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METHODS FOR DIAGNOSING OR TREATING HEALTH CONDITIONS OR OPTIMIZING

THERAPEUTIC EFFICACY OF CAR-T CELLS THERAPIES

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT

[0001] This invention was made with Government support under contracts CA241076
and CA049605 awarded by the National Institutes of Health. The Government has certain

rights in the invention.

CROSS-REFERENCE TO RELATED APPLICATION

[0002] The present application claims priority to U.S. Provisional Patent Application
Serial No. 63/109,611, filed on November 4, 2020, the disclosure of which is incorporated by

reference herein in its entirety, including any drawings.

INCORPORATION OF THE SEQUENCE LISTING

[0003] This application contains a Sequence Listing, which is hereby incorporated
herein by reference in its entirety. The accompanying Sequence Listing text file, named
“Sequence Listing 078430-525001WO_SequenceListing ST25 txt,” was created on October
25,2021 and is 5 KB.

FIELD

[0004] The present disclosure generally relates to, inter alia, methods, kits, and systems
for the diagnosis and/or treating health conditions, such as proliferative disorders (e.g.,
cancers), associated with a decreased level or a loss of CD58 expression or molecular

alterations in CDS58 activity.

BACKGROUND

[0005] Adoptive transfer of genetically modified immune cells has emerged as a potent
therapy for various malignancies. For example, current modalities of adoptive T cell therapy
include cells modified to express receptors specific for cancer antigens, such as chimeric
antigen receptors (CARs) and high-affinity T cell receptors (TCRs). In adoptive T cell
therapies, modified T cells can be activated by exposure to the cognate antigen in vitro or ex
vivo, expanded, and then administered to the individual, where they proliferate and exhibit

cytolytic activity and/or send signals to initiate an immune response against the cancer.
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[0006] Recent developments using chimeric antigen receptor (CAR) modified
autologous T cell (CART) therapy, which relies on redirecting T cells to a suitable cell-
surface molecule on cancer cells such as B cell malignancies, have shown promising results
in harnessing the power of the immune system to treat B cell malignancies and other cancers.
For example, recent clinical trials using CAR-T cells specific for the CD19 molecule on B-
cell malignancies demonstrated marked disease regression in a subset of patients with
advanced cancers. A single dose of CD19 CAR-T cells results in complete remissions in
approximately 50% of patients with large B-cell lymphoma (LBCL). This success has led to
the FDA approval of two CD19-CAR T cell therapeutic agents, axicabtagene ciloleucel
(YESCARTA®) and tisagenlecleucel (KYMRIAH®), with others in clinical development of
medication for the treatment of LBCL and B-cell acute lymphoblastic leukemia (B-ALL). In
particular, complete responses are sustained in a majority of LBCL patients.

[0007] However, besides the ability for the CAR-T cells to recognize and destroy the
targeted cells, a successful therapeutic T cell therapy needs to have the ability to proliferate,
to persist over time, and to further monitor for leukemic cell escapees. The variable
phenotypic state of T cells, whether it is in a state of anergy, suppression, or exhaustion, have
been reported to have various effects on CAR-T cells' efficacy. To be effective, CAR-T cells
need to persist and maintain the ability to proliferate in response to the CAR's antigen.

[0008] In addition, an urgent therapeutic need exists to identify the cause of disease
progression, and to treat patients who develop resistance to existing CAR-T therapies. In
particular, it has been reported that CD19 loss appears to be the most common cause of
relapse after CAR-T cell therapies for B-ALL, accounting for more than 90% of relapses in
one series, and also occurs in up to 30% of cases of LBCL. This resistance has been observed
only recently as post-therapy biopsies have become standard to determine patient specific
factors driving therapeutic resistance.

[0009] Thus, new compositions and strategies are needed for generating improved
therapeutic cells for adoptive T cell therapy. The presently disclosed aspects and

embodiments address these needs and provide other related advantages.

SUMMARY

[0010] Provided herein, inter alia, are methods, kits, and systems for the diagnosis
and/or treatment of various health conditions such as proliferative disorders (e.g., cancers)

associated with one or more molecular alterations in CD58 activity. In particular, some
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embodiments of the disclosure relate to methods for determining the responsiveness of an
individual to a CAR-T cell therapy. Other embodiments relate to methods for identifying
individuals who have an increased unresponsiveness to a CAR-T cell therapy. Also provided,
in some embodiments, are methods for optimizing the therapeutic efficacy of a CAR-T cell
therapy in individuals in need thereof. Additional embodiments of the disclosure relate to
methods for administering a CAR-T cell therapy to individuals in need thereof. Also provided
are kits and systems for the prevention and/or treatment of a health condition in individuals in
need thereof.

[0011] In one aspect, provided herein are kits for the diagnosis and/or treatment of
health conditions in an individual, the kit including (i) reagents for assessing an expression
level of CD58 or the presence and/or absence of one or more molecular alterations of a
CD58-encoding gene or a product thereof in a biological sample, and (ii) instructions for use
thereof.

[0012] Non-limiting exemplary embodiments of the disclosed kits can include one or
more of the following features. In some embodiments, the kit of the disclosure is further
configured for determining the responsiveness of the individual to a CAR-T cell therapy,
wherein the determining comprises: (a) detecting whether the expression level of CD58 is
decreased or lost or one or more molecular alterations in the CD58-encoding gene or a
product thereof is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and detecting
an interaction between the detection reagent with a CD58 encoding gene or a product thereof
in the sample; and (b) identifying the individual as having decreased responsiveness to
treatment with the CAR-T cell therapy if the expression level of CD58 is decreased compared
to a reference expression level of CDS58 or lost or at least one of the one or more molecular
alterations in CDS58 activity is detected in the sample.

[0013] In some embodiments, the kit of the disclosure is further configured for
identifying an individual who has an increased unresponsiveness to a CAR-T cell therapy,
wherein the identifying comprises: (a) detecting whether the expression level of CD58 is
decreased or lost or one or more molecular alterations in the CD58-encoding gene or a
product thereof is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and detecting
an interaction between the detection reagent with the CD58 encoding gene or a product
thereof in the sample; and (b) selecting the individual as having increased unresponsiveness

3



WO 2022/098903 PCT/US2021/058102

to treatment with the CAR-T cell therapy if the expression level of CD58 is decreased
compared to a reference expression level of CD58 or lost or at least one of the one or more
molecular alterations in CD58 activity is detected in the sample; or selecting the individual as
not having increased unresponsiveness to treatment with the CAR-T cell therapy if the
expression level of CDS58 is not decreased compared to a reference expression level of CD58
nor lost or none of the one or more molecular alterations in CD58 activity is detected in the
sample.

[0014] In some embodiments, the kit of the disclosure is further configured for
optimizing the therapeutic efficacy of a CAR-T cell therapy in an individual, wherein the
optimizing comprises: (a) detecting whether the expression level of CD58 is decreased
compared to a reference expression level of CD58 or lost or one or more molecular
alterations in the CD58-encoding gene or a product thereof is present in a biological sample
obtained from the individual, wherein said detecting comprises contacting the biological
sample with a detection reagent and detecting an interaction between the detection reagent
with a CD58 encoding gene or a product thereof in the sample; and (b) identifying a
therapeutically effective amount of the CAR-T cell therapy based on the detected interaction
between the detection reagent with the CD58 encoding gene or a product thereof.

