were added to a solution obtained by dissolving
0.24 mg (0.15 pmol) of an azide derivative of an N-linked
sugar chain having a sugar chain represented by formula (d')
(azide derivative represented by the following formula (d),

GlyTech, Inc.) in 20

52



pL of DMSO. The resulting reaction solution was heated to 70°C

followed by confirming the reaction product by HPLC. After the

initially added aldehyde compound was consumed, the reaction

solution was cooled to room temperature to synthesize the

aldehyde compound represented by the following formula (1d).

The synthesized aldehyde compound represented by formula (1d)

was able to be detected by ESI-TOF MS (detected value of

Co4H120N11045 [M-2H]7?/2: 1064.9041, calculated value:

1064.8999) .

[0070]

[Chemical Formula 11]
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[0071]

<Synthesis of Complex 2d>

Next, the reaction solution cooled to room temperature was
diluted by adding 44 pL of DMSO and 88 pL of water thereto. Next,

88 puL (5.0 nmol) of the HL750-HSA stock solution synthesized
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in Production Example 1 were added and mixed well to prepare
a reaction solution. The resulting reaction solution was
allowed to react by incubating while gently stirring overnight
at 37°C in an air atmosphere to synthesize Complex 2d. After
filtering the resulting reaction product with the Amicon 10K,
the reaction product was washed three times with water.
Subsequently, the reaction solution was filtered with a
Durapore PVDF membrane (0.45 pum) followed by diluting to 100
pL with water to prepare a Complex 2d solution. As a result
of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2d was 91.9 kDa and 10.1 molecules of
N-linked sugar chain (aldehyde compound represented by formula
(1d)) were bound per molecule thereof.
[0072]

[Example 5]

HL750-HSA bound with the N-linked sugar chain represented
by formula (e') (Man-HLF-HSA, to be referred to as "Complex 2e")

was synthesized.
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[0073]
<Synthesis<foidehydeCompoundrepresentajbyEbrmula(1e)>
30 uL (0.15 pumol) of a solution of the aldehyde compound
represented by formula (1), obtained by dissolving in methyl
cyanide to a concentration of 5 mM in a nitrogen atmosphere,
were added to a solution obtained by dissolving 0.18 mg (0.15
pumol) of an azide derivative of an N-linked sugar chain having
a sugar chain represented by formula (e') (azide derivative
represented by the following formula (e), GlyTech, Inc.) in 20
pL of DMSO. The resulting reaction solution was heated to 70°C
followed by confirming the reaction product by HPLC. After the
initially added aldehyde compound was consumed, the reaction
solution was cooled to room temperature to synthesize the
aldehyde compound represented by the following formula (le).
The synthesized aldehyde compound represented by formula (le)
was able to be detected by ESI-TOF MS (detected value of
C7gH101NgO35 [M-2H]?/2: 861.8176, calculated value: 861.8206).

[0074]
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[Chemical Formula 12]
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[0075]
<Synthesis of Complex 2e>

Next, the reaction solution cooled to room temperature was

diluted by adding 44 pL of DMSO and 88 uL of water thereto. Next,
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88 pL (5.0 nmol) of the HL750-HSA stock solution synthesized
in Production Example 1 were added and mixed well to prepare
a reaction solution. The resulting reaction solution was
allowed to react by incubating while gently stirring overnight
at 37°C in an air atmosphere to synthesize Complex 2e. After
filtering the resulting reaction product with the Amicon 10K,
the reaction product was washed three times with water.
Subsequently, the reaction solution was filtered with a
Durapére PVDF membrane (0.45 pm) followed by diluting to 100
MPL with water to prepare a Complex 2e solution. As a result
of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2e was 88.5 kDa and 10.4 molecules of
N-linked sugar chain (aldehyde compound represented by formula
(le)) were bound per molecule thereof.
[0076]

[Example 6]

HL750-HSA bound with the N-linked sugar chain represented

by formula (f') (Half-HLF-HSA, to be referred to as "Complex

58



10

15

20

2f") was synthesized.
[0077]

