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IMPROVED T-CELL THERAPY

Technical Field

The present invention belongs to the field of biomedicine. Specifically, the present invention relates to
an improved T-cell therapy. More specifically, the present invention relates to enhancing the cancer
treatment efficacy of therapeutic T cells (such as CAR-T or TCR-T cells) through stimulation with living

cells expressing cancer-related antigens.

Background of the Invention

At present, for children with B-cell acute lymphoblastic leukemia (B-ALL), multi-drug chemotherapy
and/or targeted therapy have achieved a high complete remission rate, but still have a poor prognosis in
adults and relapse/refractory B-ALL is a big challenge for all patients. Lymphocyte depletion chemotherapy
followed by CD19-targeted chimeric antigen receptor-modified T (CAR-T) cell therapy is a new type of
treatment, and it has been proven that the new treatment method has a strong response in in adults and
children with relapsed/refractory B-ALL, chronic lymphocytic leukemia and lymphoma. New data from
these studies indicate that the delivered significantly small doses of CAR-T cells can eliminate a large
disease burden. However, long-term follow-up shows that the remission of most patients cannot be
sustained. Due to poor persistence of CAR-T cells, CD19-positive tumors will recur. Therefore, it is
currently believed that prolonging the existence of functional CAR-T cells in the body may be important
for maintaining sustained remission.

A CAR generally contains an extracellular antigen binding domain (single chain variable fragment
(scFV) of a monoclonal antibody) and an intracellular signaling domain that activates T cells. Genetically
engineered CAR-T cells are highly effective against antigen-positive tumor cells in a major
histocompatibility complex (MHC) independent manner. Currently, researchers are committed to seeking
ways to improve the performance of CAR-T cells. One of the feasible methods is to modify the structure of
the CAR, such as the application of the second or third generation or even the fourth generation CAR,
which combines the activation signal domain and the costimulatory signal domain, and can improve the
expansion and persistence of T cells. After in-vitro expansion and adoptive infusion, CAR-T cells derived
from different T cell subpopulations have different capabilities to proliferate and sustain in vivo. Compared
with CD19-targeted CAR-T cells prepared based on effector memory T cells, CD19-targeted CAR-T cells
prepared from purified naive T cells or central memory T cells are more effective in eliminating CD19+
tumors. In addition, the synergistic enhancement of efficiency can be achieved by delivering CAR-T cells
derived from CD8/CD4 T cells with a determined ratio. The CAR-T cells currently in use retain the
endogenous T cell receptor (TCR), and the biology of TCR and CAR crosstalk is very complicated. The
concomitant activation of CAR and TCR greatly weakens the in-vivo efficacy of CD8+CAR-T cells. On
the contrary, CD4+CAR-T cells maintain their capability to survive in vivo in the presence of TCR and

CAR antigens.
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Although the development of new CAR structures and the precise determining of the source of CAR-T
cells may help to improve the application of CAR-T, these strategies cannot fundamentally promote the
generation of CAR-T cells’ immune memory, which is necessary for adaptive immune response. Moreover,
repeated administration of CAR-T cells tends to induce immune clearance against those engineered T cells.
Therefore, in the art, there is still a need for new CAR-T cell therapy strategies, especially strategies that

can induce CAR-T cell immune memory.

Summary of the Invention

In a first aspect, the present invention provides a method of treating cancer in a subject, including the
following steps:

(a) administering therapeutic T cells specifically targeting a cancer-related antigen to the subject; and

(b) administering cells expressing the cancer-related antigen to the subject.

In a second aspect, the present invention provides a method for preventing cancer progression or
recurrence in a subject, where the subject has undergone cancer treatment using therapeutic T cells
specifically targeting a cancer-related antigen, the method including administering cells expressing the
cancer-related antigen to the subject.

In a third aspect, the present invention provides a combination for treating cancer in a subject, which
includes therapeutic T cells specifically targeting a cancer-related antigen and cells expressing the
cancer-related antigen.

In a fourth aspect, the present invention provides the use of the combination of the third aspect of the
present invention in the preparation of a medicament for treating cancer in a subject.

In a fifth aspect, the present invention provides the use of cells expressing a cancer-related antigen in
the preparation of a medicament for treating cancer in a subject, where the medicament further includes
therapeutic T cells that specifically target the cancer-related antigen.

In a sixth aspect, the present invention provides the use of cells expressing a cancer-related antigen in
the preparation of a medicament for preventing cancer progression or recurrence in a subject, where the
subject has undergone cancer treatment using therapeutic T cells specifically targeting the cancer-related
antigen.

In a seventh aspect, the present invention provides the use of therapeutic T cells specifically targeting
a cancer-related antigen in the preparation of a medicament for treating cancer in a subject, where the
medicament further includes cells expressing the cancer-related antigen.

In an eighth aspect, the present invention provides cells expressing a cancer-related antigen, which are
used in combination with therapeutic T cells that specifically target the cancer-related antigen to treat
cancer in a subject.

In a ninth aspect, the present invention provides cells expressing a cancer-associated antigen for use in
preventing cancer progression or recurrence in a subject, where the subject has undergone cancer treatment

using therapeutic T cells that specifically target the cancer-related antigen.
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In a tenth aspect, the present invention provides therapeutic T cells specifically targeting a
cancer-related antigen, which are used in combination with cells expressing the cancer-related antigen to
treat cancer in a subject.

In an eleventh aspect, the present invention provides a kit including therapeutic T cells specifically
targeting a cancer-related antigen and/or cells expressing the cancer-related antigen, and the kit is used for
treating cancer or preventing cancer progression or recurrence in the subject through the method of the

present invention.

Brief Description of Drawings

FIG.1. Generation and characterization of B-NDG mice. (A) Schematic diagram of the I12rg gene
deletion targeting strategy through the CRISPR/Cas9 genome editing technology. (B) Detection of different
lymphocyte populations in the peripheral blood and spleen of NOD-scid and B-NDG mice through flow
cytometry. The number indicates the percentage of positive cells of a given phenotype. (C) 6-week-old
C57BL/6, nude mice, Rag2-/-, NOD-scid and B-NSG mice were separately implanted with 5x10° Raji cells
through tail vein injection. The relative level of bioluminescence is displayed in pseudo colors, with red and
blue representing the strongest and weakest luminous fluxes. (D) The total flux at each time point is
displayed and each data point represents the average value (n=10). (E) The Raji cell count recognized by
CD19-FITC is shown as a graph recorded by the cell count. The correlation between Raji cell count and
total flux is calculated by fitting a logarithmic curve, R?>=0.90. (F) B-NDG mice died on day 17 or 18, but
other mice survived on day 30. (G) CD19 is highly expressed on the surface of Raji-Fluc cells, and the
luminescence intensity of Fluc is positively correlated with the number of Raji-Fluc cells.

FIG. 2. In-vitro CD19 CAR-T cell efficiency. (A) The structure of anti-CD19 CAR. (B) Summary of
in-vitro culture of CAR-T cells from PBMC donors, including the percentage of living cells, the total cell
count of CAR-T cells, and the percentage of CAR-T cells. (C) The cytotoxic effect of CAR-T cells on
in-vitro Raji cells when the CAR-T/Raji ratio is 1:1, 3:1 and 6:1.

FIG. 3. Re-stimulation of low-dose live tumor cells promoted the generation of immune memory of
CAR-T cells. (A) Separate measurement of the fluxes of organs and tissues in different groups. (B)
Reimplantation of low-dose live tumor cells can promote tumor clearance and prolong overall survival. (C)
Reimplantation of low-dose live tumor cells can delay recurrence. (D) The average total flux of each group.
LT: low-dose reimplantation; MT: medium-dose reimplantation; HT: high-dose reimplantation.

FIG. 4. Reimplantation of tumor cells killed by radiation did not work. (A) Separate measurement of
the fluxes of organs and tissues in different groups. (B) and (C) Reimplantation of tumor cells killed by
radiation cannot prolong overall survival and recurrence-free surviva.l The effect of dual treatment of
CAR-T cells is the same as that of single treatment. (D) Measurement of the number of CAR-T cells in
peripheral blood of mice through qPCR.

FIG. 5. Characterization of CAR-T-19 and aT19 cells. (A) Schematic diagram showing the structure of
the CAR-19 gene construct and the CAR-T-19 transduction efficiency of primary activated T cells. (B) The
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structure of the human CD19 gene construct and the CD19 transduction efficiency of primary activated T
cells. (C) The cytotoxic effect of CAR-T-19 cells on CD19-K562 or K562 cells when the ratio of
CAR-T-19:CD19-K562 or K562 is 1:1, 3:1 and 6:1; and the cytotoxic effect of CAR-T-19 cells on
Raji-Fluc or aT19 cells when the CAR-T-19: Raji-Fluc or aT19 ratio is 0.3:1, 1:1, and 3:1.

FIG. 6. Re-stimulation of CAR-T cells by live Raji tumor cells increased survival rate and delayed
tumor recurrence. Raji-Fluc cells are injected intravenously (i.v.) on D0 (2x103 cells per mouse; groups Al,
A2, A3, NT, and P). On D5 after the injection of Raji-Fluc cells, mice received i.v. injection of CAR-T-19
cells (2x107 cells per mouse; groups A1, 2, 3, and NT). On D10, mice were i.v. injected with Raji-Fluc cells
of different doses (groups Al and PA1: 5x10% groups A2 and PA2: 1.5x10%; and groups A3 and PA3:
5x10°). The group PA is used as a control for the group A. (A) Schematic diagram showing the timetable of
animal experiments. (B) Bioluminescence image showing the total fluxes in the organs and tissues of
different groups of mice. Kaplan-Meier survival curves are constructed based on different doses of
reimplanted Raji-Fluc cells to monitor the eradication of systemic diseases (C) and estimate recurrence-free
survival (D).

FIG. 7. Re-stimulation of CAR-T cells with tumor cells killed by radiation was ineffective. Raji-Fluc
cells were injected intravenously (i.v.) on DO (2x10° cells per mouse; groups Al, A2, A3, NT, and P). On
D5 after the injection of Raji-Fluc cells, mice received i.v. injection of CAR-T-19 cells (2x107 cells per
mouse; groups Al, A2, A3, and NT). On D10, mice were i.v. injected with Raji-Fluc cells of different doses
(groups A1l and PA1: 5x10% groups A2 and PA2: 1.5x10°; and groups A3 and PA3: 5x10°). The group PA
was used as a control for the group A. (A) Schematic diagram showing the timetable of animal experiments.
(B) Bioluminescence image showing the total fluxes in the organs and tissues of different groups of mice.
Kaplan-Meier survival curves were constructed based on different doses of reimplanted Raji-Fluc cells to
monitor the eradication of systemic diseases (C) and estimate recurrence-free survival (D). (E) Quantitative
polymerase chain reaction was used to detect CAR+ cells in the blood of group A and group NT after
implantation of Raji-Fluc cells. The graph shows the gene copy number of CAR in blood samples from
each group.

FIG. 8. Continuous treatment with CAR-T-19 and aT19 cells promoted the generation of memory
CAR-T cells. Raji-Fluc cells were injected intravenously (i.v.) on DO (2x10° cells per mouse; groups Al,
NT, aT19, and P). On D7 after the injection of Raji-Fluc cells, mice received i.v. injection of CAR-T-19
cells (2x107 cells per mouse; groups Al, NT, and aT19). On D10, mice in the group Al received i.v.
injection of 5x10* cells, mice in the group aT19 received i.v. injection of 5x10° cells, and the other groups
did not receive injection. (A) Schematic diagram showing the timetable of animal experiments. (B)
Bioluminescence image showing the total fluxes in the organs and tissues of different groups of mice. (C)
Construction of Kaplan-Meier survival curves to monitor the eradication of systemic diseases. Quantitative
polymerase chain reaction was used to detect CAR+ cells in blood (D) and spleen (E) on D10, D20, and
D30. The graph shows the gene copy number of CAR in samples from each group. (F) Percentage of
CAR+ and CD45RO+ cells in peripheral blood.
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Detailed Description of the Invention

Unless otherwise indicated or defined, all the terms used have their usual meanings in the art, which
will be understood by those skilled in the art. Reference is made to, for example, standard manuals such as
Sambrook et al., "Molecular Cloning: A Laboratory Manual"; Lewin, " Genes VIII"; and Roitt et al., "
Immunology" (Version 8), and general prior art cited in this specification. In addition, unless otherwise
described, all methods, steps, technologies, and operations that are not specifically detailed can be and have
been performed in a manner known per se, which will be understood by those skilled in the art. Reference
is also made to, for example, the standard manual, the above-mentioned general prior art and other
references cited therein.

