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(57)  Provided is a method of evaluating the antigen
presentation potential of human dendritic cells, including
the following steps:

(1) a step for administering a-galactosylceramide-pulsed
human dendritic cells to a non-human mammal;

(2) a step for collecting a sample containing NKT cells

METHOD OF EVALUATING HUMAN DENDRITIC CELLS AND HUMAN CELL

from the non-human mammal;
(3) a step for detecting the activation of NKT cells present
in the sample.

Further provided is an agent for human NKT cell im-
munotherapy, containing human dendritic cells that have
been assessed by the method as those possessing an
antigen presentation potential for NKT cells.
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Description
Technical Field

[0001] The presentinvention relates to an assay meth-
od enabling an evaluation of the efficacy of human den-
dritic cells used in human NKT cell immunotherapy, an
agent for human NKT cell immunotherapy, and the like.

Background Art

[0002] It has been suggested that NKT cells may me-
diate the regulatory control of immune reactions as self-
reactive T cells, and also be involved in the immunosur-
veillance of cancer cells to have an anti-tumor effect. NKT
cells are known torecognize a class I-like molecule called
CD1d, which is not linked to MHC, and to react to glycol-
ipid ligands. Therefore, when stimulated specifically,
NKT cells are expected to attack cancer cells without
dependence on MHC. In fact, it has been reported that
human Vo24* NKT cells, once activated, have an anti-
tumor effect on a wide variety of cancers without depend-
ence on MHC (Non-patent Document 1).

[0003] o-Galactosylceramides are synthetic glycolipid
ligands that bind to CD1d molecules on dendritic cell sur-
faces to activate NKT cells specifically. Supplies of o-
galactosylceramides meeting a drug reference value for
human administration (GMP grade) are available.
Hence, inrecent years, attempts of cancerimmunothera-
py have been made to treat cancers by administering o
galactosylceramide-pulsed dendritic cells to cancer pa-
tients via veins to activate their NKT cells. Regarding this
cancer immunotherapy, clinical studies in cancer pa-
tients (corresponding to Phase I) have already been com-
pleted, and the safety of the therapeutic method has been
confirmed. However, because the dendritic cells are iso-
lated from the cancer-bearing patient himself or herself,
the dendritic cells used in the immunotherapy as they
can have abnormalities, and the pulse conditions suffi-
cient to load o-galactosylceramides cannot always be
common among different supplies of dendritic cells. At
present, however, there is no established system for de-
termining whether or not o-galactosylceramide-pulsed
human dendritic cells are effective as antigen-presenting
cells for human NKT cells. Therefore, there are some
cases where itis impossible to determine whether a prob-
lem exists in the antigen presentation capability of the
dendritic cells, or another patient factor is the cause, if
interferon-yis not produced from NKT cells when the hu-
man NKT cell immunotherapy is performed.

[0004] Asamethod of evaluating the efficacy of human
dendritic cells, a method using a human NKT cell line is
possible. A human NKT cell line can be established by
culturing human primary NKT cells in the presence of o-
galactosylceramide and interleukin-2 (Non-patent Doc-
ument 2). However, established human NKT cell lines
exhibit much higher affinity for the ligand than do human
primary NKT cells, so the cell lines are thought to differ
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in properties from the human NKT cells existing in pe-
ripheral blood. Therefore, the results obtained using a
human NKT cell line are unlikely to reflect the in vivo
activation function purely. Furthermore, human NKT cell
lines are not stable for long times. For these reasons, it
is not always appropriate to use a human NKT cell line
to evaluate the antigen presentation potential of human
dendritic cells.

[0005] A method using NKT cells of the very patient in
need of treatment is also possible to evaluate the antigen
presentation potential of dendritic cells. However, first,
NKT cells occur only in extremely small amounts in the
blood, usually at 0.1% or less of peripheral blood lym-
phocytes, so a large amount of peripheral blood is re-
quired if a number of NKT cells sufficient for the evalua-
tion is to be obtained. Second, in cancer patients who
are subjects of NKT cell immunotherapy, decreased
numbers of NKT cells and functional defects are ob-
served (see, for example, Non-patent Document 3);
therefore, if no antigen presentation potential is ob-
served, it cannot be determined whether dendritic cells
are responsible for the cause, or a functional defect in
the patient’s NKT cells is the cause. For these two rea-
sons, it is unrealistic to use the patient's own NKT cells
for evaluation of the efficacy of dendritic cells.

[0006] Ithas already been reported that the CD1d mol-
ecule is highly conserved among mammals (Non-patent
Document 4), and that mouse NKT cells recognize o-
galactosylceramide-pulsed human dendritic cells (Non-
patent Documents 1 and 3). However, it has not been
reported to date that administration of human dendritic
cells to individual mice actually produced immune re-
sponses.

