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Description

TECHNICAL FIELD

[0001] The present invention relates to a pharmaceutical composition.

BACKGROUND ART

[0002] Cancers including carcinomas, which occur in epithelia, and non-epithelial sarcomas are malignant neoplasms
that are generated due to changes in a plurality of genes caused by DNA disorders and continue to abnormally proliferate.
Cancers that have grown to a certain size also infiltrate surrounding tissues and organs. Then, cancers spread to tissues
distant from primary lesions of the cancers via blood vessels and lymphatic vessels by distant metastasis, and gain a
function of proliferating again at the metastatic lesions. When a person is clinically diagnosed with a cancer, such a
cancer has already grown to a size larger than or equal to a certain size, and it is often thought that the cancer spreads
to many organs in addition to the detected metastatic lesion by micrometastasis formation. Hematogenous metastasis
of cancer cells occurs through a plurality of steps including separation of cancer cells from the primary lesion thereof,
infiltration into surrounding tissues (interstitial tissues), entrance into blood vessels, adhesion to vascular endothelial
cells in a target organ, exudation from the blood vessels, and engraftment to the target organ and reproliferation therein.
Accordingly, a cancer at a metastatic lesion has gained new characteristics that are not in common with the characteristics
of a cancer at a primary lesion, and it is observed that a large number of molecules related to such characteristics are
expressed in the cancer at a metastatic lesion.
[0003] A living organism has a biological defense mechanism such as immunity for removing abnormal cells. However,
cancers evade such a defense mechanism and thus become malignant, and as a result, metastatic cancers also have
tolerance for the biological defense mechanism. The mechanism for allowing cancer cells to evade immunity is as follows,
for example: immune checkpoint proteins such as PD-L1 are expressed and thus responses of defensive cells (T-
lymphocytes that express corresponding PD-1) are suppressed and stopped. Furthermore, cancer cells promote the
expression of CTLA-4, which suppresses the activation of T-cells, on T-lymphocytes, and thus an immunosuppressive
function is exhibited.
[0004] A systemic treatment method that consists principally of chemotherapy is commonly used as a cancer treatment
method. Conventionally, in typical chemotherapy, drugs that function to target a difference in the proliferation rate between
cancer cells and normal tissue cells have been used as a first-choice drug. However, in a systemic treatment method,
such drugs also cause damage to tissue cells that proliferate faster than cancer cells in a living organism. Side effects
of recent cancer therapeutic drugs are reduced by improving the doses and administration methods thereof, but a
biological defense mechanism that is mainly based on leukocytes is particularly problematic. In such a biological defense
mechanism, hematopoietic stem cells in bone marrow produce about 700 to 1000 neutrophils (one type of leukocyte)
per day, for example. Moreover, activated lymphocytes can also divide at least once every 8 hours, and continue to
double every 8 hours. Accordingly, if such a drug is administered as a first-choice drug, leukocyte cells including these
neutrophils and lymphocytes will be damaged first. Therefore, many chemotherapies have limitations in that a biological
defense mechanism does not function and a backup thereof cannot be expected, and as a result, some surviving cancer
cells will become drug-resistant cancer cells.
[0005] Nowadays, in addition to these chemotherapies, systemic therapies based on the development of immunology
with which the activities of checkpoint proteins are suppressed have also begun to be widely attempted. It has been
considered that such immunotherapies have relatively fewer side effects, but many side effects caused by suppression
of the entire immune function have been actually reported. The number of lymphocytes that can be recruited from
peripheral blood to combat a cancer containing 109 cells per gram is limited, and therefore, monotherapies that depend
only on individual defense mechanisms essentially exhibit insufficient effects.
[0006] On the other hand, surgical operations and irradiation are widely performed as local cancer treatment methods.
However, the greatest shortcoming of local therapies is that cancers and the like that are present in sites other than a
local treated site and surrounding infiltrated tissues due to distant metastasis are not treatment targets. The procedures
of local therapies may be essentially incapable of being applied to certain sites due to various factors, or certain types
of cancer cells or tissues that are less sensitive to a radiotherapy may be present. Accordingly, the procedures themselves
are insufficient and thus the effects thereof are limited in many cases. Moreover, ordinary radiotherapies in which X-
rays are used have a problem of common side effects caused by inflammation of normal tissues, and also have a problem
in that the functions of a biological defense mechanism are impaired due to a decrease in lymphocytes after irradiation.
[0007] Hyperthermia that is less likely to cause serious side effects is known as another cancer treatment method.
The following describes the mechanism of hyperthermia. The functions of blood vessels in a cancer site are impaired
compared with those in a normal site. That is, in a cancer site, the heat dissipation function is deteriorated because
blood vessels are not dilated even through heating and thus blood flow is not increased. As a result, when a region that
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includes a cancer site is heated, the temperature of the cancer site is particularly raised. Moreover, oxygen supply to a
cancer site is limited, and therefore, lactic acid accumulates in the cancer site, which leads to deterioration in thermo-
tolerance of cells. For these reasons, cancer cells are more sensitive to heating than normal cells.
[0008] In order to clinically use hyperthermia to treat cancers, there is demand to improve the effects of hyperthermia.
For example, Patent Literature 1 discloses that the effects of hyperthermia are enhanced by administering 5-aminole-
vulinic acids.
[0009] On the other hand, the inventor of the present invention reported that the effects of cancer radiation treatment
could be improved by performing the cancer radiation treatment while using a chemokine CCL3 derivative (Non-Patent
Literature 1).