Previous clinical trials have determined the effectiveness of CAR-T immunotherapy in cancer
treatment, especially B-cell malignancies. The next step in treating cancer with CAR-T cells is to extend
the duration of remission.

The remission rate of CAR-T treatment for CD19 in patients with relapsed/refractory B-ALL can
reach 67% to 90%. However, the recurrence-free period only ranges from 2 months to 3 years. There are
two recurrence modes after CD19 CAR-T treatment. One is the recurrence of CD19-positive tumors caused
by insufficient persistence of CAR-T cells in vivo. The other is the recurrence caused by the loss of CD19-
when CAR-T cells are present in vivo in about 20% of patients. Such loss may be caused by clonal
selection or tumor evolution. Currently, researchers tend to inject additional CAR-T cells into patients when
the CAR-T cells in the peripheral blood of the patients decrease or disappear, but the clinical effects of this
approach vary greatly, indicating that the increase in CAR-T dose may not be the key to the persistence of
CAR-T capability in vivo.

In the specific embodiments of the present invention, the inventors successfully constructed a
Raji-B-NDG mouse model to study the efficiency of the CD19 CAR-T therapy. After treatment with CD19
CAR-T cells, mice in remission showed varying degrees of recurrence on day 20 (D20), and then died
within D28 to D36, indicating that after initial exposure to antigens and elimination of tumor cells, the
number of CAR-T cells injected gradually decreased, resulting in a final recurrence that could not be
effectively controlled. The reason of recurrence may lie in the following two points. First, fluorescence
detection in mice shows that the ideal tumor suppression effect is achieved only in organs with abundant
blood flows (such as spleen and heart), but not effective in organs with fewer vascular branches (such as
liver and brain), which indicates that the recurrence may come from these tissues. Secondly, the time of
tumor recurrence is very important. Most PBMCs have a life span of less than 4 weeks. The in-vitro
proliferation time of CAR-T cells up to 12 days before injection, plus the 20 days between injection and
recurrence, is roughly the same as the 27-day life span of PBMCs. Therefore, the initial dose of CAR-T
eliminates most of Raji cells, resulting in lack of antigen stimulation, and therefore proliferation is blocked
and life span is consumed, and the number of CAR-T decreases until the tumor recurrence.

In order to maximize the specific killing effect of CAR-T, the problems of therapeutic cell life span
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and antigen stimulation should be solved in clinical applications. In the specific embodiments of the present
invention, when D10 tumor cells have been basically eliminated by CAR-T, the effect of re-inoculation
with tumor cells (Raji-Fluc) or cells expressing tumor antigens such as CD19 (such as T cells) is tested.
Unexpectedly, compared with the single implantation group (tumor formation), the low-dose reimplantation
group (re-stimulation) maintained a tumor-recurrence-free state for a longer time. More than half of the
mice survived for more than 36 days, indicating that immune memory occurs under repeated stimulation of
the same antigen, and rapid response to repeated injection of the same antigen leads to continuous
suppression of tumor cells. Subsequently, the inventors studied whether antigens from Raji cells that died
after irradiation can stimulate CAR-T cells. Unexpectedly again, the results show that reimplantation of
dead tumor cells cannot awaken the memory of CAR-T cells, resulting in a short survival time for mice.
This indicates that CAR-T cells can only be activated by living cells carrying antigens. The inventors also
surprisingly found that repeated administration of CAR-T therapy cannot delay tumor recurrence, which
provides more evidence for the ineffectiveness of multiple CAR-T infusions. Without wishing to be limited
by any theory, it is believed that the stimulation of low doses of living cells expressing cancer-related
antigen can promote the generation of CAR-T cell immune memory, thereby leading to delayed recurrence
and prolonged survival.

Therefore, in the first aspect, the present invention provides a method of treating cancer in a subject,
including the following steps:

(a) administering therapeutic T cells specifically targeting a cancer-related antigen to the subject; and

(b) administering cells expressing the cancer-related antigen to the subject.

In some embodiments, the therapeutic T cells are administered one or more times, preferably once. In
some embodiments, the cells expressing the cancer-related antigen are administered one or more times,
preferably once.

In some embodiments, the cells expressing the cancer-related antigen are administered after the
therapeutic T cells are administered. For example, the cells expressing the cancer-related antigens are
administered about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7
days, about 8 days, about 9 days, about 10 days, About 11 days, about 12 days, about 13 days, about 14
days, about 15 days, about 16 days, about 17 days, about 18 days, about 19 days, about 20 days, or about
21 days after when the therapeutic T cells are administered.

In some embodiments, after administration of the therapeutic T cells reduces the cancer cell load, the
cells expressing the cancer-related antigen are administered. For example, after the cancer cell load is
reduced by at least about 5%, at least about 10%, at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least about 90%, cells
expressing the cancer-related antigen are administered. In some embodiments, after the cancer is
completely remitted by administering the therapeutic T cells, the cells expressing the cancer-related antigen
are administered. The change in cancer cell load in a subject can be determined by various methods known

in the art. For example, for blood cancers, the cancer cell load can be determined by performing flow
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cytometry on circulating cells. In another example, for solid tumors, the tumor load can be determined by
clinically commonly used imaging methods (such as MRI, CT, PET-CT, etc.). Alternatively, tumor load
may be determined by detecting tumor markers. In some embodiments, before the cells expressing the
cancer-related antigens are administered, the content of the therapeutic T cells may be detected to
determine the change in tumor load, for example, the content of the therapeutic T cells is negatively
correlated with the tumor load.

In some embodiments, after the therapeutic T cells are administered and when the amount of the
therapeutic T cells in the subject decreases, the cells expressing the cancer-related antigen are administered.
The amount of the therapeutic T cells in the subject can be detected by methods such as flow cytometry or
quantitative PCR. For example, if the therapeutic T cells are CAR-T cells, the copy number of the
CAR-encoding gene in the sample from the subject can be detected by PCR. When the copy number of the
CAR-encoding gene decreases, cells expressing the cancer-related antigen are administered.

Therefore, in some embodiments, the method further includes the step of monitoring the tumor load
and/or the amount of the therapeutic T cells in the subject after the therapeutic T cells are administered.

In some embodiments, after the therapeutic T cells are administered for one or more times, the cells
expressing the cancer-related antigen are administered for one or more times. In some embodiments, after
the therapeutic T cells are administered once, the cells expressing the cancer-related antigen are
administered for one or more times. In some embodiments, the therapeutic T cells are administered for one
or more times, and after each administration of the therapeutic T cells, the cells expressing the
cancer-related antigen are administered for one or more times. In some embodiments, after the therapeutic
T cells are administered once, the cells expressing the cancer-related antigens are administered once. In
some embodiments, after the therapeutic T cells are administered, the cells expressing the cancer-related
antigen are administered for one or more times. In some embodiments, after the therapeutic T cells are
administered, the cells expressing the cancer-related antigen are administered once.

In some embodiments, the therapeutic T cells are administered in a therapeutically effective amount.
As used herein, the therapeutically effective amount of therapeutic T cells refers to the amount of
therapeutic T cells capable of reducing the load of cancer cells after use, for example, reducing the load of
cancer cells by at least about 5%, at least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, or a
amount that completely remissions the cancer. In some embodiments of various aspects of the present
invention, the effective amount of the therapeutic T cells is about 10* to about 10? cells, for example about
10%, about 10°, about 10°, about 107, about 108, or about 10° cells. In some embodiments, the dose of
therapeutic T cells is determined according to the body weight of the subject, for example, about 10*
cells/kg body weight to about 10° cells/kg body weight, such as about 10*, about 10°, about 10°, about 107,
about 10%, or about 10? cells/kg body weight.

In some embodiments, cells expressing cancer-related antigen are administered in a stimulating

effective amount. As used herein, the stimulating effective amount of cells expressing cancer-related
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antigen refers to the amount that can prolong the in-vivo persistence of the previously administered
therapeutic T cells (enhance immune memory) and/or prolong the overall survival period of the subject
and/or prolong the recurrence-free survival of the subject after administration. In some embodiments of
various aspects of the present invention, the stimulating effective amount of the cells expressing the
cancer-related antigen is about 10° to about 10° cells, for example, about 103, about 10, about 103, or about
106 cells. Preferably, a low dose of the cells expressing the cancer-related antigen is administered, for
example, about 10* cells. In some embodiments, the dose of cells expressing cancer-related antigen is
determined according to the body weight of the subject, and is about 103 to about 10° cells/kg body weight,
for example, about 103, about 10%, about 10°, or about 10° cells/kg body weight. In some embodiments, the
dose of cells expressing cancer-related antigens is determined according to the amount of therapeutic T
cells administered. For example, the ratio of the amount of therapeutic T cells administered to the amount
of cells expressing cancer-related antigen is any ratio between about 1:1 and about 1000:1 or a higher ratio,
such as about 1:1, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1,
about 10:1, about 50:1, about 100:1 or about 1000:1 or higher.

In some embodiments of the various aspects of the present invention, by administering living cells
expressing cancer-related antigen to stimulate existing in-vivo therapeutic T cells (such as CAR-T cells),
the persistence of therapeutic T cells in vivo can be increased by at least about 5%, at least about 10%, at
least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, At least about 100%, at least about 150%, at least about
200%, at least about 300% or higher. In some embodiments of the various aspects of the present invention,
by administering living cells expressing cancer-related antigen to stimulate existing in-vivo therapeutic T
cells (such as CAR-T cells), the overall survival period of the subject can be prolonged by at least about 5%,
at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%, at least about
150%, at least about 200%, at least about 300% or higher. In some embodiments of the various aspects of
the present invention, by administering living cells expressing cancer-related antigen to stimulate existing
in-vivo therapeutic T cells (such as CAR-T cells), the recurrence-free survival period of the subject after
remission can be prolonged by at least about 5%, at least about 10%, at least about 20%, at least about 30%,
at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
about 90%, at least about 100%, at least about 150%, at least about 200%, at least about 300% or higher.

In some embodiments of the various aspects of the present invention, the therapeutic T cells are T cells
(TCR-T cells) including an exogenous T cell receptor (TCR). In some embodiments, the exogenous TCR
(usually includes a o and a B chain) specifically binds to a cancer-related antigen.

In some embodiments of the various aspects of the present invention, the therapeutic T cells are T cells
including a chimeric antigen receptor (CAR) (CAR-T cells). A variety of CAR-T cells have been developed
in the art, such as first-generation to fourth- generation CAR-T cells, CAR-T cells modified to remove

inhibitory signals, etc., all of which can be applied to the present invention.
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In some embodiments of various aspects of the invention, the CAR includes an extracellular antigen
binding domain against the cancer-related antigen. The extracellular antigen binding domain may be, for
example, a monoclonal antibody, a synthetic antibody, a human antibody, a humanized antibody, a single
domain antibody, an antibody single-chain variable fragment (scFV), and an antigen-binding fragment
thereof. In some preferred embodiments, the extracellular antigen binding domain is scFV. For example, the
extracellular antigen binding domain may be derived from one or more known antibodies including any
commercially available antibody, such as FMC63, rituximab, alemtuzumab, epratuzumab, trastuzumab,
bivatuzumab, cetuximab, labetuzumab, palivizumab, sevirumab, tuvirumab, basiliximab, daclizumab,
infliximab, omalizumab, efalizumab, Keliximab, siplizumab, natalizumab, clenoliximab, pemtumomab,
Edrecolomab, Cantuzumab, and the like.