As the situation stands, there is no effective means en-
abling a previous evaluation of the quality of human den-
dritic cells for use in human NKT cell immunotherapy.
Non-patent Document 1: Cancer Res.59, 5102-5105,
1999 Non-patent Document 2: J. Immunol. Meth. 272,
147-159, 2003 Non-patent Document 3: J. Immunol. 177,
3484-3492, 2006 Non-patent Document 4: Immunoge-
netics 50, 146-151, 1999

Disclosure of the Invention
Problems to Be Solved by the Invention

[0007] Accordingly, the present invention is directed
to providing a new method of quantitatively evaluating
the efficacy of the antigen presentation potential of hu-
man dendritic cells used in human NKT cell immuno-
therapy, and to providing an agent for human NKT cell
immunotherapy and the like.

Means for Solving the Problems
[0008] The present inventors conducted extensive in-

vestigations with the aim of accomplishing the above-
described objects, and found that when o-galactosylce-
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ramide-pulsed human dendritic cells are administered to
mice, mouse NKT cells are unexpectedly activated. Ad-
ditionally, it was shown that this activation of mouse NKT
cells by human dendritic cells correlates with the activa-
tion of mouse NKT cells by mouse dendritic cells, and
has a quantitative nature. Using this method, itis possible
to determine whether or not the dendritic cells to be used
in NKT cell immunotherapy are dendritic cells capable of
activating NKT cells, and to sort the dendritic cells before
being administered to humans. Based on these results,
the present inventors have completed the presentinven-
tion.

[0009] Accordingly, the presentinvention relates to the
following.

(1) A method of evaluating the antigen presentation
potential of human dendritic cells, comprising the fol-
lowing steps:

(a) a step for administering a-galactosylcera-
mide-pulsed human dendritic cells to a non-hu-
man mammal;

(b) a step for collecting a sample containing NKT
cells from the non-human mammal;

(c) astep for detecting the activation of NKT cells
present in the sample.

(2) The method of the above-described (1), wherein
the non-human mammal is a mouse.

(3) The method of the above-described (1) or (2),
wherein the sample containing NKT cells is derived
from a spleen, liver or peripheral blood.

(4) The method of any one of the above-described
(1) to (3), wherein the activation of NKT cells is eval-
uated with one or more kinds of cytokines produced
by the NKT cells as an index.

(5) The method of the above-described (4), wherein
the cytokines include interferon-y and/or interleukin-
4.

(6) The method of any one of the above-described
(1)to (5), wherein the method is for sorting outhuman
dendritic cells to be used in human NKT cell immu-
notherapy.

(7) The method of the above-described (6), wherein
the human dendritic cells are derived from a patient
with a disease for which a therapeutic effect can be
obtained by NKT cell immunotherapy.

(8) The method of the above-described (7), wherein
the disease is a cancer.

(9) An agent for human NKT cell immunotherapy,
comprising human dendritic cells that have been as-
sessed by the method of the above-described (6) or
(7) as those possessing an antigen presentation po-
tential for NKT cells.

(10) The agent of the above-described (9), wherein
the agent is for treatment of a cancer.

(11) A method of screening for a ligand capable of
activatinghuman NKT cells, comprising the following
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steps:

(a) a step for administering human dendritic cells
pulsed with a test substance to a non-human
mammal;

(b) a step for collecting a sample containing NKT
cells from the non-human mammal;

(c) a step for detecting the activation of NKT cells
present in the sample.

(12) The method described in (10) above, further
comprising performing the foregoing steps (a) to (c)
using an o-galactosylceramide in place of the test
substance, and comparing the degree of activation
of NKT cells between a case where the cells are
pulsed with the test substance and a case where the
cells are pulsed with an a-galactosylceramide.

(13) The method described in (11) or (12) above,
wherein the non-human mammal is a mouse.

Effect of the Invention

[0010] Using the method of the present invention, it is
possible to sort human dendritic cells to be used in human
NKT cell immunotherapy, and it is also possible to eval-
uate the degree of the antigen presentation capability.
The method of the present invention can also be used
for efficacy monitoring in patients undergoing human
NKT cell immunotherapy. Furthermore, the method of
the present invention is also useful as a method of
screening for a novel ligand. The agent of the present
invention is useful in efficiently causing cancer regres-
sion.

Brief Description of the Drawings
[0011]

[Figure 1] A drawing showing the activation of mouse
NKT cells by administration of hDC/Gal in vitro and
in vivo. A. 1X10% cells of mouse DC (mDC) or
mDC/Gal, or human DC (hDC) or hDC/Gal, were cul-
tured along with 1105 cells of C57BL/6 mouse liver
mononuclear cells. B. 1x106 cells of mDC or
mDC/Gal, and hDC or hDC/Gal, were administered
to C57BL/6 mice. Two days later, splenocytes of the
immunized mice were measured by IFN-y ELISPOT
assay. The data shown are means for values ob-
tained in three independent experiments. (*) indi-
cates p<0.05.

