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[FIG. 5]
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[FIG. 7]
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ANTICANCER AGENT DELIVERY SYSTEM
USING PH-SENSITIVE METAL
NANOPARTICLES

TECHNICAL FIELD

[0001] The present invention relates to a method for the
delivery of anticancer agents using pH-sensitive nanopar-
ticles, and an anticancer agent delivery system using the
same.

BACKGROUND ART

[0002] Korean patent application No. 2008-0064270
teaches pH-sensitive metal nanoparticles and a preparation
method thereof. These pH-sensitive nanoparticles are nega-
tively charged and well dispersed under neutral or basic con-
ditions. In contrast, when they are exposed to an acidic con-
dition, their surface charges change positively as hydrolysis
occurs. In this course, the nanoparticles aggregate, with their
absorption band shifting from around 500 nm to greater than
600 nm, i.e., a red to near infrared region.

[0003] After entering the body, these pH-sensitive metal
nanoparticles are dispersed in normal cells, which are neutral
or alkaline, and selectively aggregate in cancer cells which
have acidic pH. When irradiated onto the body, near infrared
light with a wavelength of greater than 600 nm, which can
deeply penetrate into the body, heats metal aggregates,
thereby killing the cancer cells.

[0004] The pH-sensitive metal nanoparticles are selective
for cancer cells and allow photothermal therapy, but by them-
selves have no therapeutic functions. Therefore, there is a
need for new particles that can selectively aggregate in cancer
cells and therapeutically treat cancer cells by themselves.

DISCLOSURE

Technical Problem

[0005] It is an object of the present invention to provide
metal nanoparticles for the therapy of cancer.

[0006] It is another object of the present invention to pro-
vide novel pH-sensitive metal nanoparticles which are selec-
tive for cancer cells and can kill cancer cells by themselves.
[0007] It is a further object of the present invention to
provide novel pH-sensitive metal nanoparticles which can
aggregate in and release an anticancer agent to kill cancer
cells.

[0008] It is still a further object of the present invention to
provide a novel delivery system capable of selectively deliv-
ering an anticancer agent to cancer cells.

[0009] It is still another object of the present invention to
provide the use of pH-sensitive metal nanoparticles as an
anticancer agent delivery system.

[0010] It is yet a further object of the present invention to
provide a method for treating cancer using particles with
selectivity for and inhibitory activity against cancer cells.

Technical Solution

[0011] In accordance with an aspect thereof, the present
invention provides pH-sensitive metal nanoparticles loaded
with an anticancer agent, said anticancer agent being released
from the nanoparticles at acidic pH.
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[0012] In the present invention, “pH-sensitive metal nano-
particles” means metal nanoparticles which are dispersed
under neutral or basic conditions and form aggregations at
acidic pH.

[0013] As used herein, the term “pH-sensitive” is intended
to encompass the ability of the metal nanoparticles to aggre-
gate depending on the pH condition where they are.

[0014] Without restriction to a theory, the metal nanopar-
ticles according to the present invention can detect and aggre-
gate at the low pH typical of abnormal cells, such as cancer
cells, functioning to treat the cancer cells with the loaded
anticancer agent and to cause cell death through a photother-
mal process when they receive light from a light source out-
side of cells.

[0015] In the present invention, the metal nanoparticle is
preferably small enough to penetrate into abnormal cells. In
one preferred embodiment of the present invention, the metal
nanoparticle is less than 20 nm in diameter and more prefer-
ably ranges in diameter from 5 to 15 nm.

[0016] According to the present invention, when the metal
nanoparticles access and/or penetrate into abnormal cells,
they aggregate in the cells presenting the acidic pH environ-
ment. Thereupon, the aggregated metal nanoparticles are con-
fined within the cells and thus can be used to destroy the cells
by releasing the loaded anticancer agent and allowing photo-
thermal therapy.