[0015] In some embodiments, the individual has or is suspected of having a health
condition associated with a decreased level or loss of CD58 expression compared to the
reference expression level of CD58 or with one or more molecular alterations in the CD58-
encoding gene or a product thereof. In some embodiments, the health condition is a
proliferative disorder selected from the group consisting of a solid tumor cancer, a non-solid
tumor cancer, and a hematological malignancy. In some embodiments, the health condition is
a cancer, optionally non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic
lymphoma, large B-cell lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell
lymphoma, splenic marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue)
lymphoma, hairy cell leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic
leukemia, B cell lymphomas, Hodgkin's disease, B cell non-Hodgkin's lymphoma (NHL),
leukemias, acutelymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL), B-cell
chronic lymphocytic leukemia (B-CLL), hairy cell leukemia, chronic myoblastic leukemia, or
myeloma.

[0016] In some embodiments, the one or more molecular alterations in the CD58-
encoding gene or a product thereof is selected from the group consisting of an increased
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RNA/protein expression, a reduced RNA/protein expression, a loss of expression, an aberrant
RNA/protein expression, a single nucleotide point mutation (SNP), a single-nucleotide
variation (SNV), a gene amplification, a gene rearrangement, a gene fusion, a deletion, a
frameshift deletion, an insertion, an InDel mutation, an epigenetic alteration, an amino acid
substitution, and combinations of any thereof. In some embodiments, the one or more
molecular alterations comprises a loss of CD58 expression, a reduced expression of CD58
compared to the reference expression level of CDS58, or expression of a mutated form of
CD58. In some embodiments, the one or more molecular alterations comprises an amino acid
substitution at a position corresponding to K60 of SEQ ID NO: 1. In some embodiments, the
amino acid substitution is a Lys-to-Glu substitution (K60E). In some embodiments, the one
or more molecular alterations comprises an amino acid substitution at a position
corresponding to C187 of SEQ ID NO: 1. In some embodiments, the amino acid substitution
is a Cys-to-Arg substitution (C187R). In some embodiments, the one or more molecular
alterations in the CD58-encoding gene or a product thereof includes a reduced binding
affinity of the CD58 protein product to its ligand CD2.

[0017] In some embodiments, the assessing comprises using a nucleic-acid-based
analytical assay selected from the group consisting of cancer personalized profiling by deep
sequencing (CAPP-seq), nucleic acid sequencing, circulating tumor nucleic acid assessment,
next generation sequencing (NGS), nucleic acid amplification-based assays, loop-mediated
isothermal amplification (LAMP), rolling circle amplification (RCA), polymerase chain
reaction (PCR), real-time PCR, quantitative reverse transcription PCR (qQRT-PCR), PCR-
RFLP assay, HPLC, mass-spectrometric genotyping, nucleic acid hybridization assay,
comparative genomic hybridization, fluorescent in-situ hybridization (FISH), restriction
digestion, capillary electrophoresis, and combinations of any thereof. In some embodiments,
the assessing comprises using a protein-based analytical assay selected from the group
consisting of immunohistochemistry (IHC), protein-microarray, western blotting, mass
spectrometry, flow cytometry, enzyme-linked immunosorbent assay (ELISA),
immunofluorescence staining, multiplex detection assay, and combinations of any thereof.

[0018] In some embodiments, the kit of the disclosure is further configured for
treatment of the health condition. In some embodiments, the CAR-T cell therapy is
administered to individual as single therapy or in combination with one or more additional
therapies. In some embodiments, the CAR-T cell therapy and/or at least one additional
therapy comprises a CAR construct comprising a CD2 signaling domain. In some
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embodiments, the CAR-T cell therapy targets an antigen that is expressed at low density
compared to a density in a wild-type cell.

[0019] In another aspect, provided herein are genetic-based systems for diagnosis and
treatment of health conditions, the systems include: a) a logic processor; and b) a stored
program code that is executable by the logic processor, which when executed by the
processor provides operations for performing a method according to present disclosure. In
some embodiments, the systems include (a) a logic processor; and (b) a stored program code
that is executable by the logic processor, which when executed by the processor provides
operations for performing one or more of the following: (i) determining the responsiveness of
an individual to a CAR-T cell therapy; (ii) identifying an individual as having increased
unresponsiveness to treatment with a CAR-T cell therapy; (iii) optimizing the therapeutic
efficacy of a CAR-T cell therapy in an individual; and (iv) calculating or administering a
therapeutically effective amount of a CAR-T cell therapy to an individual.

[0020] In some embodiments, the systems disclosed herein further include a report
engine communicatively coupled to the logic processor, wherein reports produced by the
report engine depend upon results from execution of the program code, wherein the program
code configures the logic processor to receive from the genetic scanner a preselected set of
data input pertaining to an expression level of CD58 or the presence and/or absence of one or
more molecular alterations of a CD58-encoding gene or a product thereof in a biological
obtained from an individual in order to assign a relative performance score to the individual’s
responsiveness to the CAR-T cell therapy based at least in part on the preselected set of data
input, and optionally: (a) determining the responsiveness of the individual to the CAR-T cell
therapy; (b) identifying the individual as having increased unresponsiveness to treatment with
the CAR-T cell therapy; (c) optimizing the therapeutic efficacy of the CAR-T cell therapy in
the individual; and/or (d) calculating or administering a therapeutically effective amount of
the CAR-T cell therapy to the individual.

[0021] In some embodiments, the systems of the disclosure further include generating a
report that contains information relevant to the individuals identified as having increased
unresponsiveness to the CAR-T cell therapy and/or relevant to the CAR-T cell therapy
identified as being effective for treatment of health conditions. In some embodiments, the
profile report is characterized as having an encoding selected from the group consisting of
“.doc”; “.pdf”; “.xml”; “html™; “jpg”; “.aspx”; “.php”, and a combination of any thereof.

[0022] In yet another aspect, provided herein is a non-transitory computer readable
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medium containing machine executable instructions that when executed cause a processor to
perform operations including: receiving a report including a preselected set of data input;
assigning, based at least in part on the report, a relative performance score to the identified
CAR-T cell therapy; and outputting a report for the CAR-T cell therapy based upon the
assigned performance score. In some embodiments, provided herein is a non-transitory
computer readable medium containing machine executable instructions that when executed
cause a processor to perform operations including: receiving a report including a preselected
set of data input; assigning, based at least in part on the report, a relative unresponsiveness
score to the identified individual; and outputting a report for the individual based upon the
assigned unresponsiveness score. Accordingly, CAR-T cell therapy reports and individual
reports generated by the systems of the disclosure are also with the scope of this disclosure.

[0023] In one aspect, provided herein are methods for determining the responsiveness
of an individual to a CAR-T cell therapy, the method including: (a) detecting whether an
expression level of CD58 is decreased compared to a reference expression level of CD58 or
lost or one or more molecular alterations in CD58 activity is present in a biological sample
obtained from the individual, wherein said detecting includes contacting the biological
sample with a detection reagent and detecting an interaction between the detection reagent
with a CD58 encoding gene or a product thereof in the sample; and (b) identifying the
individual as having decreased responsiveness to treatment with the CAR-T cell therapy if an
expression level of CD58 is decreased compared to a reference expression level of CD58 or
lost or at least one of the one or more molecular alterations in CD58 activity is detected in the
sample.

