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GLUCOSE-SENSITIVENANOPARTICLE FOR 
CANCER DAGNOSIS AND THERAPY 

CROSS-REFERENCE TO RELATED 
APPLICATION AND CLAIM OF PRIORITY 

The present invention was made with the support of the 
Ministry of Health & Welfare of the Republic of Korea, 
under Project No. HI13C-1940-000013, which was con 
ducted in the research project titled “Development of func 
tional hydrogel for treatment of osteoarthritis, within the 
project named “Development of technique for overcoming 
diseases” by the Industry-Academic Cooperation Founda 
tion, Hanyang University under the management of Korea 
Health Industry Development Institute, from Nov. 1, 2013 to 
Oct. 31, 2016. 

This patent application claims priority Korean Patent 
Application No. 10-2014-0078399 filed Jun. 25, 2014, in the 
Korean Intellectual Property Office, the disclosures of which 
are incorporated in their entirety by reference. 

BACKGROUND 

Field of the Invention 
The present invention relates to a composition for simul 

taneous diagnosis and therapy of cancer based on glucose 
sensitivity. 

Background of Technique 
Researches for cancer-specific transport of the traditional 

contrast media and anti-cancer drugs having potential tox 
icity with the biocompatible materials, and Theragnosis is 
a recent approach for simultaneous execution of diagnosis 
and therapy 1. Cancer cells show Warburg Effect; cancer 
cells produce energy inefficiently compared to normal cells 
by the effect, and this abnormal glycolysis results in the 
unusual transportation of the high concentration of glucose 
into the cancer cells 2,3. The examples of diagnosis for the 
cancers using the unique biological mechanism of cancer 
cells have been reported, but simultaneous execution of 
diagnosis and therapy using cell metabolic regulation has 
not been reported yet. 
On the other hand, hydrophobic phenylaniline-based 

compounds have been reported to lose their hydrophobic 
property by the specific bonding with the glucose 4. The 
therapy using the characteristic of the phenylaniline-based 
compounds has been reported 5, but simultaneous execu 
tion of diagnosis and therapy using that has not been 
reported yet. 
The target-specific probes, contrast media, and bio-com 

patible carriers containing a drug have been used for simul 
taneous execution of diagnosis and treatment to diseases, 
especially polymer nanoparticles that can be used for simul 
taneous cancer specific diagnosis and treatment have been 
developed. However, there are problems as to potential 
toxicity, Such as kidney toxicity and exposure to radiation, 
being currently raised. In addition, the chemotherapy has 
been considered as a minor therapy because of a danger 
caused by a nonspecific transportation of the chemical 
drugs. 

Throughout this application, various publications and 
patents are referred and citations are provided in parenthe 
ses. The disclosures of these publications and patents in their 
entities are hereby incorporated by references into this 
application in order to fully describe this invention and the 
state of the art to which this invention pertains. 

SUMMARY 

The present inventors have endeavored to develop a 
composition for simultaneous cancer-specific diagnosis and 
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2 
therapy using cancer-specific biological mechanism while 
excluding the use of the existing contrast agents and cancer 
agents having potential toxic problems. As a result, the 
present inventors have established that glucose-sensitive 
nanoparticles, in which a phenylboronic acid derivative is 
bound to a biocompatible polymer, are selectively delivered 
to cancer tissues by an enhanced permeability and retention 
(EPR) effect, bind to glucose to allow cancertissue imaging, 
and induce energy deficiency in cancer cells, and thus have 
completed the present invention. 

Therefore, an aspect of the present invention is to provide 
a composition for simultaneous diagnosis and treatment of 
cancer based on glucose sensitivity. 

Other purposes and advantages of the present disclosure 
will become more obvious with the following detailed 
description of the invention, claims, and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
with color drawings will be provided by the Office upon 
request and payment of the necessary fee. 

FIG. 1 shows infrared spectra of (a) glycol chitosan and 
PBA-grafted glycol chitosan ((b) PBA-GC20 and (c) PBA 
GC50) at wavenumber region of 800-4000 cm. 

FIG. 2 shows "H NMR spectra of (a) phenylboronic acid, 
(b) glycol chitosan, and (c) PBA-grafted glycol chitosan 
(PBA-GC50) dissolved in DMSO-d6/DO (1:9; v/v). 

FIG. 3 shows cytotoxicity of GC-PBA50 (polymer=0 
(filled bar), 100 (empty bar), 200 (horizontal line-filled bar), 
and 500 (vertical line-filled bar) ug/ml) in various cells 
(MDA-MB-231, B16-F10, SCC7, and NIH3T3). Cells were 
placed on a 96-well tissue culture plate (5x10 cells/well) 
and treated with GC-PBA50 for 48 h. Cell viability was 
determined by MTT assay. 

FIG. 4 shows (a) Characteristics and (b) stability in PBS 
solution of GC-PBA nanoparticles with DS of 10 (triangle), 
20 (square), and 50 (circle). (c) Morphology of GC-PBA50 
nanoparticles was observed by atomic force microscopy. 

FIG. 5 shows intensity ratio (I/I) from pyrene exci 
tation spectra at various concentrations of (a) GC-PBA20 
and (b) GC-PBA50 in PBS solution. Excitation spectra at the 
emission wavelength of 390 nm were obtained, and the 
intensity ratios of 339 nm to 333 nm versus the GC-PBA 
concentration were plotted to calculate the CMC value of 
nanoparticles. 

FIG. 6 shows intensity ratio (I/I) from pyrene exci 
tation spectra of (a) GCPBA20 and (b) GC-PBA50 at 
various concentrations of either glucose (square) or fructose 
(circle). Excitation spectra at the emission wavelength of 
390 nm were obtained, and the intensity ratios of 339 nm to 
333 nm versus the polysaccharide concentrations were plot 
ted to calculate values of critical dissociation concentration. 

FIG. 7 shows changes in the size of (a) GC-PBA20 and 
(b) GC-PBA50 nanoparticles (1 mg/ml) at various concen 
trations (0-10 mg/ml) of either glucose (square) or fructose 
(circle). Dashed line indicates a normal glucose level in the 
blood. 

FIG. 8 shows Glucose-dependent quenching and de 
quenching effect of Ceo loaded in GC-PBA20 and GC 
PBA50 nanoparticles. Fluorescence images of Ce6-loaded 
nanoparticles (Ce6/polymer=0.1, w/w) in the presence of 
varying polysaccharide concentrations were observed. 
Dashed line indicates a normal glucose level in the blood. 
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FIG. 9 shows glucose-dependent characteristics such as 
size, CMC, and glucose sensitivity of GC-DOA nanopar 
ticles at various glucose concentrations. 