[0017] When the pH environment of the metal nanopar-
ticles is changed from alkaline to acidic, at least a portion of
the compounds loaded onto the metal nanoparticles is hydro-
lyzed to generate a different charge from that which they have
under an alkaline environment. During the charge change, the
particles aggregate to each other due to electrostatic attrac-
tion. In addition, the hydrolysis separates the loaded antican-
cer agent from the metal particles.

[0018] In one embodiment of the present invention, the
pH-sensitive metal nanoparticles may be linked with an anti-
cancer agent through a dehydration reaction. To quote an
example, an anticancer agent is loaded onto the pH-sensitive
nanoparticles by a reaction between a carboxyl group and a
primary amine group or between a carboxyl group and a
hydroxyl group. The separation of the anticancer agent from
the pH-sensitive metal nanoparticles can be achieved by
hydrolysis. Preferably, the anticancer agent is released from
the pH-sensitive metal nanoparticles by cleaving a different
bond from the linkage bond.

[0019] In accordance with one preferable embodiment of
the present invention, the metal nanoparticles have a com-
pound represented by the following Chemical Formula 1
bound onto the surface thereof, with an anticancer agent
being loaded through bond formation between the terminal
carboxyl group of the compound and an amine group of the
antibody drug:

M

N
ﬁ/\/ ~ OH.
SH 1S 0

[0020] The metal nanoparticles aggregate with the con-
comitant release of the anticancer agent therefrom as the
compound of Chemical Formula 1 undergoes hydrolysis at
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acidic pH and thus changes in charge. The hydrolysis which
causes the compound of Chemical Formula 1 to change in
charge is described in Korean patent application No. 2008-
0064270, the disclosure of which is herein incorporated by
reference in its entirety.

[0021] In one embodiment of the present invention, the
anticancer agent is released with the NH, group being sub-
stituted with the moiety represented by the following Chemi-
cal Formula 2:

@

[0022] According to one embodiment of the present inven-
tion, the anticancer agent may be a well-known therapeutic
drug for cancer, such as Methotrexate, Paclitaxel, Cisplatin,
Bleomycin and the like.

[0023] In another embodiment of the present invention, as
long as it is loaded to the metal nanoparticles, any anticancer
agent may be used in the present invention. Examples of the
anticancer agent useful in the present invention include pho-
tosensitizers for photodynamic therapy, such as aminole-
vulinic acid, Temoporfin, etc., amine- or hydroxy-modified
genetic therapeutics such as siRNA, antisense oligonucle-
otides, ribozymes, etc., aptamers, and protein-based thera-
peutics such as antibodies and the like, as well as chemical
drugs that directly attack cancer cells.

[0024] In accordance with another aspect thereof, the
present invention addresses a therapeutic for cancer, compris-
ing a metal nanoparticle onto which a molecule of Chemical
Formula 1 is anchored, with an anticancer agent being con-
jugated to the molecule at one terminus:

M

SH HS (6]

SH HS
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[0025] Without restriction to a theory, the anticancer agent
conjugated to the surface molecule of Chemical Formula 1 is
released from the metal nanoparticle and exerts its therapeutic
effect on cancer cells as the surface molecule is hydrolyzed in
a pH condition of cancer cells.

[0026] In accordance with a further aspect thereof, the
present invention addresses a method for delivering an anti-
cancer agent into cancer cells using metal nanoparticles
loaded with the anticancer agent which selectively aggregates
in cancer cells. The anticancer agent loaded onto the nano-
particles is released from the nanoparticles to exert an anti-
cancer effect on cancer cells.

[0027] Inaccordance with still a further aspect thereof, the
present invention pertains to a method for treating cancer,
comprising administering pH-sensitive metal nanoparticles
loaded with an anticancer agent to a subject in need thereof,
said pH-sensitive metal nanoparticles aggregating in abnor-
mal cells, and irradiating the aggregated pH-sensitive metal
nanoparticles with light to conduct a photothermal therapy.

[0028] Also, contemplated in accordance with still another
aspect of the present invention is to provide pH-sensitive
metal nanoparticles the surface of which is conjugated with a
fluorescent dye.

