
III III 0 II0I 010 III 0II I0 III 0II II I0I loll 001 ll0 ll 0l ll 
US 20190185539A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2019/0185539 Al 

Ogasawara (43) Pub. Date: Jun. 20, 2019 

(54) TREATMENT AND DIAGNOSIS OF CANCER 
OR INFECTIOUS DISEASE USING 
RECOGNITION MECHANISM OF T CELL 
RECEPTOR 

(71) Applicant: TOHOKU UNiVERSITY, Sendai-shi, 
Miyagi (JP) 

(72) Inventor: Koetsu Ogasawara, Sendai-shi, Miyagi 
(JP) 

(73) Assignee: TOHOKU UNiVERSITY, Sendai-shi, 
Miyagi (JP) 

(21) Appi. No.: 

(22) PCT Filed: 

(86) PCT No.: 

§ 371 (c)(1), 
(2) Date: 

16/323,365 

Aug. 4, 2017 

PCT/JP2017/028490 

Feb. 5, 2019 

(30) Foreign Application Priority Data 

Aug. 5, 2016 (JP) .................................2016-154742 

Publication Classification 

(51) Int. Cl. 
C07K 14/725 (2006.01) 
C07K 14/705 (2006.01) 
A61P 35/04 (2006.01) 

Cancer cell T-ceU 

A61P 35/00 (2006.01) 
GO1N 33/5 74 (2006.01) 

(52) U.S. Cl. 
CPC C07K14/7051 (2013.01); C07K14/7056 

(2013.01); A61P35/04 (2018.01); CO7K 
2319/33 (2013.01); GO1N 33/5 7492 (2013.01); 

C07K 2319/30 (2013.01); A61P 35/00 
(2018.01) 

(57) ABSTRACT 

To provide a therapy and a diagnosis of cancer or an
infection using recognition mechanism of a T-cell receptor. 
An NK cell function enhancer comprises, an active ingre-
dient, a T-cell receptor chimeric protein being a fusion 
protein of: a T-cell receptor variable region capable of 
recognizing a cancer-specific antigen or a T-cell receptor 
variable region capable of recognizing an antigen specific to 
a pathogen causative of an infection, and an immunoglobu-
lin Fc region, wherein the T-cell receptor chimeric protein 
binds to an MHC molecular complex of a cancer cell to 
down-modulate an MHC class I molecule complex, and the 
cancer cell is killed or damaged by recognition of an NK 
cell; and an NK cell function enhancer for imparting to an
NK cell a function of recognizing a cancer cell or an infected 
cell infected with a pathogen causative of an infection, 
which expresses an MHC class I molecule, and killing or 
damaging the cancer cell or the infected cell by TDCC 
(T-cell receptor chimeric protein-dependent cellular cyto-
toxicity) activity. 

Specification includes a Sequence Listing. 
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Fig. 22 
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Fig. 28 
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Fig. 32 
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TREATMENT AND DIAGNOSIS OF CANCER 
OR INFECTIOUS DISEASE USING 

RECOGNITION MECHANISM OF T CELL 
RECEPTOR 

TECHNICAL FIELD 

10001] The present invention relates to treatment or diag-
nosis of cancer or infectious disease. 

BACKGROUND ART 

10002] As cancer treatments, surgical treatments, radiation 
treatments and chemotherapies are basically known and 
these are called as major three therapies. 

10003] In recent years, in addition to these three major 
therapies, immunotherapies have been getting attention as a 
fourth therapy. Examples of immunotherapies include: a 
method for activating antitumor immunity, which attacks 
cancer by use of immunocompetence (immune cells) origi-
nally possessed by a living body; and a method for blocking 
immunosuppressive reaction of cancer cells. The former 
treatments include immunological enhancement by 
cytokine, enhancement of killer T-cells or NK cells, den-
dritic cell vaccine therapy and peptide vaccine therapy; and 
the latter treatments include immune checkpoint inhibition 
therapy. 

10004] As described above, killer T-cells or NK cells are 
used as a method for activating antitumor immunity. Since 
NK cells can directly attack cancer, it is known that NK cells 
are useful in cancer treatment such as antimetastatic (see 
Non-Patent Literature 1). 

10005] T-cells recognize MHCs (major histocompatibility 
complex) and peptides. T-cells cannot recognize them if 
MHCs are not expressed in target cells. Meanwhile, NK 
cells recognize the non-existence of MHCs, and then work. 
NK cells cannot recognize that MHCs are expressed in target 
cells. Normal cell usually express MHC molecules, so they 
cannot become targets of NK cells. 

10006] Only NK cells, which do not target cells having an 
MHC expressed therein, cannot provide a sufficient immu-
notherapic effect on cancer; and in recent years, researches 
have been made on use of T-cells capable of specifically 
recognizing cancer and intensive researches have been made 
on methods for inducing killer T-cells. 

10007] In addition, researches for speciFying cancer-spe-
cific antigens have been also advanced, and cancer peptide 
therapy or dendritic cell therapy has been developed. 

10008] T-cell receptors (TCR) perform an important role 
on the action of T-cells; and recent years have witnessed the 
development of a method for analyzing a T-cell receptor 
repertoire of a T-cell receptor of a patient with a certain 
disease and identiFying a disease-specific T-cell receptor. 
Further, a method that uses a protein having a fragment of 
a T-cell receptor has been also reported (see Patent Litera-
ture 1). 

10009] As is the case with cancer, for infectious diseases, 
in particular, emerging/reemerging infectious diseases, for 
which treatments have not been established, there are expec-
tations on immunotherapies using abilities of NK cells or 
T-cells for eliminating infected cells. 

Jun. 20, 2019 

CITATION LIST 

Patent Literature 

Patent Literature 1: JP Patent Publication (Kohyo) No. 
2007-513326A 

Non Patent Literature 

Non Patent Literature 1: Ogasawara K. et al., Clin J 
Immunol; 25(6): 534-40 

SUMMARY OF INVENTION 

Technical Problem 

10010] The present invention has an object of providing a 
treatment and a diagnosis of cancer or infectious diseases 
using a recognition mechanism of T-cell receptors. Specifi-
cally, a T-cell receptor chimeric protein is allows to bind to 
an MHC complex of a target cell and is incorporated into the 
target cell, thereby enabling cells to be efficiently destroyed. 
That is, imparting a magnetic substance or a drug to a T-cell 
receptor chimeric protein or a protein capable of recognizing 
a T-cell receptor chimeric protein promotes target cell-
selective incorporation of the drug into cytoplasm, and use 
of this enables cells to be destroyed. Further, the present 
invention provides a method for enhancing the function of 
NK cells in two ways. One is to provide a method for 
allowing NK cells to easily recognize target cells by induc-
ing down-modulation of MHC complexes on the target cells 
by T-cell receptor chimeric proteins. The other is to provide 
a method for enhancing the function of NK cells, which 
imparts an MHC class I molecule recognition mechanism to 
NK cells thereby to the NK cells to kill or damage target 
cells (such as cancer cells of infected cells infected with a 
pathogen such as bacteria or viruses causative of an infec-
tious disease) having an MHC class I molecule expressed 
therein. 