<Synthesis of Aldehyde Compound represented by Formula
(1£)>

30 uL  (0.15 pmol) of a solution of the aldehyde
compound represented by formula (1), obtained by dissolving
in methyl cyanide to a concentration of 5 mM in a nitrogen
atmosphere, were added to a solution obtained by dissolving
0.28 mg (0.15 pmol) of an azide derivative of an N-linked
sugar chain having a sugar chain represented by formula
(f') (azide derivative represented by the following formula
(f), GlyTech, 1Inc.) in 20 pL of DMSO. The resulting
reaction solution was heated to 70°C followed by confirming
the reaction product by HPLC. After the initially added
aldehyde compound was consumed, the reaction solution was
cooled to room temperature to synthesize the aldehyde
compound represented by the following formula (1f). The
synthesized aldehyde compound represented by formula (1f)
was able to be detected by ESI-TOF MS (detected value of
Cio3H143N110s3  [M-2H]7?/2:  1189.9316, calculated value:

1189.8344) .
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[0078]

[Chemical Formula 13]
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[0079]
<Synthesis of Complex 2f>
Next, the reaction solution cooled to room temperature was

diluted by adding 44 puL of DMSO and 88 uL of water thereto. Next,
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88 puL (5.0 nmol) of the HL750-HSA stock solution synthesized
in Production Example 1 were added and mixed well to prepare
a reaction solution. The resulting reaction solution was
allowed to react by incubating while gently stirring overnight
at 37°C in an air atmosphere to synthesize Complex 2f. After
filtering the resulting reaction product with the Amicon 10K,
the reaction product was washed three times with water.
Subsequently, the reaction solution was filtered with a
Durapore PVDF membrane (0.45 um) followed by diluting to 100
pL with water to prepare a Complex 2f solution. As a result
of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2f was 94.0 kDa and 9.9 molecules of
N-linked sugar chain (aldehyde compound represented by formula
(1f)) were bound per molecule thereof.
[0080]

[Example 7]

HL750-HSA bound with the N-linked sugar chain represented

by formula (a') and the N-linked sugar chain represented by
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formula (c¢') (Hetero3-HSA, to be referred to as "Complex 2g")
was synthesized.
[0081]

46.7 uL (175 nmol, 17.5 eqg) of the stock solution (3.8 mM)
of the aldehyde compound represented by formula (la) produced
in Example 1 were mixed with a solution obtained by adding 175
uL of water and 88 pL of DMSO to 175 puL (10 nmol) of the HL750-HSA
stock solution synthesized in Production Example 1 to prepare
a reaction solution. The resulting reaction solution was
allowed to react by incubating while stirring gently overnight
at 37°C in an air atmosphere to synthesize an intermediate in
which the N-linked sugar chain represented by formula (a') was
bound to HL750-HSA. A 0.5 pL aliquot of this reaction solution
was removed, purified with the Amicon 10K and washed twice with
water, and as a result of analyzing by MALDI-TOF MS, the average
mass of the synthesized intermediate was 96.9 kDa and 8.3
molecules of the N-linked sugar chain represented by formula

(a') (aldehyde compound represented by formula (la)) were bound
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per molecule thereof.
[0082]

Next, 2.0 uL (7.5 nmol, 7.5 eq) of the stock solution (3.8
mM) of the aldehyde compound represented by formula (1lc)
prepared in Example 3 were mixed with the remaining reaction
solution (44 pL, 1.0 nmol) to prepare a reaction solution. The
resulting reaction solution was allowed to react by incubating
while gently stirring overnight at 37°C in an air atmosphere
to synthesize Complex 2g in which the N-linked sugar chain
represented by formula (c') was bound to the aforementioned
intermediate. The resulting reaction product was filtered
with the Amicon 10K and washed three times with water.
Subsequently, the reaction solution was filtered with a
Durapore PVDF membrane (0.45 pum) followed by diluting with water
to prepare a Complex 2g solution (50 uM). As a result of
analyzing by MALDI-TOF MS, the average mass of the synthesized
Complex 2g was 103.9 kDa and 2.6 molecules of the N-linked sugar

chain represented by formula (c') (aldehyde compound
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represented by formula (lc)) were bound per molecule thereof.
In other words, Complex 2g was a hetero-albumin-sugar chain
complex in which the N-linked sugar chain represented by formula
(a') and the N-linked sugar chain represented by formula (c')
were bound to albumin at a ratio of about 8:2.