CITATION LIST

PATENT LITERATURE

[0010] PTL 1: International Publication No. 2012/035747

NON-PATENT LITERATURE

[0011] NPL 1: Shiraishi et al. Clin. Cancer Res. 14, 1159-1166, 2008.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0012] In order to effectively use hyperthermia, there is demand for various methods for improving the effects of
hyperthermia.
[0013] It is an object of the present invention to improve the effects of hyperthermia on a cancer.

SOLUTION TO PROBLEM

[0014] In order to achieve the object of the present invention, a pharmaceutical composition according to an embodiment
has, for example, the following configurations. Namely, the pharmaceutical composition is characterized by comprising
a chemokine and being for improving an effect of hyperthermia on a cancer.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] It is possible to improve the effects of hyperthermia on a cancer.
[0016] Other features and advantages of the present invention will be apparent from the following description taken
in conjunction with the accompanying drawings. Note that the same reference numerals denote the same or like com-
ponents throughout the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0017] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate
embodiments of the invention and, together with the description, serve to explain principles of the invention.

FIG. 1 shows the amino acid sequence of a polypeptide eMIP according to an embodiment.
FIG. 2 shows changes in volume of mouse cancer cells over time in Example 1.
FIG. 3 shows a comparison between the volumes of mouse cancer cells in Example 1.
FIG. 4 shows changes in volume of mouse cancer cells over time in Example 2.
FIG. 5 shows a comparison between the volumes of mouse cancer cells in Example 2.
FIG. 6 shows a comparison between the numbers of metastatic colonies in mouse lungs in Example 3.
FIG. 7 shows metastatic colonies in left superior lobes of mouse lungs in Example 3.

DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, embodiments will be described in detail with reference to the attached drawings. Note, the following
embodiments are not intended to limit the scope of the claimed invention, and limitation is not made to an invention that
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requires a combination of all features described in the embodiments. Two or more of the multiple features described in
the embodiments may be combined as appropriate. Furthermore, the same reference numerals are given to the same
or similar configurations, and redundant description thereof is omitted.
[0019] A pharmaceutical composition according to an embodiment of the present invention is a pharmaceutical com-
position for improving an effect of hyperthermia on a cancer, comprising a chemokine.

