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METHODS FOR PROLIFERATION OF
ANTIGEN-SPECIFIC T CELLS

TECHNICAL FIELD

[0001] The invention mainly involves a method expansion
of antigen-specific T-cell

EXISTING TECHNOLOGIES

[0002] Cellular immunotherapy has been gradually applied
in the treatment of cancer and tumor with some promising
results emerged. However, the difficulty to produce large
quantity of T cells for the therapy is a major obstacle for the
further development of this promising therapy. Currently, the
expansion of T cells is carried out by the stimulation of
cultured T cells with antibody combined with cytokines, for
example: T cells are usually expanded with anti-CD3 anti-
body plus interleukin-2. However, this method has some dis-
advantages with non-specific proliferation and insufficient
production of T cells. Another method for T cell expansion is
the proliferation of T cells stimulated by antigen-presenting
cells (such as dendritic cells, B cells, etc.). But to obtain
enough antigen-presenting cells itself is a time-consuming
task, which could not meet the clinical requirements. There-
fore, an effective method for the expansion of a large number
of antigen-specific T cells is in urgent need.

DETAILS OF THE INVENTION

[0003] One objective of this invention is to provide a
method for the expansion of antigen-specific T-cells.

[0004] The present invention provides a method for the
expansion of antigen-specific T-cell, including the following
steps: stimulate T cells with original antigen A to obtain
antigen A-specific T cells with surface molecules recognizing
pMHC (major histocompatibility complex molecules associ-
ated with a peptide derived from antigen A); transfer the
genes encoding immune recognition molecules for antigen B
peptide associated MHC molecule into the aforementioned
immunogen A-specific T-cells, and obtain the double-specific
T-cells with antigen-B derived peptide MHC-specific as well
as antigen A derived peptide associated MHC molecules.
Finally, expand the double-specific T-cells with antigen A.
[0005] The aforementioned antigen A refers to a virus, a
bacteria, and a chimeric protein, or allogeneic antigen or a
peptide with more than 7 and less than 35 amino acids, where
a virus refers to the virus with strong immunogenicity and
clearly-identified immune response mechanism, and an abil-
ity to rapidly and effectively stimulate immune response in
immune cells and induce the proliferation of immune cells
without causing pathogenicity in mammalian cells, such as
influenza virus, EB virus, CMV, etc.

[0006] Theaforementioned immune recognition molecules
that recognize antigen-B peptide-MHC molecule complex
include T-cell receptor (TCR), T cell receptor (TCR)-like
antibodies, killing cell activated receptors (KAR) and killing
inhibitory receptors (KIR) on the NK cell surface.

[0007] Another purpose of the invention is to provide a
method to make bi-specific antigen-specific T cells.

[0008] The invention provides method for making bi-spe-
cific antigen-specific T cells, in accordance with the method
of'preparation includes the following steps to get: introducing
encoding gene of immune recognition molecule for antigen B
peptide associated MHC (pMHC) into antigen A pMHC spe-
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cific T cell; generating the bi-specific T cells recognizing both
target cells expressing antigen A pMHC and target cells
expressing antigen B pMHC.

[0009] The aforementioned antigen A refers to virus, bac-
teria, and peptide with more than 7 and less than 35 amino
acids, chimeric protein, allogeneic antigens, where the virus
refers to the virus with strong immunogenicity without caus-
ing serious pathogenicity in mammalian cells, such as influ-
enza virus, EB virus, CMV, etc.

[0010] Theaforementioned immune recognition molecules
that recognize antigen-B peptide-MHC complex include
T-cell receptor, T cell receptor (TCR)-like antibodies, killing
cell activated receptors and killing inhibitory receptors on the
NK cell surface.

[0011] The above-mentioned method can be characterized
as immunogenic peptide-MHC complex specific T cells are
obtained by immunizing a living subject with antigen A.
[0012] Themethod described for the proliferation of T cells
using the following protocols described in 1), 2) or 3):
[0013] 1) to stimulate the proliferation of the methods
described include the following steps: Antigen B specific
T-cells are obtained as described by immunizing a living
subject with the antigen A, and antigen B specific T cells are
amplified by repeated stimulation of antigen A in vivo.
[0014] 2) to stimulate the proliferation of the methods
described include the following steps: co-culture the afore-
mentioned antigen B specific T cells with antigen A, and the
proliferation of the antigen B specific T cells are obtained by
stimulation of antigen A in vitro cell culture.

[0015] 3) to stimulate the proliferation of the methods
described include the following steps: co-culture the afore-
mentioned antigen B specific T cells and the feeder cells
expressing antigen A, and the antigen B specific T cells are
amplified through stimulation by antigen A in vitro cell cul-
ture.

[0016] Transfer method is described as transduction or
transfection by the virus vector, liposomes, cationic poly-
mers, or electroporation; viral vector as described is a retro-
viral vector, a lentiviral vector or an adeno-associated virus
vector.