[0083]

[Example 8]

HL750-HSA bound with the N-linked sugar chain represented
by formula (a') and the N-linked sugar chain represented by
formula (c') (Hetero2-HSA, to be referred to as "Complex Zh")
was synthesized.

[0084]

43.4 pL (163 nmol, 13.6 eq) of the stock solution (3.8 mM)
of the aldehyde compound represented by formula (la) produced
in Example 1 were mixed with a solution obtained by adding 210
uL of water and 105 pL of DMSO to 210 pL (12 nmol) of the HL750-HSA
stock solution synthesized in Production Example 1 to prepare

a reaction solution. The resulting reaction solution was
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allowed to react by incubating while stirring gently
overnight at 37°C in an air atmosphere to synthesize an
intermediate in which the N-linked sugar chain represented
by formula (a') was bound to HL750-HSA. A 0.5 pL aliquot
of this reaction soclution was removed, purified with the
Amicon 10K and washed twice with water, and as a result of
analyzing by MALDI—TOE MS, the average mass of the
synthesized intermediate was 87.1 kDa and 5.3 molecules of
the N-linked sugar chain represented by formula (a')
(aldehyde compound represented by formula (la)) were bound
per molecule thereof.

[0085]

Next, 14.2 pL (52 nmol, 10.4 eq) of the stock solution
(3.8 mM) of the aldehyde compound represented by formula
(lc) prepared in Example 3 were mixed with 215 pL (5.0
nmol) of the remaining reaction solution to prepare a
reaction solution. The resulting reaction solution was
allowed to react by incubating while gently stirring
overnight at 37°C in an air atmosphere to synthesize

Complex 2h in which the N-linked sugar
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chain represented by formula (c') was bound to the

aforementioned intermediate. The resulting reaction product

was filtered with the Amicon 10K and washed three times with

water. Subsequently, the reaction solution was filtered with

a Durapore PVDF membrane (0.45 um) followed by diluting with

water to prepare a complex 2h solution (50 uM). As a result

of analyzing by MALDI-TOF MS, the average mass of the

synthesized Complex 2h was 98.7 kDa and 4.7 molecules of the

N-linked sugar chain represented by formula (c') (aldehyde

compound represented by formula (lc)) were bound per molecule

thereof. Inother words, Complex 2h was a hetero-albumin-sugar

chain complex in which the N-linked sugar chain represented by

formula (a') and the N-linked sugar chain represented by formula

(c') were bound to albumin at a ratio of about 5:5.

[0086]

[Example 9]

HL750-HSA bound with the N-linked sugar chain represented

by formula (a') and the N-linked sugar chain represented by
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formula (c') (Heterol-HSA, to be referred to as "Complex 2i")
was synthesized.
[0087]

13.3 pL (50 nmol, 5.0 eqg) of the stock solution (3.8 mM)
of the aldehyde compound represented by formula (la) produced
in Example 1 were mixed with a solution obtained by adding 175
pL of water and 88 uL of DMSO to 175 uL (10 nmol) of the HL750-HSA
stock solution synthesized in Production Example 1 to prepare
a reaction solution. The resulting reaction solution was
allowed to react by incubating while stirring gently overnight
at 37°C in an air atmosphere to synthesize an intermediate in
which the N-linked sugar chain represented by formula (a') was
bound to HL750-HSA. A 0.5 pL aliquot of this reaction solution
was removed, purified with the Amicon 10K and washed twice with
water, and as a result of analyzing by MALDI-TOF MS, the average
mass of the synthesized intermediate was 78.9 kDa and 2.8
molecules of the N-linked sugar chain represented by formula