[0024] In another aspect, provided herein are methods for identifying an individual who
has an increased unresponsiveness to a CAR-T cell therapy, the method including: (a)
detecting whether an expression level of CDS58 is decreased compared to a reference
expression level of CD58 or lost or one or more molecular alterations in CD58 activity is
present in a biological sample obtained from the individual, wherein said detecting includes
contacting the biological sample with a detection reagent and detecting an interaction
between the detection reagent with the CD58 encoding gene or a product thereof in the
sample; and (b) selecting the individual as having increased unresponsiveness to treatment
with a CAR-T cell therapy if an expression level of CD58 is decreased or lost or at least one
of the one or more molecular alterations in CD58 activity is detected in the sample; or
selecting the individual as not having increased unresponsiveness to treatment with the CAR-
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T cell therapy if the expression level of CD58 is not decreased nor lost or none of the one or
more molecular alterations in CD58 activity is detected in the sample.

[0025] In another aspect, provided herein are methods for optimizing the therapeutic
efficacy of a CAR-T cell therapy in an individual, the method including: (a) detecting
whether an expression level of CD58 is decreased compared to a reference expression level
of CD58 or lost or one or more molecular alterations in CD58 activity is present in a
biological sample obtained from the individual, wherein said detecting includes contacting
the biological sample with a detection reagent and detecting an interaction between the
detection reagent with a CD58 encoding gene or a product thereof in the sample; (b)
identifying a therapeutically effective amount of the CAR-T cell therapy based on the
detected interaction between the detection reagent with the CD58 encoding gene or a product
thereof.

[0026] Inyet another aspect, provided herein are methods for administering a CAR-T
cell therapy to an individual, the method including: (a) detecting whether an expression level
of CD58 is decreased compared to a reference expression level of CD58 or lost or one or
more molecular alterations in CD58 activity is present in a biological sample obtained from
the individual, wherein said detecting includes contacting the biological sample with a
detection reagent and detecting an interaction between the detection reagent with a CD58
encoding gene or a product thereof in the sample; (b) administering a therapeutically
effective amount of the CAR-T cell therapy based on the detected interaction between the
detection reagent with the CD58 encoding gene or a product thereof.

[0027] Non-limiting exemplary embodiments of the disclosed methods can include one
or more of the following features. In some embodiments, the individual has or is suspected of
having a health condition associated with a decreased level or loss of CD58 expression or
with one or more molecular alterations in CD58 activity. In some embodiments, the methods
of the disclosure further include treating the health condition. In some embodiments, the
health condition is a proliferative disorder selected from the group consisting of a solid tumor
cancer, a non-solid tumor cancer, and a hematological malignancy. In some embodiments, the
health condition is a cancer, optionally non-Hodgkin's lymphoma, Burkitt's lymphoma, small
lymphocytic lymphoma, large B-cell lymphoma (LBCL), primary effusion lymphoma,
diffuse large B-cell lymphoma, splenic marginal zone lymphoma, MALT (mucosa-associated
lymphoid tissue) lymphoma, hairy cell leukemia, chronic lymphocytic leukemia, B-cell
prolymphocytic leukemia, B cell lymphomas, Hodgkin's disease, B cell non-Hodgkin's
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lymphoma (NHL), leukemias, acutelymphoblastic leukemia (ALL), chronic lymphocytic
leukemia (CLL), B cell chronic lymphocytic leukemia (BCLL), hairy cell leukemia, chronic
myoblastic leukemia, or myeloma.

[0028] In some embodiments, the one or more molecular alterations in CD58 activity is
selected from the group consisting of an increased RNA/protein expression, a reduced
RNA/protein expression, a loss of expression, an aberrant RNA/protein expression, a single
nucleotide point mutation (SNP), a single-nucleotide variation (SNV), a gene amplification, a
gene rearrangement, a gene fusion, a deletion, a frameshift deletion, an insertion, an InDel
mutation, an epigenetic alteration, an amino acid substitution, and combinations of any
thereof. In some embodiments, the one or more molecular alterations includes a loss of CD58
expression, a reduced expression of CD58 compared to a reference expression level of CDS5S8,
or expression of a mutated form of CD58. In some embodiments, the one or more molecular
alterations includes an amino acid substitution at a position corresponding to K60 of SEQ ID
NO: 1. In some embodiments, the amino acid substitution is a Lys-to-Glu substitution
(K60E). In some embodiments, the one or more molecular alterations includes an amino acid
substitution at a position corresponding to C187 of SEQ ID NO: 1. In some embodiments, the
amino acid substitution is a Cys-to-Arg substitution (C187R). In some embodiments, the one
or more molecular alterations in the CD58-encoding gene or a product thereof comprises a
reduced binding affinity of the CD58 protein product to its ligand CD2.

[0029] In some embodiments, the detection of the interaction between the detection
reagent with the CD58 encoding gene or a product thereof includes using a nucleic-acid-
based analytical assay selected from the group consisting of cancer personalized profiling by
deep sequencing (CAPP-seq), nucleic acid sequencing, circulating tumor nucleic acid
assessment, next generation sequencing (NGS), nucleic acid amplification-based assays,
loop-mediated isothermal amplification (LAMP), rolling circle amplification (RCA),
polymerase chain reaction (PCR), real-time PCR, quantitative reverse transcription PCR
(qRT-PCR), PCR-RFLP assay, HPLC, mass-spectrometric genotyping, nucleic acid
hybridization assay, comparative genomic hybridization, fluorescent in-situ hybridization
(FISH), restriction digestion, capillary electrophoresis, and combinations of any thereof.

[0030] In some embodiments, the detection of the interaction between the detection
reagent with the CD58 encoding gene or a product thereof includes using a protein-based
analytical assay selected from the group consisting of immunohistochemistry (IHC), protein-
microarray, western blotting, mass spectrometry, flow cytometry, enzyme-linked
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immunosorbent assay (ELISA), immunofluorescence staining, multiplex detection assay, and
combinations of any thereof.

[0031] In some embodiments, the methods described herein further include
administering the CAR-T cell therapy to the individual, wherein the CAR-T cell therapy is
administered to individual as single therapy or in combination with one or more additional
therapies. In some embodiments, the CAR-T cell therapy and/or at least one additional
therapy includes a CAR construct including a CD2 costimulatory domain. In some
embodiments, the CAR-T cell therapy targets an antigen that is expressed at low density
compared to a density in a wild-type cell.

[0032] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative embodiments and features described herein, further
aspects, embodiments, objects and features of the disclosure will become fully apparent from

the drawings and the detailed description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIGS. 1A-1E graphically summarize the results of experiments performed to
demonstrate that durable remission of in LBCL patients receiving axicabtagene ciloleucel
requires no alterations in CD58. Patients with mutations in CD58 or loss of expression of
CD58 by immunohistochemistry (IHC) have poor outcomes. CR: complete response; PR:
partial response; SD: stable response; PD: progressive disease.

[0034] FIGS. 2A-2J graphically summarize the results of experiments performed to
illustrate that a loss in CD58 expression diminishes the efficacy of CAR-T cells in vitro and
in xenograft models.

[0035] FIGS. 3A-3J graphically summarize the results of experiments performed to
illustrate that CD58-CD?2 interactions are responsible for enhanced CAR-T cell activity.

[0036] FIGS. 4A-4J graphically summarize the results of experiments performed to
illustrate that CAR-T cells can be engineered to overcome CD58 loss in B cell malignancies.

[0037] FIGS. 5A-5B graphically summarize the results of experiments performed to
illustrate that patients with either loss of expression by immunohistochemistry (IHC) (FIG.
5A) or with mutations in CD58 (FIG. 5B) have poor outcomes after CAR-T cell therapy.

