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(54) METHOD FOR STIMULATING T CELL AND USE THEREOF

(57) An object of the present invention is to stimulate
a T cell without using a peptide/MHC tetramer. In the
present invention, the step of supplying an antigen pep-
tide to a T cell having a T cell receptor (TCR) that can
recognize the antigen peptide on cell surface to form a
complex of a major histocompatibility complex (MHC)
molecule on the cell surface of the T cell and the antigen
peptide is used, and the T cell is stimulated through rec-
ognition by TCR of the antigen peptide as the MHC mol-
ecule-antigen peptide complex on the cell surface of the
same T cell. Such a stimulating and activating method
would be applicable to not only T cells, but also various
cells. According to the present invention, an antigen-spe-
cific T cell can be identified without establishing any an-
tigen-specific T cell strain, and without using such a re-
agent as MHC/peptide tetramer. That is, a cancer-spe-
cific T cell can be efficiently and conveniently identified.



EP 2 824 182 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Cross Reference of Related Application

[0001] This application claims a Convention priority
based on the patent application filed at the Japanese
Patent Office on March 7, 2012 as Japanese Patent Ap-
plication No. 2012-50018. The entire disclosure of Jap-
anese Patent Application No. 2012-50018 is incorporat-
ed into the disclosure of this application.

Technical Field

[0002] The present invention relates to a method for
stimulating and activating a cell with an antigen. The
present invention relates to an assay, analysis, test and
treatment of a disease or condition relating to a T cell
stimulated and activated by a specific method or any of
various cells similarly stimulated and activated by a spe-
cific method, as well as a kit, reagent, and apparatus
used for them. The present invention is useful in the fields
of life science and medical treatment.

Background Art

[0003] T cells express the T cell receptor (TCR) on the
cell surfaces thereof, and they recognize virus-infected
cells and cancer cells by using TCR, and induce immune
responses. Lymphocytes include B cells besides T cells.
B cells also recognize antigens such as viruses by using
the antibodies expressed on the cell surfaces thereof as
antigen receptors, and the antibodies as the antigen re-
ceptors of B cells can bind viruses, proteins, sugar
chains, lipids etc. on the surfaces of bacteria in the native
forms thereof and thereby enable recognition of them.
On the other hand, the antigen receptor of T cell, TCR,
cannot bind to viruses or proteins on the surfaces of bac-
teria in the native forms thereof, and does not enable
recognition of them. T cells recognize an antigen through
binding of TCR to a peptide produced by decomposition
of a virus-derived protein produced in a virus-infected
cell, binding to the MHC (major histocompatibility com-
plex) molecule of the cell, and expressed on the cell sur-
face. That is, it is known that, in order to stimulate and
activate T cells, an antigen-presenting cell is required.
The major antigen-presenting cells include B cells, mac-
rophages, dendritic cells, and so forth, besides virus-in-
fected cells.
[0004] The MHC molecules can be roughly classified
into two kinds of molecules, i.e., the class I molecules
and the class II molecules. The MHC class I molecules
present antigens to CD8+ T cells (killer T cells), and the
MHC class II molecules present antigens to CD4+ T cells
(helper T cells). The MHC class I molecules are ex-
pressed in all the nucleated cells (namely, all the cells
except erythrocytes), whereas the MHC class II mole-
cules are expressed in a part of cells, such as B cells,
macrophages, and dendritic cells. Moreover, it is known

that, in the case of human T cells, the HLA-DR molecule,
which is an MHC class II molecule, is expressed in acti-
vated CD4+ T cells, and HLA-DR is also used as an ac-
tivation marker (Non-patent document 1).
[0005] TCR and MHC molecules exist on T cells, but
in a report describing the interactions of the MHC mole-
cules and various immunity-related molecules on the
same cells, it is definitely described that TCR and the
MHC molecules on the same cells cannot interact (Non-
patent document 2). At present, as method for stimulating
T cells, when an antigen peptide recognizable by T cells
is known, there is generally used a method of preparing
antigen-presenting cells such as dendritic cells, and add-
ing an antigen peptide to the antigen-presenting cells to
allow binding of the antigen peptide to the MHC mole-
cules on the antigen-presenting cells. Recently, a tetram-
er prepared by solubilizing an MHC molecule and binding
antigen peptides with the solubilized MHC molecules
(MHC/peptide tetramer) has been prepared and market-
ed, and T cells can also be stimulated by using such an
MHC/peptide tetramer. Further, although not relating to
the method for stimulating T cells, there was reported
that a cytokine secreted from a single cell was detected
by using a recombinant MHC molecule bound with an
antigen peptide for T cells immobilized on a chip (Non-
patent documents 3 and 4).
[0006] The inventors of the present invention previous-
ly developed a microwell array chip on which about
45,000 to 230,000 of microwells having such a size and
shape that each well can accommodate only one single
cell are regularly arrayed, and demonstrated that anti-
gen-specific B cells can be identified by disposing single
B cells in wells of such a chip as mentioned above, stim-
ulating the cells with an antigen, and analyzing change
of intracellular Ca2+ concentration of the B cells and bind-
ing of antigens to antibodies on the surfaces of the B cells
at the single cell level. Furthermore, they also demon-
strated that antigen-specific antibody-secreting cells can
be more conveniently detected by using a microwell array
chip of which surface around the wells is coated with
antigen (Patent document 1).

Prior art references

Patent document

[0007] Patent document 1: Japanese Patent Unexam-
ined Publication (Kokai) No. 2009-34047 (Japanese Pat-
ent No. 4148367)

Non-patent documents

[0008]

Non-patent document 1: T Cotner, JM Willlams, L
Christenson, HM Shapiro, TB Strom, J Strominger,
Simultaneous flow cytometric analysis of human T
cell activation antigen expression and DNA content,
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J. Exp. MED., 1983, Vol. 157, 461-472
Non-patent document 2: W Held, RA Mariuzza, Cis
interactions of immunoreceptors with MHC and non-
MHC ligands, Nature Reviews Immunology, 2008,
8, 269-278
Non-patent document 3: Q Song, Q Han, EM Brad-
shaw, SC Kent, K Raddassi, B Nilsson, GT Nepom,
DA Hafler, JC Love, On-Chip Activation and Subse-
quent Detection of Individual Antigen-Specific T
Cells, Anal. Chem., 2010, 82, 473-477
Non-patent document 4: Q Han, EM Bradshaw, B
Nilsson, DA Haflercd, JC Love, Multidimensional
analysis of the frequencies and rates of cytokine se-
cretion from single cells by quantitative microengrav-
ing, Lab. Chip, 2010, 10, 1391-1400

Summary of the Invention

Object to be Achieved by the Invention

[0009] The inventors of the present invention began to
develop a method for detecting an antigen-specific T cell
by using a microwell array chip. Unlike B cells, T cells
are activated through recognition of an antigen peptide
bound with an MHC molecule on an antigen-presenting
cell by TCR. Therefore, it is considered that, in order to
stimulate T cells on a chip, it is necessary to inoculate
antigen-presenting cells pulsed with antigen peptides on
the chip, but it would be difficult. Therefore, they investi-
gated detection of T cells secreting a cytokine (IL-2, IFN-
γ, IL-4 etc.) in an antigen stimulation specific manner 4
to 6 hours after a stimulation with the aforementioned
MHC/peptide tetramer ((MHC/p)4) from T cells arrayed
on a microwell array chip. More precisely, it was attempt-
ed to detect a cytokine secreted from a T cell stimulated
on a microwell array chip and trapped with anti-cytokine
antibodies coated on the surface of the chip around the
wells, with fluorescence-labeled anti-cytokine antibod-
ies. As a result, a T cell secreting a cytokine in an antigen
stimulation specific manner could be detected (Fig. 1).
[0010] Although it could be confirmed that an antigen-
specific T cell could be detected by using (MHC/p)4 as
described above, (MHC/p)4 has a problem. Namely, it is
difficult to prepare (MHC/p)4 in general laboratories, and
it is usually necessary to purchase and use marketed
(MHC/p)4. However, types of currently marketed
(MHC/p)4 are limited. On the other hand, there are many
known antigen peptides for which (MHC/p)4 are not avail-
able. Although peptide vaccines have been developed
and used in clinical treatment of cancers, most of them
are not available as (MHC/p)4.
[0011] Therefore, the inventors of the present inven-
tion investigated whether an antigen-specific T cell could
be stimulated on a chip without using (MHC/p)4.