(a') (aldehyde compound represented by formula (la)) were bound
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per molecule thereof.
[0088]

Next, 15.3 uL (50 nmol, 20.9 eq) of the stock solution (3.8
mM) of the aldehyde compound represented by formula (1lc)
prepared in Example 3 were mixed with 119 pL (2.8 nmol) of the
remaining reaction solution to prepare a reaction solution.
The resulting reaction sqlution was allowed to react by
incubating while gently stirring overnight at 37°C in an air
atmosphere to synthesize Complex 21 in which the N-linked sugar
chain represented by formula (c') was bound to the
aforementioned intermediate. The resulting reaction product
was filtered with the Amicon 10K and washed three times with
water. Subseguently, the reaction solution was filtered with
a Durapore PVDF membrane (0.45 um) followed by diluting with
water to prepare a complex 2i solution (50 pM). As a result
of analyzing by MALDI-TOF MS, the average mass of the
synthesized Complex 2i was 97.2 kDa and 6.3 molecules of the

N-linked sugar chain represented by formula (c') (aldehyde
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compound represented by formula (lc)) were bound per molecule
thereof. In other words, Complex 2i was a hetero-albumin-sugar
chain complex in which the N-linked sugar chain represented by
formula (a') and the N-linked sugar chain represented by formula
(c') were bound to albumin at a ratio of about 3:7.

[0089]

[Example 10]

HL750-HSA bound with the N-linked sugar chain represented
by formﬁla (a') and the N-linked sugar chain represented by
formula (c') (Hetero4-HSA, to be referred to as "Complex 23")
was synthesized.

[0090]

43 puL (16 nmol, 16 eq) of the stock solution (3.8 mM) of
the aldehyde compound represented by formula (lc) produced in
Example 3 were mixed with a solution obtained by adding 175 pL
of water and 88 puL of DMSO to 175 puL (10 nmol) of the HL750-HSA
stock solution synthesized in Production Example 1 to prepare

a reaction solution. The resulting reaction solution was
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allowed to react by incubating while stirring gently overnight
at 37°C in an air atmosphere to synthesize an intermediate in
which the N-linked sugar chain represented by formula (c') was
bound to HL750-HSA. A 0.5 pL aliquot of this reaction solution
was removed, purified with the Amicon 10K and washed twice with
water, and as a result of analyzing by MALDI-TOF MS, the average
mass of the synthesized intermediate was 83.5 kDa and 5.2
molecules of the N-linked sugar chain represented by formula
(c') (aldehyde compound represented by formula (1c)) were bound
per molecule thereof.
[0091]

Next, 4.3 puL (16 nmol, 8.0 eq) of the stock solution (3.8
mM) of the aldehyde compound represented by formula (la)
prepared in Example 1 were mixed with 88 pL (2.0 nmol) of the
remaining reaction solution to prepare a reaction solution.
The resulting reaction solution was allowed to react by

incubating while gently stirring overnight at 37°C in an air

atmosphere to synthesize Complex 237 in which the N-linked sugar
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chain represented by formula (a') was bound to the

aforementioned intermediate. The resulting reaction product

was filtered with the Amicon 10K and washed three times with

water. Subsequently, the reaction solution was filtered with

a Durapore PVDF membrane (0.45 pum) followed by diluting with

water to prepare a complex 27 solution (50 uM). As a result

of analyzing by MALDI-TOF MS, the average mass of the

synthesized Complex 27 was 97.6 kDa and 4.7 molecules of the

N-linked sugar chain represented by formula (a') (aldehyde

compound represented by formula (la)) were bound per molecule

thereof. In other words, Complex 2j was a hetero-albumin-sugar

chain complex in which the N-linked sugar chain represented by

formula (a') and the N-linked sugar chain represented by formula

(c') were bound to albumin at a ratio of about 5:5.