[0038] FIGS. 6A-6B graphically summarize the results of experiments performed to
illustrate the reduction in cytokine production by a GD2-4-1BBL CAR when incubated with
DIPG cell lines with and without CD58 knockout.
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[0039] FIGS. 7A-7C graphically summarize the results of experiments performed to
evaluate in vitro CAR efficacy of CD19-CD28C or CD19-4-1BB( against CD58-wildtype or
CD58-knockout lines, as well as CAR efficacy in vivo against CD58-knockout xenografts
and wild-type xenografts.

[0040] FIGS. 8A-8B graphically summarize the results of experiments performed to
illustrate that proteins involved in actin cytoskeleton reorganization and such as VASP and

WAS were elevated in CD2 stimulated cells.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0041] The present disclosure generally relates to, inter alia, methods, kits, and systems
for the diagnosis and/or treatment of various health conditions such as proliferative disorders
(e.g., cancers) associated with one or more molecular alterations in CD58 activity. In
particular, some embodiments of the disclosure relate to methods for determining the
responsiveness of an individual to a CAR-T cell therapy. Some embodiments of the
disclosure relate to methods for identifying individuals who have an increased
unresponsiveness to a CAR-T cell therapy. Other embodiments of the disclosure concern
methods for optimizing the therapeutic efficacy of a CAR-T cell therapy in individuals in
need thereof. Additional embodiments of the disclosure relate to methods for administering a
CAR-T cell therapy to individuals in need thereof. Also provided are kits and systems for the
prevention and/or treatment of a health condition in individuals in need thereof.

[0042] As discussed above, recent developments using CAR modified autologous T cell
(CART) therapy, which relies on redirecting T cells to a suitable cell-surface molecule on
cancer cells such as B cell malignancies, show promising results in harnessing the power of
the immune system to treat B cell malignancies and other cancers. In particular, CD19 CAR-
T cells have revolutionized the treatment of B cell malignancies including large B cell
lymphoma (LBCL). For example, a single dose of CD19 CAR-T cells results in complete
remissions in approximately 50% of patients with LBCL. This success has led to the FDA
approval of two agents (axicabtagene ciloleucel and tisagenlecleucel), with others in clinical
development. In particular, complete responses are sustained in a majority of LBCL patients.

[0043] Phase-two trials have demonstrated a durable complete response (CR) rate for
CD19 CAR in large B-cell lymphoma (LBCL) of up to 40%, which is a significant
improvement over prior standards of care. Based on these results and the real-world study of

axicabtagene ciloleucel (YESTARTA®), a CD19-CAR-T cell therapy that has now become
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the standard of care for LBCL after failing two lines of chemotherapy. Ongoing clinical trials
will determine if CD19 CAR T therapy will become the new standard for refractory or early-
relapsed LBCL (NCT03391466, NCT03575351, and NCT03570892).

[0044] However, an urgent therapeutic need exists to identify the cause of disease
progression, and to treat patients who develop resistance to existing CAR-T therapies. In
particular, CD19 loss appears to be the most common cause of relapse after CAR-T cell
therapies for B-cell acute lymphoblastic leukemia (B-ALL), accounting for more than 90% of
relapses in one series, and also occurs in up to 30% of cases of LBCL. This resistance has
been observed only recently as post-therapy biopsies have become standard to determine
patient specific factors driving therapeutic resistance. A thorough understanding of the
mechanisms of CAR resistance will be helpful in determining which patients are most likely
to benefit from CAR-T cells and in order to generate novel constructs that are able to extend
benefit to a larger number of patients. Without being bound to any particular theory, because
a high percentage of complete responses to CD19 CAR in LBCL are durable, it is
contemplated that increases in the CR rate will translate to curing more patients of their
disease.

[0045] Mechanisms of CAR-T cell efficacy are poorly understood. It is generally
thought that the integration of costimulatory domains into second generation constructs has
resulted in the clinical success observed with CD19 CAR. However, recent study has shown
that some of the perceived benefits of second generation CARs in preclinical models may
have actually been driven by other elements of the CAR architecture. As described in greater
detail below, the experimental results presented herein demonstrate that even though they
contain highly functional costimulatory domains, the FDA-approved CD19-CAR-T cell
therapeutic agents axicabtagene ciloleucel and tisagenlecleucel both ultimately fail when T
cells are deprived of additional costimulation by CD2 through CDS58, its native ligand on
tumor cells. However, the experimental data described herein also indicate that the
detrimental effects of CD58 mutation or loss may be context dependent on the target antigen
density expressed by tumor cells.

[0046] CD2 is an important costimulatory domain for the native TCR and its interaction
with CD58 has previously been shown to support cytokine production after TCR ligation and
also by first generation CARs in vitro. As described in greater detail below, several
experiments described herein were performed to explore the role of CD2 ligation in the
context of CAR-T cells and found that much like with the native TCR, CD2 ligation by CD58
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results in enhanced phosphorylation of proximal TCR molecules, but also changes
cytoskeletal and adhesion molecules important for T cell activity. The data presented herein
aligns with recently published work on the phosphopeptidome of cytotoxic T lymphocytes
activated through CD2 in which CD2 was determined to drive cytoskeletal rearrangements
resulting in tumor cell lysis. Additionally, phosphorylation of the CARD11-BCL10-MALT1
(CBM) signalosome provides a potential mechanism to explain sustained anti-tumor activity
towards target cells expressing CDS58.

[0047] Volumes of research have focused on generating more functional CARs by
integrating additional costimulatory and cytokine signals into CAR constructs. However, this
work has largely been guided by preclinical modeling that may not capture true mechanisms
of resistance in patients. It may be essential that as CARs are deployed for more patients with
additional indications including solid tumors, deep correlative work is carried out that can
lead researchers to understand mechanisms of CAR failure. After observing limited activity
of CD19 CARs in patients with CD58 aberrations and in preclinical models in which CD58
was knocked out, additional experiments were performed to generate CAR-T cells that are
capable of overcoming this novel resistance mechanism through integration of CD2
signaling. It was found that CAR-T cells in which CD2 costimulation is provided in frans to
the traditional CAR were successful in overcoming CD58 loss in vivo. The experimental
result presented herein also indicates that costimulation may best be provided to CAR
constructs in frans, as occurs in the natural TCR setting and has been previously reported for
CARs with alternative costimulation domains.

[0048] CD58 mutations and changes in expression are common in other cancers,
including Hodgkin’s lymphoma, chronic lymphocytic leukemia, multiple myeloma, and even
colon cancer. Thus, it is likely that this axis will be an important determinant in CAR-T cell
outcomes for other diseases and could also predict responses to other immunotherapy
modalities including checkpoint inhibitors, bispecific antibodies, and transgenic TCRs.
Additionally, CD2 ligation is also is important for natural killer (NK) cell function, indicating
that CD58 mutations could limit the efficacy of CAR-NK cells, which have been recently
credentialed as a promising modality for treatment of B cell malignancies. It is also probable
that there are additional co-receptors on tumor cells that can also modulate CAR function
and, like CD58, will emerge as important factors in predicting response to CAR-T cell

therapy.
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DEFINITIONS

[0049] Unless otherwise defined, all terms of art, notations and other scientific terms or
terminology used herein are intended to have the meanings commonly understood by those of
skill in the art to which this disclosure pertains. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for ready reference, and the
inclusion of such definitions herein should not necessarily be construed to represent a
substantial difference over what is generally understood in the art. Many of the techniques
and procedures described or referenced herein are well understood and commonly employed
using conventional methodology by those skilled in the art.

[0050] The singular form “a”, “an”, and “the” include plural references unless the
context clearly dictates otherwise. For example, the term “a cell” includes one or more cells,
comprising mixtures thereof. “A and/or B” is used herein to include all of the following
alternatives: “A”, “B”, “A or B”, and “A and B”’.