Means for Achieving the Object

[0012] The inventors of the present invention paid at-

tention to the fact that MHC molecules are expressed on
the cell surfaces of T cells, and considered that if an an-
tigen peptide was bound to the MHC molecules on the
T cells, TCR and the MHC/peptide complex might interact
with each other on one T cell, and the T cell would be
thereby stimulated and activated. Namely, they consid-
ered that although an antigen peptide presented on an
MHC molecule expressed on APC is usually recognized
by using TCR in a T cell (Fig. 2, left, m represents pep-
tide), if the antigen peptide could be given to the MHC
molecule on the T cell, the peptide bound with the MHC
molecule of the T cell (Fig. 2, upper right), it might be
recognized by TCR of the same T cell (Fig. 2, Lower
right), and thus the T cell could be activated.
[0013] Such a stimulating method has not been imple-
mented so far. This is because, since about 100,000 lym-
phocytes are usually cultured together in one well when
T cells are stimulated, it cannot distinguish whether the
production of a cytokine or the like is induced by an in-
teraction of the MHC/peptide and TCR on the same cell
or an interaction of the MHC/peptide on a certain cell and
TCR on another cell. Fortunately, the inventors of the
present invention could use a microwell array chip, and
therefore they could create a circumstance where inter-
actions are not allowed for one T cell with another T cell
by accommodating one T cell in each microwell. T cells
were accommodated by one each per one microwell on
the chip, and then an antigen peptide that can bind with
the MHC molecule was added. As a result, antigen pep-
tide-specific induction of cytokine secretion could be
demonstrated.
[0014] The above result indicates that if an antigen
peptide is bound with an MHC molecule on a T cell, TCR
and the MHC/peptide complex on the same cell interact,
and the cell itself, i.e., the T cell, is activated (Fig. 2, lower
right). This was clarified for the first time by the experi-
ment using the microwell array chip. Further, the object
of such a stimulating and activating method would not be
limited to T cells, but it would be applicable to various
cells.
[0015] On the basis of such findings as mentioned
above, the present invention was accomplished. The
present invention provides the followings.

[1] A method for stimulating a target cell with an an-
tigen peptide, wherein:

the antigen peptide is supplied to an MHC mol-
ecule on cell surface of the target cell to form an
MHC molecule-antigen peptide complex,
the target cell is stimulated through recognition
of the MHC molecule-antigen peptide complex
by a T cell receptor (TCR) that can recognize
the antigen peptide, TCR exists on the cell sur-
face of the target cell, or exists on the same
plane as that of the target cell, and the T cell is
stimulated by an interaction of TCR and the
MHC molecule-antigen peptide complex in the
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positional relationship of cis in the absence of
presentation of the antigen peptide by another
antigen-presenting cell (APC).

[2] A method for stimulating a target cell, which com-
prises:

the step of supplying an antigen peptide to a T
cell having a T cell receptor (TCR) that can rec-
ognize the antigen peptide on cell surface to
form a complex of a major histocompatibility
complex (MHC) molecule on the cell surface of
the T cell and the antigen peptide, and wherein
the T cell is stimulated through recognition of
the antigen peptide by TCR as the MHC mole-
cule-antigen peptide complex on the same T cell
as that expressing the TCR.

[3] A stimulated cell, which has TCR that can recog-
nize an antigen peptide, and an MHC molecule-an-
tigen peptide complex presenting the antigen pep-
tide on cell surface, and is stimulated through rec-
ognition of the antigen peptide as the MHC molecule-
antigen peptide complex on the cell surface by TCR.
[4] A method for identifying a T cell, which comprises:

the step of supplying an antigen peptide to a
single subject cell, and detecting whether a sub-
stance that is produced when the cell has rec-
ognized an antigen is produced from the subject
cell or not, and wherein
when the substance is detected, the subject cell
is identified as an intended T cell.

[5] The method according to [4], wherein a microwell
array having a plurality of wells having such a size
that each well can accommodate only one T cell on
one main surface of a substrate is used, and the
method is performed for identifying a T cell specific
to the antigen peptide from a population of subject
cells.
[6] The method according to [5], wherein a microwell
array having a coating layer of a substance showing
a binding property for at least a part of the substance
produced when the T cell has recognized an antigen
is used;
the subject cells are accommodated in at least a part
of the wells with a culture medium;
the coating layer and the wells are immersed in a
culture medium containing the antigen peptide to cul-
ture the subject cells under a state that substances
contained in the culture medium can diffuse from the
wells to the coating layer; and
a labeling substance that can specifically bind with
the substance produced when the T cell has recog-
nized an antigen, or a labeling substance that can
specifically bind with the coating layer is supplied to
the coating layer, and when the substance produced

when the T cell binding to the substance of the coat-
ing layer has recognized an antigen is detected with
the labeling substance, the corresponding subject
cell is identified as an antigen-specific T cell.
[7] The method according to any one of [4] to [6],
wherein the antigen-specific T cell to be identified is
a cell derived from human.
[8] A method for producing an antigen-specific T cell,
which comprises the step defined in any one of [4]
to [7], and further comprises the step of collecting
the identified antigen-specific T cell from the well.
[9] A method for producing an antigen-specific TCR
gene, which comprises the steps defined in [8], and
further comprises the step of obtaining an antigen-
specific TCR gene from the collected T cell.
[10] A method for producing an antigen-specific
transgenic T cell, which comprises the steps defined
in [9], and further comprises the step of introducing
the obtained antigen-specific TCR gene into another
T cell to obtain an antigen-specific transgenic T cell.
[11] The production method according to [10], where-
in the other T cell is derived from an object with a
disease or condition that can be treated by a TCR
gene therapy.
[12] The method according to any one of [4] to [7],
wherein the antigen peptide is a cancer-related an-
tigen, and a cancer-specific T cell is identified.
[13] The production method according to any one of
[8] to [10], wherein the antigen peptide is a cancer-
related antigen, and a cancer-specific T cell, a can-
cer-specific TCR gene, or a cancer-specific trans-
genic T cell is produced.
[14] The production method according to [13], which
is for producing a cancer-specific T cell, a cancer-
specific TCR gene, or a cancer-specific transgenic
T cell used for a treatment of cancer.
[15] Method for determining effect of cancer peptide
vaccine
The method according to any one of [4] to [7], where-
in the antigen peptide is a candidate peptide for can-
cer peptide vaccine, and the method is performed
for determining effect of the candidate peptide.
[16] Analysis of immune response mediated by T cell
in infectious disease etc.
The method according to any one of [4] to [7], where-
in the subject cells are derived from a subject with
an infectious disease, the antigen peptide is an an-
tigen peptide derived from a pathogen of the infec-
tious disease, and the method is performed for anal-
ysis of immune response mediated by T cell.
[17] A method for stimulating a T cell, which com-
prises:

the step of supplying an antigen peptide to a T
cell having a T cell receptor (TCR) that can rec-
ognize the antigen peptide and a major histo-
compatibility complex (MHC) molecule on cell
surface, and wherein the T cell is stimulated
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through an interaction of TCR and the MHC mol-
ecule-antigen peptide complex on the cell sur-
face of the same T cell.

[18] A method for stimulating a cell expressing TCR
on cell surface with an antigen peptide, which uses
a major histocompatibility complex (MHC) molecule
on cell surface of a target cell.
[19] A method for stimulating a target cell with an
antigen peptide, wherein
the antigen peptide is supplied to the target cell, and
the target T cell is stimulated in the absence of pres-
entation of the antigen peptide by another antigen-
presenting cell (APC).