[0092]

[Test Example 1]

Pharmacokinetics in the case of having administered the

albumin-sugar chain complexes produced in Examples 1 to 6 to
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mice was investigated non-invasively by detecting

near~infrared fluorescence emitted from HL750.

[0093]

<Acquisition of Bioimages>

First, 30 puL (1.5 nmol) of each of the albumin-sugar chain

complex solutions or the HL750-HSA synthesized in Production

Example 1 were diluted by adding 170 pL of physiological saline

to prepare solutions for injection. The solutions for

injection were injected into the tail vein of 8- to 12-week-o01d,

female BALB/c nude mice (BALB/cAJcl-nu/nu mice) (n=4). After

anesthetizing the mice with pentobarbital following injection,

the mice were placed in an IVIS® biofluorescence imaging system

(Kinetics Fluorescence Imager, Caliper Life Sciences Inc.)

while leaving undisturbed followed by acgquiring full-body

fluorescence images of the mice individuals at 30 minute

intervals until 3 hours after administration of the

albumin-sugar chain complex. The acquired fluorescence images

consisted of images obtained by removing background
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fluorescence (excitation light at a wavelength of 640 nm) from
images obtained at an excitation light wavelength of 710 nm.
[0094]

<Urinary Excretion Amounts>

The amounts of each albumin-sugar chain complex and
HL750-HSA excreted into urine (as fluorescent intensity value
(count)) were measured by semi-quantitative analysis from
fluorescence intensities of the urinary bladder and surrounding
tissue as determined by measuring fluorescence intensity for
arbitrary regions of interest in the urinary bladder and
surrounding tissue present in the acquired fluorescence images.
The urinary excretion amounts shown in the drawings indicate
the average values of the amount excreted into the urinary
bladder per unit time from immediately after to 3 hours after
administration.
[0095]

<Fluorescence Intensity of Albumin-Sugar Chain Complex

Accumulated in Various Tissues>
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The small intestines of the mice were excised at 3 hours

after administering an albumin-sugar chain complex followed by

measuring fluorescence intensity of the gallbladder and small

intestine and then measuring the accumulated amount of the

albumin-sugar chain complex therein (as fluorescent intensity

value (count)).

In addition, the liver and spleen of the mice were excised

at 3 hours after administering an albumin-sugar chain complex

followed by measurement of fluorescence intensity and then

measuring the accumulated amount of the albumin-sugar chain

complex therein (as fluorescent intensity value (count)).

[0096]

<Measurement Results>

Fluorescence images of mouse individuals at 0.5 to 3 hours

after administration to mice injected with HL570-HAS, Complex

2a, Complex 2b and Complex 2c¢ are shown in FIGS. 2(A) to 2(D),

respectively. As aresult, HL750-HSA, which was not introduced

with a sugar chain, had diffused throughout the entire body of
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the mouse via blood vessels even at 3 hours after administration.
In contrast, Complex 2a and Complex 2b, in which roughly 10
molecules of sugar chains having acidic sialic acid on the

non-reducing terminal were introduced per molecule of albumin,
were confirmed to have accumulated in the kidneys and urinary
bladder and were determined to be rapidly excreted in urine.
In addition, in the mouse administered Complex 2a and the mouse
administered Complex 2b, fluorescence intensity of the entire
mouse body decreased gradually and fluorescence intensity was
hardly detected at all at 12 hours after administration (results
not shown). Inaddition, inthe case of similarly administering
HL750-HSA, in which 1.8 molecules of the N-linked sugar chain
represented by formula (a') were bound per molecule of albumin
(2,6-few-HLF-HSA, to be referred to as "Complex 2SIa), to a
mouse, HL750-HSA not introduced with a sugar chain diffused
nearly throughout the entire body of the mouse via the blood
vessels even at 3 hours after administration (results not shown) .