FIG. 10 shows cellular uptake of (a & c) GC-PBA50 and 
(b & d) GC-PBA20 at (a & b) low (1 mg/ml) and (c & d) 
high (5 mg/ml) glucose media by SCC7 cells was monitored 
by fluorescence microscopy. The cells were placed on a 
8-well chamber slide (5x10 cells/well) and treated with 
Ce6-loaded glucose-sensitive nanoparticles for 4 h (nano 
particle=500 ug/ml). Blue and red colors represent DAPI 
and nanoparticles, respectively. 

FIG. 11 shows In vitro (a) ATP content, (b) lactate 
secretion, and (c) percentage of LDH leakage of SCC7 cells 
treated with PBS (square), iodoacetate (triangle), GCPBA20 
nanoparticles (diamond), and GC-PBA50 nanoparticles 
(circle). SCC7 cells were placed on a 24-well tissue culture 
plate (5x10" cells/well) and treated with either iodoacetate 
or nanoparticles for 12 h (iodoacetate=200 ug/ml, nano 
particle=500 ug/ml). 

FIG. 12 shows In vitro growth of SCC7 cells treated daily 
with media only (square). GC-DOA nanoparticles (dia 
mond), GC-PBA20 nanoparticles (triangle), and GCPBA50 
nanoparticles (circle). Nanoparticles were dispersed in low 
(filled symbol) and high (empty symbol) glucose media. 
SCC7 cells were placed on a 24-well tissue culture plate 
(2x10 cells/well) and nanoparticles were daily added to the 
wells for 7 days (nanoparticle=500 ug/ml). 

FIG. 13 shows In vivo biodistribution of glucose-sensitive 
nanoparticles. Tumor-bearing mice were established by Sub 
cutaneously inoculating SCC7 cells (10x10"/mice) into the 
back of a mouse. A Ceó solution or Ce6-loaded glucose 
sensitive nanoparticles were intravenously injected into the 
mouse (10 mg/kg). (a) ex vivo images of normal organs 
(liver, lung, spleen, kidney, and heart) and tumors excised at 
2 day. (b) Quantification of in vivo tumor specificity deter 
mined from relative fluorescence intensity. 

FIGS. 14 (a) and (b) show in vitro and in vivo imaging 
effect of GC-PBA50 nanoparticles by contacting to glucose. 
(a) In vitro glucose-specific fluorescence signal restoration 
behavior of glucose sensitive (GC-PBA50) and insensitive 
(GC-DOA50) nanoparticles mixed with glucose insensitive 
polymer (BHQ3-GC-DOA50) including quencher (BHQ-3, 
Black hole quencher-3). (b) in vivo imaging effect of nano 
particles deposited on cancer tissue through intravenous 
injection of the above mixed nanoparticles (10 mg/kg). 
FIGS. 14 (c), (d), and (e) show changes in tumor Volume, 
tumor weight, and body weight, respectively, as indicated 
(see description of FIG. 15 (a)-(c) for further detail). 

FIG. 15 shows changes in (a) tumor volume, (b) final 
tumor weight, and (c) body weight of mice treated with 
saline (square), docetaxel (inverted triangle), and GCDOA 
nanoparticles (diamond), GC-PBA20 nanoparticles (tri 
angle), and GCPBA50 nanoparticles (circle) (10 mg/kg 
polymer/mice; five intravenous injections for 1 week). 

FIG. 16 shows H & E staining and TUNEL staining of 
tumor tissues retrieved from mice treated with (a) PBS only, 
(b) GC-DOA50 nanoparticles, (c) docetaxel, (d) GC-PBA20 
nanoparticles, and (e) GC-PBA50 nanoparticles (scale bar, 
100 m). The tumor tissues were embedded, frozen, and cut 
into 10 um-thick sections at -20° C., and then the tissue 
sections were stained. 

DETAILED DESCRIPTION 

In accordance with an aspect of the present invention, 
there is provided a composition for diagnosis, therapy, or 
simultaneous diagnosis and therapy of cancer, the compo 
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4 
sition containing, as active ingredients, (a) a biocompatible 
polymer, and (b) a conjugate bound to the biocompatible 
polymer and including a phenylboronic acid derivative. 

In accordance with another aspect of the present inven 
tion, there is provided a method for diagnosing, treating or 
simultaneously diagnosing and treating cancer, comprising 
administering to a Subject a composition containing, as 
active ingredients, (a) a biocompatible polymer, and (b) a 
conjugate bound to the biocompatible polymer and includ 
ing a phenylboronic acid derivative. 
The present inventors have endeavored to develop a 

composition for simultaneous cancer-specific diagnosis and 
therapy using cancer-specific biological mechanism while 
excluding the use of the existing contrast agents and cancer 
agents having potential toxic problems. As a result, the 
present inventors have established that glucose-sensitive 
nanoparticles, in which a phenylboronic acid derivative is 
bound to a biocompatible polymer, are selectively delivered 
to cancer tissues by an enhanced permeability and retention 
(EPR) effect, bind to glucose to allow cancertissue imaging, 
and induce energy deficiency in cancer cells. 
The composition of the present invention has glucose 

sensitivity. The particular structure of the conjugate, which 
is an active ingredient of the composition of the present 
invention, is stably maintained for the glucose concentration 
under general in vivo conditions, but the particular structure 
of the conjugate is not maintained in the relative high 
concentration glucose environment in the cancer tissues. 
The conjugate particles introduced into the cancer cells 
collect glucose, thereby effectively inhibiting aerobic gly 
colysis and suppressing cancer growth. While iodoacetate 
(IAA), as the conventional anti-glycolysis, impacts on mito 
chondria, the anti-glycolytic mechanism of the composition 
of the present invention through glucose collection was 
verified to avoid a direct impact on cells. This corresponds 
to a drug-non-loaded nanomaterial which significantly 
solves a potential toxic problem of biocompatible polymer 
nanoparticles confined to a role of the conventional carrier 
for an anticancer drug or a constant agent, as well as a 
revolutionary material having remarkable validity in anti 
cancer therapy. 

In an embodiment of the present invention, the conjugate 
of the present invention is characterized by being a nano 
material. As used herein, the term nanomaterial refers to a 
material having a size of several nanometers to hundreds of 
nanometers. The present invention is directed to a compo 
sition for cancer diagnosis and therapy, and preferably a 
nanomaterial of which the action is made through the 
introduction of the composition of the present invention into 
cancer cells. 