[Figure 2] A drawing showing the activation of mouse
NKT cells after administration of hDC/Gal. hDC/Gal
was administered to C57BL/6 mice at stepwise dos-
es (A). Alternatively, 1x108 cells of hDC/Gal were
administered to Ja187- mice (B). Two days later,
splenocytes of the immunized mice were cultured in
the presence or absence of aGC for 16 hours, and
then measured by IFN-y and IL-4 ELISPOT assay.
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The data are representative ones for at least two
independent experiments yielding similar results. (")
indicates p<0.05.

[Figure 3] A graph showing that the IFN-y secretion
is dependent on the presence of NKT cells. To de-
termine whether or not the IFN-y spots are depend-
ent on NKT cells, NK1.1* cells, CD3* cells, or CD1d-
dimer * cells were removed from splenocytes col-
lected from mice receiving 1x108 cells of hDC/Gal.
These cells were cultured as described, and ana-
lyzed by ELISPOT assay. The data shown are
means for three independent experiments. () indi-
cates p<0.05.

[Figure 4] A drawing showing that human DC/Gal is
capable of activating NKT cells of various genetic
lines of mice. NKT cell activation after administration
of hDC/Gal was evaluated in C57BL/6, DBA/2 and
BALB/c mice. Two days after the administration,
splenocytes were collected, and NKT cell counts
were analyzed by FACS using CD1d-Gal-dimer-PE
and CD19-FITC (CD1d-dimer *CD19- cells) (A).
Likewise, secretion of IFN-y and IL-4 was analyzed
by ELISPOT assay (B). The data are means for three
independent experiments.

[Figure 5] A drawing showing that the activation of
mouse NKT cells is dependent on the aGC loading
status on hDC. (A) Effects of hDC incubated along
with aGC for various hours were evaluated. After
incubation along with aGC for 0.5 hours, 2 hours or
24 hours, hDC was administered to C57BL/6 mice.
Two days later, splenocytes were collected, and
ELISPOT assay was performed as described above.
(B) Fresh hDC/Gal and hDC/Gal freeze-stored in lig-
uid nitrogen for 2 weeks were administered to
C57BL/6 mice. Two days later, splenocytes were col-
lected, and IFN-y ELISPOT assay was performed.
The data shown are means for values obtained in
three independent experiments. (*) indicates p<0.05.
(™) indicates p<0.01.

Best Mode for Carrying out the Invention

[0012] The present invention provides a method of
evaluating the antigen presentation potential of human
dendritic cells (hereinafter, also referred to as "hDC")
(hereinafter, also referred to as "the method of evaluation
of the present invention"). Here, "the antigen presenta-
tion potential" is used to mean not only the potential for
loading a ligand capable of activating NKT cells onto
CD1d molecule on dendritic cell surfaces, for example,
an a-galactosylceramide (hereinafter, also referred to as
"oGC"), but also the potential of ligand-loaded hDC for
activating NKT cells.

[0013] The test subject hDC is not particularly limited,
as far as it is a human-derived dendritic cell capable of
activating NKT cells via aGC; it may be any of myeloid
dendritic cells (DC1) and lymphoid dendritic cells (DC2),
and is preferably DC1. The hDC may be prepared by any
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method known per se; although it can be separated from
the human epidermis, T-cell region of lymphatic tissue,
peripheral non-lymphatic tissue, afferent lymph, dermis
and the like, it is preferably prepared by, for example,
separating monocytes, myelocytes and the like from hu-
man peripheral blood and the like by density gradient
centrifugation and the like, and culturing themin the pres-
ence of GM-CSF and IL-4 for about 7 to about 10 days.
[0014] The aGC used to pulse the hDC includes not
only a-galactosylceramides, salts thereof, esters thereof
and the like, but also all glycolipid derivatives such as
CD1d-binding a-C-GalCer, and, as far as they are capa-
ble of activating dendritic cells and being antigen-pre-
sented to NKT cells, optionally chosen derivatives thereof
(for example, synthetic lipids with shortened aliphatic
chains, such as OCH, and the like). These can be syn-
thesized by a method known per se. When the hDC is
intended for administration to humans, it is desirable that
the aGC used be of GMP grade.

Pulsation of hDC with aGC can be performed by an ob-
vious commonly used technique; for example, the pulsa-
tion can be performed by culturing the hDC in a medium
containing o GC at a concentration of about 100 to about
200 ng/ml (forexample, RPMI-1640 medium and the like)
for about 12 to about 48 hours. Pulsation with aGC may
be performed by adding the aGC to the medium in the
process of culturing and maturing the above-described
immature hDC in the presence of GM-CSF and IL-4.
[0015] The non-human mammal to which aGC-pulsed
hDC is administered is not particularly limited; mice, rats,
dogs, monkeys and the like are preferable, with greater
preference given to mice. In the case of mice, there is no
particular limitation on the line; as preferable examples,
C57BL/6, DBA/2, BALB/c mice and the like can be men-
tioned. Although sex and age are also not subject to lim-
itations, it is preferable, in the case of mice, for example,
to use ones at about 6 to about 8 weeks of age. Although
thereis no particular limitation on the rearing environment
for the non-human mammal, it is desirable that mice of
SPF grade or higher be used.