Solution to Problem 

10011] It has been reported that NK cells can be used for 
cancer metastasis suppression, and for elimination of 
infected cells infected with a pathogen such as bacteria or 
viruses causative of an infection. Meanwhile, NK cells are 
unable to recognize cancer cells or infected cells having 
MHC class I molecules expressed therein, and thus, they 
have been thought to have a limitation in using for treat-
ments of cancer cells or elimination of infected cells. 
10012] The present inventors have made intensive studies 
on methods for treating cancer or infectious diseases using 
NK cells, and they have found that use of a recognition 
mechanism of a T-cell receptor enhances the function of NK 
cells and imparts an ability to kill or damage cancer cells or 
infected cells having MHC class I molecules expressed 
therein. 
10013] That is, co-existence of target cells with a T-cell 
receptor chimeric protein being a fusion protein of a T-cell 
receptor variable region and an immunoglobulin Fc region 
enables the T-cell receptor variable region of the T-cell 
receptor chimeric protein to bind to an MHC class I mol-
ecule of cancer cells or infected cells, then inducing two 
types of reactions. One is to induce down-modulation of 
MHC class I molecules indicative of an antigen and reduce 
the expression. Down-modulation of MHC class I enables 
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NK cells to recognize target cells and to kill or damage them. 
The other is to allow the immunoglobulin Fc region of the 
T-cell receptor chimeric protein to bind to Fc receptors 
expressed in NK cells, whereby the NK cells bind to cancer 
cells or infected cells having MHC class I molecules 
expressed therein thereby to enable the NK cells to recog-
nize the cancer cells or infected cells and to kill or damage 
them. 
10014] The present inventors have named an activity of an 
NK cell for killing or wounding a cancer cell or infected cell 
having an MHC class I molecule expressed therein, which is 
given by a T-cell receptor chimeric protein as T-cell receptor 
chimeric protein-dependent cellular cytotoxicity (TDCC). 
10015] Specifically, the present invention is described 
below. 
[1] An NK cell function enhancer comprising, as an active 
ingredient, a T-cell receptor chimeric protein being a fusion 
protein of a T-cell receptor variable region capable of 
recognizing a cancer-specific antigen and an immunoglobu-
lin Fc region, 
10016] wherein the T-cell receptor chimeric protein binds 
to an MHC molecular complex of a cancer cell to reduce the 
expression of an MHC class I molecular complex and the 
cancer cell is killed or damaged by recognition of an NK 
cell. 
[2] An NK cell function enhancer comprising, as an active 
ingredient, a T-cell receptor chimeric protein being a fusion 
protein of a T-cell receptor variable region capable of 
recognizing a cancer-specific antigen and an immunoglobu-
lin Fc region, 
10017] wherein the enhancer is for imparting a recognition 
function of a cancer cell expressing an MHC class I mol-
ecule to an NK cell to kill or damage the cancer cell by 
TDCC (T-cell receptor chimeric protein-dependent cellular 
cytotoxicity) activity. 
[3] The NK cell function enhancer according to [1] or [2], 
wherein the T-cell receptor chimeric protein comprises all of 
the T-cell receptor variable region and CDR3, and a J region. 
[4] The NK cell function enhancer according to any of [1] 
to [3], wherein the T-cell receptor variable region is an a 
chain and/or 3 chain of the T-cell receptor. 
[5] The NK cell function enhancer according to [4], wherein 
the T-cell receptor variable region is an a chain of the T-cell 
receptor. 
[6] The NK cell function enhancer according to any of [1] 
to [5], wherein the immunoglobulin Fc region is an Fc 
region of IgG. 
[7] The NK cell function enhancer according to any of [1] 
to [6], wherein the enhancer is a dimer consisting of two 
fusion proteins of the T-cell receptor variable region and the 
immunoglobulin Fc region and the two proteins are bonded 
to each other by disulfide bond. 
[8] The NK cell function enhancer according to any of [1] 
to [7], wherein the T-cell receptor binds to an MHC class I 
molecule. 
[9] A method for detecting a cancer cell comprising the steps 
of: 
10018] bringing a labelled T-cell receptor chimeric protein, 
which is a T-cell receptor chimeric protein being a fusion 
protein of: a T-cell receptor variable region capable of 
recognizing a cancer-specific antigen; and an immunoglobu-
lin Fc region, into contact with a cell collected from a 
biological sample of a subject; and 
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10019] determining that a target cell is present in the 
subject when the T-cell receptor chimeric protein binds to 
the cell collected from the biological sample of the subject. 
[10] A reagent for cancer detection comprising a labelled 
T-cell receptor chimeric protein, which is a T-cell receptor 
chimeric protein being a fusion protein of a T-cell receptor 
chimeric protein capable of recognizing a cancer-specific 
antigen and an immunoglobulin Fc region. 
[11] A method for producing a T-cell receptor chimeric 
protein being a fusion protein of a T-cell receptor variable 
region and an immunoglobulin Fc region, the method com-
prising the steps of: 
10020] cloning a DNA molecule encoding a cancer anti-
gen-specific T-cell receptor capable of recognizing a cancer-
specific antigen from a T-cell collected from a cancer 
patient; 
10021] ligating the DNA molecule with a DNA molecule 
encoding the immunoglobulin Fc region and introducing the 
ligated product into an expression vector; and 
10022] introducing and expressing the expression vector 
into a host cell. 
[12] The method for producing a T-cell receptor chimeric 
protein being a fusion protein of a T-cell receptor variable 
region and an immunoglobulin Fc region according to [11], 
the method comprising the steps of: 
10023] analyzing a repertoire of the T-cell receptor pos-
sessed by a cancer patient by use of a T-cell collected from 
the cancer patient; 
10024] cloning a DNAmolecule encoding a T-cell receptor 
with a high frequency in the cancer patient as a specific 
T-cell receptor highly specific to the cancer; 
10025] ligating the DNA molecule with a DNA molecule 
encoding the immunoglobulin Fc region and introducing the 
ligated product into an expression vector; and introducing 
and expressing the expression vector into a host cell. 
[13] A complex comprising a T-cell receptor chimeric pro-
tein capable of recognizing a cancer-specific antigen, and an
NK cell receptor. 
[14] A method for producing a complex of a T-cell receptor 
chimeric protein and an NK cell, comprising the step of 
bringing a T-cell receptor chimeric protein capable of rec-
ognizing in vitro a cancer-specific antigen into contact with 
an NK cell. 
[15] An NK cell function enhancer comprising, as an active 
ingredient, a T-cell receptor chimeric protein being a fusion 
protein of a T-cell receptor variable region capable of 
recognizing an antigen specific to a pathogen causative of an
infectious disease, and an immunoglobulin Fc region, 
10026] wherein the T-cell receptor chimeric protein binds 
to an MHC class I molecular complex of an infected cell 
infected with the pathogen causative of the infectious dis-
ease to reduce the expression of an MHC molecular complex 
and the infected cell is killed or damaged by recognition of 
an NK cell. 
[16] An NK cell function enhancer comprising, as an active 
ingredient, a T-cell receptor chimeric protein being a fusion 
protein of a T-cell receptor variable region capable of 
recognizing an antigen specific to a pathogen causative of an
infectious disease, and an immunoglobulin Fc region, 
10027] wherein the enhancer is for imparting a recognition 
function of an infected cell infected with the pathogen 
causative of the infectious disease, which expresses an MHC 
class I molecule, to an NK cell, and killing or damaging the 
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infected cell by TDCC (T-cell receptor chimeric protein-
dependent cellular cytotoxicity) activity. 
[17] The NK cell function enhancer according to [15] or 
[16], wherein the T-cell receptor chimeric protein comprises 
all of the T-cell receptor variable region and CDR3, and a J 
region. 
[18] The NK cell function enhancer according to any of [15] 
to [17], wherein the T-cell receptor variable region is an a 
chain and/or 3 chain of the T-cell receptor. 
[19] The NK cell function enhancer according to [18], 
wherein the T-cell receptor variable region is an a chain of 
the T-cell receptor. 
[20] The NK cell function enhancer according to any of [15] 
to [19], wherein the immunoglobulin Fc region is an Fc 
region of IgG. 
[21] The NK cell function enhancer according to any of [15] 
to [20], wherein the enhancer is a dimer consisting of two 
fusion proteins of the T-cell receptor variable region and the 
immunoglobulin Fc region and the two proteins are bonded 
to each other by disulfide bond. 
[22] The NK cell function enhancer according to any of [15] 
to [21], wherein the T-cell receptor binds to an MHC class 
I molecule. 
[23] A method for detecting an infected cell infected with a 
pathogen causative of an infection comprising the steps of: 
10028] bringing a labelled T-cell receptor chimeric protein, 
which is a T-cell receptor chimeric protein being a fusion 
protein of: a T-cell receptor variable region capable of 
recognizing an antigen specific to a pathogen causative of an 
infection; and an immunoglobulin Fc region, into contact 
with a cell collected from a biological sample of a subject; 
and 
10029] determining that a target cell is present in the 
subject when the T-cell receptor chimeric protein binds to 
the cell collected from the biological sample of the subject. 
[24] A reagent for detecting an infected cell comprising a 
labelled T-cell receptor chimeric protein, which is a T-cell 
receptor chimeric protein being a fusion protein of a T-cell 
receptor chimeric protein capable of recognizing an antigen 
specific to a pathogen causative of an infection, and an 
immunoglobulin Fc region. 
[25] A method for producing a T-cell receptor chimeric 
protein being a fusion protein of a T-cell receptor variable 
region and an immunoglobulin Fc region, the method com-
prising the steps of: 
10030] cloning a DNA molecule encoding a pathogen 
antigen-specific T-cell receptor capable of recognizing an 
antigen specific to a pathogen causative of an infection from 
a T-cell collected from a patient with the infection; 
10031] ligating the DNA molecule with a DNA molecule 
encoding the immunoglobulin Fc region and introducing the 
ligated product into an expression vector; and 
10032] introducing and expressing the expression vector 
into a host cell. 
[26] The method for producing a T-cell receptor chimeric 
protein being a fusion protein of a T-cell receptor variable 
region and an immunoglobulin Fc region according to [25], 
the method comprising the steps of: 
10033] analyzing a repertoire of the T-cell receptor pos-
sessed by the patient with the infection by use of a T-cell 
collected from the patient with the infection; 
10034] cloning a DNAmolecule encoding a T-cell receptor 
with a high frequency in the patient with the infection as a 
specific T-cell receptor highly specific to the infection; 
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10035] ligating the DNA molecule with a DNA molecule 
encoding the immunoglobulin Fc region and introducing the 
ligated product into an expression vector; and 
10036] introducing and expressing the expression vector 
into a host cell. 
[27] A complex comprising a T-cell receptor chimeric pro-
tein capable of recognizing an antigen specific to a pathogen 
causative of an infection, and an NK cell receptor. 
[28] A method for producing a complex of a T-cell receptor 
chimeric protein and an NK cell, comprising the step of 
bringing a T-cell receptor chimeric protein capable of rec-
ognizing in vitro an antigen specific to a pathogen causative 
of an infection and an NK cell into contact with each other. 
[29] An MHC molecular complex down-modulating agent 
comprising, as an active ingredient, a T-cell receptor chi-
meric protein being a fusion protein of a T-cell receptor 
variable region and an immunoglobulin Fc region, wherein 
the agent binds to an MHC molecular complex of a target 
cell to reduce the expression of an MHC class I molecular 
complex. 
[30] The MHC molecular complex down-modulating agent 
according to [29], wherein the T-cell receptor chimeric 
protein comprises all of the T-cell receptor variable region 
and CDR3, and a J region. 
[31] The MHC molecular complex down-modulating agent 
according to [29] or [30], wherein the T-cell receptor vari-
able region is an a chain and/or 3 chain of the T-cell 
receptor. 
[32] The MHC molecular complex down-modulating agent 
according to [31], wherein the T-cell receptor variable region 
is an a chain of the T-cell receptor. 
[33] The MHC molecular complex down-modulating agent 
according to any one of [29] to 
[32], wherein the immunoglobulin Fc region is an Fc region 
of IgG. 
[34] The MHC molecular complex down-modulating agent 
according to any of [29] to [33], wherein the agent is a dimer 
of two fusion proteins of the T-cell receptor variable region 
and the immunoglobulin Fc region and the two proteins are 
bonded to each other by disulfide bond. 
[35] The MHC molecular complex down-modulating agent 
according to any of [29] to [34], wherein the T-cell receptor 
binds to an MHC class I molecule. 
[36] The MHC molecular complex down-modulating agent 
according to any of [29] to [35], wherein the target cell is a 
cancer cell or an infected cell infected with a pathogen 
causative of an infection. 
[37] A method for specifying a cancer-specific T-cell recep-
tor a chain variable region, the method comprising the steps 
of: 
10037] identifying a repertoire of a T-cell receptor a chain 
variable region of a lymphocyte in a cancer tissue of a cancer 
patient and a repertoire of a T-cell receptor a chain of a 
lymphocyte in peripheral blood of the cancer patient; and 
10038] determining, as a cancer-specific T-cell receptor a 
chain variable region, a T-cell receptor a chain variable 
region that is present in the lymphocyte in the cancer tissue 
two-fold or more in abundance than in the lymphocyte in the 
peripheral blood. 
[38] The method for specifying a cancer-specific T-cell 
receptor a chain variable region according to [37], the 
method comprising the steps of: 
10039] speciFying a cancer-specific T-cell receptor a chain 
variable region in a plurality of cancer patients; and 
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10040] determining, as a cancer-specific human common 
T-cell receptor a chain variable region, a T-cell receptor a 
chain variable region that is present in a lymphocyte in a 
cancer tissue two-fold or more in abundance than in a 
lymphocyte in peripheral blood. 
[39] A method for specifying a cancer-specific T-cell recep-
tor a chain variable region, the method comprising the steps 
of: 
10041] identiFying a repertoire of a T-cell receptor a chain 
variable region of a lymphocyte in a cancer tissue of a cancer 
patient and a repertoire of a T-cell receptor a chain of a 
lymphocyte in peripheral blood of a healthy subject; and 
10042] determining, as a cancer-specific T-cell receptor a 
chain variable region, a T-cell receptor a chain variable 
region that is present in the lymphocyte in the cancer tissue 
two-fold or more in abundance than in the lymphocyte in 
peripheral blood of the healthy subject. 
[40] The method for specifying a cancer-specific T-cell 
receptor a chain variable region according to [39], wherein 
the method uses a mixture of lymphocytes in cancer tissues 
of a plurality of cancer patients and a mixture of lympho-
cytes in peripheral blood of a plurality of healthy subjects to 
determine, as a cancer-specific human common T-cell recep-
tor a chain variable region, a T-cell receptor a chain variable 
region that is present in the lymphocytes in the cancer tissues 
two-fold or more in abundance than in the lymphocytes in 
peripheral blood of the healthy subjects. 
[41] A method for specifying a cancer-specific T-cell recep-
tor a chain variable region, comprising determining, as a 
cancer-specific human common T-cell receptor a chain 
variable region, both of a cancer-specific T-cell receptor a 
chain variable region specified by the method of [38] and a 
cancer-specific T-cell receptor a chain variable region speci-
fied by the method of [40]. 
[42] The method for specifying a cancer-specific T-cell 
receptor a chain variable region according to any of [37] to 
[41], wherein the cancer is squamous cancer. 
[43] The method for specifying a cancer-specific T-cell a 
chain variable region according to any of [37] to [41], 
wherein the cancer is cervical cancer or lung cancer. 
[44] A cancer-specific human common T-cell receptor a 
chain variable region of cervical cancer comprising a T-cell 
receptor a chain variable region coded by any of T-cell 
receptor a chain variable region gene selected from the 
group consisting of TRAV1-1-01, TRAV1-1-02, TRAV21-
02, TRAV22-01, TRAV1-2-01, TRAV12-2-03, TRAV39-01, 
TRAV2-01, TRAV21-01, TRAV12-1-01, TRAV1-2-01 and 
TRAV38-2/DV8-01. 
[45] A cancer-specific human common T-cell receptor a 
chain variable region of cervical cancer comprising a T-cell 
receptor a chain variable region having a CDR3 region 
having a consensus frame represented by AVR-(x=1 to 
6) -G -(x=1 to 3) -KL(I)/(T). 
[46] A cancer-specific human common T-cell receptor a 
chain variable region of lung cancer comprising a T-cell 
receptor a chain variable region coded by any of T-cell 
receptor a chain variable region gene selected from the 
group consisting of TRAV12-1-01, TRAV16-01, TRAV19-
01, TRAV22-01, TRAV3S-02, TRAV17-01, TRAV9-2-02 
and TRAV13-1-01. 
[47] The NK cell function enhancer according to any of [1] 
to [8] and [15] to [22], wherein the T-cell receptor variable 
region is a T-cell receptor variable region specified by a 
method of any of [37] to [42]. 
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[48] The NK cell function enhancer according to [47], 
wherein the T-cell receptor variable region is a cancer-
specific human common T-cell receptor a chain variable 
region for cervical cancer coded by any of T-cell receptor a 
chain variable region gene selected from the group consist-
ing of TRAV1-1-01, TRAV1-1-02, TRAV21-02, TRAV22-
01, TRAV1-2-01, TRAV12-2-03, TRAV39-01, TRAV2-01, 
TRAV21-01, TRAV12-1-01, TRAV1-2-01 and TRAV38-2/ 
DV8-01. 