Hyperthermia

[0020] Hyperthermia is a method for treating a cancer by heating a body or a portion thereof. In the hyperthermia, the
whole body of a patient may be heated, or a cancer present in a portion of the body of a patient may be locally heated.
For example, there is no particular limitation on a target site of the hyperthermia, and a portion that includes a solid
cancer may be heated.
[0021] There is no particular limitation on the temperature at which the hyperthermia is performed, and the temperature
may be 38°C or higher or 41°C or higher, for example. From the viewpoint that human cells including tumors are killed
rapidly when the temperature thereof is higher than 42.5°C, the temperature may also be 42°C or higher, 42.5°C or
higher, or 43°C or higher. Also, the temperature may be 100°C or lower, 60°C or lower, 50°C or lower, or 45°C or lower.
There is also no particular limitation on the heating time. For example, the heating time may be 5 minutes or longer or
15 minutes or longer. Also, the heating time may be 3 hours or shorter or 1 hour or shorter.
[0022] The temperature at which the hyperthermia is performed means a temperature of a body or a portion thereof
after heating. For example, when a portion of a body is locally heated, the temperature at which the hyperthermia is
performed means a temperature of a treatment target site that has been raised through the hyperthermia. In this case,
the treatment target site can be heated while the temperature of this site is being monitored. Moreover, when a whole
body is heated, the temperature of the body after heating may be a temperature of a device used to heat the body, such
as a temperature of a hot water bath.
[0023] There is no particular limitation on the heating method in the hyperthermia. For example, a cancer may be
directly heated through heat conduction, or a cancer may be heated using electromagnetic waves or ultrasonic waves.
When a cancer is heated through heat conduction, a high-temperature substance (e.g., a porous substance with high
specific heat such as silica gel that has been heated) may be locally pressed against the cancer. In one embodiment,
an affected site is irradiated with electromagnetic waves. There is no particular limitation on a specific method for using
electromagnetic waves for heating. For example, an affected site is heated by applying electromagnetic waves between
two electrodes. In this case, the affected site can be heated due to dielectric loss caused by delayed orientation polarization
of molecules included in a dielectric substance in a region that includes the affected site. The electrodes may include
an insulator layer in order to cause dielectric heating. Here, there is no particular limitation on the shapes of the electrodes.
For example, the electrodes may have a plate-like shape, or may be probes. Heating can also be performed by arranging
probe electrodes near an affected site (e.g., inserting probe electrodes into a body to an affected site) and allowing the
electrodes to emit electromagnetic waves. There is no particular limitation on the type of electromagnetic wave, and
microwaves, infrared rays, far infrared rays, or radio-frequency waves may be used.
[0024] Microwaves refer to electromagnetic waves that are defined as having a frequency of 300 MHz to 300 GHz.
For example, microwaves having frequencies of 430 MHz, 915 MHz, and 2450 MHz are often used in a heating apparatus
such as a microwave oven, but there is no particular limitation to such microwaves.
[0025] Radio-frequency waves are also called high-frequency waves, and refer to electromagnetic waves of 30 kHz
to 300 MHz. There is no particular limitation on the range of the frequency to be used. For example, radio-frequency
waves having a relatively low frequency of 1 MHz or less can be used, and radio-frequency waves having a relatively
high frequency of 1 MHz or more can also be used. Heating through irradiation with radio-frequency waves can be
performed by applying radio-frequency waves between two electrodes as described above. Compared with heating
employing microwaves, heating employing radio-frequency waves is suitable for treatment of a relatively large tumor
because a deeper position of a target can be heated due to the length of their wavelengths.
[0026] In one embodiment, an affected site is irradiated with ultrasonic waves. There is no particular limitation on a
specific method for using ultrasonic waves for heating. There is no particular limitation on the type of ultrasonic wave to
be used for heating, and high-intensity focused ultrasound (HIFU) can be used, for example. Using high-intensity focused
ultrasound makes it possible to focus ultrasonic waves on one point and heat a local region. Heating employing high-
intensity focused ultrasound may be performed by allowing a probe inserted into an affected site to emit high-intensity
focused ultrasound, for example. For example, in the treatment of a prostate cancer, a probe that is inserted into the
rectum through the anus may emit ultrasonic waves toward a region that includes the prostate cancer to heat this region.