[0017] The transduction method described are as follows
1),2),3)or4):
[0018] 1) Co-culture the Packaging cells that produce the

recombinant virus, with antigen A specific T cells and antigen
A

[0019] 2) Co-culture the Packaging cells that package the
recombinant virus with antigen A specific T cells and the
feeder cells expressing MHC associated with a peptide
derived from antigen A;

[0020] 3) Co-culture the recombinant virus, antigen A spe-
cific T cells and antigen A;

[0021] 4) Co-culture the recombinant virus, antigen A spe-
cific T cells and the feeder cells expressing MHC associated
a peptide from antigen A;

[0022] Recombinant virus containing the above mentioned
encoding genes of immune recognition molecules for antigen
B peptide-MHC complex.

[0023] The methods and cells as described Antigen B is a
tumor differentiation antigen. The tumor mentioned is mela-
noma. Antigen B can be described as melanoma differentia-
tion antigen gp100.
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[0024] The mentioned immune recognition molecule spe-
cific to antigen B peptide-MHC complex is described as
melanoma differentiation antigen gp 100 specific T cell recep-
tor proteins.

[0025] Described anti-melanoma differentiation antigen
gpl00 specific T cell receptor proteins-encoding genes
including the fragment 1 and fragment 2, the nucleotide
sequence of fragment 1 is shown in the sequence table as the
sequence 1, the nucleotide sequence of fragment 2 is shown in
the sequence table as the sequence 2.

[0026] Any of the aforementioned combined antigen A is
prepared with the feeder cells in accordance with the follow-
ing step: Firstly, co-culture the aforementioned antigen-A
and feeder cells; finally, obtain the feeder cells combined with
antigen A after the treatment of cells with mitomycin.
[0027] Any of the above described antigen-specific T cells
in the treatment of diseases also belong to the scope of pro-
tection of this invention. Wherein the treatment mentioned is
specifically for cell based adoptive therapy.

[0028] The principle of the invention is to obtain the spe-
cific T-cells targeted at antigen-A peptide-MHC molecule
(major histocompatibility complex); transfer the encoding
genes of immune recognition molecules of peptide-MHC
molecule complex that can recognize the target antigen B
p-MHC into antigen A-specific T-cells to obtain the double-
specific T-cells against both antigen A pMHC molecules and
antigen B pMHC; and these T-cells are amplified with repeat
stimulation by antigen A.

[0029] The invention is suitable for the proliferation of
specific T-cells of the antigens with strong or weak immuno-
genicity, especially for the antigens with the weak-immuno-
genicity such as certain tumor antigens, for example: mela-
noma antigen.

[0030] In the present invention, the obtained double-spe-
cific T-cells, into which the immune recognition molecules of
antigen-B specific peptide-MHC molecules complex are
transferred, are mainly proliferated through the stimulation of
antigen A with stronger immunogenicity. It overcomes the
limitation that the antigen with weak immunogenicity could
not induce proliferation of its specific T-cells in vitro, and
demonstrates a good proliferation, and the proliferated
immune cells have a higher killing rate for its targeted cells.
Furthermore, this method is simple to operate at a relatively
low cost. Therefore, the proliferation method is suitable for
the preparation of a variety of antigen-specific immune cells
at a large quantity for the transfusion immunotherapy in vari-
ous tumors or other diseases.

ILLUSTRATIONS

[0031] FIG. 1: Production of recombinant retroviruses car-
rying immune molecule for the recognition of pMHC on
target cells with a packaging cell line.

[0032] FIG. 2: Staining results of double-specific T-cells
against both gp100 peptide or MP peptide pMHC with tet-
ramers in influenza virus

[0033] FIG. 3: Staining results of double-specific T-cells
against both gp100 peptide pMHC or MP peptide pMHC in
intra-cellular cytokine staining assays.

[0034] FIG. 4 Proliferation after the in vitro co-culture of
double-specific T-cells with different stimuli

[0035] FIG. 5 In vivo Proliferation of the double-specific
T-cells in HLA-A2/Kb transgenic mice

[0036] FIG. 6 In vitro killing target cells and tumor by the
double-specific T-cells.
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[0037] FIG. 7 In vivo killing target cells associated with
tumor antigens in HLA-A2/Kb transgenic mice by the
double-specific T-cells.

[0038] FIG. 8 In vivo melanoma suppression results of the
double-specific T-cells in naked mice.

IMPLEMENTATION DETAILS

[0039] The experimental methods in the following
examples, if no special statement, refer to the conventional
methods.

[0040] The materials and reagents in the following
examples, if no special statement, can be purchased from a
commercial company

[0041] Phoenix-Eco retroviral packaging cells (Morgan, R.
a., et al., High efficiency TCR gene transfer into primary
human lymphocytes affords avid recognition of melanoma
tumor antigen glycoprotein 100 and does not alter the recog-
nition of autologous melanoma antigens. J Immunol, 2003.
171(6):p.3287-95) IMCAS).

[0042] PT67 retroviral packaging cells (Quan, S., et al.
Regulation of human heme oxygenase in endothelial cells by
using sense and antisense retroviral constructs. PNAS, 2001.
98(21): p. 12203-08) (IMCAS).

[0043] Suptl human lymphoma cell line (Morgan, R. A., et
al., High efficiency TCR gene transfer into primary human
lymphocytes affords avid recognition of melanoma tumor
antigen glycoprotein 100 and does not alter the recognition of
autologous melanoma antigens. J Immunol, 2003.171(6):p.
3287-95) IMCAS).