On the other hand, Complex 2c, in which roughly 10 molecules
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of an asialo sugar chain not having sialic acid on the
non-reducing terminal thereof were introduced per molecule of
albumin, was observed to accumulate in the intestine instead
of the kidneys and urinary bladder, and was confirmed to be
excreted into the intestinal tract via the liver and
gallbladder.

[0097]

FIG. 3, in panel (A), indicates the results of measuring
the amounts of the albumin-sugar chain complexes or HL750-HSA
excreted into the urine by each mouse. As a result, the amount
excreted into the kidneys and urinary bladder was highest for
HL750-HSA. In addition, the urinary excreted amount was higher
for Complex 2a than Complex 2b, and the rate of excretion into
urine was rapid.

[0098]

FIG. 3, in panel (B), indicates the results of measuring

fluorescence intensity of the gallbladder of each mouse at 3

hours after administration, while FIG. 3, in panel (C),
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indicates the results of measuring fluorescence intensity in

the small intestine of each mouse at 3 hours after

administration. As aresult, in the mouse administered Complex

2c, fluorescence intensity was extremely high in the

gallbladder and small intestine, and Complex 2c was confirmed

to bind to AGCR on the surface of hepatocytes and be excreted

into the small intestine via the liver and gallbladder. 1In

addition, Complex 2a and Complex 2b were hardly excreted into

the intestinal tract at all, and were selectively excreted from

the urinary bladder.

[0099]

FIG. 4, in panels (A) to (C), depicts fluorescence images

of mouse individuals at 0.5 to 3 hours after administration to

mice injected with Complex 2d, Complex 2e and Complex 2f,

respectively. As shown in the drawings, these complexes were

confirmed to mainly accumulate in the liver and spleen.

[0100]

FIG. 5, in panel (A), depicts fluorescence images of the

77



liver and spleen excised from individual mice at 3 hours after
administration of various complexes. In addition, FIG. 5, in
panel (B), indicates the results of measuring fluorescence
intensity in the liver of each mouse at 3 hours after
administration, while’FIG. 5, in panel (C), indicates the
results of measuring fluorescence intensity in the spleen in
each mouse at 3 hours after administration. As a result, in
comparison with the mouse administered Complex 2a, all of the
mice administered Complex 2d, Complex 2e and Complex 2f
demonstrated extremely high levels of fluorescence intensity
in the liver and spleen, and these albumin-sugar chain complexes
were determined to selectively accumulate in the liver and
spleen.
[0101]

Livers excised from mice were subjected to tissue staining
to investigate those portions of the liver where Complex 2d,
Complex 2e and Complex 2f accumulate. More specifically,

livers excised fromthe mice were fixed by immersing for 24 hours
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in 4% PFA solution at 4°C followed by immersing for 24 hours
in PBS containing 15% sucrose at 4°C and then immersing for 24
hours in PBS containing 30% sucrose at 4°C. After freezing the
fixed livers in OCT Compound® at -78°C, thin sections of the

livers were prepared having a thickness of 6 um to 8 um. After
incubating these thin sections for 30 minutes in a blocking
buffer (PBST buffer containing 3% BSA, 10% goat serum and 0.1
M glycine), the thin sections were immersed in primary antibody
solutions consisting of a 300-fold dilution of rat anti-Desmin
antibody (product no.: RB-9014, Thermo Fisher Scientific Inc.),
a 200-fold dilution of rat anti-LYVE-1 antibody (product no.:
abl4917, Abcam Plc) or a 200-fold dilution of rat anti-F4/80
antibody (product no.: MCA497GA, AbD Serotec Ltd.) and

incubated overnight at 4°C, followed by immersing in a secondary
antibody solution consisting of a 200-fold dilution containing
both Alexa Fluor 488-labeled anti-rat IgG antibody and Alexa
Fluor 555-labeled anti-rat IgG antibody and incubating for 2

hours at room temperature. These thin sections were
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subsequently further immersed in a 2500-fold dilution of
Hoechst 33258 (Dojindo Laboratories) followed by mounting on
slides with mounting medium (trade name: Fluoromount®,
Diagnostic Biosystems Inc.). The slides on which the thin
sections were placed were observed by placing in a fluorescence
microscope (trade name: BX-X710 All-in-One Fluorescence
Microscope®, Keyence Corp.).