Effect of the Invention

[0016] According to the present invention, an antigen-
specific T cell can be activated and detected without us-
ing any antigen-presenting cell (APC) nor MHC/peptide
tetramer.
[0017] At present, researches of the TCR gene therapy
of cancer are based on establishing an antigen (can-
cer)-specific T cell strain, isolating and obtaining a can-
cer-specific TCR, introducing the obtained TCR gene into
a T cell derived from an object to obtain a cancer-specific
T cell, and returning such a T cell to the object. In contrast,
according to the present invention, an antigen-specific T
cell can be identified without establishing such an anti-
gen-specific T cell strain, and without using such a rea-
gent as MHC/peptide tetramer. That is, a cancer-specific
T cell can be efficiently and conveniently identified.
[0018] The antigen-specific T cell identified by the
method of the present invention can be proliferated, and
a treatment can be performed with the T cells. Further,
by obtaining an antigen-specific TCR gene from the an-
tigen-specific T cell identified by the method of the
present invention, TCR gene therapy can be performed.

Brief Description of the Drawings

[0019]

[Fig. 1] Activation of T cells with APC or (MHC/p)4
on microwell array chip: Unlike B cells, T cells are
activated through recognition of an antigen peptide
bound with an MHC molecule on an antigen-present-
ing cell by TCR. Therefore, it is considered that, in
order to stimulate T cells on a chip, it is necessary
to inoculate antigen-presenting cells pulsed with the
antigen peptide to the chip, but it would be difficult.
Otherwise, T cells on a chip can be stimulated also
by using (MHC/p)4, but it is limited to a case where
(MHC/p)4 is available for a desired peptide.
[Fig. 2] Conceptual diagram of the present invention:
T cells usually recognize an antigen peptide (A) pre-
sented on an MHC I molecule expressed on APC by
using TCR as shown in the left drawing. However, it

is considered that, if a T cell is stimulated by using
a peptide on a microwell array chip, the peptide binds
to the MHC I molecule on the T cell, the T call rec-
ognizes it with TCR, and the T cell is activated as a
result, as shown in the right drawings.
[Fig. 3] Schematic diagram of ISAAC: A cytokine se-
creted from a T cell is trapped by a cytokine-trapping
antibody coated on the chip surface beforehand. The
trapped cytokine is detected with a biotin-labeled an-
ti-cytokine antibody and streptavidin (Sav)-Cy3.
[Fig. 4] Detection of secretory cell: Mouse lym-
phocytes including T cells having TCR that recog-
nizes an ovalbumin (OVA)-derived peptide (OT-1
peptide) were inoculated on a microwell array chip
coated with anti-interleukin-2 (IL-2) antibodies, and
stimulated with the OT-1 peptide and CD28 antibod-
ies (left) or only CD28 antibodies (right) over 6 hours,
and secreted IL-2 was detected by using a biotin-
labeled anti-IL-2 antibodies and Sav-Cy3. The cy-
tokine was detected on the chip where the stimula-
tion was performed with the OT-1 peptide and the
CD28 antibodies (left), but the cytokine was not se-
creted when the stimulation was performed only with
the CD28 antibodies (right). In the drawings, the
small dots represent the cells, and doughnut- or disk-
shaped signals indicated with arrows represent the
secreted cytokine.
[Fig. 5] Antigen peptide-specific activation of T cell:
(Upper drawings) The lymphocytes including OT-1
TCR transgenic mouse-derived T cells produced IL-
2, when they were stimulated with the OT-1 peptide
as an antigen and CD28 antibodies (upper left), but
they did not produce IL-2, when they were stimulated
with H-Y peptide, which is not an antigen, and CD28
antibodies (upper right). (Lower drawings) In con-
trast, the lymphocytes including HY-TCR transgenic
mouse-derived T cells produced IL-2, when they
were stimulated with the H-Y peptide as an antigen
and CD28 antibodies (lower right), but they did not
produce IL-2, when they were stimulated with the
OT-1 peptide, which is not an antigen, and CD28
antibodies (lower left) (OT-1 peptide = ovalbumin-
derived peptide, H-Y peptide = male antigen (H-Y
antigen)-derived peptide).
[Fig. 6] Detection of EB virus-derived peptide
(BRLF1 peptide, EBNA3A peptide)-specific human
T cell: Lymphocytes derived from a healthy person
A (white column) or a healthy person B (gray column)
were inoculated on a chip, and the cells were stim-
ulated on the chip over 6 hours with only CD28 an-
tibodies, BRLF1 peptide and CD28 antibodies, or
EBNA3A peptide and CD28 antibodies, and IFN-γ
secreting cells were counted under a fluorescence
microscope.

Modes for Carrying out the Invention

[0020] The present invention provides a novel method
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for stimulating a cell. In the present invention, when a
target cell is stimulated with an antigen peptide, a major
histocompatibility complex (MHC) molecule of the target
cell itself is used, and TCR and the MHC molecule-anti-
gen peptide complex (also referred to as "MHC/peptide
complex") are in the positional relationship of cis. For the
interaction of TCR and the MHC/peptide complex, it has
conventionally been considered that they should be in
the positional relationship of trans. In the present inven-
tion, the target cell is stimulated in the absence of pres-
entation of the antigen peptide by another antigen-pre-
senting cell (APC).
[0021] The present invention can be typically applied
to a T cell having TCR and an MHC molecule on the
same cell. It is recently known that by introducing the
genes of the TCRalpha chain, TCRbeta chain,
CD3epsilon chain, CD3gamma chain, CD3delta chain,
and zeta chain together into a cell other than T cell, for
example, epithelium cells etc., signal-transducible TCR
can be expressed on the cell surface (AL Szymczak, CJ
Workman, Y Wang, KM Vignali, S Dilioglou, EF Vanin,
and DAA Vignali, Correction of multi-gene deficiency in
vivo using a single ’self-cleaving’ 2A peptide-based ret-
roviral vector, Nature Biotech., 22:589-594,2004). It is
also known that by binding the extracellular moiety of
TCR to the zeta chain to prepare a chimeric molecule, a
TCR/zeta chain chimeric molecule that can transduce a
signal even in the absence of the CD3epsilon chain,
CD3gamma chain, and CD3delta chain can be ex-
pressed on a cell other than T cell (RA Willemsen, MEM
Weijtens, C Ronteltap, Z Eshhar, JW Gratama, P Cha-
mes and RLH Bolhuis, Grafting primary human T lym-
phocytes with cancerspecific chimeric single chain and
two chain TCR, Gene Therapy, (2000) 7, 1369-1377; AL
Szymczak, CJ Workman, Y Wang, KM Vignalil, S Dili-
ogloul, EF Vanin, and DAA Vignali, Correction of multi-
gene deficiency in vivo using a single ’self-cleaving’ 2A
peptide-based retroviral vector, Nature Biotechnology,
Volume 22, Number 5, May 2004). Furthermore, it is prac-
ticed to coat a lipid on a substrate such as ELISA plate,
slide glass, and cover glass, and express TCR as a GPI
anchor type protein thereon, or express an MHC mole-
cule thereon (A Hashimoto-Tane, T Yokosuka, K Sakata-
Sogawa, M Sakuma, C Ishihara, M Tokunaga, and T Sai-
to, Dynein-Driven Transport of T Cell Receptor Micro-
clusters Regulates Immune Synapse Formation and T
Cell Activation, Immunity, 34, 919-931, June 24, 2011. It
has conventionally been considered that, also in these
systems, when a signal is detected, it is necessary to
perform stimulation with an MHC/peptide complex on
APC, or an MHC/peptide tetramer. However, according
to the present invention, by making TCR and the
MHC/peptide complex exist on the same cell or the same
plane, they can interact with each other.
[0022] The stimulation method of the present invention
is also a method comprising the step of supplying an
antigen peptide to a target cell having a T cell receptor
(TCR) that can recognize the antigen peptide and a major

histocompatibility complex (MHC) molecule on the cell
surface of the target cell, wherein the target cell is stim-
ulated by an interaction of TCR and the MHC/peptide
complex on the cell surface of the same cell. Alternatively,
it is also a method comprising the step of supplying an
antigen peptide to a T cell receptor (TCR) that can rec-
ognize the antigen peptide and exists on the same plane
as that of a target cell, wherein the cell is stimulated by
an interaction of TCR and an MHC/peptide complex in
the positional relationship of cis in the absence of pres-
entation of the antigen peptide by another antigen-pre-
senting cell (APC).
[0023] In the following descriptions, the present inven-
tion may be explained for a T cell having TCR and an
MHC molecule on the same cell as an example, and such
an explanation can be applied as it is to not only T cell,
but also any other cells on which TCR and an MHC mol-
ecule can interact in the absence of another ACP cell.