[49] The NK cell function enhancer according to [47] or 
[48], wherein the T-cell receptor variable region is a cancer-
specific human common T-cell receptor a chain variable 
region for cervical cancer having a CDR3 region having a 
consensus frame represented by AVR-(x=1 to 6) -G ---
(x=1 to 3) -KL(I)/(T). 

[50] The NK cell function enhancer according to [47], 
wherein the T-cell receptor variable region is a cancer-
specific human common T-cell receptor a chain variable 
region for lung cancer coded by any of T-cell receptor a 
chain variable region gene selected from the group consist-
ing of TRAV12-1-01, TRAV16-01, TRAV19-01, TRAV22-
01, TRAV3S-02, TRAV17-01, TRAV9-2-02 and TRAV13-
1-01. 

[51] The MHC molecular complex down-modulating agent 
according to any of [29] to [36], wherein the T-cell receptor 
variable region is a T-cell receptor variable region specified 
by the method according to any of [37] to [43]. 

[52] The MHC molecular complex down-modulating agent 
according to [51], wherein the T-cell receptor variable region 
is a cancer-specific human common T-cell receptor a chain 
variable region for cervical cancer coded by any of T-cell 
receptor a chain variable region gene selected from the 
group consisting of TRAV1-1-01, TRAV1-1-02, TRAV21-
02, TRAV22-01, TRAV1-2-01, TRAV12-2-03, TRAV39-01, 
TRAV2-01, TRAV21-01, TRAV12-1-01, TRAV1-2-01 and 
TRAV38-2/DV8-01. 

[53] The MHC molecular complex down-modulating agent 
according to [51] or [52], wherein the T-cell receptor vari-
able region is a cancer-specific human common T-cell recep-
tor a chain variable region for cervical cancer having a 
CDR3 region having a consensus frame represented by 
AVR -(x=1 to 6) -G -(x=1 to 3) -KL(I)/(T). 

[54] The MHC molecular complex down-modulating agent 
according to [51], wherein the T-cell receptor variable region 
is a cancer-specific human common T-cell receptor a chain 
variable region for lung cancer coded by any of T-cell 
receptor a chain variable region gene selected from the 
group consisting of TRAV12-1-01, TRAV16-01, TRAV19-
01, TRAV22-01, TRAV3S-02, TRAV17-01, TRAV9-2-02 
and TRAV13 -1-01. 

[55] A method for reducing the expression of an MHC 
complex, comprising the steps of: 

10043] including, as an active ingredient, a T-cell receptor 
chimeric protein being a fusion protein of a T-cell receptor 
variable region and an immunoglobulin Fc region; 

10044] binding to an MHC complex of a target cell; and 

10045] inducing the downmodulation of the MHC com-
plex. 

[56] A method for incorporating a T-cell receptor chimeric 
protein into a target cell, comprising the step of coupling the 
T-cell receptor chimeric protein with an MHC complex on 
the target cell. 



US 2019/0185539 Al 

[57] A method for breaking a cell comprising the steps of: 
10046] imparting a magnetic substance or a drug to a T-cell 
receptor chimeric protein or a protein capable of recognizing 
a T-cell receptor chimeric protein to promote target cell-
selective incorporation of the drug into cytoplasm; and 
10047] breaking a cell thereby. 
10048] This specification includes part or all of the con-
tents as disclosed in the specification and/or drawings of 
Japanese Patent Application No. 2016-154742, from which 
the priority for the present application is claimed. 

Advantageous Effects of Invention 

10049] A T-cell receptor chimeric protein binds to an MHC 
class I molecule of a cancer cell or infected cell to induce 
down-modulation of the MHC class I molecule indicative of 
an antigen, thereby reducing the expression. Down-modu-
lation of MHC class I enables NK cells to recognize target 
cells and to kill or damage them. In addition, an immuno-
globulin Fc region of the T-cell receptor chimeric protein 
binds to an Fc receptor expressed in an NK cell, and this 
allows the NK cell to bind to a cancer cell or infected cell 
having an MHC class I molecule expressed therein; this 
imparts to the NK cell a function to recognize a cancer cell 
or an infected cell infected with a pathogen such as bacteria 
or viruses causative of an infection, wherein an MHC class 
I molecule is expressed, and a function to kill or damage the 
cancer cell or infected cell. That is, the T-cell receptor 
chimeric protein can enhance a function of NK cells to 
killing or damaging cancer cells or infected cells. 
10050] Further, the T-cell receptor chimeric protein can 
bind to cancer cells or infected cells having an MHC class 
I molecule expressed therein, and thus, it can be used to 
detect cancer cells or infected cells. 