According to an embodiment of the present invention, the 
phenyl boronic acid derivative of the present invention is 
represented by general formula 1 below: 

General Formula 1 

OH 

HO-B 

O O 

sis 
In the general formula, n is an integer of 1 to 5. Preferably, 

n is an integer of 2 to 3, and more preferably, n is 2. In the 
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general formula, the dihydroxyboronyl group and the amide 
group may be located at the ortho (o)-, meta (m)-, or para 
(p)-position, and preferably the para-position. In an embodi 
ment of the present invention, the phenyl boronic acid 
derivative of the present invention is N-(4-phenylboronic) 
Succinamic acid. 
As used herein, the term “biocompatible polymer refers 

to a polymer having tissue compatibility and blood compat 
ibility so that it causes neither tissue necrosis nor blood 
coagulation upon contact with tissue or blood. 

In an embodiment of the present invention, the biocom 
patible polymer of the present invention includes a func 
tional group capable of forming an amide bond together with 
a carboxyl group, and has hydrophilicity. The biocompatible 
polymer of the present invention includes a functional group 
capable of forming an amide bond together with a carboxyl 
group, for example, a primary or secondary amino group, 
and can form a bond together with a carboxyl group of the 
phenylboronic acid derivative of the present invention. The 
biocompatible polymer of the present invention is hydro 
philic, and can form an amphiphilic polymer including both 
a hydrophilic portion and a hydrophobic portion by forming 
a bond together with the phenylboronic acid derivative 
having hydrophobicity of the present invention. 

In an embodiment of the present invention, the biocom 
patible polymer is chitosan or a derivative thereof. The 
chitosan herein is a linear polysaccharide represented by 
chemical formula 1 below, and herein, a derivative of 
chitosan with increased hydrophilicity may be used. 

Chemcial Formula 1 

HO 

HO O 
OH 

O 
O 

OH 
NH2 

HO 

NH2 
pi 

In an embodiment of the present invention, the biocom 
patible polymer of the present invention is glycol chitosan. 
The glycol chitosan is a polymer of chemical formula 2 
below: 

Chemical Formula 2 

R 

R O 
OH 

O 
O 

R OH 
NH2 

O 
O 

OH NH2 
pi 

OH 
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6 
In an embodiment of the present invention, the glycol 

chitosan of the present invention has a molecular weight of 
150 kDa to 350 kDa. The molecular weight of the glycol 
chitosan of the present invention is associated with the 
length of the chain of the polymer, which influences the 
diameter of the conjugate of the present invention. The 
molecular weight of the glycol chitosan of the present 
invention is selected in this respect, and preferably 200 kDa 
to 300 kDa. 

In an embodiment of the present invention, the “bond' 
between the phenylboronic acid derivative and the biocom 
patible polymer of the present invention is an amide bond 
formed between a carboxyl group of the phenylboronic acid 
and the biocompatible polymer. For formation of the amide 
bond of the present invention, the biocompatible polymer of 
the present invention has a functional group capable of 
forming an amide bond together with a carboxyl group, for 
example, a primary amino group or a secondary amino 
group. An amphiphilic conjugate is prepared by forming an 
amide bond between the carboxyl group of the phenyl 
boronic acid derivative and the functional group of the 
biocompatible polymer, capable of forming an amide bond 
together with a carboxyl group. 

In an embodiment of the present invention, the conjugate 
of the present invention has a degree of substitution with 
phenylboronic acid derivative of 15 to 55. As used herein, 
the term “degree of substitution” refers to the number of 
phenylboronic acid groups per 100 units of anhydroglucose 
of glycol chitosan. A conjugate having a degree of Substi 
tution of 15 or higher cannot secure structural stability 
thereof, and a conjugate having a degree of Substitution of 
higher than 55 is somewhat troublesome and inefficient in 
forming nanoparticles. 

In an embodiment of the present invention, the conjugate 
of the present invention is self-aggregated to form a plurality 
of spherical particles with hydrophobic cores. The conjugate 
of the present invention has an amphiphilic property. A 
phenyl boronic acid derivative portion with a hydrophobic 
property forms a plurality of inner cores and thus provides 
stable spherical particles. Such a stable spherical shape is 
maintained in the general in vivo glucose concentration 
environment, and exhibits sensitivity in the specific high 
concentration glucose environment of the cancer tissue. 

In an embodiment of the present invention, the conjugate 
of the present invention includes an additional fluorescent 
signal material which is chemically labeled on the biocom 
patible polymer of the present invention or physically loaded 
inside the hydrophobic cores of the conjugate. As used to 
describe the additional fluorescent signal material, the term 
“chemical labeling refers to chemical binding, and in case 
of the chemical labeling, the additional fluorescent signal 
material does not need to be necessarily formed inside the 
hydrophobic cores. As used herein, the term “fluorescent 
signal material' includes: for example, fluorescent organic 
materials, such as chlorine e6 (Ce(5), cyanine dye series (e.g., 
Cy3, Cy5, or Cy5.5), fluorescein and derivatives thereof, 
rhodamine and derivatives thereof, lucifer yellow, B-phy 
coerithrin, 9-acridineisothiocyanate, lucifer yellow VS, 
4-acetamido-4'-isothiocyanatostilbene-2,2'-disulfonic acid, 
7-diethylamino-3-(4-isothiocyatophenyl)-4-methylcou 
marin, Succinimidyl-pyrenebutyrate, 4-acetamido-4'-isoth 
iocyanatostilbene-2,2'-disulfonic acid derivatives, LCTM 
Red 640, LCTM-Red 705, Alexa dye series, lissamine, 
isothiocyanate, erythrosine isothiocyanate, diethylenetri 
amine pentaacetate, 1-dimethylamino naphthyl-5-Sulfonate, 
1-anilino-8-naphthalene Sulfonate, 2-p-toluidinyl-6-naphtha 
lene Sulfonate, 3-phenyl-7-isocyanatocoumarin, 9-isothio 
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cyanatoacridine, Acridine orange, N-(p-(2-benzoxazolyl) 
phenyl) maleimmide, benzoxadiazole, stilbene, and pyrene; 
and inorganic fluorescent semiconductor nanoparticles 
(quantum dots), but is not limited thereto. Due to the 
additional fluorescent signal material, various cancer target 
diagnosis methods can be employed. 

In an embodiment of the present invention, the spherical 
particles of the present invention have a diameter of 200 to 
400 nm. The average diameter of the spherical particles is 
preferably 270 to 370 nm, and more preferably 250 to 350 
nm. As for the conjugate of the present invention, in cases 
where the degree of substitution with phenyl boronic acid 
derivative is high, the average diameter of the spherical 
particles tends to be smaller due to a packing effect. The 
conjugate, which is an active ingredient of the composition 
of the present invention, may be passively delivered to the 
target cancer tissue by an enhanced permeability and reten 
tion (EPR) effect, and may be introduced into cancer cells by 
endocytosis. 