[0029] In one embodiment of the present invention, the
organic dye Alexa Fluor 488 hydrazide is introduced into the
molecule on the surface of the pH-sensitive gold nanopar-
ticles. The fluorescent dye Alexa Fluor 488 hydrazide emits
green light with a wavelength of around 520 nm.

[0030] Without restriction to a theory, when a dye intro-
duced into the surface of the metal nanoparticle is in close
proximity to the metal nanoparticles with a distance of 10 nm
or less therebetween, the fluorescence energy can be trans-
ferred to the surface of the metal nanoparticle. In this regard,
NSET (Nanoparticle Surface Energy Transfer) appears, in
which the fluorescence extinguishes as the transferred fluo-
rescence energy on the surface is emitted through a different
pathway (Yun, C. S., Javier, A., Jennings, T., Fisher, M., Hira,
S., Peterson, S., Hopkins, B., Reich, N. O., and Strouse, G. F.,
J.Am. Chem. Soc. 2005, 127,3115-3119). This characteristic
optical property can be used to monitor the introduction of the
dye to the surface of the metal nanoparticles.

[0031] In accordance with yet a further aspect thereof, the
present invention addresses a metal nanoparticle conjugated
with the compound of Chemical Formula 3, for use in the
therapy of cancer:

3)

HO
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[0032] In accordance with yet another aspect thereof, the
present invention provides a therapeutic compound repre-
sented by the following Chemical Formula 4:

Q)

HO.

e}

Advantageous Effects

[0033] As described above, the novel metal nanoparticles
of the present invention are selective for cancer cells and can
be used in the therapy of cancer. Further, because the pH-
sensitive metal nanoparticles of the present invention are
loaded with an anticancer drug, the cancer therapy of the
present invention is a combination of photothermal therapy
and chemotherapy.

[0034] In addition, when loaded with a therapeutic or diag-
nostic agent, the novel metal nanoparticles of the present
invention can deliver the agent into cancer cells, thus estab-
lishing a novel therapeutic and diagnostic method.

[0035] Further, the pH-sensitive gold nanoparticles are
selective for cancer cells, thereby allowing a selective cancer
therapy with minimal damage of an anticancer agent to nor-
mal cells. Moreover, the introduction of a targeting molecule
such as an antibody or an aptamer is expected to further
enhance therapeutic efficacy for cancer.

[0036] Being able to exert light- and chemical-based thera-
peutic effects on cancer, the metal nanoparticles of the present
invention takes advantage of a combination of photothermal
therapy and chemotherapy, which may lead to more selective
and potent ability to kill cancer cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a conceptional view showing that the
absorption band of pH-sensitive metal nanoparticles changes
as surface molecules on the pH-sensitive gold nanoparticles
are hydrolyzed.

[0038] FIG. 2 shows dark-field microphotographs of can-
cer cells and normal cells incubated with various concentra-
tions of pH-sensitive metal nanoparticles for a predetermined
period of time.

[0039] FIG. 3 shows absorbance (left panel) and fluores-
cence (right panel) spectra of a solution of pH-sensitive gold
nanoparticle-Alexa Fluor 488 hydrazide conjugate (black)
and a solution in which the gold nanoparticles are dissolved
with KCN (red).

[0040] FIG. 4 shows absorbance (left panel) and fluores-
cence (right panel) spectra of dispersions of the pH-sensitive
gold nanoparticle-Alexa Flour 488 hydrazide conjugates at
pH 7.6 (black) and at pH 1.0 (red).
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[0041] FIG. 5 shows fluorescence microphotographs of
murine melanoma cells incubated with the pH-sensitive gold
nanoparticle-Alexa Fluor 488 hydrazide conjugates for 1
hour (left panel) and for 3 hours (right panel).