[Method for stimulating cell]

[0024] Specifically, the stimulation method of the
present invention can be implemented with the following
steps:

(1) the step of supplying an antigen peptide to a T
cell having a T cell receptor (TCR) that can recognize
the antigen peptide on the cell surface to form a com-
plex of a major histocompatibility complex (MHC)
molecule on the cell surface of the T cell and the
antigen peptide, and
(2) the step of allowing TCR to recognize the antigen
peptide as an MHC molecule-antigen peptide com-
plex on the cell surface of the same T cell.

[0025] In the step (1), an antigen peptide is supplied
to a T cell. As for the stimulation of T cell, it has been
considered that an antigen-presenting cell incorporates
a pathogen, decomposes a pathogen protein to form an
antigen peptide, binds it to an MHC molecule, and
presents it on the cell surface, and an antigen-specific T
cell recognizes it with TCR to stimulate the T cell. Since
T cells are usually cultured and stimulated at a density
of about 106 cells/mL, whether activation of a T cell is
induced with the antigen peptide binding to an MHC mol-
ecule present on the same T cell or with the antigen pep-
tide binding to an MHC molecule present on another cell
cannot be determined. However, according to the inves-
tigation of the inventors of the present invention, it was
found that, when an antigen peptide was directly added
to an antigen-specific T cell, the peptide bound to MHC
on the T cell, and the T cell itself was directly stimulated.
Such a finding is provided for the first time by the present
invention.
[0026] An example of T cell that can be stimulated by
the method of the present invention is CD8+ T cell (CD8-
positive T cell, killer T cell). An MHC class I molecule
presents an antigen to the CD8+ T cell, and is expressed
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in all the nucleated cells, and an MHC class I molecule
is expressed also in T cell.
[0027] Another example of T cell that can be stimulated
by the method of the present invention is human CD4+

T cell (CD4-positive T cell, helper T cell). An MHC class
II molecule presents an antigen to the CD4+ T cell, and
is usually expressed in a part of cells such as B cell,
macrophage, and dendritic cell. However, it is known
that, in the case of human T cell, the HLA-DR molecule,
which is an MHC class II molecule, is expressed in the
activated CD4+ T cell, and HLA-DR is used also as an
activation marker (Non-patent document 1 mentioned
above). Therefore, it can be expected that by adding a
peptide that binds to the HLA-DR molecule to a CD4+ T
cell, a CD4+ T cell specific to the peptide is stimulated.
[0028] At the time of the stimulation, a stimulation en-
hancer may be given simultaneously with the antigen
peptide. When a CD8+ T cell is used, CD28 antibodies
can be supplied simultaneously, and 4-1BB and OX40
(Cytokine & Growth Factor Reviews, 14 (2003) 265-273)
can also be supplied simultaneously.
[0029] By the method of the present invention, a T cell
derived from any of various mammals can be stimulated.
For example, a T cell derived from mouse or human can
be stimulated.
[0030] Completion of the step (2) can be confirmed by
various methods. For example, if an activated T cell ex-
plained below is induced after an antigen peptide is sup-
plied in the absence of presentation of the antigen peptide
by an antigen-presenting cell (APC) other than the target
T cell, more precisely, after the antigen peptide is sup-
plied to a single target T cell, it can be judged that the
step (2) has been completed.

[Stimulated T cell]

[0031] The present invention provides a stimulated T
cell stimulated in a specific manner. The stimulated T cell
of the present invention has TCR that can recognize an
antigen peptide and an MHC molecule-antigen peptide
complex presenting the antigen peptide on the cell sur-
face, and has been stimulated by making TCR recognize
the antigen peptide as the MHC molecule-antigen pep-
tide complex on the cell surface. Such a stimulated T cell
is isolated and provided for the first time by the present
invention.
[0032] Whether a cell is the stimulated T cell or not can
be confirmed by determining presence or absence of pro-
duction of a substance that is produced when the T cell
has recognized an antigen. Such a substance is well
known to those skilled in the art. For example, whether
a CD8+ T cell is a stimulated cell or not can be judged
on the basis of the presence or absence of production of
IL-2 or TNF-γ. For the specific conditions and procedures,
the descriptions of the examples of this specification can
be referred to.

[Method for detecting and identifying antigen-specific T 
cell]

[0033] The present invention provides a method for
identifying an antigen-specific T cell.
[0034] This method specifically includes the following
steps:

(3) the step of supplying an antigen peptide to a sin-
gle subject cell, and
(4) the step of detecting whether a substance that is
produced when a T cell has recognized an antigen
is produced from the subject cell or not.

[0035] When the substance is detected, the subject
cell is identified as an antigen-specific T cell.
[0036] When the term "single" is used for a state of cell
in the present invention, it means that the cell is in an
environment not containing any other cells, unless espe-
cially indicated.
[0037] This method of the present invention can be per-
formed by using a microwell array having a plurality of
wells having such a size that each well can accommodate
only one cell on one main surface of a substrate. As for
the method for using such a microwell array, the previous
patent application of the inventors of the present inven-
tion (Patent document 1 mentioned above) can be re-
ferred to.
[0038] In the case of using such a microwell array, ac-
cording to a preferred embodiment, there is used a mi-
crowell array having a coating layer of a substance show-
ing a binding property for at least a part of a substance
produced when the T cell has recognized an antigen on
at least a part of the main surface of the microwell array,
and the antigen peptide is supplied to the subject cells
accommodated in at least a part of the wells.
[0039] A microwell array usable in the present inven-
tion can be appropriately designed by those skilled in the
art with reference to Patent document 1 mentioned
above. It is typically such a microwell array as described
below.
[0040] The microwell array has a plurality of wells on
one main surface of a substrate, and the wells have such
a size that each well can accommodate only one cell. A
plurality of the microwells are horizontally and vertically
arrayed with the same interval. The microwells have, for
example, a cylindrical shape or a hexagonal pillar shape.
In the case of cylindrical shape, it may have a diameter
of, for example, 3 to 100 mm, preferably 4 to 15 mm.
Further, it may have a depth of, for example, 3 to 100
mm, preferably 4 to 40 mm. Although the number of the
microwells of one microwell array chip is not particularly
limited, it may be, for example, in the range of 2,000 to
1,000,000 per cm2, in view of the fact that the occurrence
frequency of antigen-specific lymphocyte is from 1 to as
high as about 500 per 105 cells. Further, the microwell
array has a coating layer of a substance showing a bind-
ing property for at least a part of a substance produced
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by at least a part of the cells accommodated in the wells
on at least a part of the main surface at least in the cir-
cumference of the wells. The material of the microwell
array may be, for example, silicon, and may be subjected
to a surface treatment.
[0041] In the present invention, the cells accommodat-
ed in the wells (subject cells) consist of a population of
cells including an antigen-specific T cell (target T cell).
The means for obtaining a population of lymphocytes or
a population of T cells from a living body are well known
to those skilled in the art. A population of T cells may be
further subjected to separation and purification. Although
T cells obtained from a living body usually consist of a
heterogenous cell population, and include a plurality of
subsets, and methods for separating subsets of T cells
such as CD8+ T cells and CD4+ T cells are also well
known to those skilled in the art.
[0042] When a cell population is inoculated on a mi-
crowell array chip, lymphocytes can be used in the form
of a suspension in an appropriate culture medium having
a density of about 0.5 to 10 x 106 cells/mL.
[0043] In the present invention, as the substance
showing a binding property (binding substance) for at
least a part of a substance that is produced when the T
cell has recognized an antigen (producing substance),
an antibody against the producing substance can be
used. For detection of the presence or absence of the
producing substance, a substance that specifically binds
to the producing substance or a substance that specifi-
cally binds to the binding substance may be used. A typ-
ical example of the substance used for the detection is
an antibody.
[0044] A typical example of the substance that is pro-
duced when the T cell has recognized an antigen is a
cytokine, and in this case, the substance showing a bind-
ing property for the cytokine may be an anti-cytokine an-
tibody or a cytokine receptor. The presence or absence
of a cytokine can be detected by using an antibody or
cytokine receptor for the cytokine, or an antibody against
the substance used as the binding substance.
[0045] A typical example of the labeling of the sub-
stance for detecting the presence or absence of the pro-
ducing substance is biotinylation, and if biotinylation is
performed, further addition of a fluorescent substance
enables detection by various methods. The labeling can
be performed by using a known method.
[0046] The coating layer of a binding substance can
be formed according to the method described in Patent
document 1 mentioned above. When the coating is
formed, a higher concentration of the binding substance
compared with that for the coating used in usual ELISA
or the like (1 mg/mL or lower for a typical case of coating
with antibodies) may be preferred. When a microwell ar-
ray is used, it is necessary to trap the producing sub-
stance secreted from the well at the circumference of the
well. If the amount of the coated antibodies is small, the
cytokine does not remain in the circumference of the well,
but it diffuses widely, and thus it may become impossible