[0044] APB plasmid (Morgan, R. A., etal.., High efficiency
TCR gene transfer into primary human lymphocytes atfords
avid recognition of melanoma tumor antigen glycoprotein
100 and does not alter the recognition of autologous mela-
noma antigens. J Immunol, 2003.171(6):p3287-95) (IM-
CAS), APB plasmid contains the encoding genes of the anti-
melanoma gp100 TCR protein, including fragment 1 and 2;
and the nucleotide sequence of the fragment 1 and 2 are
indicated in The Tables.

[0045] Influenza virus is influenza virus A/PR/8/34 PR/8/
34. (de Wit, E., et al., Efficient generation and growth of
influenza virus A/PR/8/34 from eight cDNA fragments. Virus
Res, 2004.103(1-2):p.155-61.) IMCAS).

[0046] HLA-A2/Kb transgenic mice (Zhou, M., et al.,
Screening and identification of severe acute respiratory syn-
drome-associated coronavirus-specific CTL epitopes. J
Immunol, 2006.177(4):p.2138-45.) IMCAS)

[0047] IL-2,purchased from Chiron B. V., Amsterdam, The
Netherlands.
[0048] Co-culture medium: RPMI1640 medium, contain-

ing 10% (volume percentage content) fetal bovine serum, 2
mM glutamine, 100 U/ml penicillin, 10 ug/ml streptomycin,
5x1072 mM 2-mercaptoethanol.

Example 1, Preparation of Double-Specific T Cells
(Anti-Tumor Specific and Anti-Influenza
Virus-Specific T Cells).

[0049] 1 Preparation of Packaging Cell Line Expressing
Recombinant Virus (Containing the Anti-Melanoma
gpl00TCR Protein Encoding Genes).

[0050] Transfect Phoenix-Eco cells with APB plasmid to
prepare the PT67 packaging cells infected with viral super-
natant. Infect SupT1 human tumor cell lines respectively with
the infected supernatant of monoclonal PT67 cells, determine
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the human CD3 expression with uninfected SupT1 human
tumor cell lines as blank control. The method is used to screen
the packaging cell line that could generate the highest pos-
sible viral titer.

[0051] The test results are shown in FIG. 1A, it indicated
that the screened PT67 packaging cell line could generate
very high viral titer (that is, it could increase the human CD3
expression on the surface of SupT1 human tumor cell line),
therefore it could serve as the recombinant virus-producing
packaging cell line in the following experiment.

[0052] 2 Preparation of Double-Specific T-Cells

[0053] (1) Immunise mice with Influenza virus-: nasal
immunization of HLA-A2/Kb transgenic mice with influenza
virus. Influenza virus

[0054] (2) Preparation of mice spleen lymphocytes: 2-4
weeks after immunization, the spleen cells of mice are taken
out first. After grinding, the spleen cell suspension is prepared
after twice filtration with 200 mesh sieve, the lysis solution of
red blood cells is added to cell suspension, erythrocyte debris
and platelets are centrifuged and removed, lymphocytes are
collected and washed 3 times with 1640 cell culture medium
containing 10% fetal calf serum, and the lymphocytes are
suspended with co-culture medium.

[0055] (3) Preparation of double-specific T cells: The
obtained lymphocytes in Step (2) are inoculated into co-
culture medium containing the PT67 packaging cells
screened in the step-1 (the number of ratio of PT67 packaging
cells and lymphocytes is 8x10*:1x10°%) and producing retro-
virus (human TCR expressing anti-gp100 melanoma gp100),
influenza virus (the ratio of influenza virus and T cell is ratio
of 2x10°EID50:1x10%), and the mixture is cultivated for 5
days under the conditions of 37° C. and 5% CO,. IL-2 is
added into the co-culture system after 24-48 hour cultivation
(the final concentration of IL-2 in the system is up to 50
1U/ml), and then IL-2 is renewed every day, to obtain double-
specific T cells (anti-melanoma-specific and anti-influenza
virus-specific T cells)

[0056] Determine anti-gpl100-TCR expression onthe T cell
surface at different time points of co-culture.

[0057] Repeat the tests 3 times, and the results were shown
in FIGS. 1B and 1C, which demonstrated that the surface
expression of human gpl00-TCR could be detected with
anti-human TCR (/) -FITC (BD Biosciences,PharMingen,
CA,USA.Cat.333140), and indicated that the retrovirus
(APB) had successfully infected Mice T-cells, achieved
double-specific T cells (anti-melanoma-specific and anti-in-
fluenza virus-specific T cells).

[0058] For further amplification of double-specific T cells,
absorb suspension cells, remove dead cells, add the influenza
virus to stimulate the feeder cells (mice spleen cells with the
same cell line) treated with mitomycin (80ug/ml, 37 [, 2 h)
and 50 1U/ml IL-2, co-culture continuously 3-5 days under
the conditions of 37 [J and 5% CO,, and obtain sufficient
double-specific T-cells.