BRIEF DESCRIPTION OF DRAWINGS 

10051] FIG. 1 shows a mechanism of T-cell for recogniz-
ing a cancer cell. 
10052] FIG. 2 shows a mechanism of NK cell for recog-
nizing a cancer cell. 
10053] FIG. 3 shows a mechanism of antibody-dependent 
cell-mediated cytotoxicity (ADCC) by an NK cell. 
10054] FIG. 4 shows a structure of a T-cell receptor 
chimeric protein. 
10055] FIG. S shows an outline on a production method of 
a T-cell receptor chimeric protein by transgenic technology. 
10056] FIG. 6 shows a mechanism of an NK cell for T-cell 
receptor chimeric protein-dependent cellular cytotoxicity 
(TDCC: TCR-IgFc dependent cellular cytotoxicity). 
10057] FIG. 7 shows that the ability of NK cell cytotox-
icity is enhanced due to the occurrence of T-cell receptor 
chimeric protein-dependent cellular cytotoxicity and ordi-
nary NK cell cytotoxicity. 
10058] FIG. 8 shows results of expression analysis of 
PD-Li on E.G7 cells. 
10059] FIG. 9 shows results of expression analysis of 
PD-i on CD8 T-cells. 
10060] FIG. 10 shows an E.G7 cell that has expressed an 
MHC class I molecule and an OVA-derived peptide. 
10061] FIG. 11 shows an experimental method of TCR 
repertoire analysis. 
10062] FIG. 12 shows analytical results of TCR a chain of 
lymphocytes collected from a naive mouse in TCR reper-
toire analysis. 
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10063] FIG. 13 shows analytical results of TCR a chain of 
lymphocytes collected from mice 10 days after inoculation 
with E.G7 in TCR repertoire analysis. 
10064] FIG. 14 shows analytical results of TCR a chain of 
lymphocytes collected from mice 15 days after inoculation 
with E.G7 in TCR repertoire analysis. 
10065] FIG. 15 shows analytical results of TCR 3 chain of 
lymphocytes collected from naive mice in TCR repertoire 
analysis. 
10066] FIG. 16 shows analytical results of TCR 3 chain of 
lymphocytes collected from mice 10 days after inoculation 
with E.G7 in TCR repertoire analysis. 
10067] FIG. 17 shows analytical results of TCR 3 chain of 
lymphocytes collected from mice 15 days after inoculation 
with E.G7 in TCR repertoire analysis. 
10068] FIG. 18 shows that a T-cell receptor chimeric 
protein binds to cancer cells. 
10069] FIG. 19 shows a way wherein a T-cell receptor 
chimeric protein binds to a cancer cell. 
10070] FIG. 20 shows a comparison on binding property 
between a conventional T-cell receptor chimeric protein 
(mTRAV8-IgFc) and new type T-cell receptor chimeric 
protein (mTRAV8-CDR3-IgFc). 
10071] FIG. 21 shows results on detection of an MHC 
complex by a T-cell receptor chimeric protein. 
10072] FIG. 22 shows cell internalization of a T-cell recep-
tor chimeric protein bound to an MHC molecule. 
10073] FIG. 23 shows down-modulation of an MHC com-
plex by a T-cell receptor chimeric protein. 
10074] FIG. 24 shows cell internalization of a T-cell recep-
tor chimeric protein bound to an MHC molecule in a human 
cell; and down-modulation of an MHC complex by a T-cell 
receptor chimeric protein. 
10075] FIG. 25 shows growth inhibition of target cells 
using cell internalization by a T-cell receptor chimeric 
protein. 
10076] FIG. 26 shows a function enhancing effect of an
NK cell by a T-cell receptor chimeric protein. 
10077] FIG. 27 shows that a cancer cell is damaged by 
T-cell receptor chimeric protein-dependent cellular cytotox-
icity (TDCC: TCR-Ig fusion protein dependent cellular 
cytotoxicity) mechanism. 
10078] FIG. 28 shows a comparison between conventional 
type (mTRV8-IgFc) and new type (mTRAV8-CDR3-IgFc) 
T-cell receptor chimeric proteins in the T-cell receptor 
chimeric protein-dependent cellular cytotoxicity. 
10079] FIG. 29 shows a function enhancing effect of a 
human NK cell by a T-cell receptor chimeric protein. 
10080] FIG. 30 shows a cancer metastasis suppressing 
effect by a T-cell receptor chimeric protein. 
10081] FIG. 31 shows a protocol of a method for speci-
f ing TCR common to diseases. 
10082] FIG. 32 shows results in specifying TCR common 
to cervical cancer. 
10083] FIG. 33-1 shows consensus frames of CDR3 com-
mon to cervical cancer. 
10084] FIG. 33-2 shows frequencies of consensus frames 
of CDR3 common to cervical cancer. 
10085] FIG. 34 shows results in detecting HPV infection. 
10086] FIG. 35 shows results in detecting HPV infected 
cells by a T-cell receptor chimeric protein. 
10087] FIG. 36 shows results in specifying TCR common 
to lung cancer. 
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10088] FIG. 37 show results in detecting lung cancer cells 
by a T-cell receptor chimeric protein. 

DESCRIPTION OF EMBODIMENTS 

10089] Hereinafter, the present invention is described in 
detail. 

1. T-Cell Receptor Chimeric Protein 

(1) Structure of T-Cell Receptor Chimeric Protein 

10090] A method of the present invention uses a T-cell 
receptor chimeric protein prepared by fusing a variable 
region of a T-cell receptor (TCR: T-cell receptor) with an Fc 
region of an immunoglobulin. The T-cell receptor chimeric 
protein is also called as a T-cell receptor-immunoglobulin 
chimeric protein or a TCR-IgFc fusion protein. 
10091] The T-cell receptor chimeric protein of the present 
invention is a chimeric protein wherein all of a T-cell 
receptor variable region (TCR V region) and CDR3, and a 
J region are fused with an IgFc portion. In addition, it may 
be a chimeric protein wherein all of a T-cell receptor variable 
region (TCR V region) and CDR3, J region, and a part of C 
region are fused with an IgFc portion. The T-cell receptor 
chimeric protein of the present invention may be expressed 
as mTRAV8-CDR3-IgFc. 
10092] As the variable region of the T-cell receptor, used 
is a variable region of a T-cell receptor that recognizes an 
antigen specific to a cancer cell or infected cell. A T-cell 
receptor chimeric protein enables an NK cell to recognize a 
MHC positive (MHC) cancer cell or an MHC positive 
(MHC) infected cell having an MHC class I molecule 
expressed therein, thereby allowing the NK cell to function 
like a killer T-cell. 
10093] A T-cell receptor is a dimer of an a chain and a 
chain, or a ' chain and a ö chain, and each chain is formed 
of a variable region and a constant region. A variable region 
is coded by a plurality of gene fragments: V (variable) 
regions (V gene fragment), a D (diversity) region and a J 
(joining) region (3 chain, ö chain); or a V region and a J 
region (a chain, ' chain), and it has many repertoires 
through gene rearrangement. Further, three hypervariable 
regions called CDR (complementarity determining region) 
are present in a variable region and somatic mutations 
thereof allow the variable region to have even more reper-
toires. In particular, a CDR3 region is involved in antigen 
specificity and sequence variations are likely to occur 
therein, so that it has a large sequence diversity. 
10094] The T-cell receptor variable region possessed by 
the T-cell receptor chimeric protein of the present invention 
is an a chain and 3 chain, and may be a single strand 
wherein both a chain and 3 chain are fused. Further, in a 
T-cell receptor chimeric protein forming a dimer, one strand 
may be a fusion protein of an immunoglobulin Fc region and 
a T-cell receptor a chain and the other strand may be a fusion 
protein of an immunoglobulin Fc region and a T-cell recep-
tor 3 chain. Alternatively, a T-cell receptor variable region 
possessed by the T-cell receptor chimeric protein is a ' chain 
and a ö chain and may be a single strand wherein both of the 

' chain and ö chain are fused. Further, in the T-cell receptor 
chimeric protein forming a dimer, one strand may be a 
fusion protein of an immunoglobulin Fc region and a T-cell 
receptor ' chain and the other strand may be a fusion protein 
of an immunoglobulin Fc region and a T-cell receptor ö 
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chain. In a T-cell receptor variable region, an a chain, a 
chain, a ' chain or a ö chain is composed of about 200 to 400 
amino acids. a chain, 3 chain, ' chain and ö chain of the 
T-cell receptor variable region used in the present invention 
include those of naturally occurring T-cell receptor variable 
regions, and T-cell receptor variable regions having amino 
acid sequences having 90% or more, 95% or more 97% or 
more or 99% or more identity when calculated by use of 
BLAST (Basic Local Alignment Search Tool at the National 
Center for Biological Information), etc. (for example, a 
default or a parameter for initial setting is used). 
10095] It is essential that the T-cell receptor chimeric 
protein of the present invention should include a CDR3 
region and preferably should be a multimer, such as a dimer 
or a tetramer. Examples of a dimer variable region include 
a combination of a chain-a chain, a combination of a 
chain-3 chain, and a combination of 3 chain-3 chain. 
Examples of a tetramer variable region include a combina-
tion of a chain-a chain and chain-n chain. 
10096] Since a CDR3 region is antigen specific, the T-cell 
chimeric protein of the present invention can selectively 
bind to a complex of a specific antigen and an MHC and 
reduce the expression thereof. 
10097] The T-cell receptor variable region may be derived 
from any T-cell as long as it binds to MHC class I; it may 
be derived from helper T-cells (CD4 positive T-cells) or 
killer T-cells (CD8 positive T-cells), may be derived from 
regulatory T-cells (T reg), and may be derived from effector 
T-cells. Since a T-cell receptor derived from any of these 
T-cells can recognize and bind to a MHC class I molecule, 
it can be used as a constituent molecule of the T-cell receptor 
chimeric protein of the present invention. 
10098] "Immunoglobulin Fc region" mentioned in the 
present invention refers to an immunoglobulin Fc fragment, 
that is CH2 and CH3 constant domains of a natural immu-
noglobulin. As the immunoglobulin Fc region, human-de-
rived ones are preferably used, but immunoglobulin of 
non-human animals such as mouse immunoglobulin may be 
used therefor. The immunoglobulin is preferably IgG. Sub-
classes of human IgG include IgGi, IgG2, IgG3 and IgG4, 
and mouse immunoglobulin includes IgGi, IgG2a, IgG2b 
and IgG3. Regarding human IgG, Fc regions of IgGi and 
IgG3 strongly bind to an Fc receptor, so IgGi and IgG3 are 
preferred; among them, IgGi is preferred. Regarding mouse 
IgG, an Fc region of IgG2a is likely to bind to an Fc receptor 
(FcR) of an NK cell, and thus, IgG2a is preferred. The 
immunoglobulin Fc region includes all of natural mutants, 
artificial mutants and truncated forms. Examples thereof 
include Fc regions having amino acid sequences having 90% 
or more, 95% or more, 97% or more or 99% or more of 
naturally-occurring immunoglobulin Fc regions when cal-
culated by use of BLAST (Basic Local Alignment Search 
Tool at the National Center for Biological Information), etc. 
(for example, a default or a parameter for initial setting is 
used). 
10099] In the T-cell receptor chimeric protein, a linker may 
be incorporated between T-cell receptor variable regions, 
between Fc regions of immunoglobulin, or between a chain 
and 3 chain when a chain and 3 chain are present in the 
T-cell receptor variable region, and two proteins may be 
tandemly bound to each other through a linker. The linker is 
a peptide linker composed of an amino acid sequence having 
a specific length; and the number of amino acids is not 
limited, but it is 1 to 30, preferably 3 to 25, and further 
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preferably 5 to 20. The kind of amino acid is not limited, and 
it is preferably an amino acid having a small side chain and 
being less reactive, or an amino acid having an a helix 
structure when being bound. Examples of these amino acids 
include glycine (G), serine (S), alanine (A), threonine (T), 
aspartic acid (D), lysine (K), glutamic acid (E), leucine (L) 
and methionine (M). 