to determine from which well the substance has been
secreted. By using a larger amount of the binding sub-
stance for coating, substantially all the producing sub-
stance diffusing from a well can be trapped in the very
vicinity of the well. Therefore, from the cell of which well
the producing substance has been produced can be def-
initely identified, and the intended cell can be definitely
identified.
[0047] For example, when a CD8+ T cell is used as the
subject cell, and an anti-IL-2 antibody or anti-INFγ anti-
body is coated on the surface of the circumference of the
wells, the concentration can be 5 mg/mL or higher.
[0048] The method for detecting and identifying a T
cell of the present invention can be performed specifically
with the following steps of:

(5) accommodating the subject cells in at least a part
of the wells with a culture medium,
(6) immersing the coating layer and the wells in a
culture medium containing the antigen peptide to cul-
ture the subject cells under a state that substances
contained in the culture medium can diffuse from the
wells to the coating layer; and
(7) supplying a labeling substance that can specifi-
cally bind with a substance produced when the T cell
has recognized an antigen, or a labeling substance
that can specifically bind with the coating layer to the
coating layer, and when the substance produced
when the T cell has recognized an antigen is detect-
ed with the labeling substance, identifying the sub-
ject cell as an antigen-specific T cell.

Step (5)

[0049] A subject cell population is accommodated in
at least a part of the wells of the microwell array. It is
preferable to wash the wells and the circumference there-
of of the microwell array to fully remove impurities adher-
ing to the surface when the coating layer of the binding
substance is formed, before the cells are accommodated,
in order to perform the detection with sufficient accuracy.
The cells are accommodated in the wells with a culture
medium. The cell population to be accommodated in the
wells can be obtained by using a known method.

Step (6)

[0050] The coating layer and the wells are immersed
in a culture medium containing the antigen peptide to
culture the cells under a state that substances contained
in the culture medium can diffuse from the wells to the
coating layer. If the cell is an antigen-specific T cell for
the antigen peptide, the substance is produced during
the culture, and the produced substance is released into
the culture medium and diffuses from the well to the coat-
ing layer at the circumference of the well. The producing
substance that has diffused and reached the coating lay-
er binds to the binding substance constituting the coating
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layer. Culture conditions can be appropriately deter-
mined, and culture time can be appropriately determined
so that the amount of the producing substance binding
with the binding substance constituting the coating layer
comes to be a detectable level. In the coating layer
around the well in which the accommodated cell does
not produce the substance, the binding of the producing
substance and the binding substance does not occur. If
the culture time is unduly long, the producing substance
diffuses too much widely, and it may become difficult to
identify the well in which the cell that produces the pro-
ducing substance is accommodated. Therefore, it is pre-
ferred that the culture time is appropriately determined
to be within such a range that the well in which the cell
that produces the producing substance is accommodat-
ed can be easily identified.

Step (7)

[0051] After completion of the aforementioned culture,
and the culture medium is arbitrarily removed, a labeling
substance that specifically binds to the substance pro-
duced by the target T cell included in the subject cells is
supplied to the coating layer. The substance produced
by the target T cell diffuses during the culture, and binds
to the binding substance constituting the coating layer,
and if the aforementioned labeling substance is supplied
at this stage, the labeling substance binds to the produc-
ing substance bound to the coating layer, or the coating
layer not blocked with the producing substance binding
to the coating layer. In the former case, the labeling sub-
stance has a binding property for the producing sub-
stance, and in the latter case, the labeling substance has
a binding property for the binding substance constituting
the coating layer, not for the producing substance.
[0052] It is preferable to remove the culture medium
before the labeling substance is supplied. Depending on
the combination of the cell and the binding substance,
even if the labeling substance is supplied to the coating
layer without removing the culture medium, the detection
may be performed without any problem.
[0053] Then, by detecting the substance produced by
the target T cell binding to the substance of the coating
layer using the labeling substance, the target T cell is
identified. The labeling substance is bound with the pro-
ducing substance binding to the coating layer, and by
detecting the labeling substance there, the cell that pro-
duces the producing substance binding to the coating
layer (target T cell) can be identified.

[Use of method of the present invention]

[0054] The T cell identified by the present invention
can be collected, or cell components and information rel-
evant to the antigen-specific TCR (for example, nucleic
acids, proteins, nucleotide sequences, and amino acid
sequences) can be obtained from the obtained T cell,
and they can be used for researches relating to T cells,

or test, diagnosis, and treatment of a disease or condition
relating to T cells.
[0055] More specifically, the followings are provided
by the present invention.

(8) A simple method for producing an antigen-spe-
cific T cell.
(9) A method for producing an antigen-specific TCR
gene comprising the step of obtaining an antigen-
specific TCR gene from the collected T cell.
(10) A method for producing an antigen-specific
transgenic T cell further comprising the step of intro-
ducing the obtained antigen-specific TCR gene into
another T cell to obtain an antigen-specific transgen-
ic T cell.