[0016] The hDC may be administered to the recipient
non-human mammal just after being pulsed with aGC,
and may also be stored under freezing by a method in
common use for freeze-storage of dendritic cells (for ex-
ample, storage in liquid nitrogen), and used by being
thawed before use.

[0017] The route and dosage for administration of the
hDC are not particularly limited, as far as the NKT cells
of the recipient non-human mammal can be activated;
for example, in the case of mice, itis preferable that about
106 to about 2 108 cells be administered by intravenous
administration, intraperitoneal administration and the
like.

[0018] After administration of hDC, the non-human
mammal is reared under ordinary rearing conditions for
a time sufficient to activate the NKT cells, after which a
sample containing NKT cells is collected from the animal.
The sample containing NKT cells is not particularly lim-
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ited; for example, the sample is derived from a spleen,
liver, or peripheral blood, and is preferably derived from
a spleen or liver. For example, when a sample derived
from a mouse spleen is used, one prepared by resecting
the spleen from a mouse about 2 to about 4 days after
administration of hDC, and releasing the cells, can be
used in the subsequent step for detecting the activation
of NKT cells. Alternatively, NKT cells may be sorted in
advance using a specific ligand such as aGC.

[0019] The presence or absence of activation of NKT
cells and the degree thereof can also be measured by
any method known per se; for example, the activation of
NKT cells can be evaluated with the amount of cytokine
produced by the activated NKT cells as an index. As the
cytokine produced by the activated NKT cells, IFN-v, IL-
4, GM-CSF, IL-10 and the like can be mentioned. Pref-
erably, the cytokine is IFN-y or IL-4. Although only one
kind of cytokine may be measured, or two kinds or more
may be measured, it is desirable that at least one kind
be IFN-y or IL-4.

[0020] Cytokine production in NKT cells can be meas-
ured using, for example, an antibody against the cy-
tokine. For example, the activation of NKT cells can be
evaluated by an immunoassay in common use such as
RIA, FIA or EIA using a cell culture supernatant; however,
in a preferred mode of embodiment, a method is used
wherein a sample containing NKT cells is brought into
contact with a solid phase on which an anti-cytokine an-
tibody is immobilized, the solid and liquid are separated,
and thereafter the cytokine bound to the solid phase is
detected and counted by a sandwich technique using a
labeled anti-cytokine antibody. As labeling agents, en-
zymes, fluorescent substances, luminescent substanc-
es, dyes, radioisotopes and the like can be mentioned.
A biotinylated anti-cytokine antibody and a (strept)avidin
coupled with a labeling agent may be used. An assay
system using an enzyme such as alkaline phosphatase
as the labeling agent is known under the name ELISPOT
for detection of cytokine-producing cells.

[0021] Before the sample containing NKT cells is
brought into contact with the anti-cytokine antibody, or
while the sample is in contact with the anti-cytokine an-
tibody, the NKT cells are re-stimulated with aGC. Al-
though it is desirable that for control, cytokine production
be measured also on NKT cells not re-stimulated with
aGC, this measurement can be skipped, when using as
the index a cytokine whose production without re-stimu-
lation with aGC is known to be under the limit of detection.
[0022] For example, in the above-described ELISPOT
assay, if the number of spots indicating cytokine-produc-
ing cells increases significantly with re-stimulation with
aGC, compared with the number obtained without the
re-stimulation, the test subject hDC can be assessed as
those possessing an antigen presentation potential for
NKT cells.

According to the method of evaluation of the present in-
vention, NKT cells are activated with dependency on the
dose of hDC, so not only a qualitative evaluation, but also
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a quantitative evaluation, of hDC is possible. Further-
more, the activation of non-human mammal NKT cells
by hDC also correlates with the activation of NKT cells
by recipient-derived DC with a good quantifiability, so it
is also possible to correct the variation in evaluation due
to individual differences in the recipient animal.

[0023] The method of evaluation of the present inven-
tion enables a determination of the presence or absence
of the antigen presentation potential of hDC and the de-
gree thereof without actual administration to a human,
so it can be used to sort out hDC to be used in NKT cell
immunotherapy. For example, there possibly exists hDC
that exhibits only a poor aGC loading rate even when
pulsed with aGC under common conditions, or hDC in-
capable of activating NKT cells even with a good aGC
loading rate, so not all the pulsed hDC efficiently presents
antigen to NKT cells. Therefore, it is preferable that be-
fore performing NKT cell immunotherapy, effective hDC
be sorted out in advance. In particular, in performing au-
totransplantation, if it can be determined in advance
whether or not the patient-derived DC possess a suffi-
cientantigen presentation potential to activate NKT cells,
it is of paramount significance in determining a therapeu-
tic strategy. That is, if the method of evaluation of the
present invention is performed on DC isolated from pe-
ripheral blood and the like of a patient who is a subject
of application of NKT cell immunotherapy by the same
technique as the above, and as aresult, the patient’'s DC
is assessed as those possessing a sufficient antigen
presentation potential for NKT cells, it can be assessed
that NKT cell immunotherapy by autotransplantation can
be chosen, or is preferably chosen; if the DC is assessed
as those which do not possess a sufficient antigen pres-
entation potential for NKT cells, it can be assessed that
allogeneic transplantation or a therapy other than NKT
cell immunotherapy should be chosen, or is preferably
chosen.