In an embodiment of the present invention, the compo 
sition of the present invention inhibits aerobic glycolytic 
metabolism of cancer cells by using glucose sensitivity. The 
conjugate particles introduced into the cancer cells can 
collect glucose to effectively inhibit glycolysis thereof, and 
Suppress cancer growth. While iodoacetate (IAA), as the 
conventional anti-glycolysis, impacts on mitochondria, the 
inhibition of glycolysis by composition of the present inven 
tion avoids a direct impact on cells. 

In an embodiment of the present invention, the compo 
sition of the present invention enables cancer tissue-specific 
diagnosis through glucose sensitivity. The composition of 
the present invention, as described above, is selectively 
delivered to cancer tissues by an enhanced permeability and 
retention (EPR) effect, and binds to glucose based on the 
glucose sensitivity to allow cancer tissue imaging. The 
composition of the present invention enables the observation 
of cancer cells through all methods capable of observing the 
behavior of in vivo polymers, which are known in the prior 
art or will be developed in the future. For a specific example, 
mixed particles of a fluorescent labeled glucose-glucose 
insensitive conjugate and a glucose-insensitive conjugate 
binding to a quencher (black hole quencher-3, BHO-3) are 
prepared, and delivered into cancer cells. As the glucose 
sensitive conjugate particles are dissociated by selectively 
binding to glucose, the fluorescent signal quenched away 
from an area of the quencher is recovered, thereby allowing 
cancer-specific imaging. However, the present invention is 
not limited thereto, and other imaging methods may be 
employed without limitations. 

According to an embodiment of the present invention, the 
composition of the present invention is injected into the 
body through systemic administration. The conjugate, which 
is an active ingredient of the composition of the present 
invention, has target directivity to cancer cells, and thus 
enables cancer diagnosis and therapy through systemic 
administration. 
The appropriate dose of the pharmaceutical composition 

of the present invention varies depending on factors. Such as 
the formulating method, manner of administration, patients 
age, body weight, gender, severity of disease, food, time of 
administration, route of administration, excretion rate, and 
response sensitivity, and the ordinarily skilled practitioner 
can easily judge and prescribe the dose effective for desired 
treatment or prevention. Meanwhile, the dose of the com 
position of the present invention is preferably 0.001 to 1000 
mg/kg (body weight) per day. 
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8 
The pharmaceutical composition of the present invention 

is formulated into a unit dosage form or a multidose con 
tainer, using a pharmaceutically acceptable carrier and/or 
excipient according to the method that is easily conducted 
by person having ordinary skills in the art to which the 
present invention pertains. Here, the dosage form may be a 
Solution in an oily or aqueous medium, a Suspension, or an 
emulsion, or an extract, a powder, a granule, a tablet, or a 
capsule, and may further include a dispersant or a stabilizer. 

In an embodiment of the present invention, the cancer of 
the present invention is at least one cancer selected from the 
group consisting of gastric cancer, lung cancer, breast can 
cer, ovarian cancer, liver cancer, bronchial cancer, nasopha 
ryngeal cancer, laryngeal cancer, pancreatic cancer, bladder 
cancer, large intestine cancer, colon cancer, cervical cancer, 
prostate cancer, bone cancer, skin cancer, thyroid cancer, 
parathyroid cancer, ureteral cancer, and head and neck 
cancer. The present invention employs a general character 
istic of various kinds of cancers, that is, the introduction of 
high-concentration glucose into cancer cells through abnor 
mal glycolysis based on a Warburg effect of inefficient 
energy production compared with normal cells, and there 
fore, various cancer cells can be treated through systemic 
administration of the composition of the present invention. 

Features and advantages of the present invention are 
Summarized as follows. 

(a) The present invention provides a composition for 
simultaneous diagnosis and therapy of cancer. 

(b) The use of the composition of the present invention 
can diagnose and treat cancer by using a cancer-specific 
biological mechanism while excluding the use of the exist 
ing contrast agents and cancer agents having potential toxic 
problems. 

(c) The use of the composition of the present invention 
can treat cancer by allowing selective delivery to cancer 
tissues and imaging thereof and inducing energy deficiency 
in cancer cells. 

(d) The use of the composition of the present invention 
cuts off energy metabolic pathways to treat cancer without 
avoiding a direct impact on cells. 
The present invention will now be described in further 

detail by examples. It would be obvious to those skilled in 
the art that these examples are intended to be more con 
cretely illustrative and the scope of the present invention as 
set forth in the appended claims is not limited to or by the 
examples. 

EXAMPLES 

Materials and Methods 

Example 1 

Materials 

Glycol chitosan (MW=250 kDa, DD-82.7%), N-(4-Phe 
nylboronic) succinamic acid (PBA), deoxycholic acid 
(DOA), Glucose, Fructose, Sodium iodoacetate, potassium 
bromide (KBr), Deuterium oxide (DO), Deuterated dim 
ethyl sulfoxide (DMSO-d6), Chlorin e6 (Ceó), dimethyl 
sulfoxide (DMSO), and 1-ethyl-3-(dimethylaminopropyl) 
carbodiimide (EDC), and 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyl tetrazolium bromide (MTT) were purchased from 
Sigma-Aldrich (Missouri, USA). Docetaxel, N-hydroxysul 
fosuccinimide (sulfo-NHS), and pyrene were purchased 
from LC laboratories Co. (Woburn, USA). Thermo (CA, 
USA), and Fluka (Neu-Ulm, Germany), respectively. Dul 
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becco's modified Eagle's medium (DMEM), phosphate 
buffered saline (PBS), penicillin streptomycin, trypsin 
EDTA, and fetal bovine serum (FBS) were purchased from 
Gibco (NY, USA). The water was distilled and deionized 
using the Milli-Q System (MA, USA). Other reagents were 
also commercially available and used without further puri 
fication. 

Example 2 

Synthesis of Glucose-Sensitive Polymer 

In order to prepare glucose-sensitive polymer, PBA was 
covalently grafted to the backbone of glycol chitosan using 
a carbodiimide chemistry. Briefly, glycol chitosan (0.1% 
w/v) and PBA were dissolved in 500 ml in 4:1 (v/v) 
methanol/distilled water, and then EDC and sulfo-NHS as 
activation reagents were added to the solution for molar 
concentrations like to PBA. The degree of substitution, 
defined as the number of phenylboronic acid groups per 100 
anhydroglucose units of glycol chitosan, was varied in the 
range of 10-50. After reaction at 25° C. for overnight, the 
mixture was dialyzed against distilled water for days to 
remove residual the activation reagents, and lyophilized. A 
deoxycholic acid-grafted glycol chitosan was also prepared 
as non-glucose-sensitive polymer, but forms self-aggregated 
nanoparticles. 