Chemokine

[0027] A chemokine is one type of cytokine that is a protein factor mediating intercellular interaction. Chemokines can
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act on leukocytes, lymphocytes, or the like. For example, chemokines can allow leukocytes, lymphocytes, or the like to
migrate. Chemokines are classified into four types, namely CC, CXC, C, and CX3C, in accordance with a difference in
a cysteine sequence included in chemokines. Also, chemokines can be classified into inflammatory chemokines and
homeostatic chemokines. There is no particular limitation on the type of chemokine contained in the pharmaceutical
composition. In one embodiment, a CC chemokine can be used, or an inflammatory chemokine can be used.
[0028] It should be noted that the chemokine may be a native chemokine derived from organisms such as humans,
or a variant, fragment, or a derivative of the native chemokine. The variant as used herein refers to a protein having
90% of the amino acid sequence of the original protein with deletion, substitution, addition, and/or insertion of an amino
acid. The fragment refers to a protein in which a continuous portion corresponding to 80% or less of the amino acid
sequence of the original protein or a variant thereof is deleted and that has activity to improve the effects of the hyper-
thermia, similar to that of the original protein or a variant thereof. The fragment may also be a protein having an amino
acid sequence that includes the amino acid sequence of an active site (a portion that includes an α-helix or β-sheet, for
example, and binds to a receptor) and in which at least a portion of the amino acid sequence of a site other than the
active site is deleted. Such a fragment can be found based on the results of three-dimensional structural analysis. The
derivative refers to the original protein or a variant thereof, or a fragment thereof, that has been subjected to side-chain
modification or modification such as PEGylation.
[0029] In one embodiment, CCL3 (SEQ ID No. 1), which is classified as a CC and inflammatory chemokine, can be
used as the chemokine. Specifically, CCL, a CCL3 variant, a CCL3 fragment, or a CCL derivative can be used as the
chemokine. The CCL3 variant may have an amino acid sequence consisting of the amino acid sequence of CCL in
which aspartic acid at position 27 (from N-terminus) is substituted with alanine. The CCL3 variant may also have an
amino acid sequence consisting of the amino acid sequence of CCL3 in which alanine at position 1 (from N-terminus)
is deleted. The CCL3 derivative may include both of the two mutations above. In one embodiment, a CCL3 variant eMIP
(SEQ ID No. 2) is used as the chemokine. The sequence of eMIP is also shown in FIG. 1. eMIP is also a variant of a
macrophage inflammatory protein (MIP-1α), which is one of chemotactic proteins that are present in the human body
and have immunostimulatory activity. eMIP has an amino acid sequence that includes 69 amino acids and consists of
the amino acid sequence of MIP-1α in which aspartic acid at position 26 is substituted with alanine.
[0030] A protein having a specific sequence, such as eMIP, can be produced and purified using a genetic engineering
procedure that is well known to a person skilled in the art. For example, if DNA coding for a protein is introduced into a
host cell, the protein can be produced using a biosynthesis system of the host cell. There is no particular limitation on
the host cell used for this purpose, and well-known bacteria, yeasts, insect cells, animal cells, and plant cells may be
used. Moreover, the method for introducing DNA into a host cell is adapted to the type of host cell. For example, such
DNA is introduced into an animal cell using a phage or the like as a vector, or is introduced into a plant cell using an
agrobacterium or the like as a vector or using a known particle gun method. These gene engineering procedures are
known techniques, and thus specific descriptions thereof are omitted.
[0031] An expressed polypeptide can be obtained by performing a known protein purification method on the culture
supernatant of the host cell obtained in the process above. For example, the protein can be produced through separation
by precipitation and filtration. There is no particular limitation on the method of separation by precipitation and the filtration.
For example, the separation by precipitation may be performed through salting out using ammonium sulfate, or by using
an organic solvent such as ethanol, methanol, or acetone. The filtration may be performed through chromatography
such as ion-exchange chromatography or isoelectric point chromatography, or microfiltration, ultrafiltration, or reverse
osmosis filtration. Alternatively, two or more of these techniques may be used in combination. These protein purification
methods are known techniques, and thus specific descriptions thereof are omitted.
[0032] A protein having a specific sequence, such as eMIP, can be produced using a chemical protein synthesis
method that is well known to a person skilled in the art. For example, a protein can be synthesized using an Fmoc solid
phase synthesis method. Moreover, a protein can be synthesized by synthesizing peptide portions included in the protein
and linking the synthesized peptide portions together. The synthesized protein or peptide can be purified using the
above-described methods. The Fmoc solid phase synthesis method is a known technique, and thus specific description
thereof is omitted.