[0042] FIG. 6 shows fluorescence microphotographs of
breast cancer cells incubated for 24 hours with the pH-sensi-
tive gold nanoparticle-doxorubicine conjugates for a test
group (middle panel), the pH-sensitive gold nanoparticles for
a negative control (left panel) and doxorubicine for a positive
control (right panel). As doxorubicine is delivered into cells,
the nuclei appear yellow-reddish due to the fluorescence of
doxorubicin.

[0043] FIGS. 7 to 10 are schematic views illustrating the
formation of conjugates with surface molecules of pH-sensi-
tive gold nanoparticles.

MODE FOR INVENTION
Examples

Synthesis of pH-Sensitive Ligand

[0044] A solution of lipoic acid in anhydrous chloroform
was mixed at room temperature for 5 min with 1.3 equivalents
of carbonyl diimidazole under a vacuum condition with stir-
ring, followed by separating the reaction solution layer from
the remaining carbonyl diimidazole. Ethylene diamine was
dissolved in an amount corresponding to 5 equivalents of the
lipoic acid in anhydrous chloroform in a nitrogen atmosphere,
cooled in an ice bath, and mixed for 1 hour with the separated
reaction solution by stirring. The resulting reaction solution
containing the product was extracted three times with 10%
NaCl and once with deionized water and mixed at room
temperature for 24 hours with citraconic anhydride to form a
solid substance. After filtration, the solid substance was dis-
solved in an aqueous solution which was adjusted to a pH of
9 with NaOH. The resulting solution was stirred at room
temperature for 4 hours together with one equivalent of
NaBH, to afford a pH-sensitive ligand.

[0045] Synthesis of Gold Nanoparticles Stabilized with
Citrate
[0046] A solution of the gold precursor HAuCl,, in distilled

water was heated at 120° C. for 30 min with stirring, and then
for an additional 2 h, together with trisodium citrate, with
stirring. In this course, the trisodium citrate acted as a reduc-
ing agent and a surface ligand, with the solution turning from
yellow to red, indicating the construction of gold nanopar-
ticles. Thereafter, the solution was cooled at room tempera-
ture with stirring. (/nd. Chem. Res. 2007, 46, 3128-3136)
[0047] Synthesis of pH-Sensitive Gold Nanoparticles
[0048] The citrate-stabilized gold nanoparticles were
added to an aqueous solution containing an excess of the
synthetic pH-sensitive ligand and mixed at room temperature
for 8 hours by stirring. Because the dithiol of the pH-sensitive
ligand binds more strongly to the surface of the gold nano-
particles than does the carboxylic acid of citrate, the pH-
sensitive ligand is exchanged for the citrate. Excess ligands
were removed by dialysis.

[0049] Conjugation of pH-Sensitive Gold Nanoparticle
with Drug
[0050] 1) Synthesis of pH-Sensitive Gold Nanoparticle-

Alexa Fluor 488 Hydrazide Conjugate

[0051] A dispersion of pH-sensitive gold nanoparticlesin a
phosphate buffer, pH 7.0, was stirred, together with excess
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and
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sulfo-N-hydroxy succinimide (sulfo-NHS), at room tempera-
ture for 10 min to activate the pH-sensitive gold nanopar-
ticles. The solution was dialyzed three times against a phos-
phate buffer, pH 7, to remove excess EDC and sulfo-NHS.
The dialyzed solution was mixed at room temperature for 3
hours with a dispersion of Alexa Fluor 488 hydrazide in
distilled water with stirring, so as to form a pH-sensitive gold
nanoparticle-Alexa Fluor 488 hydrazide conjugate. Excess
Alexa Fluor 488 hydrazide was removed by three rounds of
dialysis with distilled water.

[0052] In the context of the conjugation, EDC and sulfo-
NHS, both for use in the conjugation, acted as molecules to
promote the formation of an amide bond between the terminal
carboxylic acid of the pH-sensitive gold nanoparticles and the
primary amine group of Alexa Fluor 488 hydrazide, as illus-
trated in FIG. 7.