In some embodiments of various aspects of the present invention, the CAR further includes a
transmembrane domain and an intracellular signal transduction domain. The intracellular signal
transduction domain of the CAR according to the present invention is responsible for the intracellular
signal transduction after the extracellular ligand binding domain binds to the target, leading to the
activation of immune cells and immune response. The intracellular signal transduction domain has the
capability to activate at least one normal effector function of immune cells expressing the CAR. For
example, the effector function of T cells may be cytolytic activity or auxiliary activity, including the
secretion of cytokines.

The intracellular signal transduction domain of a CAR may be a cytoplasmic sequence, such as but not
limited to the cytoplasmic sequence of T cell receptors and co-receptors (which act in concert to initiate
signal transduction after antigen receptor binding), and any derivative or variant of these sequences and any
synthetic sequence with the same functional capability. The Intracellular signal transduction domain
includes two different types of cytoplasmic signal transduction sequences: the sequences that initiate
antigen-dependent primary activation, and the sequences that act in an antigen-independent manner to
provide secondary or co-stimulatory signals. The primary cytoplasmic signal transduction sequence may
include a signal transduction motif referred to as the immunoreceptor tyrosine activation motif, ITAM.
Non-limiting examples of the ITAM used in the present invention may include those derived from TCR,
FcRy, FcRp, FcRe, CD3y, CD35, CD3¢, CDS5, CD22, CD79a, CD79b, and CD66d. In some embodiments,
the intracellular signal transduction domain of the CAR may include the CD3( signal transduction domain.
In some embodiments, the intracellular signal transduction domain of the CAR of the present invention
further includes a costimulatory domain. In some embodiments, the costimulatory domain is selected from
the 41BB costimulatory domain or the CD28 costimulatory domain.

CAR is expressed on the surface of cells. Therefore, the CAR may include a transmembrane domain.
The suitable transmembrane domain of the CAR of the present invention has the following capabilities: (a)
expression on the cell surface, preferably immune cells, such as but not limited to lymphocytes or natural
killer (NK) cells, and (b) interacting with the ligand binding domain and intracellular signal transduction

domain to guide the cellular response of immune cells to predetermined target cells. The transmembrane
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domain may be derived from natural or synthetic sources. The transmembrane domain may be derived from
any membrane-binding protein or transmembrane protein. As a non-limiting example, the transmembrane
domain may be derived from subunits of T cell receptors such as o subunits, B subunits, y or & subunits,
polypeptides constituting the CD3 complex, and p55( a chain), p75 (B chain) or y of IL-2 receptors, a
subunit chain of Fc receptors, especially Fcy receptor 111 or CD protein. Alternatively, the transmembrane
domain may be synthetic, and may mainly include hydrophobic residues such as leucine and valine. In
some embodiments, the transmembrane domain is derived from a human CD8 o chain. The transmembrane
domain may further include a hinge region located between the extracellular ligand binding domain and the
transmembrane domain. The hinge region is, for example, derived from the extracellular region of CDS,
CD4 or CD28. In some embodiments, the hinge region is part of a human CD8 a chain.

In some specific embodiments of various aspects of the present invention, the CAR used in the present
invention may include an extracellular antigen binding domain that specifically binds cancer-related
antigens, a CD8a hinge and a transmembrane domain, a CD3( signal transduction domain, and a 4-1BB
costimulatory domain.

In a specific implementation manner, the CAR (for CD19) of the present invention includes the
following amino acid sequence of SEQ ID NO:1:

MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITGGG
GSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDY GVSWIRQPPRKGLEWLGVIWG
SETTYYNSALKSRLTIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTV
SSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAY QQGQNQLYN
ELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:1).

In a specific implementation manner, the CAR (for CD19) of the present invention is encoded by the
following nucleotide sequence of SEQ ID NO: 2:

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGC
CGGACATCCAGATGACACAGACTACATCCTCCCTGTCTGCCTCTCTGGGAGACAGAGTCACCAT
CAGTTGCAGGGCAAGTCAGGACATTAGTAAATATTTAAATTGGTATCAGCAGAAACCAGATGGA
ACTGTTAAACTCCTGATCTACCATACATCAAGATTACACTCAGGAGTCCCATCAAGGTTCAGTG
GCAGTGGGTCTGGAACAGATTATTCTCTCACCATTAGCAACCTGGAGCAAGAAGATATTGCCAC
TTACTTTTGCCAACAGGGTAATACGCTTCCGTACACGTTCGGAGGGGGGACCAAGCTGGAGATC
ACAGGTGGCGGTGGCTCGGGCGGTGGTGGGTCGGGTGGCGGCGGATCTGAGGTGAAACTGCA
GGAGTCAGGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTCCGTCACATGCACTGTCTCAGG
GGTCTCATTACCCGACTATGGTGTAAGCTGGATTCGCCAGCCTCCACGAAAGGGTCTGGAGTGG
CTGGGAGTAATATGGGGTAGTGAAACCACATACTATAATTCAGCTCTCAAATCCAGACTGACCAT
CATCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAACAGTCTGCAAACTGATGACAC
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AGCCATTTACTACTGTGCCAAACATTATTACTACGGTGGTAGCTATGCTATGGACTACTGGGGCC
AAGGAACCTCAGTCACCGTCTCCTCAACCACGACGCCAGCGCCGCGACCACCAACACCGGCG
CCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGC
GCAGTGCACACGAGGGGGCTGGACTTCGCCTGTGATATCTACATCTGGGCGCCCTTGGCCGGG
ACTTGTGGGGTCCTTCTCCTGTCACTGGTTATCACCCTTTACTGCAAACGGGGCAGAAAGAAAC
TCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGT
AGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGTTCAGCAGGAG
CGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACG
AAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGC
CGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAG
GCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTA
CCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCC
TCGC (SEQ ID NO:2).

In some embodiments of various aspects of the present invention, the cells expressing the
cancer-related antigen are living cells. In some embodiments, the cancer-related antigen is expressed on the
surface of the living cells. In some embodiments, the cell expressing the cancer-related antigen is not a
cancer cell. In some embodiments, the cell expressing the cancer-related antigen is a cell genetically
engineered to express the antigen. The type of the cell is not particularly limited, and the cell may be
derived from an isolated primary cell, or derived from a cell line. In some embodiments, the cells
expressing the cancer-related antigen are derived from peripheral blood cells such as peripheral blood
mononuclear cells (PBMCs). In some embodiments, the cells expressing the cancer-related antigen are
derived from immune cells, such as macrophages, dendritic cells, plasma cells, granulocytes, mast cells,
lymphocytes (inflammatory T lymphocytes, cytotoxic T lymphocytes, regulatory T lymphocytes, or helper
T lymphocytes, B lymphocytes), and the like. In some embodiments, the cells may be derived from CD34+
cells. In some embodiments, the cells may be derived from T lymphocytes such as CD4+ T lymphocytes or
CD8+ T lymphocytes. In some embodiments, the cells may be derived from B lymphocytes.

In some embodiments of various aspects of the present invention, the therapeutic T cells and/or the
cells expressing cancer-related antigen are derived from autologous cells of the subject. As used herein,
"autologous" refers to that cells, cell lines, or cell populations used to treat the subject are derived from the
subject. In some embodiments, the therapeutic T cells and/or the cells expressing cancer-related antigen are
derived from allogeneic cells, such as from a donor compatible with the subject's human leukocyte antigen
(HLA). Standard schemes can be used to convert cells from a donor into non-alloreactive cells and to
replicate the cells as required, generating cells that can be administered to one or more patients.

The therapeutic T cells and/or cells expressing cancer-related antigen of the present invention can be
prepared by various methods known in the art. For example, expression constructs containing CAR or TCR
coding sequences can be used to transduce T cells to obtain CAR-T cells or TCR-T cells. For example, an

expression construct containing the coding sequence of a cancer-related antigen can be used to transduce
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cells to obtain cells expressing the cancer-related antigen. Those skilled in the art can easily construct
expression constructs suitable for protein expression.

The cells of the present invention can be obtained from many non-limiting sources by various
non-limiting methods, including peripheral blood mononuclear cells, bone marrow, lymph node tissues,
umbilical cord blood, thymus tissues, ascites, pleural effusions, spleen tissues and tumors. In some
embodiments, cell lines available and known to those skilled in the art can be used. In some embodiments,
the cells may be derived from a healthy donor or from a patient diagnosed with cancer. In some
embodiments, the cells may be part of a mixed population of cells exhibiting different phenotypic
characteristics.

The cells of the present invention, such as T cells, may be activated and proliferated before or after
genetic modification. T cells may be proliferated in vitro or in vivo. Generally, the T cells of the present
invention may be proliferated, for example, by contacting an agent that stimulates the CD3 TCR complex
and costimulatory molecules on the surface of the T cell to generate a T cell activation signal. For example,
chemicals such as a calcium ionophore A23187, phorbol 12-myristate 13-acetate (PMA), or mitotic lectins
such as phytohemagglutinin (PHA) can be used to generate T cell activation signals. In some embodiments,
the T cell population may be activated by contacting in vitro, for example, an anti-CD3 antibody or a
antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a surface, or by contacting a
protein kinase C activator (for example, a moss inhibitor) together with the calcium ionophore carrier. For
example, under conditions suitable for stimulating T cell proliferation, the T cell population may be in
contact with anti-CD3 antibodies and anti-CD28 antibodies. Conditions suitable for T cell culture include
suitable culture media that may contain factors necessary for proliferation and viability (such as Minimal
Essential Media or RPMI Media 1640, or X-vivo 5, (Lonza)), where the necessary factors include serum
(such as fetal bovine or human serum), interleukin-2 (IL-2), insulin, IFN-y, IL-4, IL-7, GM-CSF, IL-10,
IL-2, IL-15, TGFp and TNF, or additives for cell growth known to those skilled in the art. Other additives
for cell growth include but are not limited to surfactants, human plasma protein powder, and reducing
agents such as N-acetyl-cysteine and 2-mercaptoacetic acid. The culture media may include RPMI 1640,
AIM-V, DMEM, MEM, a-MEM, F-12, X-Vivo 1 and X-Vivo 20, Optimizer, amino acids, sodium pyruvate
and vitamins, serum-free or supplemented with appropriate amount of serum (or plasma) or a specific set of
hormones, and/or a certain quantity of cytokines sufficient for the growth and proliferation of T cells. The
target cells can be maintained under conditions necessary to support growth, such as an appropriate
temperature (e.g., 37°C) and environment (e.g., air plus 5% COz). T cells exposed to different stimulation
times may show different characteristics.

"Subject" used herein refers to an organism suffering from or susceptible to a disease or symptom that
can be treated by the method, combination or pharmaceutical composition of the present invention.
Non-limiting examples include humans, cattle, rats, mice, dogs, monkeys, goats, sheep, cows, deer, and
other non-mammals. In a preferred embodiment, the subject is a human.

In a second aspect, the present invention provides a method for preventing cancer progression or
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recurrence in a subject, where the subject has undergone treatment (cancer treatment) using therapeutic T
cells specifically targeting a cancer-related antigen, the method including administering cells expressing the
cancer-related antigen to the subject. The therapeutic T cells or cells expressing cancer-related antigen are
as defined herein.

In some embodiments, the cells expressing the cancer-related antigen are administered for one or more
times, preferably once.