Administration Method

[0033] As described above, the pharmaceutical composition according to this embodiment improves the effects of the
hyperthermia on cancers. Accordingly, administration of the pharmaceutical composition according to this embodiment
to a patient is performed in combination with the hyperthermia. There is no particular limitation on the method of using
the pharmaceutical composition and the hyperthermia in combination. For example, the pharmaceutical composition
may be administered after the hyperthermia. The hyperthermia may be repeated, and in this case, the pharmaceutical
composition may be administered after each round of the hyperthermia. On the other hand, the pharmaceutical compo-
sition may be administered before the hyperthermia.
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[0034] There is no particular limitation on the frequency and the number of times of administration of the pharmaceutical
composition according to one embodiment, the dose thereof, and the like. For example, the pharmaceutical composition
may be administered only once, or may be repeatedly administered. Moreover, the pharmaceutical composition may
be administered once a day, twice or more a day, or once in every two or more days. The administration term of the
pharmaceutical composition may be 3 days or more and 7 days or less, or 7 days or more. In one embodiment, the
pharmaceutical composition is repeatedly administered after one round of the hyperthermia. The dose of the pharma-
ceutical composition may be 0.25 mg or more, 0.5 mg or more, or 1 mg or more. On the other hand, the dose of the
pharmaceutical composition may be 100 mg or less or 10 mg or less. The number of times of administration of the
pharmaceutical composition as described above may be adjusted as appropriate in accordance with the administration
target, the size of a tumor, the treatment stage, the type of pharmaceutical composition, or the like. For example, when
a patient is a human, the dose of the pharmaceutical composition may be 25 mg/kg or more, 50 mg/kg or more, or 82.5
mg/kg or more, and may be 200 mg/kg or less, 175 mg/kg or less, or 125 mg/kg or less.
[0035] The pharmaceutical composition can be administered through oral administration or parenteral administration.
There is no particular limitation on the parenteral administration method, and examples thereof include intravenous
administration, intra-arterial administration, local injection administration, intraperitoneal or intrathoracic administration,
subcutaneous injection, intramuscular administration, sublingual administration, percutaneous absorption, and intrarectal
administration. The dosage form of the pharmaceutical composition can be selected in accordance with the administration
route, and an example thereof is an injection. The pharmaceutical composition may further include a substance having
pharmaceutical activity other than the chemokine or a substance having no pharmaceutical activity. For example, the
pharmaceutical composition can be produced using a commonly used excipient, filler, binder, wetting agent, disintegrator,
surfactant, lubricant, dispersant, buffer, preservative, solubilizer, antiseptic, coloring agent, flavoring agent, stabilizer,
or the like.
[0036] There is no particular limitation on the type of cancer from which a patient suffers and that is to be treated using
the pharmaceutical composition. For example, the cancer may be a solid cancer. A solid cancer refers to a group of
tumor cells that proliferate as a multicellular mass supported by a blood vessel. The solid cancer may be an epithelial
cancer or a non-epithelial cancer. An epithelial cancer is a carcinoma generated on the skin or the epithelium such as
a mucous membrane of a stomach or an intestine. Examples of the epithelial cancer include oral cancer, esophageal
cancer, stomach cancer, colorectal cancer, prostate cancer, hepatic cancer, lung cancer, breast cancer, cervical cancer,
and pancreatic cancer. The non-epithelial cancer is a sarcoma generated in bones throughout the body or soft tissues
such as fat, muscles, and nerves. Examples of the non-epithelial cancer include retroperitoneal sarcoma, soft part
sarcoma, uterine sarcoma, truncal sarcoma, and head and neck sarcoma. In one embodiment, the pharmaceutical
composition is used to treat such a solid cancer, particularly prostate cancer, head and neck tumor, hepatic cancer, lung
cancer, recurrent intramedullary cancer after a colorectal cancer operation, bone soft part tumor, cervical cancer or
pancreatic cancer.
[0037] There is no particular limitation on a target patient of the treatment with the pharmaceutical composition. The
patient may be a human suffering from a cancer as described above, and a mammal other than a human, such as a
domestic animal (cow, horse, goat, sheep, and pig) and a pet (cat and dog).
[0038] With a treatment method according to one embodiment, a cancer of a patient can be treated by performing
administration of the above-mentioned pharmaceutical composition containing a chemokine to a patient in combination
with the hyperthermia. This pharmaceutical composition can improve the cancer treatment effects of the hyperthermia.
Here, the treatment of a cancer encompasses delaying proliferation of a tumor and reducing the size of a tumor or the
number of tumor cells. In one embodiment, a cancer found in a certain position in the body of a patient through an
inspection (e.g., a primary cancer) can be treated using this treatment method. Moreover, in one embodiment, metastasis
of a cancer in the body of a patient that has been subjected to the hyperthermia can be suppressed using this treatment
method. For example, with one embodiment, micrometastasis of a tumor in the body of a patient can be killed by
performing administration of the pharmaceutical composition in combination with the hyperthermia, thus making it possible
to suppress or prevent the development of cancer metastasis.
[0039] Compared with the case where only the hyperthermia is performed, using the pharmaceutical composition
according to one embodiment and the hyperthermia in combination makes it possible to improve the anti-tumor effect.
For example, using the pharmaceutical composition and the hyperthermia in combination makes it possible to obtain
synergistic anti-tumor activity. Accordingly, such a pharmaceutical composition can also be referred to as a "hyperthermia
sensitizer".