[0053] Upon exposure of the conjugate to a weak acidic
condition such as an environment presented by endosomes
within cells, the surface molecules on the pH-sensitive gold
nanoparticles undergo hydrolysis so that the Alexa Fluoro
488 hydrazide is released from the gold nanoparticles, as
illustrated in FIG. 8.

[0054] 2) Synthesis of pH-Sensitive Gold Nanoparticle-
Doxorubicin Conjugate

[0055] Excess 1-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide (EDC) and sulfo-N-hydroxy succinimide (sulfo-
NHS) were added to a dispersion of pH-sensitive gold nano-
particles in a phosphate buffer, pH 7.0, and stirred at room
temperature for 10 min to activate the pH-sensitive gold nano-
particles. The solution was dialyzed three times against a
phosphate buffer, pH 7, to remove excess EDC and sulfo-
NHS. The dialyzed solution was mixed at room temperature
for 3 hours with a dispersion of doxorubicin in a phosphate
buffer, pH 8.0, with stirring, so as to form a pH-sensitive gold
nanoparticle-doxorubicin conjugate.

[0056] The pH-sensitive gold nanoparticle-doxorubicin
conjugate was used, without further purification, for culturing
cells. In the context of the conjugation, EDC and sulfo-NHS,
both for use in the conjugation, acted as molecules to promote
the formation of an amide bond between the terminal car-
boxylic acid of the pH-sensitive gold nanoparticles and the
primary amine group of doxorubicin, as illustrated in FIG. 9.

[0057] When the pH-sensitive gold nanoparticles encoun-
ter endosomes presenting a weak acidic environment, the
surface molecules on the pH-sensitive gold nanoparticles are
hydrolyzed to release the doxorubicin from the gold nanopar-
ticles.

[0058] Concurrently, the surface charge of the pH-sensitive
goldnanoparticles changes from (-) to (+) so that the particles
aggregate due to electrostatic attraction. As the pH-sensitive
gold nanoparticles aggregate, their light absorption band
shifts toward longer wavelengths. Therefore, the pH-sensitive
gold nanoparticles of the present invention allow for photo-
thermal therapy with long wavelength light as well as for
chemotherapy through the delivery of an anticancer drug to
cancer cells.

[0059]

[0060] KCN was added to a solution of pH-sensitive gold
nanoparticle-Alexa Fluor 488 hydrazide conjugate to dis-
solve the gold. This gold-dissolved solution and a solution of
pH-sensitive gold nanoparticle-Alexa Fluor 488 hydrazide
conjugate were examined for light absorption and fluores-
cence properties.

Fluorescence Assay
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[0061] As can be seen in the absorbance spectra of FIG. 3,
the conjugate solution had an absorption band at around 500
nm, which is typical of a dispersion of gold nanoparticles,
indicating that the gold nanoparticles were well and stably
dispersed even after conjugation with the dye (left panel,
black).

[0062] Upon the treatment of the gold nanoparticles with
KCN, the characteristic absorbance of gold nanoparticles
disappeared, indicating that the gold nanoparticles were com-
pletely dissolved (left panel, red).

[0063] Turning to fluorescence spectra (FIG. 3, right
panel), fluorescence intensity was detected at a very low level
in the conjugate solution, but was increased 50-fold after the
solubilization of the gold nanoparticles with KCN.

[0064] The fluorescence spectra describe the extinguish-
ment of dye fluorescence by gold nanoparticles, demonstrat-
ing that the pH-sensitive gold nanoparticles were successfully
loaded with dye to form a stable conjugate.

[0065] When the conjugate in which a molecule of interest
is introduced into the terminal of the surface molecules
anchored onto the surface of the pH-sensitive gold nanopar-
ticle is exposed to a weak acidic condition, the terminal func-
tional group is cleaved by hydrolysis to release the molecule
of interest, with the concomitant formation of aggregates of
nearby particles by electrostatic attraction.

[0066] To confirm this, the pH-sensitive gold nanoparticle-
Alexa Fluor 488 hydrazide conjugates were dispersed at pH
7.6 and pH 1.0, and absorbance and fluorescence spectra were
measured.