In some embodiments, about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6
days, about 7 days, about 8 days, about 9 days, about 10 days, about 11 days, about 12 days, about 13 days,
about 14 days, about 15 days, about 16 days, about 17 days, about 18 days, about 19 days, about 20 days,
or about 21 days after the therapeutic T cells are administered, the cells expressing the cancer-related
antigen are administered.

In some embodiments, after the therapeutic T cells reduce the cancer cell load, the cells expressing the
cancer-associated antigen are administered. For example, after the cancer cell load is reduced by at least
about 5%, at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%,
at least about 60%, at least about 70%, at least about 80%, or at least about 90%, cells expressing the
cancer-related antigen are administered. In some embodiments, after the cancer is completely remitted by
administering the therapeutic T cells, the cells expressing the cancer-associated antigen are administered.

In some embodiments, after the therapeutic T cells are administered, when the amount of the
therapeutic T cells in the subject decreases, the cells expressing the cancer-related antigen are administered.
The amount of the therapeutic T cells in the subject can be detected by methods such as flow cytometry or
quantitative PCR. For example, if the therapeutic T cells are CAR-T cells, the copy number of the
CAR-encoding gene in the sample from the subject can be detected by PCR. When the copy number of the
CAR-encoding gene decreases, cells expressing the cancer-related antigen are administered.

Therefore, in some embodiments, the method further includes the step of monitoring the tumor load
and/or the amount of the therapeutic T cells in the subject after the therapeutic T cells are administered.

In some embodiments, cells expressing cancer-related antigen are administered in a stimulating
effective amount. As used herein, the stimulating effective quant amount ity of cells expressing
cancer-related antigen refers to the amount that can prolong the in-vivo persistence of the previously
administered therapeutic T cells (enhance immune memory) and/or prolong the overall survival period of
the subject and/or prolong the recurrence-free survival of the subject after administration. In some
embodiments, the stimulating effective amount of the cells expressing the cancer-related antigen is about
10 to about 10° cells, for example, about 103, about 10%, about 10°, or about 10° cells. Preferably, a low
dose of the cells expressing the cancer-related antigen is administered, for example, about 10* cells. In
some embodiments, the dose of cells expressing cancer-related antigen is determined according to the body
weight of the subject, and is about 10° to about 10° cells/kg body weight, for example, about 103, about 104,
about 103, or about 10° cells/kg body weight. In some embodiments, the dose of cells expressing

cancer-associated antigen is determined according to the amount of therapeutic T cells previously received
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by the patient. For example, the ratio of the amount of therapeutic T cells administered to the amount of
cells expressing cancer-related antigen is any ratio between about 1:1 and about 1000:1 or a higher ratio,
such as about 1:1, about 2:1, about 3:1, about 4:1, about 5:1, about 6:1, about 7:1, about 8:1, about 9:1,
about 10:1, about 50:1, about 100:1 or about 1000:1 or higher.

In a third aspect, the present invention provides a combination for treating cancer in a subject, which
includes therapeutic T cells specifically targeting a cancer-related antigen and cells expressing the
cancer-related antigen. In some embodiments, the combination is used to treat cancer in a subject through
the method in the first aspect of the present invention. In some embodiments, the combination includes a
therapeutically effective amount of the therapeutic T cells and a stimulating effective amount of the cells
expressing the cancer-related antigen. The therapeutic T cells or cells expressing cancer-related antigen are
as defined herein.

In a fourth aspect, the present invention provides the use of the combination of the third aspect of the
present invention in the preparation of a medicament for treating cancer in a subject. In some embodiments,
the medicament is used to treat cancer in a subject through the method in the first aspect of the present
invention.

In a fifth aspect, the present invention provides the use of cells expressing a cancer-related antigen in
the preparation of a medicament for treating cancer in a subject. For example, the medicament is used in
combination with therapeutic T cells that specifically target the cancer-related antigen, to treat cancer in a
subject. In some embodiments, the medicament further includes therapeutic T cells that specifically target
the cancer-related antigen. In some embodiments, the cells expressing cancer-related antigen and the
therapeutic T cells specifically targeting the cancer-related antigen are present separately in the medicament,
for example, are placed separately in different containers. In some embodiments, the medicament is used to
treat cancer in a subject by the method of the first aspect of the invention. The therapeutic T cells or cells
expressing cancer-related antigen are as defined herein.

In a sixth aspect, the present invention provides the use of cells expressing a cancer-related antigen in
preparation of a medicament for preventing cancer progression or recurrence in a subject, where the subject
has undergone treatment (cancer treatment) using therapeutic T cells that specifically target the
cancer-related antigen. In some embodiments, the medicament includes a stimulating effective amount of
the cells expressing the cancer-related antigen. In some embodiments, the medicament is used to prevent
cancer progression or recurrence in a subject by the method of the second aspect of the present invention.
The therapeutic T cells or cells expressing cancer-related antigen are as defined herein.

In a seventh aspect, the present invention provides the use of therapeutic T cells specifically targeting
a cancer-related antigen in preparation of a medicament for treating cancer in a subject, where the
medicament further includes cells expressing the cancer-related antigen. In some embodiments, the
therapeutic T cells specifically targeting the cancer-related antigen and the cells expressing cancer-related
antigen are present separately in the medicament, for example, are placed separately in different containers.

In some embodiments, the medicament is used to treat cancer in a subject by the method of the first aspect
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of the present invention. The therapeutic T cells or cells expressing cancer-related antigen are as defined
herein.

In an eighth aspect, the present invention provides cells expressing a cancer-related antigen, which are
used in combination with therapeutic T cells specifically targeting the cancer-related antigen to treat cancer
in a subject. In some embodiments, the cells expressing cancer-related antigen are used to treat cancer in a
subject by the method of the first aspect of the present invention. The therapeutic T cells or cells expressing
cancer-related antigen are as defined herein.

In a ninth aspect, the present invention provides cells expressing a cancer-related antigen for use in
preventing cancer progression or recurrence in a subject, where the subject has undergone treatment (cancer
treatment) with therapeutic T cells specifically targeting the cancer-related antigen. In some embodiments,
the cells expressing cancer-related antigen are used to prevent cancer progression or recurrence in a subject
by the method of the second aspect of the present invention. The therapeutic T cells or cells expressing
cancer-related antigens are as defined herein.

In a tenth aspect, the present invention provides therapeutic T cells specifically targeting
cancer-related antigens, which are used in combination with cells expressing the cancer-related antigen to
treat cancer in a subject. In some embodiments, the therapeutic T cells specifically targeting cancer-related
antigen are used to treat cancer in a subject by the method of the first aspect of the present invention. The
therapeutic T cells or cells expressing cancer-related antigen are as defined herein.

In an eleventh aspect, the present invention provides a kit including therapeutic T cells specifically
targeting a cancer-related antigen and/or cells expressing the cancer-related antigen, and the kit is used for
treating cancer or preventing cancer progression or recurrence in the subject through the method of the
present invention. In some embodiments, the cells expressing cancer-related antigen and the therapeutic T
cells specifically targeting the cancer-related antigen are present separately in the kit, for example, are
placed separately in different containers. The therapeutic T cells or cells expressing cancer-related antigens
are as defined herein.

The cells or medicaments of the present invention may also contain "pharmaceutically acceptable
excipients" or "pharmaceutically acceptable carriers”", which refer to substances that help the active
substance to be administered to and absorbed by the subject, and may be included in the pharmaceutical
composition of the present invention without causing significant toxic and side effects in patients.
Non-limiting examples of pharmaceutically acceptable excipients include water, NaCl, physiological saline,
lactated Ringer's, normal sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings,
sweeteners, flavoring agents, salt solutions (such as Ringer's solution), alcohol, oil, gelatin, carbohydrates
such as lactose, amylose or starch, fatty acid esters, hydroxymethyl cellulose, polyvinylpyrrolidone and
coloring agents. Such preparation can be sterilized. If desired, it can be combined with auxiliary agents
such as lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts that affect osmotic pressure,
buffers, colorants and/or fragrances. These auxiliary agents do not deleteriously react with the cells of the

present invention. Those skilled in the art understand that other pharmaceutical excipients can also be used
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in the present invention.

The cancer-related antigens of the present invention are preferably cancer-specific antigens, including
but not limited to CD16, CD64, CD78, CD%6, CLL1, CD116, CD117, CD71, CD45, CD71, CD123,
CD138, ErbB2 (HER2/neu), carcinoembryonic antigen (CEA), epithelial cell adhesion molecule (EpCAM) ,
epidermal growth factor receptor (EGFR), EGFR variant III (EGFRvVII), CD19, CD20, CD30, CD40,
disialylganglioside GD2, ductal epithelial mucin, gp36, TAG-72, glycosphingolipid, glioma-related
antigens, B-human chorionic gonadotropin, a-fetoglobulin (AFP), lectin-responsive AFP, thyroglobulin,
RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1, RU2 (AS), intestinal carboxyl esterase,
mut hsp70-2, M-CSF, prostase, prostatase specific antigen (PSA), PAP, NY-ESO-1, LAGA-la, p53,
Prostein, PSMA, survival and telomerase, prostate cancer tumor antigen-1 (PCTA-1), MAGE, ELF2M,
neutrophil elastase, ephrin B2, CD22, insulin growth factor (IGF1)-I, IGF-II, IGFI receptor, mesothelin,
major histocompatibility complex (MHC) molecules that present tumor-specific peptide epitopes, 5T4,
RORI1, Nkp30, NKG2D, tumor stromal antigen, fibronectin extra domain A (EDA) and extra domain B
(EDB), tenascin-C Al domain (TnC Al), fibroblast-associated protein (fap), CD3, CD4, CD8, CD24 ,
CD25, CD33, CD34, CD133, CD138, Foxp3, B7-1 (CD80), B7-2 (CD86), GM-CSF, cytokine receptor,
endothelial factor, BCMA (CD269, TNFRSF17), TNFRSF17 (UNIPROT Q02223), SLAMF7 (UNIPROT
QI9NQ25), GPRCSD (UNIPROT Q9NZD1), FKBP11 (UNIPROT Q9NYL4), KAMP3, ITGA8 (UNIPROT
P53708) and FCRLS (UNIPROT Q68SNS). In a specific embodiment, the cancer-related antigen is CD19.

Non-limiting examples of the cancer of the present invention include lung cancer, ovarian cancer,
colon cancer, rectal cancer, melanoma, kidney cancer, bladder cancer, breast cancer, liver cancer,
lymphoma, hematological malignancies, head and neck cancers, glial tumor, stomach cancer,
nasopharyngeal cancer, throat cancer, cervical cancer, uterine body tumor and osteosarcoma. Examples of
other cancers that can be treated with the method or pharmaceutical composition of the present invention
include: bone cancer, pancreatic cancer, skin cancer, prostate cancer, skin or intraocular malignant
melanoma, uterine cancer, anal cancer, testicular cancer, fallopian tube cancer , endometrial cancer, vaginal
cancer, vaginal cancer, Hodgkin's disease, non-Hodgkin's lymphoma, esophageal cancer, small intestine
cancer, endocrine system cancer, thyroid cancer, parathyroid cancer, adrenal cancer, soft tissue sarcoma,
urethral cancer, penile cancer, chronic or acute leukemia (including acute myeloid leukemia, chronic
myeloid leukemia, acute lymphocytic leukemia, and chronic lymphocytic leukemia), childhood solid
tumors, lymphocytic lymphoma, bladder cancer, kidney or ureteral cancer, renal pelvis cancer, central
nervous system (CNS) tumor, primary CNS lymphoma, tumor angiogenesis, spinal tumor, brainstem
glioma, pituitary adenoma, Kaposi's sarcoma, epidermal carcinoma, squamous cell carcinoma, T cell
lymphoma, and environmentally induced cancers, including asbestos-induced cancers, and combinations of
the cancers. In a specific embodiment, the cancer is B-cell acute lymphoblastic leukemia (B-ALL).