[0059] (4) Preparation of anti-influenza virus-specific T
cells: nasal immunization of HLA-A2/Kb transgenic mice
with influenza virus, 2-4 weeks after immunization, take out
the spleen lymphocytes of mice, add influenza virus up to the
final concentration of 2x10°EID50/ml in the culture system,
co-culture for 5-10 days under the conditions of 37 [J and 5%
CO,. IL-2 was added into the co-culture system after 24-48
hour cultivation (the final concentration of IL-2 in the system
is up to 50 IU/ml), and then IL-2 was added every day to
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obtain double-specific T cells (anti-melanoma-specific and
anti-influenza virus-specific T cells)

[0060] FIG. 1A indicated the human CD3 expression onthe
surface of SupT1 cells after infected with retrovirus produced
by packaging cell line PT67. Control indicated SupT1 not
infected with retrovirus, while APB indicated SupT1 infected
with retrovirus. The X-axis is the relative fluorescence inten-
sity values of human CD3 (human leukocyte differentiation
antigen-3) while the Y-axis was the number of cells.

[0061] FIG. 1B indicated human TCR (T cell antigen
receptor) expression on the surface of mice T-cell infected
with retrovirus (APB) and stimulated by influenza virus.
X-axis indicated the relative intensity of green fluorescence
ofhuman TCR, while the Y-axis indicated the amount of cells.
[0062] FIG. 1C indicated human TCR (T cell antigen
receptor) expression on the surface of mice T-cell after dif-
ferent times of infection with retrovirus (APB) and stimula-
tion by influenza virus. X-axis indicated the relative intensity
of green fluorescence of human TCR, while the Y-axis indi-
cated the number of cells.

Example 2, Double-Specific T Cell Proliferation and
Function

[0063] The following procedures are conducted to test the
double-specific T-cells obtained in Example 1.

[0064] Prepare the melanoma antigen gpl100 peptide tet-
ramer in accordance with the method described in the relevant
documents (Estcourt, M. J., A. J. McMichael, and T. Hanke,
Altered primary CD84+T cell response to a modified virus
Ankara(MVA)-vectored vaccine in the absence of CD4+T
cell help. Eur J Immunol,2005.35(12):p.3460-7) .

[0065] Prepare the MP matrix proteins of influenza virus
antigen peptide tetramer in accordance with the method
described in the documents (Estcourt,M. J., A. J. McMichael,
and T. Hanke, Altered primary CD8+T cell response to a
modified virus Ankara(MVA)-vectored vaccine in the
absence of CD4+T cell help. Eur J Immunol, 2005.35(12):p.
3460-7) .

[0066] FITC-labeled anti-mouse CDS: purchased from
BD, PharMingen, CA, USA;

[0067] Anti-mouse IFN-y-PE: purchased from eBio-
science, Product number 12-7311-71;

[0068] Monensin: purchased from eBioscience, Product
number 00-4505-51;

[0069] Penetration buffer: purchased from eBioscience,
Product number 00-8333;

[0070] Naive T cells: HLA-A2 transgenic mouse spleen T
cells separated before any immunization, are the naive T cells.

[0071] 1. Tetramer Staining and Intracellular Cytokine
Staining
[0072] To conduct the tests with double-specific T-cells,

anti- influenza virus-specific T cells, and naive T cells are
used as experimental cells. The test method is detailed as
follows with the double-specific T-cells as example.

[0073] Tetramer staining: wash double-specific T cells
twice with PBS, re-suspend them in 100 plPBS, add MP
peptide tetramer (PE) or gp100 peptide tetramer (PE), stain at
37° C. for 20 min, add anti-mouse CD8 monoclonal antibody
at room temperature and stain for 20 min, wash twice with
PBS and re-suspend them into 500 pul PBS, then transfer them
into flow cytometry for counting.

[0074] Intracellular cytokine staining: inoculate double-
specific T-cells into co-culture medium, add gp100 peptide
(whose concentrations in the culture system is 20 pM) and
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MP influenza virus peptide (whose concentrations in the cul-
ture system is 20 uM) into different treatment groups respec-
tively, after 1-2 hour stimulation, add monensin (whose con-
centrations of gp100 peptide in the culture system is 20 pM)
for 4-5 hour treatment under the conditions of 37° C. and 5%
CO,, fixed with paraformaldehyde (1%), wash and re-sus-
pend with penetration buffer, stain with anti-mouse I[FN-y-PE
monoclonal antibody and anti-mice CD8 monoclonal anti-
body, wash twice with PBS, re-suspend with 500 p1PB, and
load into flow cytometry for cell counting with the solution
containing no peptide as control.

[0075] Repeat the test twice.

[0076] Tetramer staining results, shown in FIG. 2 (1 indi-
cated naive T cells, 2 anti-influenza virus-specific T cells, 3
double-specific T cells). The results demonstrated that
10-15% double-specific T cells could response with MP tet-
ramer, 15-20% with gp100 tetramer responses, but almost no
response of anti-influenza virus-specific T cells in the control
group with gp 100 tetramer appeared, which indicated that the
double-specific T-cell could express anti-melanoma antigens
gpl00 TCR as well as anti-influenza virus antigen MP-TCR,
in this sense, it showed dual specificity.