[0067] As shown in the absorbance spectra of FI1G. 4 (left),
the conjugates were well dispersed at pH 7.6, having an
absorbance band of around 500 nm, whereas at pH 1.0, they
rapidly aggregated, with the absorbance band shifting to a
wavelength of 600 nm or longer.

[0068] As can be seen in the fluorescence spectra of FIG. 4
(right), the fluorescence intensity of Alexa Fluor 488
hydrazide was increased at pH 1.0, compared to pH 7.6,
indicating that when exposed to an acidic condition, the gold
nanoparticle function of extinguishing the fluorescence of
Alexa Fluor 488 hydrazide was lost and that the Alexa Fluor
488 hydrazide introduced into the surface of the pH-sensitive
gold nanoparticles was dissociated from the surface and
became more distant from the gold nanoparticles.

[0069] Taken together, the data obtained above demon-
strate that the pH-sensitive nanoparticle-Alexa Fluor 488
hydrazide conjugates release the Alexa Fluor 488 hydrazide
moiety in an acidic condition while the gold nanoparticles
aggregate with the absorbance band shifting toward longer
wavelengths.

[0070] FIG. 5 shows fluorescence photographs of murine
melanoma cells incubated with pH-sensitive gold nanopar-
ticle-Alexa Fluor 488 hydrazide conjugates, illustrating that
the fluorescence intensity of the Alexa Fluor 488 hydrazide
increases with time within cells.

[0071] Once the conjugates are internalized into cells, the
conjugates undergo hydrolysis, when encountering an intra-
cellular acidic pH environment such as endosomes, to induce
the dissociation of the Alexa Fluor 488 hydrazide moiety.
Thereupon, the fluorescence of Alexa Fluor 488 hydrazide
which has been extinguished by energy transfer into the gold
nanoparticles revives, so that green fluorescence is visualized
within cells under a fluorescence microscope.

[0072] Fluorescence was observed at a very small intensity
in the cells 10 to 30 min after incubation with the conjugate,
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but started to intensify from one hour after the incubation and
reached the maximum three hours after the incubation.
[0073] This result shows that after the internalization of the
pH-sensitive gold nanoparticles into cells, Alexa Fluor 488
hydrazide is released gradually.

[0074] Taking advantage of the phenomenon that after
internalization into cells, the pH-sensitive gold nanoparticle
conjugates undergo hydrolysis to gradually dissociate the
conjugated molecule with time, the pH-sensitive gold nano-
particles of the present invention can be used as a drug deliv-

ery system.
[0075] Drug Test
[0076] In this Example, the anticancer drug doxorubicin

was employed. Doxorubicin works to induce cell death by
intercalating DNA. It emits yellow-reddish fluorescence at
near 600 nm. When the conjugates penetrate into cancer cells,
doxorubicin is dissociated from the gold nanoparticles by
hydrolysis under an acidic condition and translocates into the
nucleus which thus emits yellow-reddish fluorescence. Test
results are shown in FIG. 6.

[0077] Breast cancer cells in test groups were incubated
with the pH-sensitive gold nanoparticle-doxorubicin conju-
gates to induce the internalization of the conjugate (middle
panel, FIG. 6).

[0078] For comparison, cells were incubated with doxoru-
bicin-free pH-sensitive gold nanoparticles (left panel, FIG. 6)
and with doxorubicin alone (right panel, FIG. 6) under the
same condition.

[0079] The intranuclear delivery of doxorubicin can be
qualitatively analyzed in terms of nuclear yellow-reddish
fluorescence as measured by fluorescence microscopy.
[0080] Because of the absence of doxorubicin, the cells
treated with the pH-sensitive gold nanoparticles alone did not
show fluorescence in the nucleus 24 hours after incubation.
[0081] In contrast, the fluorescence of doxorubicin started
to appear with time in the cells treated with the pH-sensitive
gold nanoparticle-doxorubicin conjugates. The nuclei were
observed to be clearly fluorescent 12 hours after incubation
(4” column, middle panel, FIG. 6). Further intense fluores-
cence was detected 24 hours after incubation (5% column,
middle panel, FIG. 6).