[0051] Certain ranges are presented herein with numerical values being preceded by the
term “about.” The term “about™ is used herein to provide literal support for the exact number
that it precedes, as well as a number that is near to or approximately the number that the term
precedes. In determining whether a number is near to or approximately a specifically recited
number, the near or approximating unrecited number may be a number which, in the context
in which it is presented, provides the substantial equivalent of the specifically recited number.
If the degree of approximation is not otherwise clear from the context, “about™ means either
within plus or minus 10% of the provided value, or rounded to the nearest significant figure,
in all cases inclusive of the provided value. In some embodiments, the term “about™ indicates
the designated value + up to 10%, up to + 5%, or up to = 1%.

[0052] The terms “administration™ and “administering”, as used herein, refer to the
delivery of a bioactive composition or formulation by an administration route comprising, but
not limited to, oral, intravenous, intra-arterial, intramuscular, intraperitoneal, subcutaneous,
intramuscular, and topical administration, or combinations thereof. The term includes, but is
not limited to, administering by a medical professional and self-administering.

[0053] “Cancer” refers to the presence of cells possessing several characteristics typical
of cancer-causing cells, such as uncontrolled proliferation, immortality, metastatic potential,
rapid growth and proliferation rate, and certain characteristic morphological features. Cancer
cells can aggregate into a mass, such as a tumor, or can exist alone within an individual. A
tumor can be a solid tumor, a soft tissue tumor, or a metastatic lesion. As used herein, the
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term “cancer” also encompasses other types of non-tumor cancers. Non-limiting examples
include blood cancers or hematological cancers, such as leukemia. Cancer can include
premalignant, as well as malignant cancers.

[0054] The terms “cell”, “cell culture”, and “cell line” refer not only to the particular
subject cell, cell culture, or cell line but also to the progeny or potential progeny of such a
cell, cell culture, or cell line, without regard to the number of transfers or passages in culture.
It should be understood that not all progeny are exactly identical to the parental cell. This is
because certain modifications may occur in succeeding generations due to either mutation
(e.g., deliberate or inadvertent mutations) or environmental influences (e.g., methylation or
other epigenetic modifications), such that progeny may not, in fact, be identical to the parent
cell, but are still included within the scope of the term as used herein, so long as the progeny
retain the same functionality as that of the original cell, cell culture, or cell line.

[0055] The term “engineered” or “recombinant” nucleic acid molecule, polypeptide, or
cell as used herein, refers to a nucleic acid molecule, polypeptide, or cell that has been altered
through human intervention.

[0056] As used herein, and unless otherwise specified, a “therapeutically effective
amount” or a “therapeutically effective number” of an agent is an amount or number
sufficient to provide a therapeutic benefit in the treatment or management of a disease, e.g.,
cancer, or to delay or minimize one or more symptoms associated with the disease. A
therapeutically effective amount or number of a compound means an amount or number of
therapeutic agent, alone or in combination with other therapeutic agents, which provides a
therapeutic benefit in the treatment or management of the disease. The term “therapeutically
effective amount™ can encompass an amount or number that improves overall therapy of the
disease, reduces or avoids symptoms or causes of the disease, or enhances therapeutic
efficacy of another therapeutic agent. An example of an “effective amount™ is an amount
sufficient to contribute to the treatment, prevention, or reduction of a symptom or symptoms
of a disease, which could also be referred to as a “therapeutically effective amount.” A
“reduction” of a symptom means decreasing of the severity or frequency of the symptom(s),
or elimination of the symptom(s). The exact amount of a composition including a
“therapeutically effective amount” will depend on the purpose of the treatment, and will be
ascertainable by one skilled in the art using known techniques (see, e.g., Lieberman,
Pharmaceutical Dosage Forms (vols. 1-3, 2010); Lloyd, The Art, Science and Technology of
Pharmaceutical Compounding (2016); Pickar, Dosage Calculations (2012); and Remington:
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The Science and Practice of Pharmacy, 22nd Edition, 2012, Gennaro, Ed., Lippincott,
Williams & Wilkins).

[0057] As used herein, a “subject” or an “individual” includes animals, such as human
(e.g , human subject) and non-human animals. In some embodiments, a “subject™ or
“individual” is a patient under the care of a physician. Thus, the subject can be a human
patient or an individual who has, is at risk of having, or is suspected of having a disease of
interest (e.g., cancer) and/or one or more symptoms of the disease. The subject can also be an
individual who is diagnosed with a risk of the condition of interest at the time of diagnosis or
later. The term “non-human animals™ includes all vertebrates, e¢.g., mammals, e.g., rodents,
e.g., mice, non-human primates, and other mammals, such as e.g., sheep, dogs, cows,
chickens, and non-mammals, such as amphibians, reptiles, efc.

[0058] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any other stated or intervening value in
that stated range, is encompassed within the disclosure. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges, and are also
encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or
both of those included limits are also included in the disclosure.

[0059] TItis understood that aspects and embodiments of the disclosure described herein

2% <<

include “comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.

As used herein, “comprising” is synonymous with “including”, “containing”, or
“characterized by”, and is inclusive or open-ended and does not exclude additional, unrecited
elements or method steps. As used herein, “consisting of”” excludes any elements, steps, or
ingredients not specified in the claimed composition or method. As used herein, “consisting
essentially of” does not exclude materials or steps that do not materially affect the basic and
novel characteristics of the claimed composition or method. Any recitation herein of the term
“comprising”, particularly in a description of components of a composition or in a description
of steps of a method, is understood to encompass those compositions and methods consisting
essentially of and consisting of the recited components or steps.

[0060] Headings, e.g, (a), (b), (i) efc., are presented merely for ease of reading the
specification and claims. The use of headings in the specification or claims does not require

the steps or elements be performed in alphabetical or numerical order or the order in which
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they are presented.

[0061] TItis appreciated that certain features of the disclosure, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the disclosure, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments pertaining to the disclosure
are specifically embraced by the present disclosure and are disclosed herein just as if each
and every combination was individually and explicitly disclosed. In addition, all sub-
combinations of the various embodiments and elements thereof are also specifically
embraced by the present disclosure and are disclosed herein just as if each and every such

sub- combination was individually and explicitly disclosed herein.

CDS58

[0062] CD58, also known as the lymphocyte function—associated antigen-3 (LFA-3),
was first identified from humans (Homo sapiens) as an adhesion molecule in the 1980s. It is a
heavily glycosylated protein whose extracellular region contains a single V-set and a C2-set
Ig superfamily (IgSF) domain. CD58 was expressed on the surface of human hemopoietic
and non-hemopoietic lineages, including dendritic cells, macrophages, endothelial cells, and
erythrocytes in a transmembrane and glycosylphosphatidylinositol (GPI)-anchored form.
CD58 was also identified from several other mammals, including porcine (Sus scrofa) and
sheep (Ovis aries). Several previous studies in humans have shown the involvement of CD58
in T-cell cytokine production, T-cell responsiveness to IL-12, induction of TNF-a and IL-1f3
from monocytes, and IgE production by B cells. Blockade of CD58 by anti-CD58
monoclonal antibodies and a CD58-Ig fusion protein can reduce inflammatory responses and
diminish the recognition and cytolysis of target cells by cytotoxic T lymphocytes and NK
cells. These findings suggest that CD58 plays important roles in both innate and adaptive
immunities, with a particularly regulatory role at the effector and target cell levels.