(2) Method for Specifying T-Cell Receptor (TCR) 

10100] In targeting a cancer cell speciFying a TCR in the 
cancer cell, a T-cell receptor variable region capable of 
recognizing a cancer-specific antigen expressed in a specific 
cancer cell may be used as a T-cell receptor variable region. 
As such a T-cell receptor variable region, usable is, for 
example, a T-cell receptor variable region derived from a 
particular cancer patient. The type of cancer is not limited, 
and examples of cancer to be treated in the present invention 
include, by occurrence site, squamous cancer such as lung 
squamous cancer and cervical squamous cell, adenocarci-
noma such as lung adenocarcinoma and cervical adenocar-
cinoma, and undifferentiated carcinoma; and they include, 
by tissue or organ, stomach cancer, lung cancer, liver cancer, 
colon cancer, pancreatic cancer, bladder cancer, prostate 
cancer, anal-rectal cancer, esophageal cancer, cervical can-
cer, endometrial cancer, breast cancer, skin cancer, kidney 
cancer, adrenal cancer, urethral cancer, penile cancer, tes-
ticular cancer, ureteropelvic cancer, brain and nerve tumors, 
lymphoma and leukemia, bone and bone sarcoma, leio-
myoma, rhabdomyoma, and mesothelioma. For the above, 
use of a T-cell receptor variable region capable of recogniz-
ing a cancer-specific antigen such as: carcinoembryonic 
antigens (CEA) specific to large bowel cancer or gastroin-
testinal cancer; MAGE (melanoma antigen) specific to 
malignant melanoma; HER2/neu specific to breast cancer; 
human prostate cancer-specific antigen (PSA) specific to 
prostate cancer, and human prostatic acid phosphatase (PAP) 
and PSMA (prostate specific membrane antigen); WT1 
peptide specific to leukemia or various cancers; and glypican 
3 (GPC3) specific to hepatocellular cancer, can provide a 
T-cell receptor chimeric protein that can be widely used to 
treat many cancer patients. However, an appropriate cancer 
treatment for each cancer patient may be conducted by 
collecting lymphocytes from a cancer patient, identifying a 
repertoire of T-cell receptors of the lymphocytes, and using 
T-cell receptor variable regions found in the cancer patient 
at a high frequency. In this case, the T-cell receptors recog-
nize a particular epitope of a cancer-specific antigen of the 
cancer patient. DNA encoding such a specific T-cell receptor 
specific to a particular epitope of a cancer cell can be 
obtained by comprehensively analyzing the T-cell receptor 
of the cancer patient. Some T-cell receptors have 1018 

repertoires, but comprehensive analysis is currently avail-
able. For example, T-cells are collected from a lymph node 
of a cancer patient, and total mRNA is extracted and 
purified. Next, cDNA is synthesized from the total mRNA 
by a reverse transcriptase, and a cDNA library is produced. 
Sequences of the produced cDNA library are determined by 
a next-generation sequencer, and repertoires of the T-cell 
receptors can be analyzed. T-cell receptors with a high 
frequency in a patient with cancer can be determined as a 
specific T-cell receptor with high specificity to the cancer. 
10101] Next, the full length sequence of the T-cell receptor 
is cloned. For cloning, the full length sequence of the T-cell 
receptor is amplified by using a primer capable of binding to 
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a 5 -terminal part of DNA encoding a T-cell receptor variable 
region and a primer capable of binding to a 3 -terminal part 
of a T-cell receptor constant region, and incorporated into a 
cloning vector, so that a library of full length genes encoding 
the T-cell receptor is produced. Genes of this full length gene 
library are sequenced again. A T-cell receptor exhibiting a 
high frequency in the T-cell receptor repertoire analysis is 
taken as a T-cell receptor specific to cancer, and a clone 
having a sequence of gene of this T-cell receptor is selected 
as a clone for a cancer-specific T-cell receptor. 

10102] In targeting an infected cell infected with a patho-
gen such as bacteria or viruses causative of an infectious 
disease, a T-cell receptor variable region capable of recog-
nizing a specific antigen to a pathogen such as bacteria or 
viruses, which express an infected cell infected with a 
pathogen such as a particular bacterium or virus, may be 
used as a T-cell receptor variable region. As such a T-cell 
receptor variable region, usable is, for example, a T-cell 
receptor variable region derived from a patient with a 
particular infectious disease. A T-cell receptor variable 
region capable of recognizing a specific antigen to a patho-
gen may be referred to as a T-cell receptor variable region 
specific to a particular infectious disease. The infectious 
disease is not limited, and examples thereof include bacteria, 
viruses, fungi, rickettsiae and parasitic insects. Examples of 
pathogens causative of an infectious disease include: viruses 
such as influenza virus, adenovirus, RS virus, HCV (hepa-
titis C virus), HIV (human immunodeficiency virus), EBV 
(hepatitis B virus), HAV (A hepatitis virus), HPV (human 
papilloma virus), rabies virus, dengue virus, Ebola virus, 
Lassa virus and Zika virus; bacterial antigens such as 
hemolytic streptococcus, pathogenic coli such as 0157, 
Chlamydia trachomatis, Bordetella pertussis, Helicobacter 
pylon, Leptospira, Treponema pallidum, Toxoplasma gon-
dii, Borrelia, Legionella, anthrax, tuberculosis, Staphylo-
coccus aureus and MRSA (methicillin-resistant Staphylo-
coccus aureus); and protozoans such as malaria. An 
appropriate infectious disease treatment for each patient may 
be conducted by collecting lymphocytes from a patient with 
an infectious disease, identiFying a repertoire of T-cell 
receptors of the lymphocytes, and using T-cell receptor 
variable regions found in the patient with the infectious 
disease at a high frequency. In this case, the T-cell receptors 
recognize a particular epitope of a pathogen-specific antigen 
of the patient with the infectious disease. DNA encoding 
such a specific T-cell receptor to a particular pathogen can be 
obtained by comprehensively analyzing the T-cell receptor 
of the patient with the infectious disease. Some T-cell 
receptors have 1018 repertoires, but comprehensive analysis 
is currently available. For example, T-cells are collected 
from a lymph node of a patient with an infectious disease, 
and total mRNA is extracted and purified. Next, cDNA is 
synthesized from the total mRNA by a reverse transcriptase, 
and a cDNA library is produced. Sequences of the produced 
cDNA library are determined by a next-generation 
sequencer, and repertoires of the T-cell receptors can be 
analyzed. T-cell receptors with a high frequency in a patient 
with an infectious disease can be determined as a specific 
T-cell receptor with high specificity to the pathogen caus-
ative of the infectious disease. 

10103] Next, the full length sequence of the T-cell receptor 
is cloned. For cloning, the full length sequence of the T-cell 
receptor is amplified by using a primer capable of binding to 
a 5 -terminal part of DNA encoding a T-cell receptor variable 
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region and a primer capable of binding to a 3 -terminal part 
of a T-cell receptor constant region, and incorporated into a 
cloning vector, so that a library of full length genes encoding 
the T-cell receptor is produced. Genes of this full length gene 
library are sequenced again. A T-cell receptor exhibiting a 
high frequency in the T-cell receptor repertoire analysis is 
taken as a T-cell receptor specific to the infectious disease, 
and a clone having a sequence of gene of this T-cell receptor 
is selected as a clone for a T-cell receptor specific to an 
antigen of the pathogen. 
10104] Repertoire analysis of T-cell receptors can be car-
ried out by use of, for example, IMGT/V-Quest tool (http:// 
www.imgt.org!). 
10105] In the above method, after a sequence of a cancer-
specific T-cell receptor or a T-cell receptor specific to an 
antigen of a pathogen is determined by repertoire analysis of 
T-cell receptors, the full length gene of the T-cell receptor is 
cloned again, a library is produced, and a clone having a 
sequence of the T-cell receptor involved in recognition of a 
cancer-specific antigen or a T-cell receptor specific to an 
antigen of a pathogen is selected from the library. 
10106] Comprehensive analysis on T-cell receptors of a 
cancer patient or a patient with an infectious disease can be 
carried out for 1 to 2 weeks after blood collection. There-
after, a cloning of T-cell receptors and production of a 
chimeric protein may be carried out. About 3 to 5 weeks in 
the shortest period after blood collection can provide a T-cell 
receptor chimeric protein that enables an individualized 
(custom-made) therapy suitable for a particular cancer 
patient or a patient with a particular infectious disease. At 
that time, a T-cell receptor and an immunoglobulin Fc region 
from a patient may be used, and a T-cell receptor chimeric 
protein derived from the patient for both of them would be 
used, thereby reducing side effects caused by immunoreac-
tion. 
10107] Further, a T-cell receptor can be specified by the 
following concrete method. 
10108] As a first method, listed is a method for comparing 
TCR frequencies between a tissue around a disease, for 
example, a tissue around cancer, and peripheral blood. First, 
TCR frequencies in a disease tissue and peripheral blood are 
calculated for each specimen. A comparison is made 
between a TCR frequency of the disease tissue and a TCR 
frequency of the peripheral blood (TCR frequency of disease 
tissue/TCR frequency of peripheral blood), and those exhib-
iting two-fold or more difference in the ration are listed 
using TCR V regions (individual pair analysis). Those 
having a very small TCR frequency in the tissue around the 
disease, for example, less than 1%, are excluded. In the 
individual pair analysis, from TCRs exhibiting a large ratio, 
for example two-fold or more, preferably three-fold or more, 
about top 5 to 10 TCRs are picked up. This method is called 
Analysis 1. 
10109] That is, this method is a method for specifying a 
cancer-specific T-cell receptor a chain variable region, 
which includes: identifying a repertoire of a T-cell receptor 
a chain variable region of a lymphocyte in a cancer tissue 
of a cancer patient and a repertoire of a T-cell receptor a 
chain of a lymphocyte in peripheral blood of the cancer 
patient; and determining, as the cancer-specific T-cell recep-
tor a chain variable region, a T-cell receptor a chain variable 
region that is present in the lymphocyte in the cancer tissue 
two-fold or more in abundance than in the lymphocyte in the 
peripheral blood. It is also a method for speciFying a 

Jun. 20, 2019 

cancer-specific T-cell receptor a chain variable region, 
which includes: speciFying a cancer-specific T-cell receptor 
a chain variable region in a plurality of cancer patients; and 
determining, as a cancer-specific human common T-cell 
receptor a chain variable region, a T-cell receptor a chain 
variable region that is present two-fold or more in abun-
dance in the lymphocyte in the cancer tissue than in the 
lymphocyte in the peripheral blood. This method can be 
used to specify not only a chain variable region of a T-cell 
receptor but also a 3 chain variable region thereof. 