In various aspects of the present invention, the treatment or prevention method can be combined with
one or more therapies against cancer that are selected from the following group: antibody therapy,

chemotherapy, cytokine therapy, dendritic cell therapy, gene therapy, hormone therapy, laser therapy and
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radiation therapy.

The administration of the cells or combinations or medicaments according to the invention can be
carried out in any convenient way, including injection, infusion, implantation or transplantation.
Administration of the cells or combinations or medicaments described herein may be intravenous,
intralymphatic, intradermal, intratumoral, intramedullary, intramuscular, or intraperitoneal administration.
In an embodiment, the cells or combinations or medicaments of the present invention are preferably

administered by intravenous injection.

Examples
The following will further illustrate the present invention by way of examples, but the present

invention is not limited to the scope of the described examples.

Materials and methods

Generation of CRISPR/Cas9-mediated B-NDG mice

CRISPR/Cas9-mediated B-NDG mice were generated by Beijing Biocytogen Co., Ltd.. In short, it
involves sgRNA targeting of the target regions flanking the first and last exons of the I12rg locus. For each
target site, the CRISPR design tool (http://crispr.mit.edu/) was used to determine 4 candidate sgRNAs and
the UCA kit (Beijing Biocytogen) was used to screen the target activities. Two types of sgRNA were
selected and injected into mouse fertilized eggs. Cas9 mRNA and sgRNA transcribed in vitro were mixed at
different concentrations and co-injected into the fertilized eggs of NOD-scid mice. After injection, the
surviving fertilized eggs were transferred into the fallopian tubes of KM pseudopregnant females. From the
FO primary modified mice, I12rg-deficient heterozygous and homozygous mice (B-NDG mice) were further
generated. All mice were kept in a specific pathogen-free facility.

Cell lines

293-T cells (ATCC, CRL-3216) were cultured in DMEM (Hyclone, Logan, Utah, USA) supplemented
with 10% FBS and 100 U/ml penicillin/streptomycin. Raji (ATCC, CCL-86), Raji-Fluc, (Academy of
Military Medical Sciences, Beijing; Derived From Raji Cells by Transfection of Lentiviral Vectors
Encoding Fluorescein and Puromycin Resistance), CD19-K562 and K562 cells (Genomeditech, Shanghai)
were cultured in RPMI 1640 supplemented with 10% FBS and 100 U/ml penicillin/streptomycin. Irradiated
Raji-Fluc cells were obtained by exposing cells to 40Gy cobalt radiation. All culture media and antibiotics
were purchased from Gibco Life Technologies (Carlsbad, CA, USA).

Construction, preparation and titration of lentivirus-based vectors

The anti-CD19 CAR includes the scFv of CD19-specific FMC63 mAb, the hinge and transmembrane

region of CDS, the 4-1BB costimulatory domain and the intracellular CD3( chain of the TCR complex. The
anti-CD19 CAR gene was cloned into the lentiviral vector pPVLV2 (Pharosvaccine Inc., Gyeonggi,
Republic of Korea). The vector was used to generate CAR-T-19 cells.

aT19 lentiviral expression construct was generated by substituting CD19 coding sequence with
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anti-CD19 CAR coding sequence. The vector was used to generate aT19 cells.

The lentivirus expressing the anti-CD19 CAR or CD19 was produced as follows: 293T cells grown in
DMEM containing 10% FBS were co-transfected with lentiviral vector plasmids and pMDLg/pRRE,
pRSV-Rev and pMD.G packaging plasmids using PEI (Polysciences Inc., Warrington, PA, USA)
transfection reagent. After transfection for 24 hours, the culture medium was replaced with DMEM
supplemented with 2% FBS, 1mM sodium pyruvate and 2mM L-glutamine. 24 hours after the culture
medium exchange, the virus supernatant was collected, concentrated by ultrafiltration and titrated with
293T cells. To determine the functional transduction unit/mL, 293T cells were transduced with serially
diluted concentrated lentiviral preparations. After 72 hours, cells were collected and analyzed by flow
cytometry.

Generation of CAR-T-19 cells and aT19 cells

Fresh peripheral blood mononuclear cells (PBMC) were obtained from blood collected from healthy
volunteers. The PBMC was immediately used in a culture medium containing 90% human AB serum plus
10% dimethyl sulfoxide or frozen in the culture medium for future use. PBMC was stimulated with
paramagnetic beads (Invitrogen, Carlsbad, CA, USA) coated with anti-CD3 and anti-CD28 monoclonal
antibodies at a ratio of 3:1 for 24 hours. After T cell activation, the cells were resuspended in the IMSF100
culture medium at 1x10%mL and mixed with the lentiviral vector in the presence of 8 pg/ml polybrene
(SIGMA, St. Louis, MO, USA). The multiplicity of infection (MOI) is 0.5 to 2 and transferred to a 12-well
plate. The plate was centrifuged by using a horizontal rotor centrifuge at 1200g for 2 hours at ambient
temperature, then was transferred to a 37°C, 5% CO2 incubator. After 24 hours of incubation, the
transduced cells were collected and washed with IMSF100 culture medium, and then the cells were
incubated in a culture medium supplemented with 500 IU/mL IL-2 (BMI, Korea). After that, the culture
medium and IL-2 (300 IU/mL) were changed every 2 or 3 days, and the culture was maintained at 37°C/5%
CO2 until injected into mice. CAR-T-19 cells are T cells expressing the anti-CD19 CAR. aT19 cells are T
cells that express CD19.

Flow Cytometry

In order to detect T, B and NK cells and CAR-T cells in mice, multicolor flow cytometry analysis was
performed using Becton Dickinson (BD) fluorescence activated cell sorting (FACS) standards according to
the manufacturer's protocol. Peripheral blood was collected from the right ventricle. Splenocytes were
collected and filtered through a BD cell strainer. Red blood cells and spleen cells in the blood were depleted
by the lysis solution. Leukocytes were detected by single or double staining with antibodies including
PerCP-CD3, FITC-CD4, PE-CDS8, FITC-CD19 and APC-CD49. All antibodies were purchased from
Biolegend.

Immunophenotyping analysis was performed by flow cytometry. The efficacy of CAR gene
transduction was monitored by staining cells with the following specific antibodies: CD45 (PerCP-Vio770),
CD3 (FITC), CD4 (Vio Green), CD16 (APC), CD56 (APC), CD19 (APC-Vio770), and CD14 (Vio Blue;

Miltenyi Biotec, Bergisch Gladbach, Germany). The transduced T cells were labeled with biotin-SP (long
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spacer) AffiniPure F(ab') fragment goat anti-mouse IgG, F(ab')2 fragment specific (Jackson
ImmunoResearch Lab), and then labeled with streptavidin -PE (BD Biosciences) or CARTEST-19
(CytoCares Inc., Shanghai, China), and then detected by a CytoFLEX flow cytometer. CytExpert (2.0)
software was used to analyze data.

Leukocytes and spleen cells harvested from mice were stained with FITC-CD45, PE-CAR,
FITC-CD19 and APC-CD45RO (BD, NJ) and checked in the FACSCanto II flow cytometer (BD). Spleen
cells were collected and filtered through the BD cell strainer. The red blood cells were depleted in the blood
and spleen cell preparations by incubating for 5 minutes in the lysis solution (BD).

Animal experiments

The mice in this study were raised and operated according to the guidelines established by the
Laboratory Animal Care Evaluation and Identification Association. The study was approved by the NIFDC
Institutional Animal Care and Use Committee. Four-week-old female BALB/c, C57BL/6, NOD-scid and
B-NDG mice were obtained from the NIFDC Institute of Laboratory Animal Resources (Beijing, China).
On DO, mice were implanted with 5x10° Raji-Fluc cells via tail vein injection, and then 2x10” CAR-T-19
cells were implanted on day 5 (DS5) or day 6 (D6). In the CAR-T memory experiment, different doses of
Raji-Fluc cells, radiated Raji-Fluc cells or aT19 cells were injected on D10 or D11. The bioluminescence
signals of all mice were observed at the specified time point. Blood samples are obtained at specified time
points for fluorescence-activated cell sorting and quantitative real-time PCR (qPCR) analysis.
Bioluminescence imaging analysis

In short, the IVIS-Lumina II imaging system (PerkinElmer, Baltimore, MD) was used to obtain
bioluminescence imaging of mice. The mice were anesthetized by intraperitoneal injection of sodium
pentobarbital (75 mg/kg body weight). Then 10 minutes later, the mice received intraperitoneal injection of
D-luciferin (75mg/kg body weight; PE). The images were analyzed using Living Image software (Caliper
Life Sciences) and the data was expressed as total flux (photons/s). If the maximum bioluminescence value
generated exceeds 1x10° flux, and the bioluminescence area is no longer less than 1x10° flux at a
subsequent time point, this time point is recorded as the time when the tumor recurs.

Cytotoxicity of CAR-T-19 cells
The capability of CAR-T-19 cells to kill K562, CD19-K562, aT19 and Raji-Fluc cells was measured

by flow cytometry. In short, the target cells (K562, CD19-K562, Raji-Fluc or aT19) were transferred to a
centrifuge tube and stained with CFSE. Next, the ratio of target cells to CAR-T-19 cells was adjusted and
cells were inoculated in different ratios (K562 or CD19-K562:CAR-T-19 = 1:1, 1:3 or 1:6; aT19 or
Raji-Fluc:CAR-T-19 = 1:0.3, 1:1 or 1:3). Untransduced T cells were recorded as NC (negative control).
After incubation for 20-24 hours, the percentage of CFSE+ 7-AAD+ cells was analyzed by flow cytometry.

Quantitative detection of CAR-T cells

The presence of CAR genes in CAR-T-19 cells separated from peripheral blood and spleens of mice
was detected through qPCR. In short, DNA was extracted using the QIAamp DNA Mini Kit (Qiagen, GER)
and quantified in the IMPLEN NS50 ultra-micro ultraviolet spectrophotometer (IMPLEN, N80 TOUCH).
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The extracted DNA was stored at -20°C until needed. PCR amplification of DNA (100 ng) was performed
using the 4-1BB primer (Invitrogen) and probe (Thermo Fisher Scientific), to detect the expression of CAR
genes (the CD19 4-1BB F primer, 5-TGCCGATTTCCAGAAGAAGAAGAAG-3'; the CD19 4-1BB R
primer, 5'-GCGCTCCTGCTGAACTTC-3}; the CD19 4-1BB MGB probe, and
5'-ACTCTCAGTTCACATCCTC-3")).

PCR was performed by using a StepOnePlus fluorescent real-time quantitative PCR instrument
(Thermo Fisher). The results were analyzed using Step One Software v2.3.
Statistics

All charts were generated using GraphPad Prism 6.0 software. All statistical comparisons were
performed through non-parametric one-way analysis of variance or Student t tests. P value<0.05 is

statistically significant (*), P<0.01 (**) is very significant.

Example 1. Generation and characterization of Raji-B-NDG mouse model

Non-obese diabetic severe combined immunodeficiency (NOD-scid) mice with invalid I12rg lack
mature T cells, B cells and natural killer (NK) cells, and lack cytokine signaling, leading to better
implantation of multiple cancer types. In this embodiment, CRISPR/Cas9 genome editing technology was
used to delete the [12rg gene from NOD-scid mice to prepare B-NDG mice (FIG. 1A). It was observed that
the B-NDG mice were viable, reproducible and did not show any obvious physical abnormality. Compared
with NOD-scid mice, FACS analysis showed that the spleen and peripheral blood of B-NDG mice had
lower numbers of CD19+B cells, CD4+ and CD8+T cells (FIG. 1B). NOD-scid mice had a high percentage
of CD49b + NK cells (spleen 20.90%, peripheral blood 24.10%), while B-NDG mice had no functional NK
cells (spleen 1.45%, peripheral blood 5.95%). Therefore, B-NDG mice generated through genome editing
were phenotypically similar to NSG mice.