[0024] Also, as stated above, the method of evaluation
of the present invention is quantitative, so it can be used
to evaluate the degree of the potential of hDC for acti-
vating NKT cells. For example, when allogeneic trans-
plantation is chosen, hDC with a higher potential for ac-
tivating NKT cells can be sorted out using the method of
evaluation of the present invention. Also, it is possible to
determine the number of hDC administered, on the basis
of individual hDC potential values. Furthermore, when
hDC in long storage under freezing is used by being
thawed before use, it can be used to confirm the main-
tenance of the NKT cell activation potential for the pur-
pose of implementing quality control of the hDC before
administration.

[0025] The method of evaluation of the present inven-
tion can also be used to perform monitoring of the efficacy
of a treatment in a patient undergoing NKT cell immuno-
therapy. For example, by evaluating and comparing the
NKT cell activation potentials of patient-derived hDC ob-
tained before and after the start of the immunotherapy,
it is possible to determine whether or not the NKT cell
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immunotherapy is effective on the patient. In this case,
an evaluation of hDC can be performed at each time of
isolation from the patient, and an evaluation of antigen
presentation potential can be performed on hDC isolated
before the start of the treatment, and stored under freez-
ing, simultaneously with an evaluation on hDC isolated
after the start of the treatment.

[0026] As examples of diseases for which NKT cell im-
munotherapy is indicated, cancers, diabetes (type | dia-
betes), allergic diseases, rheumatoid arthritis, autoim-
mune diseases such as collagen disease, bronchial asth-
ma and the like can be mentioned, but these are not
limiting, as far as they are diseases in which symptoms
can be modified by activation of NKT cells by hDC. As
the cancers, all kinds of primary cancers can be men-
tioned, and all states of cancers, including early cancers
and advanced cancers possessing a metastatic or infil-
tration potential, can be mentioned.

[0027] The present invention also provides an agent
for human NKT cell immunotherapy, comprising hDC as-
sessed as those possessing an antigen presentation po-
tential by the method of evaluation of the present inven-
tion as an active ingredient. Here, "an agent for human
NKT cell immunotherapy" means a pharmaceutical ca-
pable of activating NKT cells in the body of the human
subject of administration as a result of administration of
the agent. The agent for human NKT cellimmunotherapy
of the present invention (hereinafter, also referred to as
"the agent of the present invention") is useful in, for ex-
ample, prevention/treatment of the above-described var-
ious diseases in humans.

[0028] The agent of the present invention can be pro-
duced as an oral/parenteral preparation by blending an
effective amount of the above-described aGC-pulsed
hDC with a pharmaceutically acceptable carrier and the
like by a conventional method. The hDC may be one that
is newly isolated from a human from whom hDC as-
sessed as those possessing an antigen presentation po-
tential by the method of evaluation of the present inven-
tionis derived, cultured inthe same manner as the above,
and pulsed with aGC, or a.GC-pulsed hDC may be par-
tially used in the above-described method of evaluation,
and the remaining may be stored under freezing and used
by being thawed before use.

[0029] The agent of the present invention is usually
produced as a parenteral preparation such as an injec-
tion, suspension, or drip infusion. As examples of phar-
maceutically acceptable carriers that can be contained
in the parenteral preparation, aqueous liquids for injec-
tion, such as physiological saline and isotonic solutions
containing glucose and other auxiliary drugs (for exam-
ple, D-sorbitol, D-mannitol, sodium chloride and the like)
can be mentioned. The agent of the present invention
may be formulated with, for example, a buffering agent
(for example, phosphate buffer solution, sodium acetate
buffer solution), a soothing agent (for example, benzal-
konium chloride, procaine hydrochloride and the like), a
stabilizer (for example, human serum albumin, polyeth-
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ylene glycol and the like), a preservative, an anti-oxidant
and the like.

[0030] When the agent of the present invention is pre-
pared as an aqueous suspension, o«GC-pulsed hDC is
suspended in the above-described aqueous liquid to ob-
tain a cell density of about 5x 108 to about 1 107 cells/ml.
[0031] Because the preparation thus obtained is safe
and less toxic, it can be safely administered to humans.
Although itis preferable that the subject of administration
be the patient from which the hDC is derived (i.e., au-
totransplantation), the subject of administration is not lim-
ited thereto, as far as it is a human expected to be com-
patible with the hDC administered. The method of ad-
ministration is not particularly limited; the agent of the
present invention can be administered orally or parenter-
ally, preferably by injection or drip infusion; intravenous
administration, subcutaneous administration, intrader-
mal administration, intramuscular administration, intra-
peritoneal administration, direct administration to the af-
fected site and the like can be mentioned. The dose of
the agent of the present invention varies depending on
the subject of administration, target organ, symptoms,
method of administration and the like; usually in an adult
patient (assuming a 60 kg body weight), in the case of
parenteral administration, for example, it is convenient
to administer the preparation usually in an amount of
about 6105 to about 1107 cells, based on the amount
of hDC per dose, at intervals of about 1 to about 2 weeks,
about 4 to about 8 times.