10110] A second method is to add up and average frequen-
cies of each specimen on TCR frequencies in the disease 
tissues, and then place them in frequency order and pick up 
about top 10 (total single analysis). TCR frequencies in the 
peripheral blood of healthy subjects are placed in frequency 
order and about top 10 frequencies are picked up. While 
focus is being placed on V region, from TCRs picked up 
from the disease tissue, those overlapping those picked up 
from the peripheral blood of the healthy subjects are 
excluded, and the remainder is taken as a specified TCR. 
This method is called Analysis 2. This method can be used 
to specify not only a chain variable region of a T-cell 
receptor but also a 3 chain variable region thereof. 

10111] That is, this method is a method for speciFying a 
cancer-specific T-cell receptor a chain variable region, 
which includes: a repertoire of a T-cell receptor a chain 
variable region of a lymphocyte in a cancer tissue of a cancer 
patient and a repertoire of a T-cell receptor a chain of a 
lymphocyte in peripheral blood of a healthy subject; and 
determining, as a cancer-specific T-cell receptor a chain 
variable region, a T-cell receptor a chain variable region that 
is present two-fold or more in abundance in the lymphocyte 
in the cancer tissue than in the lymphocyte in peripheral 
blood of the healthy subject. It is also a method, which uses 
a mixture of lymphocytes in cancer tissues of a plurality of 
cancer patients and a mixture of lymphocytes in peripheral 
blood of a plurality of healthy subjects to determine, as a 
cancer-specific human common T-cell receptor a chain 
variable region, a T-cell receptor a chain variable region that 
is present two-fold or more in abundance in the lymphocytes 
in the cancer tissues than in the lymphocytes in peripheral 
blood of the healthy subjects. 

10112] TCR V regions selected through Analysis 1 and 
Analysis 2 are added up and they are regarded as common 
TCRs. Among them, common and overlapping TCRs 
between Analysis 1 and Analysis 2 are taken as a particularly 
important TCR. 

10113] Examples of the common and overlapping TCR 
between Analysis 1 and Analysis 2 include the following 
TCRs having a T-cell receptor a chain variable region. 

10114] As TCRs specific to cervical cancer, provided are 
12 TCRs having a T-cell receptor a chain variable region 
including TRAV (T-cell receptor Alpha Variable) 1-1-01, 
1-1-02, 21-02, 22-01, 1-2-01, 12-2-03, 39-01, TRAV2-01, 
21-01, 12-1-01, 1-2-01, and 38-2/DV8-01. 

10115] A cancer-specific human common T-cell receptor a 
chain variable region specific to cervical cancer has a CDR3 
region having a consensus frame represented by AVR—(x=1 
to 6) -G -(x=1 to 3) -KL(I)/(T). 

10116] Further, as TCRs specific to lung cancer, provided 
are 8 TCRs having a T-cell receptor a chain variable region 
includingTRAV12-1-01, 16-01, 19-01, 22-01, 35-02, 17-01, 
9-2-02 and 13-1-01. 
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(3) Production of T-Cell Receptor Chimeric Protein 

10117] If comprehensive analysis of T-cell receptors is 
conducted at a time on a plurality of patients, many reper-
toires of T-cell receptors can be acquired, enabling a library 
of many DNAs encoding a T-cell receptor variable region to 
be produced and maintained. Thereafter, in the case that: 
T-cell receptor analysis is conducted on a cancer patient or 
a patient with an infectious disease requiring treatment; and 
the T-cell receptor possessed by the patient or a T-cell 
receptor having an approximate sequence is present in the 
library, DNA thereof may be used to produce a T-cell 
receptor chimeric protein. 

10118] The T-cell receptor chimeric protein of the present 
invention includes a monomer having one fusion protein 
wherein a T-cell receptor a chain variable region and/or 3 
chain variable region and an immunoglobulin Fc region are 
fused and a linker peptide is contained, if necessary, or a 
dimer having two fusion proteins. Preferred is a dimer 
shown in FIG. 4. The T-cell receptor chimeric protein of the 
present invention can form a dimer by disulfide bond. One 
of two T-cell receptor variable regions of a dimer may be an 
3 chain and the other may be a 3 chain. 

10119] The T-cell receptor chimeric protein of the present 
invention can be produced by known fusion protein produc-
tion methods, for example, a chemical synthesis method, a 
method utilizing a transgenic technology, and it is produced 
preferably by transgenic technology. An outline of a method 
utilizing a transgenic technology is shown in FIG. 5. When 
the T-cell receptor chimeric protein of the present invention 
is produced by a transgenic technology, DNA encoding a 
T-cell receptor a and/or chain variable region and an 
immunoglobulin Fc region, and if necessary, a linker peptide 
is ligated in-frame, DNA encoding a fusion protein is 
introduced into an expression vector to produce a recombi-
nant vector, and further, the recombinant vector is intro-
duced and expressed into a host such as animal cells insect 
cells, plant cells, yeast and bacteria. 

10120] As the vector, any vector that is replicable in a host 
cell such as a plasmid, phage, and virus is usable. The vector 
includes a promotor, a replication origin, a selective marker; 
and if necessary, it may include an enhancer, a terminator 
sequence (terminator), a ribosome binding site, polyade-
nylation signal or the like. 

10121] A produced T-cell receptor chimeric protein can be, 
if necessary, isolated and purified by isolation and purifica-
tion means well known to those skilled in the art. Examples 
of isolation and purification method include affinity chro-
matography, ion exchange chromatography, mixed-mode 
chromatography, dialysis, fractional precipitation, electro-
phoresis and others. An appropriate combination of these 
methods enables the T-cell receptor chimeric protein of the 
present invention to be isolated and purified. 

10122] Further, the T-cell receptor chimeric protein of the 
present invention can be expressed in a cell-free translation 
system (cell-free system). 

10123] The T-cell receptor chimeric protein of the present 
invention may have a chemical modification known to those 
skilled in the art. Examples of chemical modification include 
polyethylene glycosylation (PEG), glycosylation, acety-
lation, amidation, and others. 
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2. Use of T-Cell Receptor Chimeric Protein 

10124] (1) Incorporation of T-Cell Receptor Chimeric Pro-
tein into Cell and Down-Modulation of MHC Complex on 
Cell Surface 
10125] AT-cell receptor chimeric protein can down-modu-
late an MHC complex on the cell surface. In addition, a 
T-cell receptor chimeric protein bound to an MHC complex 
can be introduced into a cell. 
10126] The present invention includes a down-modulating 
agent of an MHC complex in a cell, which comprises a T-cell 
receptor chimeric protein as an active ingredient. The T-cell 
receptor chimeric protein used as an active ingredient of the 
MHC complex down-modulating agent is preferably a mul-
timer such as a dimer or a tetramer. A multimer exhibits a 
better clustering efficiency and a higher MHC complex 
down-modulating effect. 
10127] A T-cell receptor exhibits its function by binding to 
an MHC complex and transmitting a signal to a T-cell. The 
T-cell receptor chimeric protein of the present invention 
binds to an MHC complex on the cell surface, and thereafter, 
incorporated into the cell, thereby down-modulating the 
MHC complex on the cell surface. The T-cell receptor 
chimeric protein bound to the MHC complex on the cell 
surface is incorporated into the cell 1 to 10 hours later, 
preferably 4 to 8 hours later and further preferably 6 hours 
later. 
10128] The MHC complex bound to the T-cell receptor 
chimeric protein of the present invention is not limited to a 
class I molecule, and it may be a class II molecule. There 
exist H-2K, D, L, I-A and I-E for a mouse, and HLA-A, B, 
C, DR, DQ, DM and E for human. Further, the target cell is 
not limited to cells with cancer or infectious disease, and it 
any cells including normal cells can be a subject. 
10129] Further, the phenomena wherein the T-cell receptor 
chimeric protein binds to an MHC complex and is incorpo-
rated into a cell several hours later can be used as follows. 
That is, a T-cell receptor chimeric protein capable of rec-
ognizing an MHC complex of a cell as a target is produced. 
Next, a magnetic substance or drug is imparted directly to 
the T-cell receptor chimeric protein; or a binding protein 
such as a secondary antibody having a magnetic substance 
or drug imparted thereto, which recognizes the T-cell recep-
tor chimeric protein, is added thereto. As a result, use of the 
T-cell receptor chimeric protein enables the magnetic sub-
stance or drug to be introduced into the cytoplasm of a target 
cell. The magnetic substance used herein includes magnetic 
nanoparticles and the like. Examples of the magnetic nano-
particles include metal nanoparticles such as iron oxide 
nanoparticles and magnetite nanoparticles having a diameter 
of 1 to 100 nm. A magnetic nanoparticle may be enveloped 
for use. Magnetic nanoparticles incorporated into target cells 
such as cancer cells may be used as a heating element, in 
which an alternating magnetic field is applied extracorpo-
really to locally heat the cells to kill the target cells by 
thermotherapy using hyperthermia. In addition, the target 
cells can be killed by an anticancer drug or a drug for killing 
cells. The anticancer drug is not limited, and examples 
thereof include alkylating agents, antimetabolites, plant 
alkaloid, anticancer antibiotics, molecular target drugs, 
platinum-based drugs, hormone preparations, and the like. 
In this manner, a magnetic substance or drug incorporated 
into the cytoplasm by use of the T-cell receptor chimeric 
protein is utilized to selectively and efficiently destroy a 
target cell such as a cancer cell. 
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10130] In this maimer, a T-cell receptor chimeric protein 
can be used as a carrier of a magnetic substance or drug. 