[0077] InFIG.2A, X-axis indicated the relative intensity of
green fluorescence of the differentiation antigen-8 of 10-day
dual specific T cells ; while the Y-axis indicated the relative
intensity of red fluorescence of the MP peptide tetramer (PE).
[0078] InFIG. 2B, X-axis indicated the relative intensity of
green fluorescence of the differentiation antigen-8 of 10-day
non-transduced T cells induced by influenza virus; while the
Y-axis indicated the relative intensity of red fluorescence of
the MP peptide tetramer (PE).

[0079] The staining results of intracellular cytokine were
shown in FIG. 3, indicating about 10% double-specific T cells
could response with influenza virus antigen and secrete y-in-
terferon, while about 10% could response with melanoma
antigen gp100 peptide and secrete y-interferon. It indicated
the dual specificity of double-specific T-cells on the cytokine
secretion levels.

[0080] FIGS. 3A and 3B demonstrated the staining results
of intracellular cytokine of the double-specific T cells and
anti-influenza virus-specific T cells, respectively, where 1
indicated the influenza virus antigen MP peptide response
group, 2 the melanoma antigens gpl00 peptide response
group, and 3 the control group without peptide. X-axis indi-
cated the relative intensity of green fluorescence of the dif-
ferentiation antigen-8 of mice leukocyte, while Y-axis indi-
cated the relative intensity of red fluorescence of the
intraocular mice IFN-y (PE).

[0081] 2 Proliferation of Double-Specific T-Cell In Vitro or
In Vivo of Mice

[0082] B16-AAD melanoma cells (Mullins, D. W., et al.
Route of Immunization with Peptide-pulsed Dendritic Cells
Controls the Distribution of Memory and Effector T Cells in
Lymphoid Tissues and Determines the Pattern of Regional
Tumor Control. J Exp Med, 2003.198 (7): p.1023-24.)(IM-
CAS).

[0083] (A)In Vitro Proliferation:

[0084] After staining double-specific T-cells with green
fluorescent dye (CFSE), different stimuli and I[.-2 are added
(the final concentrations of 1[.-2 at 50 IU/ml) (once every one
day) to co-culture for 3 days under the conditions of 37° C.
and 5% CO,, and loaded into flow cytometry to observe cell
proliferation.
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[0085] Processed with different stimuli as follows:

[0086] 1) Add influenza virus-feeder cells, and the ratio of
feeder cells to double-specific T cells ratio is 1:1;

[0087] Preparation of Influenza viruses-feeder cells: take
the HLA-A2/Kb transgenic mice spleen T cells without any
immunization, inoculate them into co-culture medium, add
influenza virus (with its final concentrations in the culture
system up to 2x10°EID50/ml) to stimulate for 2h, then add
mitomycin (with its final concentrations in the culture system
up to 80ug/ml ), treated at 37° C. for 2 h, wash 3 times with
medium, and the obtained cells are feeder cells combined
with Influenza viruses.

[0088] 2)Add B16-AAD melanoma cells processed with
mitomycin, and the ratio of them to double-specific T cells is
0.5:1;

[0089] Preparation of B16-AAD melanoma cells treated
with mitomycin: inoculate B16-AAD melanoma cells into
co-culture medium, add mitomycin (with its final concentra-
tion in the culture system up to 200 pg/ml), treated at 37° C.
for 2 h, wash 3 times with medium, and the obtained cells are
B16-AAD melanoma cells processed with mitomycin.

[0090] 3)Only double-specific T cells are cultivated in the
co-culture medium, and no other cells are added.

[0091] 4)Add anti- CD3 antibody up to the final concentra-
tions of 200 ng/ml.

[0092]

[0093] The in vitro proliferation results are shown in FIG.
4. After the co-culture with the feeder cells combined with
influenza viruses, and anti-CD3 antibody, the double-specific
T-cells showed significant proliferation, while B16-AAD
melanoma cells could stimulate weakly proliferation of the
abovementioned T cells, which indicated that the tumor anti-
gen was a weak immunogen and could not effectively stimu-
late the proliferation of double-specific T cells, while the
influenza virus antigen was a strong antigen and could
strongly stimulate the above proliferations.

[0094] InFIG. 4, A indicates double-specific T cells while
B anti--influenza virus-specific T cells. 1 represents the co-
culture group with influenza virus-feeder cells, 2 the co-
culture group with B16-AAD melanoma cells, 3 the blank
culture group cultured in co-culture medium, and 4 the co-
culture group with anti-CD3 antibody, respectively.

[0095] (B) In Vivo Proliferation of Mice

[0096] Transfuse double-specific T cells(3x10%mouse)
into mice intravenously, 24 h later, immunize mice with influ-
enza virus (intraperitoneal immunization, once, 107-°EIDs,),
detect gp100 tetramer and CD8 double positive cells in the
mice spleen cells at different time points, observe the in vivo
proliferation of T cells of mice after stimulation with influ-
enza virus. Repeat the test twice.

[0097] Theinvivo proliferation results are shown in FI1G. 5.
After immunized with influenza virus, the double-specific T
cells (@)of mice demonstrated a significant in vivo prolifera-
tion. The anti-tumor TCR expression reached the highest 7
days after immunization, accounting for about 10% of CD8
positive T cells, afterwards the ratios decreased due to the
response of in vivo immune balance system. It indicated that
influenza virus antigen could effectively stimulate the in vivo
proliferation of double-specific T cells, while no expression
of anti-tumor TCR was detected in the controlled anti-influ-
enza virus-specific T cells (o) .