Examples

Example 1

[0040] Six-week-old female BALB/c mice, eMIP (SEQ ID No. 2) serving as the pharmaceutical composition, and
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adenocarcinoma Colon 26 cells serving as cancer cells were prepared. First, 13105 Colon 26 cells were subcutaneously
transplanted to the hind legs of each mouse. Then, when the diameter of the transplanted tumor was about 11 mm after
9 days, the mice were classified into four groups such that there was little difference in the tumor volume within each group.
[0041] The mice in one group were irradiated with radio-frequency waves using a hyperthermia apparatus (manufac-
tured by Yamamoto Vinita Co., Ltd.), and were thus subjected to hyperthermic treatment such that the tumor site was
heated only once at 42°C for 30 minutes. eMIP (2 mg/200 ml) was administered through the caudal vein once a day for
5 consecutive days from the next day. Then, a change in the tumor volume was measured after predetermined days
elapsed since the hyperthermic treatment had been performed (HT + eMIP group).
[0042] In addition, as control experiments, a change in the tumor volume was measured regarding a mouse group
that was subjected to only the transplantation of the cancer cells (Control group), a mouse group that was subjected to
only hyperthermic treatment in the same manner as the HT + eMIP group after the transplantation of the cancer cells
(HT group), and a mouse group that was subjected to only the administration of eMIP in the same manner as the HT +
eMIP group after the transplantation of the cancer cells (eMIP group).
[0043] FIG. 2 shows the measurement results. As shown in FIG. 2, in the HT group, the tumor volume did not change
when only the hyperthermic treatment was performed, and the subsequent increase in the tumor volume was the same
as that in the Control group. Also, in the eMIP group, the tumor volume did not change when only the administration of
eMIP was performed, and the subsequent increase in the tumor volume was the same as that in the Control group.
However, in the HT + eMIP group, the increase in the tumor volume was reduced compared with the HT group, the eMIP
group, and the Control group.
[0044] FIG. 3 shows the tumor volumes in the groups 18 days after the hyperthermic treatment. As shown in FIG. 3,
the tumor volume in the HT + eMIP group was obviously and statistically significantly smaller than those in the Control
group, the HT group, and the eMIP group (P<0.05 (ANOVA)). It was shown from these results that the anti-tumor activity
was synergistically improved by using the hyperthermia and the administration of a chemokine in combination.