[0063] CD58 and CD2 have been known as a pair of reciprocal adhesion molecules
involved in the immune modulations in a variety of cell types, such as CD8+ T cell and NK
cells. In particular, the CD2 pathway can directly mediate CD3- independent T cell activation
and has a costimulatory role in a variety of immune cell types, such as CD8+ T cell and NK
cells, and therefore this pair of adhesion molecules is involved in the immune modulation of

CDS8+ T cell and NK cell-mediated cellular immunity in humans and several other mammals.
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In most cases, CD58 exerts its functions through the interaction with its receptor CD2, which
has also been known as lymphocyte function-associated antigen-2 (LFA-2). CD2 is also a
member of the immunoglobulin superfamily, which is expressed on the surface of almost all
mature peripheral T cells, thymocytes, NK cells, and thymic B cells. The interaction of CD58
with CD2 may be found to be essential for the activation of cellular immunity, such as CD8+
cytotoxic T lymphocytes and NK cell-mediated cytotoxic reactions.

[0064] In human, CD58 has multiple isoforms ranging in size from 55,000 to 75,000
da, depending on alternative splicing and sugar chain additions. CD58 consists of two
extracellular domains and one transmembrane domain and is expressed in almost all cells,
especially on the surface of antigen presenting cells, in particular macrophages and
hematopoietic cells including B-cells. CD58 expression is increased by cytokine stimulation.
It mediates cellular adhesion and participates in signal transduction when it binds to its
ligand, the CD2 (LFA-2). Cellular interactions regulated by the CD58/CD2 axis are involved
in the antigen-independent adhesion pathway and cytotoxic T lymphocyte (CTL) activity.
CD58 has two isoforms. One isoform is anchored in the cell membrane by a
glycophosphatidyl inositol tail, while the other has a transmembrane hydrophobic segment
and a cytoplasmic segment composed of 12 amino acids. In addition, only the first domain of
the two extracellular domains binds to CD2 on the surface of the T lymphocytes, placing the
T lymphocytes and antigen presenting cells close together, enabling the T lymphocytes to
generate an immune response. The amino acid sequence of CD58 isoform 1 (also known as
long isoform) is shown below.

[0065] Human CD58 isoform 1 (SEQ ID NO: 1):

MVAGSDAGRA LGVLSVVCLL HCFEFGFISCFEFS QQIYGVVYGN VTEFHVPSNVP

LKEVLWKKQK DKVAELENSE FRAFSSFKNR VYLDTVSGSL TIYNLTSSDE

DEYEMESPNI TDTMKEFLYV LESLPSPTLT CALTNGSIEV QCMIPEHYNS

HRGLIMYSWD CPMEQCKRNS TSIYFKMEND LPQKIQCTLS NPLENTTSSI

ILTTCIPSSG HSRHRYALTIP TPLAVITTCI VLYMNGILKC DRKPDRTNSN

[0066] The amino acid sequence of human CD58 isoform 2 (also known as short
isoform; SEQ ID NO: 2) is similar to SEQ ID NO: 1 above, with the exception that amino
acid residues 236-237 are VL (instead of GI), and that amino acid residues 238-250 are
missing. This CD58 isoform 2 is a translation product of a transcript variant which includes
an alternate segment in the 3' coding region compared to variant 1 (which encodes the

isoform 1) that causes a frameshift. The resulting protein (isoform 2) has a distinct C-
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terminus, compared to isoform 1. This transcript variant (2) also contains a unique 3' UTR
compared to transcript variant 1.

[0067] Human CD58 isoform 2 (SEQ ID NO: 2):

MVAGSDAGRA LGVLSVVCLL HCFEFGFISCFEFS QQIYGVVYGN VTEFHVPSNVP

LKEVLWKKQK DKVAELENSE FRAFSSFKNR VYLDTVSGSL TIYNLTSSDE

DEYEMESPNI TDTMKEFLYV LESLPSPTLT CALTNGSIEV QCMIPEHYNS

HRGLIMYSWD CPMEQCKRNS TSIYFKMEND LPQKIQCTLS NPLENTTSSI

ILTTCIPSSG HSRHRYALIP TIPLAVITTCI VLYMNVL

[0068] CD58 is known to be involved in cytotoxic activity expression or antigen
presentation reaction by binding to CD2 (LFA-2). In particular, CD58’s binding to CD2, e.g.,
on T cells, is important in strengthening the adhesion between the T cells and professional
antigen presenting cells (APCs). This adhesion occurs as part of the transitory initial
encounters between T cells and APCs before T cell activation, when T cells are roaming the
lymph nodes looking at the surface of APCs for peptide: MHC complexes the T-cell receptors
are reactive to.

[0069] Mutations of CD58 have been linked to immune evasion observed in some
lymphomas and studies are underway to analyze how its involvement directly affects
classical Hodgkin lymphoma. Polymorphisms in the CD58 gene are associated with increased
risk for multiple sclerosis. For example, genomic region containing the single-nucleotide
polymorphism rs1335532, associated with high risk of multiple sclerosis, has enhancer
properties and can significantly boost the CD58 promoter activity in lymphoblast cells. The
protective (C) rs1335532 allele creates functional binding site for ASCL2 transcription factor,
a target of the Wnt signaling pathway. In addition, CD58 plays a role in the regulation of
colorectal tumor-initiating cells. Thus, cells that express CD58 have become of interest in
tumorigenesis.

[0070] While CD58 is highly expressed in B-ALL and serves as an important marker of
minimal residual disease by flow cytometry in that disease, it is frequently mutated,
downregulated, deleted, or silenced in LBCL. Additionally, CD58 loss has been previously
linked to immune evasion in relapsed LBCL.

[0071] The role of CD58 expression on LBCL in determining response to CD19 CAR-
T cell therapy is described in greater detail below. In particular, experiments have been
designed and carried out to demonstrate that patients with loss of CD58 expression or with

CD58 mutations do not achieve sustained responses to axicabtagene ciloleucel. In addition,
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using in vitro systems and murine xenografts, the functional importance of CD358 ligation has
been investigated by generating CAR constructs and ultimately CAR-T cells capable of
overcoming CD58 loss in LBCL. By dissecting resistance mechanisms in LBCL, the
experimental results described herein illustrate the generation of novel therapeutics that are
capable of extending durable remissions to a greater number of patients.

[0072] CD58, also known as the lymphocyte function—associated antigen-3 (LFA-3),
mediates cellular adhesion and participates in signal transduction when it binds to its ligand,
the CD2. Cellular interactions regulated by the CD58/CD2 antigens are involved in the
antigen-independent adhesion pathway and cytotoxic T lymphocyte (CTL) activity. CD58
has two isoforms. One isoform is anchored in the cell membrane by a glycophosphatidyl
inositol tail, while the other has a transmembrane hydrophobic segment and a cytoplasmic

segment composed of 12 amino acids.

METHODS OF THE DISCLOSURE.

[0073] As described in greater detail herein, some embodiments of the present
disclosure provide various methods for determining the responsiveness of an individual to a
CAR-T cell therapy, the method including: (a) detecting whether an expression level of CD58
is decreased compared to a reference expression level of CD58 or lost or one or more
molecular alterations in CD58 activity is present in a biological sample obtained from the
individual, wherein said detecting includes contacting the biological sample with a detection
reagent and detecting an interaction between the detection reagent with a CD58 encoding
gene or a product thereof in the sample; and (b) identifying the individual as having
decreased responsiveness to treatment with the CAR-T cell therapy if an expression level of
CD58 is decreased or lost or at least one of the one or more molecular alterations in CD58
activity is detected in the sample.