The rapidly growing non-Hodgkin lymphoma cell line Raji cells were genetically engineered to stably
express the firefly luciferase reporter gene for bioluminescence imaging (Raji-Fluc). CD19 luminescence
abundance on the Raji-Fluc cell surface was detected by flow cytometry. The results showed that CD19
was highly expressed on Raji-Fluc cells (FIG. 1G). After the corresponding substrate of Fluc was added in
vitro, the luminous intensity of Fluc was positively correlated with the number of Raji-Fluc cells (R?=0.99,
FIG. 1G).

In order to further study the capabilities of the obtained B-NDG mouse model, five different mouse
strains (including CB57/L mice as normal controls, nude mice and rag2-/- mice as part of the
immunodeficiency group, NOD-scid and B-NDG mice) at the 6-week-old age were transplanted with
Raji-Fluc cells through tail vein injection. The bioluminescence signal was detected on the fourth day (D4)
after implantation (PI) in B-NDG mice, and it increased by 1000 times after 16 days (FIG. 1C and FIG. 1D).
Flow cytometry analysis showed that CD19+ Raji cells burst in the peripheral blood of B-NDG mice, and
the correlation with the bioluminescence signal was R?>=0.90 (FIG. 1E). However, Raji-Fluc cells could not

be detected in CB57/L, rag2-/-, nude mice, and even NOD-scid mice. All four types of mice survived on
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D30 after PI, while 7 B-NDG mice died on D18 after PI, and the other 3 died on D19 (FIG. 1C, FIG. 1D,
and FIG. IF). The data proves that Raji cell implantation in B-NDG mice has a much better effect and can

be used as a model for testing therapeutic agents such as CAR-T cells.

Example 2. In-vitro and in-vivo efficiencies of CD19 targeting CAR-T cells

After T cell activation, PBMC separated from volunteers were transduced with the second-generation
CAR (FIG. 2A). The results showed that the proportion of CD19 CAR-T cells increased with the extension
of culture time, reaching 20% on D12, and the total number of cells on D10 after infection was greater than
1x10% (FIG. 2B). When co-cultured with CD19+ Raji cells in vitro, CD19 CAR-T cells cultured for 12 days
showed more than 50% killing effect on Raji cells when the ratio of effector cells/target cells is about 3:1.
In order to further verify the anti-tumor effect of CD19 CAR-T cells in vivo, B-NDG mice were injected
with 5x10° Raji-Fluc cells through the tail vein, and then implanted with 2x107 CD19 CAR-T cells 5 days
later. After CD19 CAR-T treatment for four days (D9), the bioluminescence signals of these treated mice
were close to those of mice without tumors (FIG. 3A), indicating that CD19 CAR-T cells successfully

mediated tumor clearance in vivo.

Example 3. Source of recurrence of Raji tumor

Although CAR-T cells were effective, B-NDG mice eventually die from tumors. In order to find the
source of Raji cell recurrence, the bioluminescence of all major organs in mice was tested. The results
showed that Raji cells were significantly cleared by CD19 CAR-T cells in the spleen, heart and skin. For
example, in the spleen, the bioluminescence was reduced by 1000 times after treatment with CAR-T cells
(FIG. 3A). However, CD19 CAR-T is not so effective in all other organs, especially in the liver and brain
(FIG. 3A). Residual Raji cells that hide in these organs and that cannot be effectively cleared by CAR-T

may be the cause of tumor recurrence.

Example 4. Stimulation of low-dose live tumor cells helps the generation of immune memory of
CAR-T cells.

In order to test whether CAR-T cells changed due to the tumor microenvironment, causing the CAT-T
cells to fail to recognize and kill Raji cells and leading to disease recurrence, in the case that
bioluminescence was not detected on D10 after PI, different quantities of Raji-Fluc cells were reimplanted
into CD19 CAR-T-treated mice (A1: 5x10%, A2: 5x105, A3: 5x10°). Mice that were not re-vaccinated with
Raji-Fluc cells were used as controls (SNT). In the SNT group, bioluminescence could be observed
continuously until all mice died. After another day of implantation, all mice developed diseases rapidly.
Unexpectedly, after reimplantation for 9 days, almost all Raji cells were cleared (FIG. 3A). The survival of
the reimplantation group was better than that of the SNT group (P<0.05, FIG. 3A and FIG. 3B). Three mice
in group A1 survived for more than 200 days. If the maximum bioluminescence value of a mouse exceeds

1x10° flux at a certain time point, and the bioluminescence area is no longer less than 1x10° flux at a
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subsequent time point, the time point is recorded as the tumor recurrence time. Compared with other groups,
re-inoculation with low-dose Raji-Fluc cells can prolong the recurrence-free time (FIG. 3A and FIG. 3C).
Then the average bioluminescence intensity of different groups at different time points is analyzed. The
signal of the low-dose reimplantation group was close to that of the blank control group (FIG. 3D), while
the signals of the other groups increased to varying degrees, indicating that the recurrence was caused by
the poor persistence of CAR and its insufficient capability, and the low-dose tumor cell antigen stimulation

promoted the generation of CAR-T cell immune memory.

Example 5. Reimplantation of tumor cells killed by radiation did not work

It is not feasible to inject live tumor cells clinically, and therefore, it is tested whether tumor cells that
die after radiation can stimulate the immune memory of CAR-T cells. Since multiple infusions of CAR-T
cells are currently the main strategy to overcome the lack of persistence in the field, a mouse model of
repeated CAR-T treatment has been designed. As shown in FIG. 4, after CAR-T cell treatment on day 5
(D5), Raji-B-NDG mice were injected with different doses of radiated Raji-Fluc cells (rRaji-Fluc, Al: 5x
10%, A2: 5x10°, A3: 5x10° on D10. Three groups of B-NDG mice inoculated with the same dose of
rRaji-Fluc are used as the radiated cell control group (PA1/PA2/PA3). Mice without rRaji-FLuc
implantation served as single treatment group (SNT). Mice in the dual treatment group (DNT) were
injected with 2x107 CAR-T cells on D10. Bioluminescence signals could be observed in mice until all mice
in the SNT group died. Compared with the SNT group, reimplantation of rRaji-Fluc cells could not prolong
the overall survival period and recurrence-free survival period of the mice (FIG. 4B and FIG. 4C). There
was no significant difference between the SNT group and the DNT group, indicating that the dual treatment
is ineffective. The number of CAR-T cells in the peripheral blood of mice in the A1/A2/A3/SNT group
reached a peak at a similar time (FIG. 4D). Due to two injections of CAR-T cells, the peak time of the DNT
group was later than that of other groups. The reduction rate of CAR-T cells in the Al group was slower
than that in the A2/A3/SNT group, indicating that the stimulation of low-dose rRaji-Fluc cells tended to

promote the maintenance of CAR-T cells.

Example 6. Re-stimulation using T cells expressing CD19 (aT19)

The CAR gene construct contains scFv derived from CDI19-specific FMC63 mAb, the hinge and
transmembrane region of CD8, and the cytoplasmic domain of 4-1BB, and the intracellular CD3( chain of
the TCR complex (FIG. 5A). pEFla is the CAR gene promoter. The aT19 construct was generated by
replacing the CAR transgene with human CD19 (FIG. 5B). T cells separated from PBMC obtained from
healthy volunteers were transduced with CAR-19 or CD19 construct (aT19). Table 1 shows the phenotypes
and numbers of CAR-T-19, live Raji-Fluc, radiated Raji-Fluc and aT19 cells used in the experiment. Next,
a cytotoxicity assay was performed, to check the killing capability of CAR-T-19 cells. After being
co-cultured with CD19+ Raji or aT19 cells in vitro, CAR-T-19 cells killed more than 50% of Raji-Fluc

cells or aT19 with an effector/target ratio greater than 3:1, and when T cells were co-cultured with control
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K562 cells, almost no cytotoxicity was observed (FIG. 5C).
Table 1. The number of live Raji-Fluc, radiated Raji-Fluc and aT19 cells used in the experiment, as

well as the phenotype and number of CAR-T-19

Number of
Restimulation cells

Experiments CD4+ CD8&+ CAR+ CAR-T
Number
cells
5x10*
Restimulation of live
63.09% 32.04% 50.45% 2x107 5x10°
Raji-Fluc
5x10°
5x10*
Re-stimulation of
42.63% 53.52% 62.85% 2x107 5x10°
radiated Raji-Fluc
5x10°
Re-stimulation of
43.00% 54.08% 70.95% 2x107 5x10°
aT19

CAR-T-19 treatment followed by administration of live Raji-Fluc cells can prolong the survival
of Raji-B-NDG mice.

Mice in the positive group and NC group received tumor cells separately or received only PBS, and
were respectively recorded as group P or group N (n=3/group). Mice in the NT group received CAR-T-19
cells without stimulation (n=5/group). Group A was designated as the immune memory test group. The
mice in this group received one of three different doses of restimulation cells (group A1, 5x10* cells; group
A2, 1.5x10° cells; and group A3, 5x103 cells) (n=5/group). Groups PA1, 2, and 3 were separately used as
the control group of each group A (n=3/group). These groups are listed in Table 2. FIG. 6A shows the use
timeline of tumor cells, CAR-T cells and restimulation cells.

Table 2. The number of Raji-Fluc cells used in the restimulation experiment

Time/type of Al A2 A3 P N NT PA1 PA2 PA3
injected cells (n=5) (n=5) (n=5) 0m=3) (n=3) @®=5) (@=3) ((n=3) (n=3)

DO/Raji-Fluc 5%10° 5%x105  5x10° 5%105 / 5x105  / / /
D5/CAR-T 2x107 2x107  2x107 / 2x107  2x107  / / /
D10/Raji-Fluc ~ 5x10* 1.5x105 5x103 / / / 5x10*  1.5x105  5x103

In-vivo imaging results obtained after injection (PI) on D4 showed that the total flux (>2.2x10°) of
mice receiving Raji-Fluc cells was much higher than that (<1.6x10% group NC) of mice not receiving
Raji-Fluc cells, indicating that the mouse model was successfully constructed (FIG. 6B). On D5 of PI, mice
received (or did not receive) 2x107 CAR-T-19 cells. The imaging on D9 showed that the total flux of all

mice receiving CAR-T-19 cells (except those in group P) was significantly reduced (FIG. 6B), indicating
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that CAR-T-19 cells effectively killed Raji-Fluc cells.

Next, in order to study whether Raji-Fluc cells stimulate the growth of residual CAR-T-19 cells,
generate memory cells, and prolong the effect of CAR-T-19 treatment, mice received subsequent injection
of Raji-Fluc cells on D10 of PI. As shown in FIG. 6B, all mice in group P died on D18 to D23 of PI. All
mice in the group PA1/2/3 died on D31-33/D27-31/D28 respectively. Since the mice in the group PA3
received the same number of tumor cells as the mice in the group P, the survival time was similar to that on
D20 to D24. One mouse in group N died on D71 for unknown reasons. The other two survived for more
than 200 days. All 5 mice in the group NT died on D82. For mice in the group Al, the fluorescence signal
gradually decreased from D11 to D24, and Raji-Fluc cells were not detected on D34 (FIG. 6B). Three mice
in this group were tumor-free on D200. In the group A2, three mice died on D96, while the other two mice
survived to D100 without tumors (FIG. 6B). In the group A3, one mouse died for unknown reasons on D40,
three died on D56, D80 and D86 due to tumor recurrence, and the other one died on D96. In short, these
results indicated that the mice restimulated with tumor cells survived longer than those that were not
restimulated tumor cells (FIG. 6C, P<0.05). In addition, re-inoculation with low-dose Raji-Fluc cells
resulted in a significant increase in a recurrence-free survival rate (FIG. 6D). Finally, the average
bioluminescence intensity of different groups at different time points was checked. The signal generated by
the low-dose restimulation group was very similar to the signal generated by the blank control group (FIG.
6B), while the signals produced by the other groups increased to varying degrees, indicating that the
low-dose tumor cell restimulation was used to expand the CAR-T -19 cell population and clear Raji-Fluc
cells.