Introduction of PBA to the backbone of glycol chitosan 
was confirmed by FTIR spectroscopy (Magna-IR760ESP; 
Nicolet Instrument Corp., WI, USA). A mixture of PBA 
grafted glycol chitosan (GC-PBA) and dry KBr was ground 
into a fine powder, and then compressed into discs. The 
resulted sample was examined at a resolution of 4 cm with 
a rate of 4 mm/s over a wavenumber region of 800-4000 
cm'. 'H-NMR spectroscopy was also used to confirm the 
conjugation using a Mercury Plus 300 MHz spectrometer 
(Varian, CA, USA) at 70° C. The GC-PBA (1% w/v) was 
dissolved in 1:9 (v/v) DMSO-d6/DO. Actual degree of 
substitution of the grafted PBA was analyzed by Elemental 
analyzer (EA 1112: Thermo Finnigan Flash, Milan, Italy). 

Example 3 

Cytotoxicity of GC-PBA Polymer 

Fibroblasts (NIH3T3), squamous cell carcinoma (SCC7), 
human breast cancer cell (MDA-MB-231), and murine 
melanoma (B16-F10)) were cultured in DMEM media (10% 
FBS, 1% penicillin streptomycin), and used for cytotoxicity 
test. The cells were seeded onto 96-well tissue culture plates 
(5x10 cells/well) and incubated for 12 hat 37° C. under 5% 
CO2 atmosphere. GC-PBA was then added to the cells and 
incubated for 48 h (GC-PBA=100-500 ug?well). The cells 
were washed with PBS three times, and an MTT solution (50 
ug/ml) was added. After incubation for 3 h, formazan 
crystals were dissolved in DMSO and its absorbance was 
measured at 540 nm with a UV/VIS spectrophotometer 
(SpectraMax M2, CA, USA). 

Example 4 

Characteristics of Self-Assembled GC-PBA 
Nanoparticles 

The size of GC-PBA nanoparticles (1 mg/ml) was deter 
mined at room temperature using a Zetasizer Nano ZS 
(Malvern Instr., Malvern, UK), and its stability was moni 
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tored for 3 days. The morphology of nanoparticles was 
observed by atomic force microscopy (AFM). Nanoparticles 
were placed on a mica Surface and purged with nitrogen, and 
images were taken using a PSIA XE-100 AFM system 
(Santa Clara, Calif., USA) with a non-contact mode. 

Critical micelle concentration (CMC) of nanoparticles 
was determined using fluorescence spectroscopy. Pyrene 
was dissolved in a tetrahydrofuran (THF) and diluted in the 
distilled water (12x107M). After THF was evaporated for 
overnight, the solution was added to an aqueous GC-PBA 
solution with concentrations ranged from 1.0x10 to 1.0x 
10' mg/ml (Pyrene-6.0x107M). Excitation spectra at the 
emission wavelength of 390 nm were obtained by using an 
ISS K2 multi-frequency phase and modulation fluorometer 
(ISS Ins. Champaign, Ill., USA). To obtain pyrene excita 
tion spectra, the slit widths for emission and excitation were 
set at 2 and 0.5 mm, respectively. Plot of the intensity ratio 
of 339 nm to 333 nm obtained from excitation spectra versus 
the GC-PBA concentration was used to determine the CMC 
values of the glucosesensitive systems. 

Example 5 

Glucose-Sensitivity of GC-PBA Nanoparticles 

Glucose-sensitive feature of GC-PBA nanoparticles was 
confirmed by monitoring the changes in the excitation 
intensity ratio and size of the nanoparticles at various 
glucose concentrations (0-10 mg/ml). Fructose was also 
used to identify glucose specificity of GC-PBA nanopar 
ticles. Glucose specificity of GC-PBA nanoparticles was 
also confirmed by fluorescence quenching/dequenching 
method using Ce6-loaded GC-PBA nanoparticles. The CeG 
loaded GC-PBA nanoparticles were prepared by a simple 
dialysis method. In brief, GCPBA and Ce6 were dissolved in 
the distilled water and DMSO, respectively. The solutions 
were mixed (Ceo/polymer-0.1, ww), vigorously stirred for 
overnight at 25°C., and dialyzed for 3 days, and filtered 
through a 0.8 um Syringe filter. The fluorescence images of 
the Ce6-loaded nanoparticles in the varying polysaccharide 
concentrations were obtained by using a 12-bit CCD camera 
(Image Station 4000 MM; Kodak, NY, USA) (emission 
filter=600-700 nm). 

Example 6 

Cellular Uptake of GC-PBA Nanoparticles 

In order to evaluate the cellular uptake of glucose-sensi 
tive polymeric nanoparticles into squamous cell carcinoma 
(SCC7), Ce(6-conjugated GC-PBA50 and GC-PBA20 nano 
particles (Ce(5/polymer=0.1, wifw) were prepared. The poly 
mer (1% w/v) and Ceó were dissolved in 10 ml 1:9 (v/v) 
DMSO/distilled water (Ce(6/polymer—0.1, w/w), and then 
EDC and Sulfo-NHS were added to the solution for molar 
ratio like to Ceó, which was gently reacted avoiding light for 
overnight. The mixture was dialyzed for 3 days to remove 
free Ceó and the activation reagents, filtered through a 0.8 
um Syringe filter, and lyophilized. 
The SCC7 cells were placed on 8-well chamber slides 

(5x10 cells/well) with low glucose media and treated with 
Ceó-labeled GC-PBA nanoparticles. After 4 h the media 
were removed, washed with PBS three times, and then fixed 
with 2% formaldehyde. The samples were mounted by 
mounting medium with 4,6'-diamino-2-phenylindole 
(DAPI, Vectashield, CA, USA) and analyzed by fluores 
cence microscopy (TE2000-E; Nikon, Kanagawa, Japan). 
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The cells treated with nanoparticles dispersed in high glu 
cose media were also examined. 

Example 7 

Effect of GC-PBA Nanoparticles on Blocking of 
Glycolysis Metabolism 

The measurement of intracellular ATP and lactate gen 
eration by glycolysis metabolism was carried out. The cells 
were seeded onto 24-well tissue culture plates (5x10" cells/ 
well) and incubated for 12 h at 37° C. under 5% CO, 
atmosphere. Refreshed low glucose media with GC-PBA 
nanoparticles (500 ug/ml) was added to the wells and 
incubated for 24 h. A sodium iodoacetate (200 g/ml), which 
is well-known as a glycolic inhibitor, was used as positive 
control. 