[0082] On the other hand, the cells incubated with doxoru-
bicin alone started to exhibit fluorescence after only one hour
of incubation (1%’ column, right panel, FIG. 6) and the fluo-
rescence was intensified after 3 hours of incubation (3" col-
umn, right panel, FIG. 6). Thereafter, the fluorescence inten-
sity increased with time, but relatively insignificantly.
[0083] Whileintense fluorescence is detected within a short
culture time upon treatment with doxorubicin alone, the fluo-
rescence intensity of pH-sensitive gold nanoparticle-doxoru-
bicin conjugates is relatively slowly increased.

[0084] However, similar fluorescence intensities were
obtained after 24 hours in both cell groups, indicating that
levels of doxorubicin delivered into the nucleus become simi-
lar after a sufficient period of time. That is, most of the
doxorubicin conjugated to the pH-sensitive gold nanopar-
ticles is released.

[0085] Inorder for doxorubicin to be visualized in the cells
incubated with the pH-sensitive gold nanoparticle-doxorubi-
cin conjugates, the conjugates must be internalized into the
cells and hydrolyzed to dissociate the doxorubicin therefrom.
[0086] Hence, a series of processes of internalizing the
pH-sensitive metal nanoparticle-doxorubicin conjugates into
cells and hydrolyzing the conjugates at acidic endosomes to
release doxorubicin is conducted relatively slowly so that it
takes relatively much time for doxorubicin to accumulate in
the nucleus of cells.
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[0087] Based on the data, the pH-sensitive metal nanopar-
ticles on which a surface molecule is conjugated with an
anticancer drug can be used as an anticancer drug delivery
system which allows drug release to be easily controlled,
compared to the drug alone.
[0088] When administered into the body, anticancer drugs
alone can accumulate in the nuclei of cells within a short
period of time, thus exerting pharmaceutical effects like the
administration of an excessive amount of drug. In contrast,
conjugates with the pH-sensitive metal nanoparticles release
the drug for a relatively long period of time, showing phar-
maceutical effects like sustained-release type of drugs.
[0089] Inthis way, if drug release is controlled through the
conjugate system ofthe pH-sensitive metal nanoparticles, not
only can the adverse effects related to overdose or insufficient
dose of drug be reduced, but also the inconvenience of
patients attributed to frequent administration can be allevi-
ated. In addition, the pH-sensitive gold nanoparticles enjoy
the advantage of improving the poor solubility of anticancer
drugs thanks to their high solubility and recruiting a variety of
anticancer drugs.
[0090] Gene therapeutics such as siRNA as well as conven-
tional anticancer agents such as doxorubicin can be used in
the present invention.
[0091] In addition to the delivery of anticancer drugs, the
pH-sensitive metal nanoparticles function to perform potent
photothermal therapy as they aggregate after releasing the
anticancer drugs for chemotherapy. Therefore, the pH-sensi-
tive metal nanoparticles are advantageous in that they can
more effectively kill cancer cells through a combination of
chemotherapy and photothermal therapy.
[0092] Withthese advantages, the pH-sensitive metal nano-
particle-anticancer drug conjugate is expected to be an effec-
tive anticancer drug delivery system.

1. A method for delivering an anticancer drug to cells,
comprising:

conjugating the anticancer drug to a pH-sensitive metal

nanoparticle; and

releasing the anticancer agent in an acidic pH condition.

2. The method of claim 1, wherein the pH-sensitive metal
nanoparticle has acompound anchored onto a surface thereof,
said compound being represented by the following Chemical
Formula 1:

M

1
N
ﬁ/\/ \ OH.
SH 1S 0

3. The method of claim 1, wherein the anticancer agent has
a primary amine group or —OH group.

4. The method of claim 3, wherein the anticancer agent is
selected from the group consisting of doxorubicin, Methotr-
exate, Paclitaxel, Cisplatin, Bleomycin and a combination
thereof.