[0074] In another aspect, provided herein are methods for identifying an individual who
has an increased unresponsiveness to a CAR-T cell therapy, the method including: (a)
detecting whether an expression level of CDS58 is decreased compared to a reference
expression level of CD58 or lost or one or more molecular alterations in CD58 activity is
present in a biological sample obtained from the individual, wherein said detecting includes
contacting the biological sample with a detection reagent and detecting an interaction
between the detection reagent with the CD58 encoding gene or a product thereof in the

sample; and (b) selecting the individual as having increased unresponsiveness to treatment
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with a CAR-T cell therapy if an expression level of CD58 is decreased or lost or at least one
of the one or more molecular alterations in CD58 activity is detected in the sample; or
selecting the individual as not having increased unresponsiveness to treatment with the CAR-
T cell therapy if none of the one or more molecular alterations in CD58 activity is detected in
the sample.

[0075] In another aspect, provided herein are methods for optimizing the therapeutic
efficacy of a CAR-T cell therapy in an individual, the method including: (a) detecting
whether an expression level of CD58 is decreased compared to a reference expression level
of CDS58 or lost or one or more molecular alterations in CD58 activity is present in a
biological sample obtained from the individual, wherein said detecting includes contacting
the biological sample with a detection reagent and detecting an interaction between the
detection reagent with a CD58 encoding gene or a product thereof in the sample; (b)
identifying a therapeutically effective amount of the CAR-T cell therapy based on the
detected interaction between the detection reagent with the CD58 encoding gene or a product
thereof.

[0076] In yet another aspect, provided herein are methods for administering a CAR-T
cell therapy to an individual, the method including: (a) detecting whether an expression level
of CD58 is decreased compared to a reference expression level of CD58 or lost or one or
more molecular alterations in CD58 activity is present in a biological sample obtained from
the individual, wherein said detecting includes contacting the biological sample with a
detection reagent and detecting an interaction between the detection reagent with a CD58
encoding gene or a product thereof in the sample; (b) administering a therapeutically

effective amount of the CAR-T cell therapy based on the detected interaction between the

detection reagent with the CD58 encoding gene or a product thereof.
[0077] €
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[0078]

[0079] In some embodiments, the reference expression level of CD58 can comprise the
median level of expression of CD58 in samples from a group/population of patients. In some
embodiments, the group/population of patients are being tested for responsiveness to a CAR-
T cell therapy. In some embodiments, reference expression level can be the level in a sample
previously obtained from the individual at a prior time. In some embodiments, the reference
expression level cab be the level in a sample from a patient who received prior treatment with
a CAR-T therapy but had a relapse of a health condition (e.g., relapse of LBCL). In some
embodiments, the reference expression level cab be the level in a sample from a patient who
received prior treatment with a CAR-T therapy and did not have a relapse of a health
condition (e.g., LBCL). In some embodiments, the reference expression level cab be the level
in a sample from a healthy individual. In some embodiments, individuals having a CD58
expression level that is less than a reference expression level, for instance a reference
expression level in a sample from the groups as described above, can be identified as
subjects/patients likely to be less responsive to treatment with a CAR-T therapy that does not
comprise a trans CAR construct as described herein, such as a trans CAR construct
comprising an anti-CD19 single chain variable fragment (scFv) FMC63 fused to a
transmembrane domain and a CD2 intracellular domain. For example, such subjects/patients
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who exhibit CD58 expression levels that are about 90%, 80%, 70%, 60%, 50%, 45%, 40%,
35%, 30%, 25%, 20%, 15%, 10%, or 5% lower, relative to a reference CD58 expression level
(such as the median level, noted above), or have a complete loss of expression of CD58, or
can be identified as subjects/patients likely to respond to treatment with a trans CAR
construct as described herein, such as a trans CAR construct comprising an anti-CD19 single
chain variable fragment (scFv) FMC63 fused to a transmembrane domain and a CD2
intracellular domain.

[0080] As used herein, the phrase “one or more molecular alterations™ refers to any
variation in the genetic or protein sequence in or more cells of an individual as compared to
the corresponding wild-type genes or proteins. The one or more molecular alterations can
include, but are not limited to, genetic mutations, gene amplifications, splice variants,
deletions, insertions/deletions (In/Del), gene rearrangements, single-nucleotide variations
(SNVs), insertions, and aberrant RN A/protein expression. For example, in some
embodiments, the molecular alterations in CD58 activity can include, an increased
RNA/protein expression, a reduced RNA/protein expression, a loss of expression, an aberrant
RNA/protein expression, a single nucleotide point mutation (SNP), a single-nucleotide
variation (SNV), a gene amplification, a gene rearrangement, a gene fusion, a deletion, a
frameshift deletion, an insertion, an InDel mutation, an epigenetic alteration, an amino acid
substitution, and combinations of any thereof. In some embodiments, the one or more
molecular alterations includes a loss of CD58 expression, a reduced expression of CD58
compared to a reference expression level of CD58, or expression of a mutated form of CD58.
In some embodiments, at least one of the molecular alterations includes an amino acid
substitution at a position corresponding to K60 of SEQ ID NO: 1 or SEQ ID NO: 2. In some
embodiments, at least one of the molecular alterations includes an amino acid substitution at
a position corresponding to K60 of SEQ ID NO: 1. In some embodiments, at least one of the
molecular alterations includes an amino acid substitution at a position corresponding to K60
of SEQ ID NO: 2.

[0081] Non-limiting exemplary embodiments of the disclosed methods can include one
or more of the following features. In some embodiments, the methods include administering a
therapeutically effective amount of a CAR-T cell therapy to an individual who has, who is
suspected of having, or who may be at high risk for developing one or more health
conditions, such as proliferative diseases (e.g., cancers) associated with a decreased level or
loss of CDS58 expression or one or more molecular alterations in CD58 activity. In some
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embodiments, the individual is a patient under the care of a physician. Exemplary
proliferative diseases can include, without limitation, angiogenic diseases, a metastatic
diseases, tumorigenic diseases, neoplastic diseases and cancers. In some embodiments, the
proliferative disease is a cancer. In some embodiments, the cancer is a pediatric cancer. In
some embodiments, the cancer is a pancreatic cancer, a colon cancer, an ovarian cancer, a
prostate cancer, a lung cancer, mesothelioma, a breast cancer, a urothelial cancer, a liver
cancer, a head and neck cancer, a sarcoma, a cervical cancer, a stomach cancer, a gastric
cancer, a melanoma, a uveal melanoma, a cholangiocarcinoma, multiple myeloma, leukemia,
lymphoma, and glioblastoma.

[0082] In some embodiments, the health condition is a proliferative disorder selected
from the group consisting of a solid tumor cancer, a non-solid tumor cancer, and a
hematological malignancy. Exemplary cancers include, but are not limited to, large B-cell
lymphoma (LBCL), B-cell acute lymphocytic leukemia (B-ALL), T-cell acute lymphocytic
leukemia (T- ALL), acute lymphocytic leukemia (ALL), chronic myelogenous leukemia
(CML), chronic lymphocytic leukemia (CLL), B cell promyelocytic leukemia, blastic
plasmacytoid dendritic cell neoplasm, Burkitt's lymphoma, diffuse large B cell lymphoma,
follicular lymphoma, hairy cell leukemia, small cell- or a large cell-follicular lymphoma,
malignant lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma (MCL),
marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplasia syndrome,
B cell non-Hodgkin's lymphoma (NHL), Hodgkin’s lymphoma (HL), plasmablastic
lymphoma, plasmacytoid dendritic cell neoplasm, and Waldenstrom macroglobulinemia. In
one embodiment, the cancer is ALL. In another embodiment, the cancer is CLL. In an
embodiment, the cancer is associated with CD 19 expression.