After the media was withdrawn and saved for measure 
ment of lactate contents and extracellular lactate dehydro 
genase (LDH) activity. The cells were washed three times, 
and lysed in a lyses buffer (BioVision, CA, USA), and 
incubated for 30 min on ice. ATP contents were measured 
using an ATP Colorimetric/Fluorometric Assay Kit (BioVi 
Sion, CA, USA), normalized to total proteins, and expressed 
as pmol per mg protein. Lactate contents were measured 
using an EnzyChromTMLLactate Assay Kit (BioAssay Sys 
tems, CA, USA) and normalized to viable cell number 
initially. In addition, lactate dehydrogenase (LDH) activity 
both in the media and the cell pellet was measured using a 
CytoTox 96 Non-Radioactive Cytotoxicity Assay (Promega, 
WI, USA), and the percentage of LDH leakage was 
expressed as a ratio of released activity to the total activity. 

Example 8 

Effect of GC-PBA Nanoparticles on Carcinoma 
Viability 

The SCC7 cells were seeded onto 24-well tissue culture 
plates (2x10 cells/well) and incubated for 12 h at 37° C. 
under 5% CO atmosphere. The GCPBA nanoparticles with 
DS 50 and 20 (GC-PBA50 and GC-PBA20) and GCDOA50 
were daily treated to the cells under the low glucose media 
for 4 h (500 ug/ml), and then the media was replaced with 
the high glucose media and incubated for 7 days. At each 
predetermined time interval, the cells were washed with 
PBS three times, and MTT solution (50 g/ml) was added to 
each well. After incubation for 3 h formazan crystals were 
dissolved in DMSO, and its absorbance was measured at 540 
nm with the UV/VIS spectrophotometer. Growth rates were 
calculated from number of cells at 7 days to the number at 
day 0. Treatment of GC-PBA50 and GC-PBA20 under the 
high glucose media also carried out, which did not expected 
to develop self-assembly nanoparticles, as negative control. 

Example 9 

Tumor Targeting Ability and Biodistribution of 
GC-PBA Nanoparticles In Vivo 

Six-week-old, male athymic mice (20 g body weight, 
Orient Lab Animal, Sungnam, Korea) were anesthetized 
with intraperitoneal injection of Zoletil (35 mg/kg)/Rompun 
(2 mg/kg). Tumor-bearing mice were established by Subcu 
taneously inoculating SCC7 cells (1.0x10/mice) onto the 
backs of the mice. When the tumors grew to about 200-300 
mm volume, a aqueous Ce6 solution and Ce6-conjugated 
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GC-PBA50 and GC-PBA20 nanoparticles were intrave 
nously injected into the mice (10 mg/kg). All of the proce 
dures were in compliance with Hangyang University Guide 
lines for the care and use of laboratory animals. After 2 day 
post-injection, the mice were sacrificed and tumor and 
organs (liver, lung, spleen, kidney, and heart) were excised 
to identify ex vivo organ biodistribution of the nanoparticles. 
Fluorescence image of each organ was taken by a CCD 
camera (Image Station 4000 MM; Kodak, NY, USA) and its 
fluorescence intensity was quantified and expressed as aver 
age photons per second per square centimeter per Steradian 
(p/s/cm/sr) (n-3). 

Example 10 

In Vivo Cancer Diagnostic Ability of GC-PBA 
Nanoparticles 

To verify cancer diagnosis efficacy according to glucose 
specific binding of GC-PBA nanoparticles, glucose insensi 
tive conjugate (BHQ3-GC-DOA50) including quencher 
(BHQ-3) was prepared as above described, and mixed with 
GC-PBA or GC-DOA conjugate so as to mixed nanopar 
ticles (GC-PBA/BHQ3-GC-DOA-2, w/w) quenched with 
fluorescence signal material was prepared. Tumor-bearing 
mice were established as above descrived, and treated with 
GC-PBA50, GC-DOA50, GC-PBA50+BHQ3-GC-DOA50, 
and GC-DOA50+BHQ3-GC-DOA50 nanoparticle (10 
mg/kg nanoparticle/mouse). The assessment for fluores 
cence signal recovery behavier (in vitro) and diagnosis 
efficacy induced glucose sensitivity of tomor tissue (in vivo) 
in variaus concentration of polysaccharide was conducted by 
using the IVIS SPECTRUM (Xenogen). 

Example 11 

In Vivo Anti-Cancer Efficacy of GC-PBA 
Nanoparticles 

In order to verify anti-cancer efficacy of GC-PBA nano 
particles, tumorbearing mice were prepared as above 
described. Mice were divided into five groups and treated 
with saline (control), Docetaxel, GC-DOA, GC-PBA50, and 
GC-PBA20 nanoparticles (10 mg/kg polymer/mice and 20 
mg/kg docetaxel/mice; five injections for 1 week, n=15). 
Changes in tumor Volume calculated using a formula (long 
axis short axis2)/2) 102, and full body weight for 2 weeks. 
The tumor tissues were retrieved 2 weeks after the first 
injection, weighed, embedded into an optimal cutting tem 
perature compound (TISSUE-TEKR) O.C.T. compound; 
Sakura Finetek, CA, USA), frozen, and cut into 10 um-thick 
sections at -20° C. The tissue sections were stained with 
hematoxylin and eosin (H&E), and apoptosis in the tissues 
was identified using an Apoptosis Detection Kit 
(ApopTag RRed In Situ, Millipore; Billerica, Mass., USA) 
according to the manufacturers instructions (n=5). 

Example 12 

Statistical Analysis 

All data are presented as meant standard deviation. Sta 
tistical analyses were performed using Student's t-test. 
*P-values.<0.05, **P-values.<0.01, and ***P values.<0.001 
were considered statistically significant. 
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Result 
1. Preparation and Characterization of Glucose Sensitive 
Nanoparticles (GC-PBA) 

FT-IR spectra of PBA-grafted glycol chitosan with the 
degrees of substitution from 0 to 50 are shown in FIG. 1. 
Absorption peaks at 3435 cm (overlapping of O H and 
N-H stretching), 2930 cm and 2870 cm (aliphatic 
C-H stretching band), 1620 cm and 1460-1370 cm 
(N—H bending and C H bending) were observed from 
glycol chitosan (DS-0). Absorption peaks at 1655 cm and 
1564 cm (amide band; N-H bending and C=O stretch 
ing) were increased for PBA grafted glycol chitosan, indi 
cating the amide linkage formation between GC and PBA. 

Conjugation between PBA and glycol chitosan was also 
confirmed by 1HNMR (FIG. 2). Glycol chitosan showed 
typical peaks of saccharide protons at 2.1-2.2 ppm (H8), 2.8 
ppm (H2), and 3.4-4.3 ppm (H3-H7). Peaks at 7.4-7.8 ppm 
(H9 and H10; aromatic ring) appeared for PBA-grafted 
glycol chitosan, compared with glycol chitosan. These 
results clearly support the conjugation reaction between 
PBA and glycol chitosan. 
The viability of cells treated with PBA-grafted glycol 

chitosan was evaluated by MTT assay. No significant cyto 
toxicity of PBA-grafted glycol chitosan was observed until 
the polymer concentration reached 500 lug/ml (FIG. 3). 