Example 2

[0045] Seven-week-old male BALB/c mice that were purchased when six weeks old and then were kept and acclimated,
eMIP (SEQ ID No. 2) serving as the pharmaceutical composition, and adenocarcinoma Colon 26 cells serving as cancer
cells were prepared. First, 23105 Colon 26 cells were subcutaneously transplanted to the right abdomen of each mouse.
Then, when the volume of the transplanted tumor was about 250 mm3 after 16 days, the mice were classified into three
groups such that there was little difference in the tumor volume within each group.
[0046] The mice in one group were subjected to hyperthermic treatment using a hyperthermia apparatus such that
the tumor site was heated only once at 42°C for 30 minutes while the local temperature of the tumor site in the right
abdomen was monitored using a disposable skin surface temperature probe (manufactured by Philips). eMIP (2.5 mg/200
ml) was administered through the caudal vein once a day for 5 consecutive days from the next day. Then, a change in
the tumor volume was measured after predetermined days elapsed since the hyperthermic treatment had been performed
(HT + eMIP group). In addition, as control experiments, a change in the tumor volume was measured regarding a mouse
group that was subjected to only the transplantation of the cancer cells (Control group), and a mouse group that was
subjected to only hyperthermic treatment in the same manner as the HT + eMIP group after the transplantation of the
cancer cells (HT group). It should be noted that the tumor volume was calculated using the equation below. 

[0047] FIG. 4 shows the measurement results. As shown in FIG. 4, in the HT group, the tumor volume did not change
when only the hyperthermic treatment was performed, and the subsequent increase in the tumor volume was the same
as that in the Control group. However, in the HT + eMIP group, the increase in the tumor volume was reduced compared
with the HT group and the Control group.
[0048] FIG. 5 shows the tumor volumes in the groups 12 days after the hyperthermic treatment. As shown in FIG. 5,
the tumor volume in the HT + eMIP group was obviously and statistically significantly smaller than those in the Control
group and the HT group (P<0.05 (ANOVA)). It was shown from these results that the anti-tumor activity was synergistically
improved by performing the hyperthermia and the administration of a chemokine in combination on tumors in various
sites of a body.
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Example 3