[0056] The step of obtaining an antigen-specific TCR
gene from the T cell is specifically, for example, a step
of isolating mRNA of TCR from the antigen-specific T
cell, and obtaining cDNA therefrom by reverse transcrip-
tion.
[0057] In the present invention, various antigen pep-
tides can be used, and various antigen-specific T cells
and antigen-specific TCR genes can be thereby ob-
tained.
[0058] The term "antigen peptide" used in the present
invention refers to a peptide consisting of a part of an
antigen protein, having a length enabling presentation to
an MHC molecule, for example, a length of 8 to 20 amino
acid residues, preferably a length of 8 to 12 amino acid
residues, and able to derive an antigen-specific cytotoxic
T cell (CTL), a modified peptide thereof having function-
ally equivalent characteristics, a polytope thereof con-
sisting of two or more of the foregoing peptides bound
together, and so forth, unless especially indicated. The
modified peptide having functionally equivalent charac-
teristics refers to a modified peptide having the amino
acid sequence of the original antigen peptide, but includ-
ing deletion, substitution and/or addition (including addi-
tion of an amino acid residue to the N-terminus or C-
terminus of the peptide) of one or several (for example,
four or less) amino acid residues, and able to induce TCL
in an antigen peptide-specific manner.
[0059] A peptide sequence expected to be able to bind
with MHC can be searched for by a method well known
to those skilled in the art (http://bimas.dcrt.nih.gov/mol-
bio/hla#bind/, or BIMAS HLApeptide binding prediction
analysis, J. Immunol., 152,163, 1994). Therefore, those
skilled in the art can select a moiety having an MHC bind-
ing property from an amino acid sequence of a desired
carcinoma antigen protein or virus-derived antigen pro-
tein.
[0060] In the case of a carcinoma antigen peptide,
whether a certain peptide is such an antigen peptide, i.e.,
whether a certain peptide has an antigen-specific T cell
stimulating activity or not, can be determined by a method
well known to those skilled in the art, for example, the
measurement method described in J. Immunol., 154,
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p2257, 1995. Specifically, when peripheral blood lym-
phocytes are isolated from an MHC molecule-positive
human, and an object peptide is supplied to them in vitro,
if a cytotoxic T cell (CTL) that specifically recognizes the
MHC-positive cell pulsed with the peptide is derived, it
can be judged that the peptide is an antigen peptide.
Whether CTL has been derived or not can be confirmed
by measuring presence or absence or amount of IL-2 or
IFN-γ, which can be produced by CTL, by an enzyme
immunoassay (ELISA).
[0061] The antigen peptide (including a modified pep-
tide) used for the present invention can be synthesized
by a method similar to the methods used in the usual
peptide chemistry. Alternatively, it can be prepared by a
method comprising introducing a DNA coding for the an-
tigen peptide into a host, allowing expression of the en-
coded protein, and purifying a recombinant peptide from
the obtained product.
[0062] The antigen peptide used for the present inven-
tion may be derived from a virus. Further, the antigen
peptide used for the present invention may be a cancer-
related antigen. Examples of cancer-related antigen in-
clude WT1, CEA, AFP, CA19-9, CA125, PSA, CA72-4,
SCC, MK-1, MUC-1, p53, HER2, G250, gp-100, MAGE,
BAGE, SART, MART, MYCN, BCR-ABL, TRP, LAGE,
GAGE, and NY-ESO1.
[0063] Application of the method of the present inven-
tion to TCR gene therapy is especially expected. By using
a disease-related antigen such as cancer-related anti-
gens as the antigen peptide, a T cell specific to the dis-
ease-related antigen, and a TCR gene specific to the
disease-related antigen can be conveniently and quickly
identified and prepared. Further, by introducing the ob-
tained TCR gene into lymphocytes derived from the pa-
tient, disease-related antigen-specific T cells effective for
treatment of the disease can be obtained. Such a TCR
gene therapy can be especially expected as a tailor-
made medical treatment for cancer.
[0064] The transgenic lymphocytes are cultured into a
large number, and then returned to the cancer patient.
Since TCR that recognizes the cancer-related antigen is
expressed on the lymphocytes, they can recognize can-
cer cells that present the caner antigen, specifically at-
tack them, and eventually extinguish the cancer cells.
The TCR gene therapy has advantages that it does not
need to derive lymphocytes that specifically recognize
cancer cells presenting a cancer antigen in a body, unlike
the treatment with a peptide vaccine, it enables in vitro
large scale preparation of lymphocytes having a cancer
antigen-specific cytotoxicity, dose of the prepared lym-
phocytes can be arbitrarily determined, and so forth. The
cancer-specific T cell, cancer-specific TCR gene, and
method for producing a cancer-specific transgenic T cell
of the of the present invention are expected to become
more useful, when they are combined with a highly effi-
cient gene transduction means for introducing the TCR
gene into lymphocytes derived from a patient, or a means
for producing a large number of TCR gene-transduced

cells of high quality.
[0065] Application of the present invention to a therapy
using a cancer peptide vaccine can also be expected.
Conventional cancer peptide vaccines are directly ad-
ministered to a patient (cancer peptide vaccine therapy),
or bound to an MHC molecule of an antigen-presenting
cell (dendritic cell) and then administered (dendritic cell
therapy). In contrast to these therapies, for example, by
preparing cancer-specific T cells out of a body, adding a
cancer peptide vaccine to the T cells so that the peptide
binds to MHC of the T cells, and administering the cells
to a patient, a T cell therapy showing a higher curative
effect may be provided.
[0066] The method of the present invention can be
used for test, diagnosis, or treatment of, not only cancer,
but also a disease or condition relevant to T cells. The
"treatment" referred to in the present invention concern-
ing a disease or condition includes a treatment for reduc-
tion of risk of onset, prophylactic treatment, therapeutic
treatment, and suppression of advance of the disease or
condition.
[0067] The method of the present invention can also
be used for determining effect of a peptide vaccine. In
such a case, by using a candidate of peptide vaccine as
the antigen peptide, the aforementioned identification
method is performed for determining effect of the candi-
date peptide, and then by confirming whether T cells are
stimulated or not, or confirming degree of the stimulation,
effect of the candidate of peptide vaccine can be deter-
mined.
[0068] Examples of diseases for which application of
the present invention can be expected include cancers
and infectious diseases, and the cancers include adult
cancers and infant cancers, and include gastrointestinal
carcinoma, lung cancer, intractable esophageal carcino-
ma, head and neck cancer, ovarian cancer, multiple my-
eloma, and so forth. The infectious disease include viral
infectious diseases (for example, acquired immunodefi-
ciency syndrome (AIDS), adult T cell leukemia, Ebola
hemorrhagic fever, influenza, viral hepatitis, viral menin-
gitis, yellow fever, cold syndrome, rabies, cytomegalovi-
rus infection, severe acute respiratory syndrome
(SARS), progressive multifocal leucoencephalopathy,
varicella, herpes zoster, hand-foot-and-mouth disease,
dengue fever, infectious erythema, infectious mononucl-
eosis, variola, rubella, acute anterior poliomyelitis (polio),
measles, pharyngoconjunctival fever (pool fever), Mar-
burg hemorrhagic fever, hantavirus hemorrhagic fever
with renal syndrome, Lassa fever, epidemic parotitis,
West Nile fever, herpangina, chikungunya hemorrhagic
fever, bacterial infection, rickettsial infection, parasitic in-
fection, and prion disease.
[0069] The present invention can also be used for anal-
ysis of immune response mediated by a T cell. When
such an analysis is performed for, for example, analysis
of an immune response in infectious disease, the subject
cell is a cell derived from a patient of the infectious dis-
ease, and the antigen peptide is a pathogen-derived an-
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tigen peptide.
[0070] The present invention also provides a kit used
for the method for stimulating a T cell and the method for
identifying an antigen-specific T cell provided by the
present invention. Such a kit typically comprises a micro-
well array chip having a coating layer of a substance pro-
duced when a T cell has recognized an antigen (produc-
ing substance), in order to identify an antigen-specific T
cell. Besides the microwell array chip, the kit may com-
prise a means for separating T cells from a living body,
antibody for detection of a producing substance, instruc-
tion for implementing the method, instruction describing
use and principle of the kit (that is, the kit is for identifying
an antigen-specific T cell, TCR on a T cell recognizes an
antigen peptide presented by MHC on the same T cell,
etc.), and so forth.

Examples

Example 1: Detection of antigen-specific mouse T cell

Preparation of T cells

[0071] Lymphocytes of an OT-1 TCR transgenic
mouse into which the gene of TCR that recognizes an
ovalbumin (OVA)-derived peptide, the OT-1 peptide, was
introduced were prepared from the spleen and lymph
nodes of the mouse. The lymphocytes were suspended
in 10% FCS/RPMI1640 medium at a density of 2.5 x 106

cells/mL, and used for the following experiments.

Preparation of chip

[0072] Anti-IL-2 antibodies (5 mg/mL) were put on a
microwell array chip (10 mm in diameter, 126,000 wells),
and incubated overnight at room temperature to be
bound to the chip surface. On the next day, the chip was
washed with phosphate buffered saline (PBS), then PBS
containing 0.01% Lipidure BL103 (NOF Corporation)
was added to the chip surface, and the chip was placed
under reduced pressure so that the air in the microwells
was evacuated, and Lipidure was contacted with the chip
surface and internal surfaces of the wells to perform
blocking (room temperature, 15 minutes or longer). Then,
Lipidure on the chip was replaced with a cell culture me-
dium (10% FCS, RPMI1640).