[0032] The present invention also provides a method
of screening for a substance capable of activating human
NKT cells, or capable of regulating (inhibiting and en-
hancing) the activation by aGC. The method comprises
the following steps.

(a) A step for administering hDC pulsed with a test
substance to a non-human mammal;

(b) a step for collecting from the non-human mammal
a sample containing NKT cells;

(c) a step for detecting the activation of NKT cells
present in the sample.

[0033] Thetestsubstance usedinscreeninginthe step
(a) of the method of screening of the present invention
can be an optionally chosen publicly known compound,
a novel compound, or a library of such compounds. As
examples of the compounds, proteins (oligopeptides,
polypepetides and the like), sugar chains (bacterial
polysaccharides and the like), glycolipids (blood group
substances and the like), glycoproteins, lipids, nucleic
acids (DNA, RNA and the like), simple chemical sub-
stances (low-molecular chemical substances and the
like) and the like can be mentioned. The test substances
used for the screening can be simultaneously pulsed sin-
gly or in combination of a plurality thereof (2 to 1000 test
substances and the like). For example, in the compound
library screening step, by reducing the number of candi-
date test substances to be combined, a final candidate
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test substance can be identified. When a substance ca-
pable of regulating the activation by aGC is screened for,
aGC is pulsed to hDC along with a test substance.
[0034] The hDC used in the step (a) is desirably one
that has previously been confirmed as being capable of
activating NKT cells when pulsed with oGC. However,
even in that case, to accurately compare the perform-
ances, i.e., the potentials for activating NKT cells, of the
test substance and aGC as ligands, and also to confirm
the maintenance of the antigen presentation potential of
the hDC, it is preferable that the steps (a) to (c) be per-
formed in the same manner using aGC in place of the
test substance.

[0035] In the method of screening of the present in-
vention, the steps (a) to (¢) can be performed in the same
ways as with the above-described method of evaluation
of the presentinvention. When the activation of NKT cells
present in the sample containing NKT cells is performed
using an anti-cytokine antibody with a cytokine produced
by activated NKT cells as an index in the step (c), the
NKT cells are re-stimulated with a single or a plurality of
pulsed test substances before being brought into contact
with the anti-cytokine antibody, or while in contact with
the anti-cytokine antibody. It is desirable that for control,
cytokine production be also measured for NKT cells not
stimulated with the test substance.

[0036] For example, in the above-described ELISPOT
assay, if the number of spots indicating cytokine-produc-
ing cells increases significantly with re-stimulation with
the test substance, compared with the number obtained
without the re-stimulation, the test substance can be as-
sessed as that is capable of acting as a ligand that acti-
vates NKT cells. By comparing with the number obtained
with pulsation with the positive control aGC, the degree
of the potential of the test substance for activating NKT
cells can be evaluated quantitatively.

Meanwhile, if a significant change occurs with pulsation
with aGC and the test substance, compared with pulsa-
tion with oGC alone, the test substance can be assessed
as that is capable of regulating the activation of NKT cells
by aGC. It can be determined whether the test substance
is loaded onto CD1d competitively with aGC, or alters
the aGC loading rate or the potential of loaded a.GC for
activating NKT cells, on the basis of whether or not the
hDC is capable of activating NKT cells when pulsed with
the test substance alone.

[0037] A ligand compound capable of activating NKT
cells, or a compound capable of enhancing the potential
of aGC for activating the cells, obtained by the above-
described method of screening, in place of «GC, or along
therewith, can be used in the method of evaluation of the
present invention. hDC pulsed with the compound, or
with the compound and aGC, can be formulated as an
active ingredientin the above-described agent forhuman
NKT cell immunotherapy.
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Examples

[0038] The present invention is hereinafter described
in more specifically with reference to the following Exam-
ples, which, however, are for illustrative purposes only,
and never limit the scope of the present invention.

(Collection and preparation of samples)

[0039] Peripheral blood mononuclear cells (PBMC)
were separated from venous blood drawn from a healthy
blood donor by Ficoll-Hypaque (GE Healthcare Bio-
sciences, Uppsala, Sweden) density gradient centrifuga-
tion. The PBMCs were washed with PBS three times,
and stored in a liquid nitrogen tank until use.

Informed consent in writing was obtained from the patient
in compliance with the Helsinki Declaration. All the re-
search was approved by RIKEN’s Institutional Review
Board.

(Mice)

[0040] Sterile female C57BL/6, DBA/2 and BALB/c
mice at 6 to 8 weeks of age were purchased from CLEA
Japan (Tokyo). These mice and Jo.187~ mice were reared
and maintained under SPF conditions, and research was
conducted in accordance with the institutes’ guidelines.