[0049] Six-week-old female BALB/c mice, eMIP (SEQ ID No. 2) serving as the pharmaceutical composition, and
adenocarcinoma Colon 26 cells serving as cancer cells were prepared. First, 13105 Colon 26 cells were subcutaneously
transplanted to the hind legs of each mouse. Then, when the diameter of the transplanted tumor was about 11 mm after
9 days, the mice were classified into four groups such that there was little difference in the tumor volume within each group.
[0050] The mice in one group were irradiated with radio-frequency waves using a hyperthermia apparatus (manufac-
tured by Yamamoto Vinita Co., Ltd.), and were thus subjected to hyperthermic treatment such that the tumor site was
heated only once at 42°C for 30 minutes. eMIP (2 mg/200 ml) was administered through the caudal vein once a day for
5 consecutive days from the next day. Then, the lung of each mouse was extracted 18 days after the hyperthermic
treatment, and the number of metastatic colonies of the cancer cells in the lung was counted.
[0051] In addition, as control experiments, the number of metastatic colonies of the cancer cells in the lung was counted
in the same manner regarding a mouse group that was subjected to only the transplantation of the cancer cells (Control
group), a mouse group that was subjected to only hyperthermic treatment in the same manner as the HT + eMIP group
after the transplantation of the cancer cells (HT group), and a mouse group that was subjected to only the administration
of eMIP in the same manner as the HT + eMIP group after the transplantation of the cancer cells (eMIP group).
[0052] FIG. 6 shows the measurement results. As shown in FIG. 6, the number of metastatic colonies of the cancer
cells in the lung in the HT + eMIP group was statistically significantly reduced compared with the Control group, the HT
group, and the eMIP group (P<0.05 (ANOVA)). In addition, in the HT + eMIP group, metastatic colonies were not observed
in half of the mice. FIG. 7 shows the left superior lobes of the lungs extracted from the mice of the respective groups.
In FIG. 7, the outlines of the metastatic colonies were black in color. As is clear from FIG. 7, the number of metastatic
colonies in the lung in the HT + eMIP group was smaller than those in the Control group, the HT group, and the eMIP
group. It was shown from these results that significant effects to suppress metastasis of a cancer were obtained by using
the hyperthermia and the administration of a chemokine in combination.
[0053] The present invention is not limited to the above embodiments and various changes and modifications can be
made within the spirit and scope of the present invention. Therefore, to apprise the public of the scope of the present
invention, the following claims are made.
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Claims

1. A pharmaceutical composition for improving an effect of hyperthermia on a cancer, comprising a chemokine.

2. The pharmaceutical composition according to claim 1, wherein the chemokine is CCL3, a CCL3 variant, a CCL3
fragment, or a CCL3 derivative.

3. The pharmaceutical composition according to claim 1 or 2, wherein the chemokine has an amino acid sequence
consisting of an amino acid sequence of CCL3 in which aspartic acid at position 27 is substituted with alanine.

4. The pharmaceutical composition according to any one of claims 1 to 3, wherein the chemokine has an amino acid
sequence consisting of an amino acid sequence of CCL3 in which alanine at position 1 is deleted.
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5. The pharmaceutical composition according to any one of claims 1 to 4, wherein the chemokine is eMIP.

6. The pharmaceutical composition according to any one of claims 1 to 5, wherein the cancer is locally heated in the
hyperthermia.

7. The pharmaceutical composition according to any one of claims 1 to 6, wherein the cancer is heated to a temperature
of 41°C or higher in the hyperthermia.

8. The pharmaceutical composition according to any one of claims 1 to 7, wherein the cancer is heated using electro-
magnetic waves or ultrasonic waves in the hyperthermia.

9. The pharmaceutical composition according to claim 8, wherein the cancer is irradiated with microwaves, infrared
rays, far infrared rays, or radio-frequency waves in the hyperthermia.

10. The pharmaceutical composition according to claim 8, wherein the cancer is irradiated with high-intensity focused
ultrasound (HIFU) in the hyperthermia.

11. The pharmaceutical composition according to any one of claims 1 to 10, wherein the pharmaceutical composition
is administered after the hyperthermia.

12. The pharmaceutical composition according to any one of claims 1 to 11, wherein the pharmaceutical composition
is repeatedly administered.

13. The pharmaceutical composition according to any one of claims 1 to 12, wherein the cancer is prostate cancer,
head and neck tumor, hepatic cancer, lung cancer, recurrent intramedullary cancer after a colorectal cancer oper-
ation, bone soft part tumor, cervical cancer or pancreatic cancer.

14. The pharmaceutical composition according to any one of claims 1 to 13, wherein the pharmaceutical composition
is administered to a patient in combination with the hyperthermia in order to suppress metastasis of the cancer.
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