(2) Method for Enhancing Function of NK Cell by T-Cell 
Receptor Chimeric Protein 

10131] Further, the present invention is a method for 
enhancing the function of an NK cell by use of a T-cell 
receptor chimeric protein. The present invention further 
includes a T-cell receptor chimeric protein used therefor. 
10132] The present invention provides the following two 
methods (a) and (b) for enhancing the function of an NK 
cell. 
(a) An NK cell recognizes a cell expressing no MHC 
molecule as a target cell. The T-cell receptor chimeric 
protein binds to an MHC complex expressing a specific 
antigen, and is incorporated into a cell several hours later, 
e.g., 6 hours later, so an MHC complex molecule on the 
target cell is down-modulated. Thus, the NK cell can rec-
ognize the target cell thereby to attack it. 
(b) An NK cell is allowed to recognize an MHC class I 
molecule, and thereby the NK cell can recognize a cancer 
cell or infected cell expressing an MHC class I molecule as 
a target cell. Thus, the cell can recognize the target cell 
thereby to attack it. 
10133] In the present invention, both of the methods (a) 
and (b) are referred to as a method for enhancing the 
function of an NK cell. 
10134] A T-cell recognizes an MHC class I molecule and 
an antigen, thus recognizing a cell having an MHC class I 
molecule expressed thereon (FIG. 1). In practice, a T-cell 
recognizes a complex wherein a cancer-specific antigen or 
an antigen of a pathogen such as a bacterium or a virus 
causative of an infectious disease is bound to an MHC class 
I molecule, thereby recognizing the antigen bound to the 
MHC class I molecule. Meanwhile, an NK cell recognizes 
the non-existence of MHCs thereby to work, so the NK cell 
cannot recognize a target cell having an MHC class I 
molecule expressed thereon (FIG. 2). A normal cell usually 
has an MHC class I molecule expressed thereon, so it cannot 
be a target of an NK cell. Further, the expression of an MHC 
class I molecule often disappear in a malignantly progressed 
cancer cell, but many cancer cells or infected cells have an 
MHC class I molecule. The infected cells used herein refer 
to infected cells infected with a pathogen such as a bacte-
rium or a virus causative of an infectious disease. A killer 
T-cell recognizes an MHC class I molecule of a cancer cell 
or infected cell thereby to attack them, so it is widely used 
for cancer immunotherapy or immunotherapy for infectious 
disease. Further, in certain types of cancer cells such as 
malignantly progressed cancer cells or intractable cancer 
cells, MHC class I molecules disappear. These cancer cells 
escape the attack of T-cells, so it has been necessary for NK 
cells to attack them. An NK cell has an immunoglobulin Fc 
region receptor (Fc receptor: FcR), thereby enabling anti-
body-dependent cellular cytotoxicity (ADCC) targeting a 
cell sensitized by humoral immunity (FIG. 3). 
10135] The above method (a) down-modulates MHC mol-
ecules on the surface of target cells. Thus, NK cells origi-
nally present in the body of a patient recognize target cells 
such as cancer cells or infected cells and attack them, 
resulting in the killing of these target cells. 
10136] In addition, the above method (b) enables NK cells 
to recognize MHC class I molecules, and thereby, the NK 
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cells would attack, as target cells, cancer cells or infected 
cells having MHC class I molecules expressed thereon. 
10137] In the method (b), an NK cell in its natural condi-
tion does not recognize a cancer cell or an infected cell 
infected with a pathogen such as a bacterium or a virus 
causative of an infectious disease having an MHC class I 
molecule expressed thereon (FIG. 2). However, under the 
presence of the T-cell receptor chimeric protein of the 
present invention, the Fc portion of the T-cell receptor 
chimeric protein binds to the Fc receptor (FcR) of the NK 
cell, and the T-cell receptor variable region of the T-cell 
receptor chimeric protein binds to a cancer specific antigen 
or a pathogen-specific antigen bound to an MHC class I 
molecule of a cancer cell as a target. As a result, the NK cell 
recognizes, as a target cell, a cancer cell or infected cell 
having an MHC class I molecule expressed thereon through 
the T-cell receptor chimeric protein, and attacks the cancer 
cell or infected cell. 
10138] Accordingly, the T-cell receptor chimeric protein of 
the present invention imparts the function of recognizing an 
MHC class I molecule to an NK cell originally possessed by 
a living body, thereby enabling the NK cell to exhibit 
damaging activity on an MHC class I molecule positive 
cancer cell or MHC class I molecule positive infected cell 
having an MHC class I molecule expressed thereon. That is, 
the T-cell receptor chimeric protein of the present invention 
has an effect of enhancing the function of NK cells, that is 
imparting to the NK cells the damaging activity on MHC 
class I molecule positive cancer cells or MHC class I 
molecule positive infected cells. In this regard, the T-cell 
receptor chimeric protein of the present invention can be 
used as an NK cell function enhancer. In the present inven-
tion, the damage and cytotoxicity of NK cells capable of 
recognizing an MHC class I molecule is called as TDCC 
(TCR-IgFc dependent cellular cytotoxicity) (FIG. 6). 
10139] Note that NK cells originally present in the body of 
a patient recognize cancer cells such as intractable cancer or 
end-stage cancer, which do not express an MHC class I 
molecule. Thus, NK cells kill or damage cancer cells 
expressing an MHC class I protein by TDCC (TCR-IgFc 
dependent cellular cytotoxicity) activity through the T-cell 
receptor chimeric protein, and also they can independently 
kill and damage cancer cells not expressing an MHC class 
I protein (FIG. 7). 
10140] The present invention is a method for enhancing 
cancer cell damaging activity function or infected cell 
damaging activity function of NK cells by use of a T-cell 
receptor chimeric protein; and a pharmaceutical composi-
tion, which comprises, as an active ingredient, a T-cell 
receptor chimeric protein, which is usable as an enhancer of 
cancer cell damaging activity function or infected cell 
damaging activity function of NK cells. The pharmaceutical 
composition can be used for cancer treatment or infectious 
disease treatment. 
10141] Further, the T-cell receptor chimeric protein also 
suppresses cancer metastases and it can therefore be used as 
a cancer metastasis inhibitor. 
10142] A dosage form of pharmaceutical composition of 
the present invention is not limited, and various dosage 
forms may be used depending on the usage. Examples of 
oral preparations include tablets, powder, granules, fine 
granules, capsules and the like. In addition, examples of 
parenteral preparations include injections, inhalation pow-
der, inhalation liquids, eye drops, solutions, lotions, sprays, 
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nasal drops, infusions, ointments, suppositories, plasters and 
the like. The pharmaceutical composition of the present 
invention may be prepared by pharmaceutically and pub-
licly-known methods in accordance with the dosage form. 
Examples of a pharmaceutical additive include excipients, 
disintegrants, binders, lubricants, diluents, buffers, tonicity 
agents, preservatives, stabilizers, solubilizing agents and the 
like. The pharmaceutical additive also includes physiologi-
cal saline, injection solvents and the like. 
10143] For the pharmaceutical composition of the present 
invention, various administration methods are used depend-
ing on the usage. Examples thereof include oral administra-
tion, intravenous administration, subcutaneous administra-
tion, intramuscular administration, intraperitoneal 
administration, topical administration and the like. 
10144] When the pharmaceutical composition of the pres-
ent invention is used for cancer treatment or infectious 
disease treatment, the dose of protein of the present inven-
tion as an active ingredient thereof is appropriately deter-
mined in accordance with the age, sex and weight of a 
patient, the severity of a disease, the dosage form and 
administration route, and the like. For example, when the 
pharmaceutical composition is orally administered to an 
adult, the dose may be determined within the range of 0.1 
gig/kg to 1000 mg/kglday. Daily dose may be administered 
at one time or divided into two or three fractions for 
administration. Further, when it is administered parenterally 
to an adult, the dose may be determined within the range of 
0.01 igIkg to 1000 mglkg/day. Daily dose for parenteral 
administration may be determined, depending on the dosage 
form, in the range of preferably 0.1 gig/kg to 10 gig/kg/day, 
1 gig/kg to 100 igIkgIday, or 10 gig/kg to 1000 ig/kgIday. 
10145] In the above method (a), the T-cell receptor chi-
meric protein of the present invention is administered to a 
living body thereby to down-modulate an MHC class I 
protein on the surface of a particular target cell, and thus, an 
NK cell originally present in the body of a patient can attack 
and kill a target cell. 
10146] In the above method (b), the T-cell receptor chi-
meric protein of the present invention is administered to a 
living body to enhance the function of NK cells originally 
possessed by the living body. However, it is possible: to 
collect NK cells from a cancer patient or a patient with an 
infectious disease; to culture and grow NK cells for several 
weeks, and if necessary, to freeze them; and thereafter, to 
administer to the cancer patient or the patient with the 
infectious disease together with the T-cell receptor chimeric 
protein of the present invention. The administration may be 
simultaneously; the NK cells may be administered first, and 
then, the T-cell receptor chimeric protein may be adminis-
tered; and the T-cell receptor chimeric protein may be 
administered first, and then, the NK cells may be adminis-
tered. In this case of the present invention, an NK cell and 
a T-cell receptor chimeric protein are administered in com-
bination, and therefore, the present invention includes a 
pharmaceutical composition or a kit of a combination of an 
NK cell and a T-cell receptor chimeric protein. 
10147] Further, it is possible to bring NK cells collected 
and grown from a cancer patient or a patient with an 
infectious disease into in vivo contact with a T-cell receptor 
protein, to produce in vivo a complex of the NK cell and the 
T-cell receptor chimeric protein, and to use the complex for 
cancer treatment or infectious disease treatment. The present 
invention includes a complex of a T-cell receptor chimeric 
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protein and an NK cell receptor, and further includes a 
method for producing a complex of a T-cell receptor chi-
meric protein and an NK cell by bringing the T-cell receptor 
chimeric protein and the NK cell with in vivo contact with 
each other. The complex may be administered as a cell 
reagent. Further, it is possible to collect NK cells from a 
cancer cell or a patient with an infectious disease; and to 
introduce and express DNA encoding a T-cell receptor 
chimeric protein into the NK cell. Thereafter, the NK cell 
may be cultured and grown for several weeks, and if 
necessary, frozen; and administered to the cancer patient or 
the patient with the infectious disease. Administration of the 
NK cell having TDCC (TCR-IgFc dependent cellular cyto-
toxicity) to the cancer patient or the patient with the infec-
tious disease may be conducted by, for example, intravenous 
infusion. The administered NK cell expresses a T-cell recep-
tor chimeric protein, and kills or damages a cancer cell or an 
infected cell having an MHC class I protein expressed 
thereon by TDCC through the T-cell receptor chimeric 
protein. 