[0102]

As a result, Complex 2d and Complex 2f were taken up not
by liver parenchymal cells, but by non-parenchymal cells. As
a result of tissue staining, anti-Desmin antibody, which
specifically stains stellate cells, and anti-LYVE-1 antibody,
which specifically stains sinusoidal endothelial cells, were
frequently co-localized with Complex 2d, while anti-F4/80
antibody, which specifically stains Kupffer cells, was not very
co-localized with Complex 2d. On the basis of these results,
Complex 2d was suggested to have the potential to be

specifically taken up by activated stellate cells through
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interaction between Desmin and Vimentin.

In addition, similar to Complex 2d, Complex 2f was also
suggested to have the potential to be specifically taken up by
stellate cells since it also frequently co-localizes with
anti-Desmin antibody and anti-LYVE-1 antibody. On the other
hand, Complex 2e frequently co-localized with anti-F4/80
antibody, and was suggested to have the potential to be
specifically taken up by Kupffer cells.

[0103]

In this manner, changes in the elimination mechanism of
a substance in the body or the site of accumulation in the body
according to the type of sugar chain on the surface of that
substance cannot be analyzed using the conventional bioimaging
probes, and were elucidated for the first time by using a
bioimaging probe consisting of the albumin-sugar chain complex
according to the present invention, which uses albumin for the
protein that binds the sugar chain, and in which a plurality

of sugar chains are bound per molecule of albumin.
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[0104]

[Test Example 2]

In Test Example 2, since Complex 2a is mainly excreted from
the kidneys while Complex 2c is mainly excreted from the
intestinal tract, effects on the sugar chain abundance ratios
and elimination routes were investigated using hetero complexes
having an N-linked sugar chain that composes Complex 2a (formula
(la)) and an N-linked sugar chain that composes Complex 2c
(formula (lc)) at various ratios.

More specifically, after administering Complexes 2a, 2c
and 2g to 2j produced in Examples 1, 3 and 7 to 9 to mice in
the same manner as Test Example 1, full-body fluorescence images
of the mice were acquired at 30 minute intervals until 3 hours
after administration. Moreover, the urinary excretion amounts
of each complex and the amounts accumulated in the gallbladder
andsmallintestinewereinvestigatedjjlthesamenmnnerasﬁ%st
Example 1. Furthermore, the abundance ratios (molar ratios)

of the sugar chains in each complex are shown in Table 1.
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[0105]

[Table 1]

Sugar Chain of Formula (la) Sugar Chain of Formula (lc)

Complex 2a 10 0

Complex 2g 2

Complex 2h 5

Complex 21 7

Complex 2c 10

o w0 |

Complex 23 5

[0106]

FIG. 6(A) indicates the results of measuring the amount

of albumin-sugar chain complex excreted into urine for each

mouse, FIG. 6(B) indicates the results of measuring

fluorescence intensity in the gallbladder of each mouse at 3

hours after administration, and FIG. 6(C) indicates the results

of measuring fluorescence intensity in the small intestine of

each mouse at 3 hours after administration. As a result, the

elimination route of the complexes was observed to tend to shift

from the kidneys to the gallbladder and small intestine as the

abundance ratio of the sugar chain of formula (lc), not having

sialic acid on the non-reducing terminal thereof, increased.

On the basis of these results, it was determined that the
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elimination route of a substance in the body is affected by the
type of sugar chain on the surface of that substance, and
particularly whether or not the non-reducing terminal contains
sialic acid, and that in the case of administering a substance
into the body, the pharmacokinetics of that substance can be
controlled by adjusting the sugar chains present on the surface
of that substance.