(Reagents)

[0041] oGC was synthesized at RIKEN. aGC and a
vehicle (0.4% DMSO) were diluted in PBS. Human re-
combinant (r) GM-CSF and IL-4 were purchased from
R&D systems (Minneapolis, MN). An anti-mouse-CD19
monoclonal antibody (1D3), anti-TCRB monoclonal anti-
body (H57-597) and mouse IgG1 (A85-1) were pur-
chased from BD PharMingen (San Diego, CA). In the
flow cytometry of NKT cells, the recombinant soluble dim-
er mouse CD1d:lg (BD PharMingen)-PE and an FITC-
labeled anti-mouse CD19 antibody were used. In the
analysis, the FACS Calibur™ apparatus and CEL-
LQuest™ (BD Biosciences) were used.

(Generation of human and mouse DC)

[0042] Using magnetic beads (Miltenyi Biotec Inc.Au-
burn, CA), CD14* monocytes were purified from the PB-
MCs, and cultured in the presence of 500 U/ml human
IL-4 and 100 ng/ml human GM-CSF for 7 days. The aGC
(100 ng/ml) or an equivalent quantity of the vehicle was
added to the hDC on day 6, and the cells were further
cultured for 24 hours. Mouse bone marrow-derived DC
was proliferated from a bone marrow precursor in an RP-
MI-1640 containing 5% FCS and mouse GM-CSF, as
reported previously (J. Exp. Med. 176, 1693-1702, 1992).
On day 6, aGC (100 ng/ml) was added to immature DC;
in many experiments, the cells were further cultured for
2 days. The aGC-pulsed DC (DC/Gal) was collected on



13 EP 2 199 793 A1 14

day 8.

(Single-cell ELISPOT assay for quantifying the amount
of cytokines produced in NKT cells in spleens of immu-
nized mice)

[0043] A96-welltiter plate (Millipore, Bedford, MA) was
coated with an anti-mouse IFN-ymonoclonal antibody or
anti-mouse IL-4 monoclonal antibody (both 10 p.g/ml, BD
PharMingen). Afterimmunization with the human DC/Gal
for 2 days, splenocytes (3 10° cells /well) were cultured
along with either the vehicle or aGC (100 ng/ml) for 16
hours. After the cultivation, the plate was washed, and
incubated with biotinylated anti-mouse IFN-ymonoclonal
antibody or anti-mouse IL-4 monoclonal antibody (both
1 png/ml, BD PharMingen). IFN-yor IL-4 spot-forming cells
(SFC) were counted under a microscope.

(Statistical analysis)

[0044] Data differences were analyzed using Mann-
Whitney U-test. P<0.05 is considered to indicate a sta-
tistically significant difference.

Example 1 Activation of NKT cells with hDC in vitro and
in vivo

[0045] To stimulate C57BL/6-derived liver mononu-
clear cells, oGC-loaded human or mouse DC was used
(Figure 1). In vitro, the mouse DC stimulated NKT cells
with dependence on aGC, and IFN-y was produced,
whereas the human DC did not efficiently stimulate NKT
cells (Figure 1A). Next, two days after administration of
oGC-pulsed mouse DC (mDC/Gal) or human DC
(hDC/Gal), NKT cell reactions in the immunized mice
were tested (Figure 1B). As a result, in the mice receiving
hDC/Gal, more than 100 a.GC-specific IFN-y spots were
detected. From this result, it was shown that this tech-
nique is useful in evaluating the DC function on NKT cell
stimulation. It was thought that when human DC was ad-
ministered to mice, nonspecific responses would be pro-
duced; however, an unexpected result was obtained in
which the human DC could be used for the evaluation as
shown in Figure 1.

Example 2 Dose dependence of activation of mouse NKT
cells by administration of hDC/Gal

[0046] Two days after aGC-pulsed hDC was adminis-
tered to C57BL/6 mice at stepwise doses, production of
IFN-y and IL-4 by NKT cells was examined (Figure 2A).
When non-pulsed hDC was administered to mice, no
IFN-y spots were detected. In the mice receiving
hDC/Gal, the number of IFN-y production spots in-
creased in a correlation with the number of hDC/Gal ad-
ministered; 1x 108 cells was determined to be the appro-
priate dose. When 1x 108 cells of hDC/Gal were admin-
istered to Jo.18- mice, which are NKT cell-deficient mice,

10

15

20

25

30

35

40

45

50

55

no spots of IFN-y or IL-4 production were observed (Fig-
ure 2B). This showed that the observed cytokine produc-
tion is dependent on the interaction of ligand and NKT
cells.

Example 3 Confirmation of NKT cell dependency in in
vitro functional assay

[0047] Aninvestigation was made to determine wheth-
er or not the IFN-y spots observed in the ELISPOT assay
were dependent on the presence of NKT cells and ligand
(Figure 3). It was found that when NK1.1* cells, CD3*
cells, or CD1d-dimer * cells derived from splenocytes of
mice receiving 1x10° cells of hDC/Gal were removed
before performing the ELISPOT assay, almost all spots
disappeared. This showed that IFN-y-producing cells
were dependent on at least NK1.1*CD3*CD1d-dimer*
cells.