Repeat the test 3 times.
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[0098] 3 In Vivo and In Vitro Killing Test of Double-Spe-
cific T Cells
[0099] EG7cells (Fu, H. M., et al. Investigation of endong-

enous antigen processing by delivery of an intact protein into
cells. J.Immunol. Methods, 2008.335: p.90-97) (IMCAS).

[0100] K41cells (Fu, H. M., et al. Investigation of endong-
enous antigen processing) by delivery of an intact protein into
cells. J.Immunol. Methods, 2008.335: p.90-97) (IMCAS).
[0101] (A) In Vitro Killing:

[0102] Stain HLA-A2/Kb transgenic mice spleen cells with
CFSE (10 uM), stimulate them with melanoma antigen gp100
peptide (10 uM, 37° C. , 30 min), influenza virus antigen MP
peptide (10 uM, 37° C., 30 min), and influenza virus
(2EID50/cell, 37° C., 120 min) respectively, mix them with
the effector cells (double-specific T cells) at different effec-
tor-target ratios for 4 h at 37° C., stain them with PI (pro-
pidium iodide, 10 pg/ml, Sigma-Aldrich, 81845), and load
the prepared cells into flow cytometry for the measurement of
killing ratio. Repeat the test 3 times.

[0103] The in vitro killing results are shown in FIG. 6. A
indicates in vitro killing target cells combined with specific
antigen of double-specific T cells, while B in vitro killing
tumor cells of double-specific T cells.

[0104] InFIG. 6A, 1 indicates that target cells are the syn-
geneic mice spleen cells combined with gp100 peptide; 2
indicates that target cells are the syngeneic mice spleen cells
combined with MP peptide; 3 indicates that target cells are the
syngeneic mice spleen cells combined with influenza virus; 4
indicates that target cells are the syngeneic mice spleen cells
receiving no stimulation. @ indicates that effector cells are
double-specific T-cells. o indicates that effector cells are the
syngeneic mice spleen cells without any antigen stimulation
(control).

[0105] In FIG. 6B @ indicates the results of killing B16-
AAD melanoma cells, o indicates the results of killing EG7
cells, and M indicates the result of killing K41 cells.

[0106] The results demonstrated that the double-specific
T-cells could significantly kill the syngeneic mice spleen cells
combined with gp100 peptide, MP peptide or influenza virus,
but fail to kill the non-combined mice spleen cells (FIG. 6A).
Furthermore, the double-specific T-cells could significantly
killthe B16-AAD melanoma cells (FIG. 6B @), but fail to kill
the controlled tumor target cells ((FIG. 6B o, H).

[0107] (B)In Vive Killing:

[0108] Transfuse 1x10” double-specific T-cells into HLA-
A2/Kb transgenic mice intravenously, after 24 hours, immu-
nize the mice with influenza virus (intraperitoneal immuni-
zation once, 107 EID,,) Seven days later, transfuse target
cells intravenously, and after 4 hours, the mice spleen cells
were processed and added to the flow cytometry to observe
the killing situations of the selected PKH26 positive cells.
The target cells are prepared as follows: stain HLA-A2/Kb
transgenic mice spleen cells with PKH26 (4 uM) and CFSE (2
uM, or 0.2 uM) respectively, stain strongly with CFSE (2 uM)
the target cell groups combined with gp100 or influenza virus
as test groups, and at the same time stain weakly with CFSE
(0.2 uM) the target cell groups without stimuli as the control
group. Mix the target cell groups stained strongly and weakly
with CFSE at a ratio of 1:1 (2.5x10° cells/group) and trans-
fuse them into the test mice intravenously as target cells.
Repeat the test 3 times.
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[0109] The in vivo killing results are shown in FIG. 7,
where [ is the control group, indicating the in vivo killing test
results seven days after the injection of PBS in mice; 2 rep-
resents the test groups, indicating the in vivo killing test
results seven days after the injection of double-specific T cells
(2A and 2B) or influenza virus-specific T cells (2C) in mice
respectively, and immunization with influenza virus after 24
hours.

[0110] A and C indicate killing the target cells combined
with gp 100 tumor antigen, while B indicates killing the target
cells combined with influenza virus.

[0111] The results indicated that the double-specific T cells
could kill the target cells combined with gp 100 tumor antigen
(FIG. 7A) with the mean killing rate up to 65%, and kill the
target cells combined with influenza virus (FIG. 7B) with the
mean killing rate up to 48.5%, however, by comparison, the
influenza virus-specific T cells could not kill the target cells
combined with gp 100 tumor antigen (FIG. 7C)

[0112] 4 The in vivo inhibiting tumor test of nude mice of
the double-specific T cells

[0113] Balb/c nu/nu nude mice: purchased from Peking
University Health Science Laboratory Animal Research Cen-
ter.