Self-assembled nanoparticle formation of GC-PBA was 
next investigated. The mean diameter of nanoparticles was 
found to be approximately 300 nm, which was decreased as 
the DS of grafted PBA was increased, likely due to the tight 
packing effect (FIG. 4a). GC-PBA nanoparticles with the DS 
of 20 and 50, maintained their stability over time (FIG. 4b). 
Nanoparticles were notable to be obtained for GC-PBA with 
the DS of more than 50, because of difficulties in the 
synthesis. AFM image revealed spherical shape of GC-PBA 
nanoparticles (FIG. 4c). 
The intensity ratio of pyrene entrapped in GC-PBA nano 

particles was determined and used to calculate the critical 
micelle concentration (CMC). The pyrene has different 
photophysical characteristics depending on Surrounding 
hydrophilic and hydrophobic environments 6, 7. The CMC 
values of GCPBA20 and GC-PBA50 nanoparticles were 
determined to be in the range of 0.019-0.043 mg/ml, similar 
to those of hydrophobically modified glycol chitosan deriva 
tives (FIG. 5) 8-10. 
2. Glucose-Sensitive Response of GC-PBA 

Glucose-sensitive response of GC-PBA nanoparticles was 
investigated at various glucose concentrations. The intensity 
ratios of pyrene for GC-PBA20 and GC-PBA50 were 
reduced over the glucose concentration of 0.132 and 0.302 
mg/ml, respectively, indicating that disruption of self-as 
sembled structure due to interactions between phenylbo 
ronic acid conjugated to glycol chitosan and diols in glucose 
(FIG. 6). However, the concentration of fructose did not alter 
the stability of GC-PBA nanoparticles, unlike glucose. This 
finding clearly indicates the responsiveness of GC-PBA 
nanoparticles to changes in the concentration of glucose in 
media. GC-PBA50 nanoparticles almost maintained their 
stability at the glucose concentration of 1 mg/ml, which is 
close to the blood glucose level in the body (FIG. 7). 
GC-PBA20 and GC-PBA50 nanoparticles containing Ce6 

were prepared to visualize glucose-sensitive properties of 
the nanoparticles (FIG. 8). When CeG is entrapped in the 
hydrophobic core of self-assembled nanoparticles, fluores 
cence intensity is greatly Suppressed. This is called a self 
quenching effect 11. Loading efficiencies of Ceó appeared 
about 80% in both GC-PBA20 and GCPBA50 nanopar 
ticles. A strong quenching effect was observed in GC 
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PBA50 nanoparticles. De-quenching Ce6 in GC-PBA50 
nanoparticles was observed when the nanoparticles were 
treated with a certain amount of glucose. The de-quenching 
effect of Ceò-loaded GC-PBA nanoparticles was remarkably 
observed when the glucose concentration exceeded the level 
of the normal blood stream (1 mg/ml). These results suggest 
GC-PBA50 nanoparticles may be stable in the circulating 
blood, but respond to changes in the glucose concentration 
in the body. GC-DOA nanoparticles, designed and prepared 
as non-glucose sensitive nanoparticles, did not show 
changes in their size, CMC, and de-quenching effect even at 
high glucose concentrations (FIG. 9). 
3. Cellular Uptake of Glucose Sensitive Nanoparticles 

Self-assembled nanoparticles prepared from hydrophobi 
cally modified glycol chitosan derivatives can be effectively 
uptaken into the cells by several routes, such as macropi 
nocytosis, and clathrin- and caveolae-independent and/or 
dependent endocytosis 12-14. Excellent uptake of GC 
PBA20 and GCPBA50 nanoparticles by SCC-7 cells was 
observed when the nanoparticles were dispersed in low 
glucose media, however, less cellular uptake was observed 
at the high glucose condition (FIG. 10). 
4. Effect of GC-PBA Nanoparticles on Blocking Glycolysis 
Metabolism 

Effect of intracellular transport of GC-PBA nanoparticles 
on blocking glycolysis metabolism was next investigated. 
Changes in ATP and lactate contents and percentage of LDH 
leakage were measured. When glucose-sensitive GC-PBA 
nanoparticles were delivered into SCC-7 cells, intracellular 
ATP contents and lactate secretion were decreased, indicat 
ing that aerobic glycolysis was hindered by the nanoparticles 
(FIGS. 11a and 11b). GC-PBA50 nanoparticles were much 
more efficient for inhibition of aerobic glycolysis of cells 
than GC-PBA20, which was comparable to that of glyco 
lysis inhibitor (e.g., IAA) used as a positive control. How 
ever, less influence on the LDH leakage was found when 
cells were treated with either GC-PBA20 or GC-PBA50, 
Suggesting that these glucosesensitive nanoparticles signifi 
cantly induce blocking of aerobic glycolysis without cell 
damage (FIG. 11c). Interestingly, even these nanoparticles 
did not induce cell death immediately, they were able to 
suppress the cell growth (FIG. 12 and Table 1). 

Treatment condition Growth rate 
Sample (Glucose level) (day) 

Control Low 1.261 O.005 
GC-DOA 1.262 O.009 
GC-PBA2O 1.OOS O.118 
GC-PBASO O.904 - 0.026 
GC-PBA2O High 1200 O.O22 
GC-PBASO 1253 O.O10 

In contrast, no significant cytotoxicity of GC-PBA nano 
particles was observed when cells were treated with the 
nanoparticles dispersed in high glucose media. At this con 
dition, GC-PBA does not form nanoparticles, due to the high 
concentration of glucose in the media. 
5. In Vivo Cancer-Specific Delivery of GC-PBA Nanopar 
ticles 

In order to identify cancer targeting ability of GC-PBA 
nanoparticles in vivo, Ceo-conjugated GC-PBA nanopar 
ticles were injected intravenously into the tumor-bearing 
mice. The fluorescence signal of Ceo was clearly observed 
at the tumor site of mice treated with GC-PBA50 nanopar 
ticles (FIG. 13a). It has been frequently reported that poly 
meric nanoparticles based on chitosan derivatives has excel 
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lent enhanced permeability and retention (EPR) effect 15 
17. The signal of GC-PBA20 nanoparticles was remarkably 
reduced at the tumor, compared with GC-PBA50 nanopar 
ticles. From quantitative analysis, prominent fluorescence 
signal of GC-PBA50 nanoparticles was found in tumor, 
compared with GCPBA20 nanoparticles (FIG. 13b). This 
might be attributed to less stable nanoparticle formation of 
GC-PBA20 at the glucose level of the body. 
6. In Vivo Cancer Diagnostic Ability of GC-PBA Nanopar 
ticles 