(3) Detection of Cancer Cell or Infected Cell 

10148] Further, the T-cell receptor chimeric protein of the 
present invention binds to a complex of an MHC class I 
molecule of a cancer cell and a cancer-specific antigen, or an 
MHC class I molecule of an infected cell and a pathogen-
specific antigen, and thus, it can be used for detection of the 
cancer cell or the infected cell; and therefore, the detection 
of a cancer cell enables detection of cancer. In addition, the 
detection of an infected cell infected with a pathogen such 
as a bacterium or a virus causative of an infectious disease 
enables detection of the infectious disease. 
10149] In the case that the T-cell receptor chimeric protein 
is used to detect a cancer cell or infected cell, the T-cell 
receptor chimeric protein may be used by labeling it with an
enzyme such as a fluorescent dye, quenching dye, a fluo-
rescent protein, alkaline phosphatase (ALP), and horserad-
ish peroxidase (HRP). Labeling with a labeling substance 
can be carried out by a publicly-known protein labeling 
method, and the labeling may be carried out by use of 
biotin-avidin (streptavidin) system. 
10150] Detection may be conducted by use of FACS or a 
flow cytometer, and also may be conducted by an immuno-
cytochemical method. As the flow cytometer, FACSCant II 
(manufacture by Becton, Dickinson and Company), for 
example, may be used. Measurement by an immunocyto-
chemical method may be conducted by fixing a collected 
cancer cell or infected cell on a glass slide. In the immu-
nocytochemistry, staining may be determined by a micro-
scope or the naked eyes, or by use of an appropriate optical 
measurement device. 
10151] If cells are collected from a biological sample such 
as blood or a tissue of a subject and brought into contact with 
a T-cell receptor chimeric protein and it is found that cells 
binding to the T-cell receptor chimeric protein are present, 
the cells are determined as cancer cells or infected cells and 
it is determined that cancer cells or infected cells are present 
in the subject. When cancer cells are detected from the 
subject, it can be determined that the subject has come down 
with cancer. Further, when an infected cell is detected from 
the subject, it is determined that the subject has come down 
with an infectious disease. Detection by use of the T-cell 
receptor chimeric protein can provide auxiliary data for 
cancer diagnosis or infectious disease diagnosis. 
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10152] The present invention includes a reagent for cancer 
detection or a reagent for infectious disease detection, which 
includes a T-cell receptor chimeric protein, wherein the 
T-cell receptor chimeric protein is preferably labeled. 
10153] The patient determined as coming down with can-
cer can be treated by immunotherapy using the NK cell 
function enhancer of the present invention. In addition, the 
patient may be treated by surgical treatment, radiation 
treatment or chemotherapy. The patient determined as com-
ing down with an infectious disease may be treated by 
immunotherapy using the NK cell function enhancer of the 
present invention. In addition, the patent may be treated by 
administration of an antibacterial agent or an antiviral agent. 

EXAMPLES 

10154] Although the present invention will be specifically 
described by the following examples, the present invention 
is not limited by these examples. 
10155] To identify a T-cell receptor that recognized a 
cancer cell, the tumor cell E.G7 that expressed MHC class 
I and into which an OVA (ovalbumin) gene was introduced 
was used as a mouse tumor cell. E.G7-OVA is derived from 
EL4 (ATCC TIB-39), which is a CS7BL/6 (H-2') mouse 
lymphoma cell strain. The EL4 cell was transfected with the 
plasmid pAc-neo -0 VA carrying a complete copy of chicken 
ovalbumin mRNA and a neomycin (G418) resistant gene by 
electroporation (Moore MW. et al., Cell 54: 777-785, 1988). 

1. Expression Analysis of PD-i on CD8 T-Cell by Flow 
Cytometry 

1) Expression Analysis of PD-Li on E.G7 Cell 

10156] The expression of PD-Li on the E.G7 cell, which 
is a mouse lymphoma cell, was confirmed. First, 0.25 tg of 
an anti-PD-Li fluorescent-labelled antibody (clone name 
i0F.9G2) was added to E.G7 cells, the cells were dyed at 4° 
C. for 30 minutes and then washed with PBS twice. This 
sample was analyzed by flow cytometry. The flow cytometry 
analysis was performed with an FACSCanto II (manufac-
tured by Becton, Dickinson and Company). The result is 
shown in FIG. 8. The numerical value of the figure shows 
the Mean Fluorescence Intensity value (MFI). It was con-
fi rmed that PD-Li was expressed on the E.G7 cell. 

2) Expression Analysis of PD-i on CD8 T-Cell 

10157] First, 5x106 E.G7 cells were transplanted to the 
planta of a CS7BL/6 mouse. Lymphocytes in the spleen after 
0, 10 and 15 days were collected (p18). The expression of 
PD-i was examined using a fluorescence-labelled antibody. 
Then, 0.25 tg of a commercial fluorescence-labelled anti-
body was added to lxi 06 lymphocytes, the lymphocytes 
were dyed at 4° C. for 30 minutes and then washed with PBS 
twice. To label dead cells, the lymphocytes were dyed using 
P1 (Propidium Iodide) and prepared as an analysis sample. 
This sample was analyzed by flow cytometry. The flow 
cytometry analysis was performed with an FACSCanto II 
(manufactured by Becton, Dickinson and Company). 
10158] The used fluorescence-labelled antibodies are the 
following. 
Anti-PD-i antibody (clone name RMPi-14) 
Anti-CD8 antibody (clone name 53-6.7) 
10159] The result is shown in FIG. 9. The results of a naive 
mouse and the E.G7-bearing mouse are shown in FIG. 9. 
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The expression of PD-i increased in the CD8 T-cells. The 
schematic diagram of an E.G7 cell expressing a molecule of 
MHC class 1 and an OVA-derived peptide is shown in FIG. 
10. 

2. TCR Repertoire Analysis 

10160] Lymphocytes in the spleen were collected from a 
CS7BL/6 mouse. This was used as a naive mouse sample. 
Then, 5x106 E.G7 cells were transplanted to the planta of a 
CS7BL/6 mouse. Lymphocytes in the spleen after 10 days 
and 15 days were collected. Two mice were used for each 
case. 
10161] Total RNA was extracted, and a cDNA library was 
produced from the above-mentioned sample in a general 
method. An adapter was imparted, followed by PCR using 
"gene specific unbiased amplification" to ampliFy the gene 
of a TCR chain. This was used as an analysis sample. 
10162] Gene specific unbiased amplification is a method in 
which an adapter is imparted to the cDNA library, and the 
antisense strand (or sense strand) of the double-stranded 
adapter is then digested with an enzyme. The adapter 
ligation PCR method is performed using a primer based on 
the nucleotide sequence of the remaining adapter moiety and 
a TCR specific primer. This enables the suppression of 
nonspecific primer bonds and gene-specific amplification. 
10163] Specifically, gene specific unbiased amplification 
is performed by the following method: 
(i) a step of ligating any double-stranded adapter DNA of the 
following [1] to [3] to the both ends of a double-stranded 
cDNA; 
(ii) a step of treating the gene to which the double-stranded 
adapter DNA is ligated with a uracil DNA glycosylase 
(UNG) and further heat-treating the DNA to decompose the 
antisense strand of the adapter DNA; and 
(iii) a step of performing PCR amplification using a forward 
primer comprising a part or all of the sequence of the 
antisense strand of the double-stranded adapter DNA and a 
reverse primer that anneals to the target gene specifically. 
10164] In this method, extension reaction by only the 
forward primer does not occur, but extension reaction by a 
reverse primer occurs to form the complementary strand of 
the sense strand of the adapter. The forward primer then 
anneals to the complementary strand, resulting in extension 
reaction, and extension by the reverse primer and extension 
by the forward primer occur in this order in one direction. 
The target gene can be amplified by the PCR method without 
being biased in one direction thereby. 
[1] A double-stranded adapter DNA used for unbiased gene 
amplification, wherein 
(a) a sense strand and an antisense strand anneal, and the 
base lengths of the sense strand and the antisense strand are 
the same, or the sense strand is longer; 
(b) the base length of the sense strand is iS to 40 bp; 
(c) the antisense strand contains a plurality of uracil bases, 
the adapter is treated with a uracil DNA glycosylase (UNG), 
resulting in the removal of the uracil bases, and then 
heat-treated, resulting in the decomposition of the antisense 
strand; 
(d) at least one end of the adapter DNA has the shape of a 
blunt end; 
(e) the adapter DNA binds to a target gene to be amplified 
at one end; and 
(f) a part or all of the sense strand is the sequence of the 
forward primer used for gene amplification. 