[0114] Inoculate 8x10*°B616-AAD mice melanoma cells
into Balb/c nu/nu nude mice subcutaneously, after 24 hours,
inject 1x10° double-specific T cells intravenously, at the same
time inject anti-influenza virus-specific T cells as the control
group. After another 24 hours, stimulate T-cell proliferation
with intraperitoneal immunization of influenza virus(107-°
EIDs,. afterwards immunization once every 7-10 days).
Observe the in vivo tumor growth of nude mice. The tumor
volume (cm®) =long tumor diameter (cm)x[short tumor
diameter (cm)]?/2.

[0115] The results are shown in FIG. 8. The double-specific
T cells (FIG. B, n=10) could significantly inhibit in vivo
proliferation of melanoma cells of nude mice. Compared with
that in control group (no injection of T cells@®(n=7)) and
anti-influenza virus-specific T Cell injection group o (n=7),
the tumor volume in double-specific T cells injection group
indicated significant differences (p<0.05).

INDUSTRIAL APPLICATION

[0116] The invention method to obtained the anti bi-spe-
cific T cells with transferring the recognition target antigen B
p-MHC immune recognition molecules. Primary use the
specificity of its anti-immunogen A, induced by immunogen
A to proliferate overcome the weak immunogenicity of the
past can not induce antigen-specific T cell proliferation
defects in vitro, amplification effect, amplified by the
immune cells of the target antigen destruction rate; in addi-
tion, the proliferation of) methods of the present invention is
simple, cost low. Therefore, Methods of the present invention
can be applied to greatly produce various kinds of target
antigen-specific immune cells, which will be used for
immune infusion therapy of diseases such as multitypes of
tumors and so on.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1
<211> LENGTH: 1149