Continuous treatment of Raji-B-NDG mice with CAR-T-19 cells followed by radiated Raji-Fluc
cells did not prolong the survival period.

It is not feasible to inject live tumor cells into patients. Therefore, the next study is to investigate
whether tumor cells that died after radiation increase the efficacy of CAR-T-19 cells in a manner similar to
that of living cells. This set of experiments used the same mouse group as the live cell experiment. The
groups and numbers of cells administered are shown in Table 3. The timeline is shown in FIG. 7A. As
described above, bioluminescence imaging was performed at different times of PI. It was found that
restimulation of CAR-T-19 cells with radiated dead Raji-Fluc cells did not increase the overall survival rate
and recurrence-free survival rate (FIG. 7B and FIG. 7C).

Table 3. Number of radiated Raji-Fluc cells used for restimulation

Time/type of Al A2 A3 NT P N PAl PA2 PA3
injected cells (n=6) (n=6) (n=6) (n=6) (n=3) m=3) ®m=3) (©=3) @©=3)
DO/Raji-Fluc 5x105  5x10° 5105 5x105  5x105  / / / /
D5/CAR-T 2x107  2x107 2x107  2x107  / / / / /
D10/radiated

5x10*  1.5x10°  5x10°  / / / 510 5x10°  5x10°
Raji-Fluc
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In addition, the number of CAR copies (representing the number of CAR + cells) of blood obtained
from the mouse inner canthus was measured on D0/D5/D10/D15/D20. As shown in FIG. 7E, the number of
CAR-T-19 cells in the groups Al, A2, A3 and NT reached their peaks at the same time. In addition, after
restimulation with radiated tumor cells on D10, the number of CAR copies did not increase (FIG. 7E).
These results show that that restimulation of radiated dead tumor cells radiation will not increase the
growth of residual CAR-T-19 cells or promote the generation of memory CAR-T-19 cells.

Mice were treated with CAR-T-19 cells, and then were restimulated with aT19 cells to increase
the number of CAR+ cells and the percentage of CAR+ memory cells, and prolong the survival
period.

Raji-Fluc cells are tumor cells with high proliferation capability. Therefore, if a patient receives a
stimulating dose of Raji cells, there is a risk that these cells will form tumors. This is obviously
unacceptable. Therefore, T cells carrying human CD19 genes (aT19 cells) were used instead of Raji-Fluc
cells to restimulate CAR-T-19 cells. The injection time and the number of cells used are listed in Table 4.
Mice in the positive/NC group (P and N groups) received tumor cells or only PBS separately. Mice in the
group NT received a single dose of CAR-T-19 cells without subsequent doses of stimulating cells. The
group Al was restimulated with Raji-Fluc cells (n=4), while the group aT19 was restimulated with aT19
cells (n=6) (FIG. 8A). In addition, blood was taken from the inner canthus on D10, D20, and D30 (FIG.
8D). The results showed that the survival time of mice in the group aT19 group was significantly longer
than that of the NT group. Three mice in the group aT19 survived to D160 (FIG. 8C).

Table 4. Dosage of Raji-Fluc or aT19 cells for restimulation

NC Al NT aT19 PC
Time/injection

(n=6) (n=4) (n=5) (n=6) (n=1)
DO/Raji-Fluc / 5%103 5%103 5%103 5%103
D6/CAR-T / 2x107 2x107 2x107 /
D11/ Raji-Fluc or aT19 / 5%10* / 5x10° /

In order to clarify that the prolonged survival and delayed tumor recurrence are due to the proliferation
of CAR-T-19 cells and subsequent generation of memory CAR-T-19 cells after antigen-positive cell
restimulation, qPCR was used to measure the number of CAR copies and flow cytometry was used to
measure the percentages of CAR+ and CD45RO+ cells in the peripheral blood and spleen on D10, D20 and
D30. The QPCR showed that the number of CAR copies in the blood of mice in the group NT decreased
over time (from 1175 copies to 295 copies), while the number of CAR copies in the blood of mice in the
group aT19 increased over time (from 1224 copies to 6824 copies), especially after D10 (FIG. 8D). As
expected, the percentage of CAR+ cells in the blood of the mice in the group NT decreased (from 3.28% to

0.29%), while the percentage of CAR+ cells in the blood of the mice in the group aT19 increased (from
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9.6% to 13.0%) (data not shown). In addition to CAR+ cells, the percentage of CD45RO+ (memory) cells
was also measured. As shown in FIG. 8F, the percentage of CAR+CD45RO+ cells in the blood of the group
NT decreased slightly from 0.44% (D20) to 0.37% (D30), while the percentage of the blood in the group
aT19 increased from 0.34% (D20) to 0.86% (D30), confirming that memory CAR-T-19 cells are generated
after restimulation with aT19 cells. In addition, the relationship between CAR+ cells, CD45RO+ cells and
total flux (tumor load) in mice was checked. The results show that the total flux is negatively correlated
with the number of the two types of cells, indicating that the detection of the number of CAR copies can be

used to estimate the residual tumor load.

Discussion

In the past decade, the CAR-T cell therapy has made progress. However, many obstacles have yet to
be overcome. Prolonging the efficacy of CAR-T cells in the body and reducing the side effects of CAR-T
treatment are the most important. The efficacy of CAR-T cells can be prolonged by using strategies such as

1920 and CAR-mediated intracellular signal transduction 2! (by

optimizing extracellular recognition
adjusting the ratio and type of CAR+ cells) 2> and the simultaneous use of targeted medicine 2. By
adjusting the dose of CAR-T cells and simultaneously using immunosuppressive medicine, the toxicity and
side effects ?* related to CAR-T treatment can be reduced. Similar methods have been adopted for vaccines,
and are continuously optimized to provide effective protection over a longer period of time while reducing
adverse reactions 2°. The most common vaccination protocol involves multiple immunizations or even the
use of different immunogens to enhance the immune response. Using the HIV vaccine strategy as an
example, the primary and booster immunizations contain viral antigens and nucleic acids respectively,
which increase the duration of antibody protection and increase immune activation 2 respectively. However,
for the CAR-T cell therapy, multiple vaccinations increase costs and toxicity but reduce efficacy.

In this application, it was surprisingly found that by using cells expressing tumor antigens (such as
aT19 cells) for restimulation after CAR-T cell administration, the CAR-T treatment (such as CAR-T-19
treatment) can be optimized by increasing the effective time of cells and reducing their side effects.

The loss of tumor antigens or shorter effectiveness means that tumors tend to recur after CAR-T cell
treatment. The loss of tumor antigens is a common immune escape strategy, which is common in ALL. The
underlying mechanism involves phenotypic lineage and a switch 2 of alternative splicing. In addition, the
number of CAR-T cells needs to be maintained at the minimum level required for long-term tumor control.
There are many complicated reasons that make it difficult to maintain the number of CAR-T cells. The
reasons include immune response to CAR, cell senescence-induced loss of proliferation capability and
activation-induced cell death. By optimizing the structure and conditions used to produce CAR, the
immune responses to CAR can be reduced. Since T cell activation and proliferation require continuous
immune stimulation, cells carrying tumor antigens are the best stimulating signals for inducing CAR-T cell
proliferation. In this application, mice were injected with CAR-T cells on D5 and then exposed to a large

dose of tumor (antigen-positive) cells. CAR-T cells proliferated rapidly and killed tumor cells until D9, at
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which time few tumor cells could be detected in the blood. However, when they are not exposed to
antigen-mediated stimulation, the proliferation capability of T cells is reduced. Therefore, it is found that
the number of CAR-T cells decreases over time, and ultimately cannot inhibit the proliferation of residual
cancer cells. The percentage of CAR + cells in the blood of mice in the group SNT gradually decreased
from D20 to D30. However, if the second "antigen" (that is, aT19 cells) is injected after the cancer cells are
almost completely eliminated, CAR-T cells are restimulated and their proliferation capability is maintained.
In addition, the results of this application showed that not only the number of CAR+ cells on D30 was
significantly higher than that on D20, but also the percentage of CD45RO+ memory cells was significantly
higher than that on D20, which further strengthens CAR-T-mediated immunity. Therefore, aT19 cells
implement a function like booster immunization. The recurrence-free survival period and overall survival
period of mice receiving continuous treatment are better than those of mice receiving single treatment
(using CAR-T cells alone), which indicates that continuous immunization may be a safer and more
effective strategy to prolong the effective time of CAR-T cells in a clinical environment.

CAR-T treatment may cause cytokine release syndrome (CRS; usually referred to as "cytokine storm")
of severe cases, which can be life-threatening >282%3%, This is one of the most serious side effects of CAR-T
therapy in addition to off-target effects. CAR-T cells can be activated by tumor cells, and the immune
system can be activated by cytokines released by CAR-T cells. If large quantities of inflammatory factors
are released, this may lead to fever, hypotension, respiratory distress, multiple organ dysfunction,
neuromodulation disorders, and other symptoms 28, CRS usually occurs within the first 2 weeks after
CAR-T injection, although the underlying mechanism is unclear. Early intervention with anti-cytokine
monoclonal antibodies or glucocorticoids can reduce the risk 3' of CRS. There is evidence showing that the
severity of CRS is positively correlated with the number of CAR-T cells inoculated and tumor load
422323334 Herein, through continuous "immunization" with CAR-T cells and then with aT19 cells,
continuous immune responses are generated in mice. This can reduce the number of CAR-T cells required
for each inoculation and the number of inoculations required over time, thereby reducing the possibility
and/or severity of CRS.

The data in this application shows that aT19 cells have clinical utility. This is because these cells are
from the same source as CAR-T-19 cells. Clinically, autologous PBMC can be used to generate these cells,
which can effectively avoid graft-versus-host diseases. In addition, CAR-T cells recognize aT19 cells
through CD19 molecules instead of other immune signals, to ensure specificity. Finally, the aT19
transduction fragment is constructed by replacing the Fab fragment of the CAR antibody with the CD19
gene. This will eliminate any off-target effect in normal tissues in the body. For example, CAR-T-Her2 may
attack the epithelium of the lung mucosa and cause pulmonary edema, which can be fatal in severe cases 35.
Therefore, from a clinical perspective, continuous "immunization" using aT19 cells should be feasible. In
this application, because no tumor was detected on D9, mice were injected with aT19 cells on D10. At this
time, the loss of target cells may cause CAR-T cells to attack host tissues. However, the proliferation rate of

CAR-T-19 cells may be reduced due to the loss of antigen-specific stimulation, and non-specific host-attack
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T cells can continue to proliferate. Therefore, aT19 cells were injected on D10 to maintain CAR-T-19 cells.

Clinically, the time of aT19 administration may be adjusted according to the number of CAR-T cells.
Herein, the number of CAR-T cells is estimated by measuring the copy number of CAR in the blood
through qPCR. The results are consistent with those provided by flow cytometry. In addition, there is a
negative correlation between the number of CAR+ cells in the blood sample and the fluorescence value
(total flux) (which represents residual tumors in the body). However, the circulatory system in the human
body is longer and more complicated than that in mice, and the dose of CAR-T administered clinically is
much greater than that given to mice. Therefore, within the first week after CAR-T cell treatment, cancer
cells in the human body may not be completely eliminated, and the number of CAR copies in the blood will
continue to increase. Subsequently, when the number of CAR+ copies begins to decrease, the number of
CAR-T cells gradually decreases and they were replaced by newly generated T cells. At this time, use of
aT19 cells for immunization should be considered. Continuous monitoring of the number of CAR+ copies
and then timely inoculation of aT19 cells may be a feasible method for clinical application of aT19 cells in
this case.