Addition of cells to chip

[0073] The cell culture medium on the chip was re-
moved, 100 mL of the aforementioned cell suspension
was added to the chip, and the chip was left standing at
room temperature for 5 minutes. The cell suspension was
stirred by using a pipette, and left standing for further 5
minutes. The cell suspension was stirred once again, and
left standing for further 5 minutes. Finally, stirring of the
cell suspension, removal of the cell suspension, and ad-
dition of the cell culture medium were repeated 4 or 5

times, and the cells on the chip surface not contained in
the wells were removed.

Detection of cytokine

Analysis (1)

[0074] A chip consisting of the aforementioned chip on
which the cells derived from the OT-1 TCR transgenic
mouse were inoculated was prepared as described
above. Then, the culture medium on the surface of the
chip was replaced with the culture medium containing 1m
g/mL of the antigen peptide (OT-1 peptide) and 1 mg/mL
of anti-CD28 antibodies, or the culture medium contain-
ing only 1 mg/mL of anti-CD28 antibodies, and the chip
was incubated in a CO2 incubator under the conditions
of 5% CO2 and 37°C to stimulate the cells. Six hours after
the start of the stimulation, the cell culture medium on
the surface of the chip was removed, the chip was
washed 3 times with PBS, biotin-labeled anti-IL-2 anti-
bodies was added to the chip, and the chip was incubated
at room temperature for 30 minutes. Then, the chip was
washed 3 times with PBS, Cy3-labeled streptavidin was
added, and the chip was incubated at room temperature
for 30 minutes. The chip was washed with PBS 3 times,
CellTrace Oregon Green was added, and the chip was
incubated at room temperature for 5 minutes to stain the
cells. The chip was washed 3 times with PBS, and then
fluorescence was observed with a fluorescence micro-
scope (Fig. 3).
[0075] The results are shown in Fig. 4. In the photo-
graphs, the small dots represent the cells, and doughnut-
or disk-shaped signals indicated with arrows represent
the secreted cytokine. The cytokine was detected on the
chip where the stimulation was performed with the OT-
1 peptide and the CD28 antibodies (Fig. 4, left), but the
cytokine was not detected when the stimulation was per-
formed only with the CD28 antibodies (Fig. 4, right). That
is, it was revealed that the cytokine is specifically secret-
ed by peptide stimulation.

Example 2: Detection of antigen-specific mouse T cell

Preparation of T cells

[0076] Lymphocytes of an H-Y TCR transgenic mouse
into which the gene of TCR that recognizes an H-Y an-
tigen-derived peptide, which is specifically expressed in
male, was introduced, and lymphocytes of an OT-1 TCR
transgenic mouse into which the gene of TCR that rec-
ognizes an ovalbumin (OVA)-derived peptide, the OT-1
peptide, was introduced were prepared from the spleens
and lymph nodes of the mice, respectively. The lym-
phocytes were suspended in 10% FCS/RPMI1640 me-
dium at a density of 2.5 x 106 cells/mL, and used for the
following experiments.
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Preparation of chip

[0077] The anti-IL-2 antibodies (5 mg/mL) were put on
a microwell array chip (10 mm in diameter, 126,000 wells),
and incubated overnight at room temperature to be
bound to the chip surface. On the next day, the chip was
washed with PBS, then PBS containing 0.01% Lipidure
BL103 (NOF Corporation) was added to the chip surface,
and the chip was placed under reduced pressure so that
the air in the microwells was evacuated, and Lipidure
was contacted with the chip surface and internal surfaces
of the wells to perform blocking (room temperature, 15
minutes or longer). Then, Lipidure on the chip was re-
placed with a cell culture medium (10% FCS, RPMI1640).

Addition of cells to chip

[0078] The cell culture medium on the chip was re-
moved, 100 mL of the aforementioned cell suspension
was added to the chip, and the chip was left standing at
room temperature for 5 minutes. The cell suspension was
stirred by using a pipette, and left standing for further 5
minutes. The cell suspension was stirred once again, and
left standing for further 5 minutes. Finally, stirring of the
cell suspension, removal of the cell suspension, and ad-
dition of the cell culture medium were repeated 4 or 5
times, and the cells on the chip surface not contained in
the wells were removed.

Detection of cytokine

Analysis (1)

[0079] A chip consisting of the aforementioned chip on
which the cells derived from the OT-1 1 TCR transgenic
mouse were inoculated was prepared as described
above. Then, the cell culture medium on the surface of
the chip was replaced with the culture medium containing
1 mg/mL of the antigen peptide (OT-1 peptide) and 1
mg/mL of anti-CD28 antibodies, or the culture medium
containing 1 mg/mL of the non-antigen peptides (HY pep-
tide) and 1 mg/mL of anti-CD28 antibodies, and the chip
was incubated in a CO2 incubator under the conditions
of 5% CO2 and 37°C to stimulate the cells.
[0080] Similarly, a chip consisting of the aforemen-
tioned chip on which the cells derived from the HY TCR
transgenic mouse were inoculated was prepared as de-
scribed above. Then, the cell culture medium on the sur-
face of the chip was replaced with the culture medium
containing 1 mg/mL of the non-antigen peptide (OT-1
peptide) and 1 mg/mL of anti-CD28 antibodies, or the
culture medium containing 1 mg/mL of the antigen pep-
tide (HY peptide) and 1 mg/mL of anti-CD28 antibodies,
and the chip was incubated in a CO2 incubator under the
conditions of 5% CO2 and 37°C to stimulate the cells.
[0081] Six hours after the start of the stimulation, the
cell culture medium on the surface of the chip was re-
moved, the chip was washed 3 times with PBS, the biotin-

labeled anti-IL-2 antibodies was added to the chip, and
the chip was incubated at room temperature for 30 min-
utes. Then, the chip was washed 3 times with PBS, Cy3-
labeled streptavidin was added, and the chip was incu-
bated at room temperature for 30 minutes. The chip was
washed with PBS 3 times, CellTrace Oregon Green was
added, and the chip was incubated at room temperature
for 5 minutes to stain the cells. The chip was washed 3
times with PBS, and then fluorescence was observed
with a fluorescence microscope (Fig. 5). The lym-
phocytes including OT-1 TCR transgenic mouse-derived
T cells produced IL-2, when they were stimulated with
the OT-1 peptide as the antigen and CD28 antibodies,
but they did not produce IL-2, when they were stimulated
with H-Y peptide, which is not an antigen, and CD28 an-
tibodies. In contrast, the lymphocytes including HY-TCR
transgenic mouse-derived T cells produced IL-2, when
they were stimulated with H-Y peptide as an antigen and
CD28 antibodies, but they did not produce IL-2, when
they were stimulated with OT-1 peptide, which is not an
antigen, and CD28 antibodies. These results indicate that
the single T cells were stimulated by the stimulation with
the antigen peptide in an antigen-specific manner, and
produced the cytokine.

Example 3: Detection of antigen-specific human T cell

Preparation of T cells

[0082] Most of Japanese are inapparently infected with
the Epstein-Barr virus (EB virus). So far, several peptides
such as BRLF1 and EBNA3Ahas been identified as EB
virus-derived peptides that bind to the HLA-A24 molecule
and serve as a T cell epitope. Peripheral blood was col-
lected from two of healthy persons A and B in a volume
of 20 mL each, equal volume of PBS was added to the
blood to dilute it 2-fold, and then the diluted blood was
layered on Lymphosepar I (Immuno-Biological Labora-
tories), and centrifuged at 2000 rpm for 30 minutes to
separate a lymphocyte fraction. The lymphocytes were
suspended in 10% FCS/RPMI1640 medium at a density
of 2.5 x 106 cells/mL, and used for the following experi-
ments.

Preparation of chip

[0083] Anti-interferon-γ antibodies (5 mg/mL) were put
on a microwell array chip (10 mm in diameter, 126,000
wells), and incubated overnight at room temperature to
be bound to the chip surface. On the next day, the chip
was washed with PBS, then PBS containing 0.01 % Li-
pidure BL103 (NOF Corporation) was added to the chip
surface, and the chip was placed under reduced pressure
so that the air in the microwells was evacuated, and Li-
pidure was contacted with the chip surface and internal
surfaces of the wells to perform blocking (room temper-
ature, 15 minutes or longer). Then, Lipidure on the chip
was replaced with a cell culture medium (10% FCS,
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RPMI1640).