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atggtgaaga

gecgcecaaaa

atcacaatca

ccaggaggag

ttaattgcca

cccagagact

gtatttggce

gtgtaccage

gattctcaaa

gtgctagaca

tctgacttty

cccageccag

aacctaaact

gggtttaatc

acagcetgtyg

gggaactcte

tgccaccaac

getgctacce

ggcataccta

gtctaaggt

tccggeaatt

atgaagtgga

actgcagtta

gecattgttte

caataaacat

ctgecegteta

aaggaaccag

tgagagactc

caaatgtgtc

tgaggtctat

catgtgcaaa

aaagttcctg

ttcaaaacct

tgctcatgac

ctcecteget

ccacccecaa

tggatcctac

cctetgttec

cgagctaagt

<210> SEQ ID NO 2
<211> LENGTH: 1163

<212> TYPE

: DNA

tttgttgget

gcagagtect

ctcggtagga

cttgtttatg

acaggaaaag

catctgtget

getgactatce

taaatccagt

acaaagtaag

ggacttcaag

cgcctteaac

tgatgtcaag

gtcagtgatt

getgeggetyg

ccttectety

ggaggtgaaa

ccgaatttat

cttattgetyg

gggattccte

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gccatggact

gatgctggag

ctgagatgta

cggggactgg

ccegaggatce

ccctecagaac

cagttetteg

ccegaggteg

cctggaccett

ttatccagte

aaccaatttc

agttgctcat

gattctcage

ccagggactce

ggccagggac

ctgtgtttga

ctgetgtgtyg

accccgecat

aggccacaac

ttactttaac

taagatgcct

agctgtgtac

acggctcace

gccatcagaa

attttgtgge

cagaacctga

ataagtgect

ctgagcetcag

cacagctece

gectcattaa

aacccaaata

gacaagtctyg

gattctgatg

agcaacagtyg

aacagcatta

ctggtcgaga

gggttcecgaa

tggtccaget

cattgeccect

getgetacca

gattaagatt

cttgtcactg

tcaggggctg

tcecetttgea

gaggtgacag

tceettttet

aacaacgttc

aatgcatcat

ttctgtgeca

gtgctagagg

gcagagatct

ttcagctaag

ctgcccagga

tacactggcet

ggaagaagaa

tgcacatcac

ttcagggage

tccagaacce

tctgectatt

tgtatatcac

ctgtggectyg

ttccagaaga

aaagctttga

tcctectect

gagacctgca

cttcteecte

cctetgtgee

getgagaget

cctgacaatt

tcaggaattce

tcctggtage

agatgggaca

ggtacagaca

cgatagatga

tctccactcet

gcagcecegg

acctgaaaaa

cccacacceca

ctgtgtaagt

aggagaattt

gcaacagcat

gcatggaaga

agccteccat

ccagaagcetyg

tgaccctgee

caccgatttt

agacaaaact

gagcaacaaa

caccttette

aacagatacg

gaaagtggcce

agattgtaag

tccaaacaga

cccecggeaa

gccaaacact

cacgggcgga

ccaccggtyy

gaagcataca

agaagtgact

gaccatgatg

ttcagggatyg

gaagatccag

gggcaatgag

cgtgttececa

aaaggccaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1149

60

120

180

240

300

360

420

480
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7
-continued
ctggtatgee tggccacagg cttctacccee gaccacgtgg agcetgagetyg gtgggtgaat 540
gggaaggagyg tgcacagtgg ggtcagcaca gacccgcage cectcaagga gcageccgec 600
ctcaatgact ccagatactg cctgagcage cgectgaggg tceteggecac cttetggcag 660
aacccccgcea accacttcceg ctgtcaagte cagttctacyg ggetcectcegga gaatgacgag 720
tggacccagg atagggccaa acctgtcacce cagatcgteca gegecgagge ctggggtaga 780
gcagactgtyg gcttcaccte cgagtcttac cagcaagggg tectgtetge caccatccte 840
tatgagatct tgctagggaa ggccaccttg tatgccegtge tggtcagtge cctegtgetg 900
atggccatgg tcaagagaaa ggattccaga gctagctcca aaccatccag tcgacgatce 960
ctcgagagct ggcccatcga taaaataaag attttattta gtctcagaag aaggggatga 1020
cgacccagct gtagtttgca gctagctagt tacgcatttg caaggcatga aaaatactta 1080
cctgaataga gagtcgatca gtcagaccga tgaacgctga attggaccac aggattcgtg 1140
gtagacagtt ctggccggct cag 1163

1-23. (canceled)
24. A method for expanding bi-specific T cells, compris-

ing:

(a) transferring a gene encoding an immune recognition
molecule for targeting a peptide-MHC complex derived
from antigen B into T-cells specific to a peptide-MHC
complex derived from antigen A to obtain bi-specific
T-cells that are specific to both antigen A and antigen B,

and

(b) stimulating the bi-specific T-cells with antigen A,
thereby expanding the bi-specific T-cells,
wherein antigen A is a virus, bacterium, amino acid pep-
tide, chimeric protein, or allogeneic antigen with more
than 7 and less than 35 amino acids, and
wherein the immune recognition molecule for targeting a
peptide-MHC complex derived from antigen B is a
T-cell antigen receptor, T cell antigen receptor-like anti-
body, killer cell activated receptor, or killer cell inhibi-
tory receptor.
25. The method of claim 24, wherein step (b) is performed
in vitro or/and in vivo.
26. The method of claim 24, wherein step (b) is performed

by:

(a) transfusing antigen B-specific T-cells into a living
object immunized with antigen A,

(b) culturing antigen B-specific T-cells in the presence of
antigen A, or

(c) co-culturing antigen B-specific T-cells and feeder cells

in the presence of antigen A.

27. The method of claim 24, wherein step (a) is performed
using a viral vector, liposome, cationic polymer, or electropo-

ration.

28. The method of claim 27, wherein the viral vector is a
retroviral vector, lentiviral vector, or adeno-associated viral

vector.

29. The method of claim 27, wherein step (a) is performed

by:

(a) co-culturing recombinant virus packaging cells and
antigen A-specific T-cells in the presence of antigen A or
its derived peptide,

(b) co-culturing recombinant virus packaging cells, anti-
gen A-specific T-cells, and feeder cells expressing anti-
gen A or pulsed with antigen A-derived peptide;

(c) co-culturing recombinant virus and antigen A-specific
T-cells in the presence of antigen A or antigen A-derived
peptide; or

(d) co-culturing recombinant virus, antigen A-specific
T-cells, and feeder cells expressing antigen A or pursed
with antigen A-derived peptide;

wherein the recombinant virus comprises a gene encoding
an immune recognition molecule that recognizes anti-
gen B peptide-MHC complex.

30. The method of claim 29, wherein antigen B is a tumor

antigen.

31. The method of claim 30, wherein the tumor antigen is
melanoma-specific.

32. The method of claim 31, wherein the tumor antigen is
melanoma differentiation antigen gp 100.

33. The method of claim 24, wherein the immune recog-
nition molecule is melanoma differentiation antigen gp100-
specific T cell receptor (TCR).

34. The method of claim 33, wherein the gene encoding
melanoma differentiation antigen gp100-specific TCR com-
prises SEQ ID NOS:1 and 2.

35. The method of claim 24, wherein the virus is influenza
virus, EB virus, or CMV virus.

36. A method for making an antigen-specific T-cells, com-
prising:

introducing a gene encoding an immune recognition mol-
ecule specific to antigen A-specific T cells to generate
bi-specific T-cells that recognize both antigen A and
antigen B,

wherein antigen A is a virus, bacterium, or peptide with
more than 7 and less than 35 amino acids, chimeric
protein, or allogeneic antigen, and

wherein the immune recognition molecule that recognizes
an antigen B-MHC complex is a T-cell receptor, TCR-
like antibody, killer cell activated receptor (KAR), or
killer cell inhibitory receptor (KIR).
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37. The method of claim 36, wherein antigen B is a tumor
antigen.

38. The method of claim 37, wherein the tumor antigen is
melanoma-specific.

39. The method of claim 38, wherein the tumor antigen is
melanoma differentiation antigen gp 100.

40. The method of claim 36, wherein the immune recog-
nition molecule is melanoma differentiation antigen gp100-
specific T cell receptor (TCR).
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41. The method of claim 40, wherein the gene encoding
melanoma differentiation antigen gp100-specific TCR com-
prises SEQ ID NOS:1 and 2.

42. The method of claim 36, wherein the virus is influenza
virus, EB virus, or CMV virus.

43. The method of claim 36, wherein antigen A-specific
T-cells are obtained from a living object immunized by anti-
gen A.