In conclusion, mice treated with CAR-T cells are injected with Raji-Fluc cells, radiated Raji-Fluc cells
or aT19 cells. The results show that restimulation of CAR-T cells with live Raji-Fluc cells and aT19 cells
improves the recurrence-free survival rate and overall survival rate, while restimulation with radiated (dead)
Raji-Fluc cells does not improve the recurrence-free survival rate and overall survival rate. Continuous
treatment of aT19 increases the percentages of CAR + and CD45RO + cells in the blood, confirming the
generation of memory CAR-T cells. This research was supported by the Bio & Medical Technology
Development Program of the Korean National Research Foundation funded by the Korean Ministry of

Science and Information Technology (No. 2017M3A9C8063523).
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What we claim is:

1. A method for treating cancer in a subject, comprising the following steps:

(a) administering therapeutic T cells specifically targeting a cancer-related antigen to the subject; and

(b) administering cells expressing the cancer-related antigen to the subject.

2. The method according to claim 1, wherein the therapeutic T cells are administered one or more
times, preferably once.

3. The method according to claim 1 or 2, wherein the cells expressing the cancer-related antigen are
administered one or more times, preferably once.

4. The method according to any one of claims 1 to 3, wherein the cells expressing the cancer-related
antigen are administered after the therapeutic T cells are administered.

5. The method according to claim 4, wherein the cells expressing the cancer-related antigen are
administered 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days,
13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, or 20 days after the therapeutic T cells are
administered.

6. The method according to any one of claims 1 to 5, wherein the cells expressing the cancer-related
antigen are administered after the cancer cell load is reduced by administration of the therapeutic T cells; or
after the administration of the therapeutic T cells and when the amount of the therapeutic T cells in the
subject decreases, the cells expressing the cancer-related antigen are administered.

7. The method according to claim 6, wherein after the cancer cell load is reduced by at least about 5%,
at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, or at least about 90%, the cells expressing the
cancer-related antigen are administered.

8. The method according to any one of claims 1 to 7, wherein after the cancer is completely remitted
by administering the therapeutic T cells, the cells expressing the cancer-associated antigen are
administered.

9. The method according to any one of claims 1 to 8, wherein the therapeutic T cells are administered
in a therapeutically effective amount, for example, about 10* to about 10° therapeutic T cells are
administered.

10. The method according to any one of claims 1 to 9, wherein the cells expressing the cancer-related
antigen are administered in a stimulating effective amount, for example, about 103 to about 10° cells
expressing the cancer-related antigen are administered.

11. The method according to any one of claims 1 to 10, wherein the therapeutic T cells are T cells
(TCR-T cells) comprising an exogenous T cell receptor (TCR) or T cells (CAR-T cells) comprising a
chimeric antigen receptor (CAR).

12. The method according to claim 11, wherein the exogenous TCR specifically binds to
cancer-related antigen, and the CAR comprises an extracellular antigen binding domain against the

cancer-related antigen.
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13. The method according to claim 11 or 12, wherein the CAR comprises an extracellular antigen
binding domain that specifically binds to the cancer-related antigen, such as scFv, a CD8a hinge and a
transmembrane domain, a CD3( signal transduction domain, and a 4-1BB costimulatory domain.

14. The method according to any one of claims 1 to 13, wherein the cells expressing the cancer-related
antigen are living cells, and preferably, the cells are not cancer cells.

15. The method according to claim 14, wherein the cancer-related antigen is expressed on the surface
of the living cells.

16. The method according to any one of claims 1 to 15, wherein the cells expressing the cancer-related
antigen are derived from immune cells.

17. The method according to any one of claims 1 to 16, wherein the therapeutic T cells and/or the cells
expressing the cancer-related antigen are derived from autologous cells of the subject.

18. The method according to any one of claims 1 to 16, wherein the therapeutic T cells and/or the cells
expressing the cancer-related antigen are derived from allogeneic cells, such as from a donor who is
HLA-compatible with the subject.

19. A method for preventing cancer progression or recurrence in a subject, wherein the subject has
undergone cancer treatment using therapeutic T cells specifically targeting a cancer-related antigen, the
method comprising administering cells expressing the cancer-related antigen to the subject.

20. The method according to claim 19, wherein the cells expressing the cancer-related antigen are
administered one or more times, preferably once.

21. The method according to claim 19 or 20, wherein the cells expressing the cancer-related antigens
are administered 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12
days, 13 days, 14 days, 15 days, 16 days, 17 days, 18 days, 19 days, or 20 days after the therapeutic T cells
are administered.

22. The method according to any one of claims 19 to 21, wherein after the cancer cell load is reduced
by administering the therapeutic T cells, the cells expressing the cancer-associated antigen are
administered.

23. The method according to claim 22, wherein after the cancer cell load is reduced by at least about
5%, at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, or at least about 90%, the cells expressing the
cancer-related antigen are administered.

24. The method according to any one of claims 19 to 23, wherein after the cancer is completely
remitted by administering the therapeutic T cells, the cells expressing the cancer-associated antigen are
administered.

25. The method according to any one of claims 19 to 24, wherein the cells expressing the
cancer-related antigen are administered in a stimulating effective amount, for example, about 103 to about
106 cells expressing the cancer-related antigen are administered.

26. The method according to any one of claims 19 to 25, wherein the therapeutic T cells are T cells
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(TCR-T cells) comprising an exogenous T cell receptor (TCR) or T cells (CAR-T cells) comprising a
chimeric antigen receptor (CAR).

27. The method according to claim 26, wherein the exogenous TCR specifically binds to the
cancer-related antigen, and the CAR comprises an extracellular antigen binding domain against the
cancer-related antigen.

28. The method according to claim 26 or 27, wherein the CAR comprises an extracellular antigen
binding domain that specifically binds to the cancer-related antigen, such as scFv, a CD8a hinge and a
transmembrane domain, a CD3( signal transduction domain, and a 4-1BB costimulatory domain.

29. The method according to any one of claims 19 to 28, wherein the cells expressing the
cancer-related antigen are living cells, and preferably, the cells are not cancer cells.

30. The method according to claim 29, wherein the cancer-related antigen is expressed on the surface
of the living cells.

31. The method according to any one of claims 19 to 30, wherein the cells expressing the
cancer-related antigen are derived from immune cells.

32. The method according to any one of claims 19 to 31, wherein the therapeutic T cells and/or the
cells expressing cancer-related antigen are derived from autologous cells of the subject.

33. The method according to any one of claims 19 to 31, wherein the therapeutic T cells and/or the
cells expressing the cancer-related antigens are derived from allogeneic cells, such as from a donor who is
HLA-compatible with the subject.

34. A combination for treating cancer in a subject, comprising therapeutic T cells specifically targeting
a cancer-related antigen and cells expressing the cancer-related antigen.

35. The combination according to claim 34, wherein the combination is used to treat cancer in the
subject using the method according to any one of claims 1 to 18.

36. The combination according to claim 34 or 35, wherein the combination comprises a
therapeutically effective amount of therapeutic T cells and a stimulating effective amount of cells
expressing the cancer-related antigen.

37. Use of the combination of any one of claims 34 to 36 in preparation of a medicament for treating
cancer in the subject, wherein, for example, the medicament is used to treat cancer in the subject according
to the method according to any one of claims 1 to 18.

38. Use of cells expressing a cancer-related antigen in preparation of a medicament for treating cancer
in a subject, wherein optionally, the medicament further comprises therapeutic T cells specifically targeting
the cancer-related antigen.

39. Use of cells expressing a cancer-related antigen in preparation of a medicament for preventing
cancer progression or recurrence in a subject, wherein the subject has undergone cancer treatment using
therapeutic T cells specifically targeting the cancer-related antigen.

40. A kit, comprising therapeutic T cells specifically targeting a cancer-related antigen and/or cells

expressing the cancer-related antigen, wherein the kit is used for treating cancer in a subject through the
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method according to any one of claims 1 to 18 or preventing cancer progression or recurrence in the subject
through the method according to any one of claims 19 to 33.

41. The method, combination, use, medicament or kit according to any one of the foregoing claims,
wherein the cancer-related antigen is selected from CD16, CD64, CD78, CD96, CLL1, CDI116, CD117,
CD71, CD45, CD71, CD123, CD138, ErbB2 (HER2/neu), carcinoembryonic antigen (CEA), epithelial cell
adhesion molecule (EpCAM) , epidermal growth factor receptor (EGFR), EGFR variant III (EGFRVIII),
CD19, CD20, CD30, CDA40, disialylganglioside GD2, ductal epithelial mucin, gp36, TAG-72,
glycosphingolipid, glioma-related antigens, P-human chorionic gonadotropin, o-fetoglobulin (AFP),
lectin-responsive AFP, thyroglobulin, RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1,
RU2 (AS), intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostatase specific antigen (PSA),
PAP, NY-ESO-1, LAGA-1a, p53, Prostein, PSMA, survival and telomerase, prostate cancer tumor
antigen-1 (PCTA-1), MAGE, ELF2M, neutrophil elastase, ephrin B2, CD22, insulin growth factor (IGF1)-I,
IGF-1I, IGFI receptor, mesothelin, major histocompatibility complex (MHC) molecules that present
tumor-specific peptide epitopes, 5T4, ROR1, Nkp30, NKG2D, tumor stromal antigen, fibronectin extra
domain A (EDA) and extra domain B (EDB), tenascin-C Al domain (TnC Al), fibroblast-associated
protein (fap), CD3, CD4, CD8, CD24 , CD25, CD33, CD34, CD133, CD138, Foxp3, B7-1 (CD80), B7-2
(CD86), GM-CSF, cytokine receptor, endothelial factor, BCMA (CD269, TNFRSF17), TNFRSF17
(UNIPROT Q02223), SLAMF7 (UNIPROT Q9NQ25), GPRC5D (UNIPROT Q9NZD1), FKBPI11
(UNIPROT Q9NYL4), KAMP3, ITGA8 (UNIPROT P53708) and FCRLS (UNIPROT Q68SNS); and
preferably, the cancer-related antigen is CD19.

42. The method, combination, use, medicament or kit according to any one of the foregoing claims,
wherein the cancer is selected from lung cancer, ovarian cancer, colon cancer, rectal cancer, melanoma,
kidney cancer, bladder cancer, breast cancer, liver cancer, lymphoma, hematological malignancies, head
and neck cancers, glial tumor, stomach cancer, nasopharyngeal cancer, throat cancer, cervical cancer,
uterine body tumor, osteosarcoma, bone cancer, pancreatic cancer, skin cancer, prostate cancer, uterine
cancer, anal cancer, testicular cancer, fallopian tube cancer , endometrial cancer, vaginal cancer, vaginal
cancer, Hodgkin's disease, non-Hodgkin's lymphoma, esophageal cancer, small intestine cancer, endocrine
system cancer, thyroid cancer, parathyroid cancer, adrenal cancer, soft tissue sarcoma, urethral cancer,
penile cancer, chronic or acute leukemia (comprising acute myeloid leukemia, chronic myeloid leukemia,
acute lymphocytic leukemia, and chronic lymphocytic leukemia), childhood solid tumors, lymphocytic
lymphoma, bladder cancer, kidney or ureteral cancer, renal pelvis cancer, central nervous system (CNS)
tumor, primary CNS lymphoma, tumor angiogenesis, spinal tumor, brainstem glioma, pituitary adenoma,
Kaposi's sarcoma, epidermal carcinoma, squamous cell carcinoma, T cell lymphoma, and environmentally
induced cancers, comprising asbestos-induced cancers, and combinations of the cancers; and preferably, the

cancer is B-cell acute lymphoblastic leukemia (B-ALL).
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