[0107]

Furthermore, although Complex 2h and Complex 23 both
contain the sugar chain of formula (la) and the sugar chain of
formula (1lc) at a ratio (molar ratio) of 1:1, Complex 2his easily
excreted from the kidneys while Complex 237 is easily excreted
into the small intestine, thus demonstrating a difference
between the two. Since the order in which albumin was
glycosylated differs between the two, which sugar chain is
linked to a lysine residue on the surface of an albumin molecule
was suggested to be important.

[0108]
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[Test Example 3]

a(2-3) sialoprotein is specifically taken up by cancer
cells through interaction with selectin.

Therefore, pharmacokinetics in the body were observed by
administering Complex 2b produced in Example 2 to a cancer model
mouse transplanted with cultured carcinoma cell line A431
cells.

3 x10°A431 cells were transplanted near the right shoulder
of an 8-week-old, female BALB/c nude mouse followed by allowing
two weeks to elapse to obtain a cancer model. After
administering the A431 cells to the cancer model mouse in the
same manner as Test Example 1, full-body fluorescence images
of the mouse were acquired at 30 minute intervals until 5 hours
after administration.

[0109]

FIG. 7 depicts fluorescence images of a mouse individual

at 1 hour after injecting Complex 2b. The areas indicated by

arrows in the photographs indicate the location where the A431
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cells were transplanted. Complex 2b was rapidly taken up by

the A431 cells 1 hour after administration. In addition, nearly

all of Complex 2b was excreted at 5 hours after administration

(not shown).
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CLAIMS

1. An albumin-sugar chain complex characterized in that

it comprises five or more molecules of an asparagine-linked

sugar chain bound per molecule of albumin.

2. The albumin-sugar chain complex according to claim 1,

wherein the sugar on a non-reducing terminal of the

asparagine-linked sugar chain comprises a sugar selected from

the group consisting of N-acetylglucosamine, galactose,

mannose and sialic acid.

3. The albumin-sugar chain complex according to claim 1

or 2, wherein the asparagine-linked sugar chain is one or more

types of a sugar selected from the group consisting of the

following formulas (a') to (f'):

[Chemical Formula 1]
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Man\
€ ) Man-GlcNAc-GicNAc
Ma
@6
Neu5Aac—éal-G IcNAc-Man \al1-6)
) Man-GIcNAc-GlcNAc
Man

(wherein, NeubAc represents N-acetylneuraminic acid, Gal
represents galactose, GlcNAc represents N-acetylglucosamine
and Man represents mannose).

4. The albumin-sugar chain complex according to any of
claims 1 to 3, wherein the asparagine-linked sugar chain is
bound to a lysine residue of albumin.

5. A functional molecule carrier for selectively
delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex according to any of
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claims 1 to 4.

6. A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex according to claim

1 or 2, wherein the target tissue is hepatic stellate cells,

and the non-reducing terminal of the asparagine-linked sugar

chain is N-acetylglucosamine.

7. A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex according to claim

1 or 2, wherein the target tissue is hepatic Kupffer cells, and

the asparagine-linked sugar chain is branched and has mannose

and N-acetylneuraminic acid at its non-reducing terminal.

8. A functional molecule carrier for selectively

delivering a functional molecule to a target tissue in the body,

comprising the albumin-sugar chain complex according to claim

1 or 2, wherein the target tissue is the liver or spleen, and

the non-reducing terminal of the asparagine-linked sugar chain
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is mannose.

9. A functional molecule carrier for selectively
delivering a functional molecule to a target tissue in the body,
comprising the albumin-sugar chain complex according to claim
1 or 2, wherein the target tissue is cancer cells, and the
non-reducing terminal of the asparagine-linked sugar chain is
a(2-3)-linked sialic acid.

10. The functional molecule carrier according to any of
claims 5 to 9, wherein the functional molecule is a fluorescent
substance or drug.

11. A bioimaging probe comprising the albumin-sugar chain
complex according to any of claims 1 to 4 as an active ingredient

thereof that is administered into the body of an animal.
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