Addition of cells to chip

[0084] The cell culture medium on the chip was re-
moved, 100 mL of the aforementioned cell suspension
was added to the chip, and the chip was left standing at
room temperature for 5 minutes. The cell suspension was
stirred by using a pipette, and left standing for further 5
minutes. The cell suspension was stirred once again, and
left standing for further 5 minutes. Finally, stirring of the
cell suspension, removal of the cell suspension, and ad-
dition of the cell culture medium were repeated 4 or 5
times, and the cells on the chip surface not contained in
the wells were removed.

Detection of cytokine

Analysis (1)

[0085] Chips on which the lymphocytes of the healthy
persons A and B were inoculated, respectively, were pre-
pared as described above. Then, the cell culture medium
on the surface of each chip was replaced with the culture
medium containing 1 mg/mL of the BRLF1 peptide and
1 mg/mL of anti-human CD28 antibodies, the culture me-
dium containing 1 mg/mL of the EBNA3A peptide and 1
mg/mL of anti-human CD28 antibodies, or the culture me-
dium containing 1 mg/mL of anti-human CD28 antibodies
as a negative control, and the chip was incubated in a
CO2 incubator under the conditions of 5% CO2 and 37°C
to stimulate the cells. Six hours after the start of the stim-
ulation, the cell culture medium on the surface of the chip
was removed, the chip was washed 3 times with PBS,
biotin-labeled anti-human IFN-γ antibodies were added
to the chip, and the chip was incubated at room temper-
ature for 30 minutes. Then, the chip was washed 3 times
with PBS, Cy3-labeled streptavidin was added, and the
chip was incubated at room temperature for 30 minutes.
The chip was washed with PBS 3 times, CellTrace Ore-
gon Green was added, and the chip was incubated at
room temperature for 5 minutes to stain the cells. The
chip was washed 3 times with PBS, then fluorescence
was observed with a fluorescence microscope, and the
IFN-γ-secreting cells were counted (Fig. 6). As shown in
the graph, cells that mainly reacted with the EB virus
peptide BRLF1 and secreted IFN-γ were detected in the
lymphocytes of the healthy person A, and cells that main-
ly reacted with the EB virus peptide EBNA3A and secret-
ed IFN-γ were detected in the lymphocytes of the healthy
person B. The lymphocytes were also stained by using
the BRLF1/HLA-A24 tetramer and EBNA3A/HLA-A24 te-
tramer, and analyzed with a flow cytometer (data not
shown). The results of the analysis performed by using
the aforementioned chips and the results obtained with
the flow cytometer showed the same tendency. That is,
also in the analysis performed by using the flow cytom-
eter, T cells that reacted with BRLF1 were observed in

the sample of the healthy person A, and T cells that re-
acted with EBNA3A were observed in the sample of the
healthy person B. By these results, it was demonstrated
that the method of the present invention can be applied
to not only mouse T cells, but also human T cells.

Industrial Applicability

[0086] According to the present invention, an antigen-
specific T cell can be detected on a chip. This can be
used in the field of clinical test, such as determination of
effect of a cancer peptide vaccine, or analysis of immune
response mediated by T cells in an infectious disease,
etc. The present invention can also be utilized for devel-
opment of kits, reagents, and apparatuses for detection
for the foregoing purposes.

Claims

1. A method for stimulating a target cell with an antigen
peptide, wherein:

the antigen peptide is supplied to an MHC mol-
ecule on cell surface of the target cell to form an
MHC molecule-antigen peptide complex,
the target cell is stimulated through recognition
of the MHC molecule-antigen peptide complex
by a T cell receptor (TCR) that can recognize
the antigen peptide, TCR exists on the cell sur-
face of the target cell, or exists on the same
plane as that of the target cell, and the T cell is
stimulated by an interaction of TCR and the
MHC molecule-antigen peptide complex in the
positional relationship of cis in the absence of
presentation of the antigen peptide by another
antigen-presenting cell (APC).

2. A method for stimulating a target cell, which com-
prises:

the step of supplying an antigen peptide to a T
cell having a T cell receptor (TCR) that can rec-
ognize the antigen peptide on cell surface to
form a complex of a major histocompatibility
complex (MHC) molecule on the cell surface of
the T cell and the antigen peptide, and wherein
the T cell is stimulated through recognition of
the antigen peptide by TCR as the MHC mole-
cule-antigen peptide complex on the same T cell
as that expressing the TCR.

3. A stimulated cell, which has TCR that can recognize
an antigen peptide, and an MHC molecule-antigen
peptide complex presenting the antigen peptide on
cell surface, and is stimulated through recognition of
the antigen peptide as the MHC molecule-antigen
peptide complex on the cell surface by TCR.
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4. A method for identifying a cell, which comprises:

the step of supplying an antigen peptide to a
single subject cell, and detecting whether a sub-
stance that is produced when the cell has rec-
ognized an antigen is produced from the subject
cell or not, and wherein
when the substance is detected, the subject cell
is identified as an intended cell.

5. The method according to claim 4, wherein a micro-
well array having a plurality of wells having such a
size that each well can accommodate only one T cell
on one main surface of a substrate is used, and the
method is performed for identifying a T cell specific
to the antigen peptide from a population of subject
cells.

6. The method according to claim 5, wherein a micro-
well array having a coating layer of a substance
showing a binding property for at least a part of the
substance produced when the T cell has recognized
an antigen is used;
the subject cells are accommodated in at least a part
of the wells with a culture medium;
the coating layer and the wells are immersed in a
culture medium containing the antigen peptide to cul-
ture the subject cells under a state that substances
contained in the culture medium can diffuse from the
wells to the coating layer; and
a labeling substance that can specifically bind with
the substance produced when the T cell has recog-
nized an antigen, or a labeling substance that can
specifically bind with the coating layer is supplied to
the coating layer, and when the substance produced
when the T cell binding to the substance of the coat-
ing layer has recognized an antigen is detected with
the labeling substance, the corresponding subject
cell is identified as an antigen-specific T cell.

7. The method according to any one of claims 4 to 6,
wherein the antigen-specific T cell to be identified is
a cell derived from human.

8. A method for producing an antigen-specific T cell,
which comprises the step defined in any one of
claims 4 to 7, and further comprises the step of col-
lecting the identified antigen-specific T cell from the
well.

9. A method for producing an antigen-specific TCR
gene, which comprises the steps defined in claim 8,
and further comprises the step of obtaining an anti-
gen-specific TCR gene from the collected T cell.

10. A method for producing an antigen-specific trans-
genic T cell, which comprises the steps defined in
claim 9, and further comprises the step of introducing

the obtained antigen-specific TCR gene into another
T cell to obtain an antigen-specific transgenic T cell.

11. The production method according to claim 10,
wherein the other T cell is derived from an object
with a disease or condition that can be treated by a
TCR gene therapy.

12. The method according to any one of claims 4 to 7,
wherein the antigen peptide is a cancer-related an-
tigen, and a cancer-specific T cell is identified.

13. The production method according to any one of
claims 8 to 10, wherein the antigen peptide is a can-
cer-related antigen, and a cancer-specific T cell, a
cancer-specific TCR gene, or a cancer-specific
transgenic T cell is produced.

14. The production method according to claim 13, which
is for producing a cancer-specific T cell, a cancer-
specific TCR gene, or a cancer-specific transgenic
T cell used for a treatment of cancer.

15. The method according to any one of claims 4 to 7,
wherein the antigen peptide is a candidate peptide
for cancer peptide vaccine, and the method is per-
formed for determining effect of the candidate pep-
tide.

16. The method according to any one of claims 4 to 7,
wherein the subject cells are derived from a subject
with an infectious disease, the antigen peptide is an
antigen peptide derived from a pathogen of the in-
fectious disease, and the method is performed for
analysis of immune response mediated by T cell.
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