Example 4 Confirmation of non-dependence on mouse
line of activation of NKT cells by hDC/Gal

[0048] To determine whether or not the activation of
NKT cells is dependent on mouse line, NKT cell reactions
tohDC/Gal were tested in various lines of mice. Two days
after administration of hDC/Gal, splenocytes derived
from C57BL/6, DBA/2 and BALB/c mice were collected,
and FACS analysis was performed. It was revealed that
in all mouse lines, the NKT cell count had increased 2
folds or more (Figure 4A). It was also found that in all the
mice of the tested lines, cells producing IFN-y and IL-4
had increased similarly (Figure 4B). From these results,
it was shown that the success of the experiments was
not attributable solely to the specific genetic background
of the mice, that is, C57BL/6, but many lines of wild-type
mice could be used in evaluating the efficacy of hDC
using this method.

Example 5
(a) Investigation of aGC pulse conditions

[0049] After hDC was cultured along with aGC for 0.5
hours, 2 hours or 24 hours, the potential of the hDC for
activating mouse NKT cells in vivo was tested. Although
the IFN-y-producing NKT cells in mice receiving hDC
pulsed with aGC for 0.5 hours exhibited nearly zero ac-
tivity, mice receiving hDC pulsed with oGC for 2 hours
exhibited an activity roughly half the level in mice receiv-
ing hDC pulsed with aGC for 24 hours (Figure 5A).

(b) Stability test of hDC/Gal

[0050] Furthermore, a stability test was conducted to
determine whether or not there was a difference in the
activation of NKT cells in mice receiving a fresh hDC/Gal
culture, compared with mice receiving hDC/Gal stored in
liquid nitrogen for 2 weeks. From the results shown in
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Figure 5B, both the fresh hDC and previously frozen hDC
were shown to exhibit similar degrees of NKT cell reac-
tions. This demonstrates that hDC once loaded with aGC
is highly stable, and can be used for a long time when
stored under freezing.

Industrial Applicability

[0051] Using the method of the present invention, it is
possible to sort out human dendritic cells to be used in
human NKT cell immunotherapy, and it is also possible
to evaluate the degree of the antigen presentation po-
tential. The method of the present invention can also be
used for efficacy monitoring in patients undergoing hu-
man NKT cell immunotherapy. Furthermore, the method
of the present invention is also useful as a method of
screening for a novel ligand. The agent of the present
invention is useful in efficiently degenerating cancers.
[0052] This applicationis basedon apatentapplication
No. 2007-234734 filed in Japan (filing date: September
10, 2007), the contents of which are incorporated in full
herein by this reference.

Claims

1. A method of evaluating the antigen presentation po-
tential of human dendritic cells, comprising the fol-
lowing steps:

(a) a step for administering a-galactosylcera-
mide-pulsed human dendritic cells to a non-hu-
man mammal;

(b) a step for collecting a sample containing NKT
cells from the non-human mammal;

(c) astep for detecting the activation of NKT cells
present in the sample.

2. The method according to claim 1, wherein the non-
human mammal is a mouse.

3. The method according to claim 1 or 2, wherein the
sample containing NKT cells is derived from a
spleen, liver or peripheral blood.

4. The method according to any one of claims 1 to 3,
wherein the activation of NKT cells is evaluated with
one or more kinds of cytokines produced by the NKT
cells as an index.

5. The method according to claim 4, wherein the cy-
tokines include interferon-y and/or interleukin-4.

6. The method according to any one of claims 1 to 5,
wherein the method is for sorting out human dendritic
cells to be used in human NKT cell immunotherapy.

7. Themethodaccordingto claim 6, wherein the human
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10.

1.

12

13.

dendritic cells are derived from a patient with a dis-
ease for which a therapeutic effect can be obtained
by NKT cell immunotherapy.

The method according to claim 7, wherein the dis-
ease is a cancer.

An agent for human NKT cell immunotherapy, com-
prising human dendritic cells that have been as-
sessed by the method according to claim 6 or 7 as
those possessing an antigen presentation potential
for NKT cells.

The agent according to claim 9, wherein the agent
is for treatment of a cancer.

A method of screening for a ligand capable of acti-
vating human NKT cells, comprising the following
steps:

(a) a step for administering human dendritic cells
pulsed with a test substance to a non-human
mammal;

(b) a step for collecting a sample containing NKT
cells from the non-human mammal;

(c) a step for detecting the activation of NKT cells
present in the sample.

The method according to claim 10, further compris-
ing performing the foregoing steps (a) to (c) using
an o-galactosylceramide in place of the test sub-
stance, and comparing the degree of activation of
NKT cells between a case where the cells are pulsed
with the test substance and a case where the cells
are pulsed with an o-galactosylceramide.

The method according to claim 11 or 12, wherein the
non-human mammal is a mouse.
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