5. The method of claim 2, wherein the anticancer drug is
conjugated to the compound of Chemical Formula 1 by
means of EDC and sulfo-NHS.

6. The method of claim 1, wherein the anticancer drug is
released from the metal nanoparticle by hydrolysis.

7. The method of claim 1, wherein the anticancer drug has
a —NH, group, said —NH, group being substituted by a
compound represented by the following Chemical Formula 2,
when releasing:
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8. The method of claim 1, wherein the anticancer drug is
released in a sustained manner.

9. A pH-sensitive metal nanoparticle for therapy of cancer,
being loaded with an anticancer drug, wherein the anticancer
drug is released from the metal nanoparticle in an acidic pH
condition.

10. The pH-sensitive metal nanoparticle of claim 9, having
a compound anchored onto a surface thereof, said compound
being represented by the following Chemical Formula 1:

SH HS 0

11. The pH-sensitive metal nanoparticle of claim 9, rang-
ing in size from about 5 to 15 nm.

12. The pH-sensitive metal nanoparticle of claim 9,
wherein the anticancer drug is released by hydrolysis.

13. The pH-sensitive metal nanoparticle of claim 9,
wherein the anticancer drug is selected from the group con-
sisting of doxorubicin, Methotrexate, Paclitaxel, Cisplatin,
Bleomycin and a combination thereof.

14. The pH-sensitive metal nanoparticle of claim 10,
wherein the anticancer drug has a—NH,, group, said —NH,
group being substituted by a compound represented by the
following Chemical Formula 2, when releasing:

@

HN

HO
\ 0

e}

15. A metal nanoparticle being conjugated with a com-
pound represented by the following Chemical Formula 3:

HO

SH HS

O HN
H
(W\)l\g/\/NNO
O
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16. A compound for use in therapy of cancer, represented
by the following Chemical Formula 4:

@)

HO

¢}

17. A pH-sensitive metal nanoparticle having a compound
anchored onto a surface thereof, said compound represented
by the following Chemical Formula 1, being conjugated with
a dye having a primary amine group or an —OH group:

M

N
ﬁ/\/ N OH.
SH 1S 0

18. The pH-sensitive metal nanoparticle of claim 17,
wherein the dye is Alexa Fluor 488 hydrazide.

19. A method for treating cancer, comprising:

conjugating pH-sensitive metal nanoparticles with an anti-
cancer drug to form pH-sensitive metal nanoparticle-
anticancer conjugates;

administering the pH-sensitive metal nanoparticle-anti-
cancer conjugates to a subject, said subject being a mam-
mal or a human;

releasing the anticancer drug in an acidic pH condition; and

performing a photothermal therapy on the metal nanopar-
ticles, said metal nanoparticles aggregating in cancer
cells.

3)
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20. The method of claim 19, wherein the pH-sensitive
metal nanoparticles have a compound anchored onto a sur-
face thereof, said compound being represented by the follow-
ing Chemical Formula 1:

M

N
ﬁ/\/ ~ OH.
SH 1S 0

21. The method of claim 19, wherein the photothermal
therapy is carried out using far infrared light.

22. A pH-sensitive metal nanoparticle, being conjugated
with an agent having a primary amine group or a—OH group,
said agent being selected from the group consisting of an
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anticancer agent, a light sensitizer, a gene therapeutic, a pro-
tein therapeutic, and a combination thereof.

23. An anticancer agent having one or more —NH, groups,
wherein at least one —NH, group is substituted by a com-
pound represented by the following Chemical Formula 2:

@

HN

HO
\ 0

e}

24. The anticancer agent of claim 23, being selected from
the group consisting of doxorubicin, Methotrexate, Pacli-
taxel, Cisplatin, Bleomycin and a combination thereof.

#* #* #* #* #*
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