The glucose sensitive conjugate including quencher 
(BHQ-3) that is able to quench the fluorescent signal within 
a specific distance by FRET (Fluorescence resonance energy 
transfer) was prepared so as to verify in vivo cancer diag 
nostic efficacy according to glucose sensitivity of GC-PBA 
nanoparticles 18. Fluorescence intensity of nanoparticles, 
that was prepared by mixing Cy5-tagged GC-PBA50 or 
GC-DOA50 conjugate with BHQ3-GC-DOA50 conjugate, 
was evidently weak. When glucose was added into the 
quenched mixed-nanoparticles, Cy5 fluorescence signal of 
mixed-nanoparticles (GC-PBA50+BHQ3-GC-DOA50) was 
recovered (FIG. 14a). On the other hand, fluorescence signal 
of mixed-nanoparticles (GC-DOA50+BHQ3-GC-DOA50) 
was not recovered. In addition, the significant recovery of 
fluorescence signal for two mixed nanoparticles did not 
observed, when they were treated with fructose. It is 
expected that the recovery was resulted from dissociation of 
GC-PBA50 and BHQ3-GC-DOA50, when the GC-PBA50 
binds to glucose. In practice, it was verified that the tumor 
tissue diagnosis efficacy of glucose sensitive nanoparticle 
(GC-PBA50+BHQ3-GC-DOA50) is significantly better 
than that of glucose insensitive mixed nanoparticle (GC 
DOA50+BHQ3-GC-DOA50) (FIG. 14b). 
7. In Vivo Therapeutic Efficacy of GC-PBA Nanoparticles 

Therapeutic efficacy of GC-PBA nanoparticles was next 
evaluated in the tumor-bearing mice. When the tumor vol 
ume of each mouse reached approximately 50 mm, GC 
DOA nanoparticles, GC-PBA20 nanoparticles, and GC 
PBA50 nanoparticles were intravenously injected into the 
mice and changes in tumor volume were monitored for 2 
week (FIG. 14c and FIG. 15a). Tumor-bearing mice were 
also treated with either saline or docetaxel as a control. The 
mice treated with Saline alone showed tremendous tumor 
growth up to 3,000 mm. No effect of GCDOA50 nanopar 
ticles on Suppression of tumor growth was also observed. 
Interestingly, tumor volume of mice treated with GC-PBA 
nanoparticles was greatly reduced, close to that of mice 
treated with docetaxel, a commercially available cancer 
drug. The docetaxel significantly enhanced therapeutic effi 
cacy in cancer treatment, but may cause damage in the 
Surrounding tissues, leading to loss of body weight of the 
mice (FIG. 14e and FIG. 15c). Whereas, the mice treated 
with GCPBA nanoparticles did not show changes in body 
weight, indicating GC-PBA nanoparticles revealed anti 
cancer efficacy without side effects at undesired sites. His 
tological and immunohistochemical images of tissue sec 
tions, stained with H&E staining and TUNEL staining, also 
verified the therapeutic efficacy of GCPBA nanoparticles 
(FIG.16). Despite the absence of conventional cancer drugs, 
cell death was remarkably induced at the tumor tissue in the 
mice treated with GC-PBA nanoparticles, similar to that of 
the mice treated with docetaxel. This finding Suggests that 
GC-PBA nanoparticles can induce glucose deprivation of 
cancer cells due to aerobic glycolysis blocking at the tumor 
site. 
As described above, preferable embodiments of the pres 

ent invention has been exemplified, but the scope of the 
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present invention is not limited to the above particular 
embodiments, and thus appropriate variations and modifi 
cations are possible within the range of claims of the present 
invention by any person skilled in the art. 
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What is claimed is: 
1. A method for diagnosing, treating, or simultaneously 

diagnosing and treating cancer, comprising administering to 
a subject a composition containing, as active ingredients, (a) 
a biocompatible polymer, and (b) a conjugate bound to the 
biocompatible polymer and including a phenylboronic acid 
derivative represented by general formula 1 below: 

General Formula 1 
OH 
/ 

HO-B 

sus, 
wherein, in the general formula, n is an integer of 1 to 5. 

2. The method of claim 1, wherein the conjugate is a 
nanomaterial. 

3. The method of claim 1, wherein the phenylboronic acid 
derivative is N-(4-phenylboronic)Succinamic acid. 

4. The method of claim 1, wherein the biocompatible 
polymer includes a functional group capable of forming an 
amide bond together with a carboxyl group, and has hydro 
philicity. 

5. The method of claim 4, wherein the biocompatible 
polymer is chitosan or a derivative thereof. 
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6. The method of claim 5, wherein the biocompatible 

polymer is glycol chitosan. 
7. The method of claim 6, wherein the glycol chitosan has 

a molecular weight of 150 to 350 kDa. 
8. The method of claim 1, wherein the binding is chemical 

binding between the phenylboronic acid derivative and the 
biocompatible polymer. 

9. The method of claim 1, wherein the conjugate has a 
degree of substitution with phenylboronic acid of 15 to 55. 

10. The method of claim 1, wherein the conjugate is 
self-aggregated to form spherical particles with hydrophobic 
COCS. 

11. The method of claim 10, wherein the conjugate 
additionally includes a fluorescent signal material which is 
chemically labeled on the biocompatible polymer or physi 
cally loaded inside the hydrophobic cores. 

12. The method of claim 11, wherein the fluorescent 
signal material is Ceó or Cy5. 

13. The method of claim 10, wherein the spherical par 
ticles have an average diameter of 200 to 400 nm. 

14. The method of claim 1, wherein the composition 
inhibits aerobic glycolytic metabolism of cancer cells by 
using glucose sensitivity. 

15. The method of claim 1, wherein the composition 
enables cancer tissue-specific diagnosis by using glucose 
sensitivity. 

16. The method of claim 1, wherein the composition is 
injected into the body through systemic administration. 

17. The method of claim 1, wherein the cancer is selected 
from the group consisting of gastric cancer, lung cancer, 
breast cancer, ovarian cancer, liver cancer, bronchial cancer, 
nasopharyngeal cancer, laryngeal cancer, pancreatic cancer, 
bladder cancer, large intestine cancer, colon cancer, cervical 
cancer, brain cancer, prostate cancer, bone cancer, skin 
cancer, thyroid cancer, parathyroid cancer, ureteral cancer, 
and head and neck cancer. 
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