[0083] In some embodiments, the cancer is a B-cell malignancy selected from the group
consisting of non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic lymphoma,
large B-cell lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell lymphoma,
splenic marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue) lymphoma,
hairy cell leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B cell
lymphomas (e.g. various forms of Hodgkin's disease, B cell non-Hodgkin's lymphoma
(NHL), leukemias, acutelymphoblastic leukemia (ALL), chronic lymphocytic leukemia
(CLL), B cell chronic lymphocytic leukemia (BCLL), hairy cell leukemia, chronic myoblastic
leukemia, and myelomas.

[0084] In some embodiments, the one or more molecular alterations in CD58 activity is
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selected from the group consisting of an increased RNA/protein expression, a reduced
RNA/protein expression, a loss of expression, an aberrant RNA/protein expression, a single
nucleotide point mutation (SNP), a single-nucleotide variation (SNV), a gene amplification, a
gene rearrangement, a gene fusion, a deletion, a frameshift deletion, an insertion, an InDel
mutation, an epigenetic alteration, an amino acid substitution, and combinations of any
thereof. In some embodiments, the one or more molecular alterations includes a loss of CD58
expression, a reduced expression of CD58 compared to a reference expression level of CDS5S8,
or expression of a mutated form of CD58. In some embodiments, the one or more molecular
alterations includes an amino acid substitution at a position corresponding to K60 of SEQ ID
NO: 1 or SEQ ID NO: 2. In some embodiments, the one or more molecular alterations
includes an amino acid substitution at a position corresponding to K60 of SEQ ID NO: 1. In
some embodiments, the one or more molecular alterations includes an amino acid substitution
at a position corresponding to K60 of SEQ ID NO: 2. In some embodiments, the amino acid
substitution is a Lys-to-Glu substitution (K60E). In some embodiments, the one or more
molecular alterations includes an amino acid substitution at a position corresponding to C187
of SEQ ID NO: 1 or SEQ ID NO: 2. In some embodiments, the one or more molecular
alterations includes an amino acid substitution at a position corresponding to C187 of SEQ ID
NO: 1. In some embodiments, the one or more molecular alterations includes an amino acid
substitution at a position corresponding to C187 of SEQ ID NO: 2. In some embodiments, the
amino acid substitution is a Cys-to-Arg substitution (C187R).

[0085] In principle, there are no particular restrictions in regard to the types of
biological samples suitable for use in the methods described herein. In some embodiments,
the biological sample includes sputum, bronchoalveolar lavage, pleural effusion, tissue,
whole blood, serum, plasma, buccal scrape, saliva, cerebrospinal fluid, urine, stool,
circulating tumor cells, circulating nucleic acids, bone marrow, or any combination thereof.
In some embodiments, the biological sample includes cells or tissue. For example, the
biological sample can be a tissue sample, such as a biopsy, core biopsy, needle aspirate, or
fine needle aspirate. In some embodiments, the biological sample can be a fluid sample, such
as a blood sample, urine sample, or saliva sample. In some embodiments, the biological
sample can be a skin sample. In some embodiments, the biological sample can be a cheek
swab. In some embodiments, the biological sample includes whole blood and blood
components. In some embodiments, the blood components include plasma. In some
embodiments, the biological sample can be a plasma sample or serum sample. In some
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embodiments, the tissue is a tumor tissue or cancer tissue. In some embodiments, the
biological sample includes tumor cells. In some embodiments, the biological sample is
derived from a solid tumor, a soft tissue tumor, a non-solid tumor, a metastatic lesion, a
circulating tumor cell (CTC) population. The biological sample can include an intact tissue
sample. The biological sample can be a tumor cell line or derived from a xenograft model or
patient derived xenograft (PDX). In some embodiments, the first and the second tumor
samples are derived from the different subjects.

[0086] The interaction between the detection reagent with the CD58 encoding gene or a
product thereof can be detected using one or more nucleic-acid-based analytical assays,
protein-based analytical assay, or a combination thereof. Non-limiting examples of detection
reagents suitable for the methods and systems of the disclosure include a double-stranded
nucleic acids, a single-stranded nucleic acids (e.g., primers, probes), non-fluorescent and
fluorescent nucleic acid-specific dyes, enzymes, and antibodies.

[0087] In some embodiments, the assessment of the presence and/or absence of one or
more molecular alterations of a CD58-encoding gene or a product thereof and/or the
detection of the interaction between the detection reagent with the CD58 encoding gene or a
product thereof includes a nucleic-acid-based analytical assay selected from the group
consisting of cancer personalized profiling by deep sequencing (CAPP-seq), nucleic acid
sequencing, circulating tumor nucleic acid assessment, next generation sequencing (NGS),
nucleic acid amplification-based assays, loop-mediated isothermal amplification (LAMP),
rolling circle amplification (RCA), polymerase chain reaction (PCR), real-time PCR,
quantitative reverse transcription PCR (qRT-PCR), PCR-RFLP assay, HPLC, mass-
spectrometric genotyping, nucleic acid hybridization assay, comparative genomic
hybridization, fluorescent in-situ hybridization (FISH), restriction digestion, capillary
electrophoresis, and combinations of any thereof.

[0088] In some embodiments, the assessment of the presence and/or absence of one or
more molecular alterations of a CD58-encoding gene includes cancer personalized profiling
by deep sequencing (CAPP-seq) (see, e.g., Example 1). CAPP-seq is a next-generation
sequencing based method used to analyze and/or quantify circulating tumor DNA in cancer
(ctDNA). This method can be used for any cancer type that is known to have recurrent
mutations. CAPP-Seq can detect one molecule of mutant DNA in 10,000 molecules of
healthy DNA. The use of ctDNA in this technique should not be confused with circulating
tumor cells (CTCs).
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[0089] In some embodiments, an electrophoretic mobility assay is used to acquire the
knowledge of the one or more molecular alterations in CD58 activity present in the biological
sample obtained from an individual. For example, a nucleic acid sequence encoding a
mutation can be detected by amplifying the nucleic acid region corresponding to the one or
more alterations in a CD58 gene and comparing the electrophoretic mobility of the amplified
nucleic acid to the electrophoretic mobility of the corresponding region in a wild-type CD58
gene.

[0090] In some embodiments, the analytical assay used to acquire the knowledge of the
one or more molecular alterations in CD58 activity present in the biological sample involves
a nucleic acid hybridization assay that includes contacting nucleic acids derived from the
biological sample with a nucleic acid probe comprising (1) a nucleic acid sequence
complementary to a nucleic acid sequence encoding the one or more mutations and further
comprising (2) a detectable label.

[0091] In some embodiments, the analytical assay used to acquire the knowledge of the
one or more molecular alterations in CD58 activity present in the biological sample involves
polymerase chain reactions (PCR) or nucleic acid amplification-based assays. A number of
PCR-based analytical assays known in the art are suitable for the methods disclosed herein,
comprising but not limited to real-time PCR, quantitative reverse transcription PCR (qRT-
PCR), PCR-RFLP assay, loop-mediated isothermal amplification (LAMP), and rolling circle
amplification (RCA).

[0092] In some embodiments, the analytical assay used to acquire the knowledge of the
one or more molecular alterations in CD58 activity present in the biological sample involves
determining a nucleic acid sequence and/or an amino acid sequence comprising the one or
more molecular alterations. In some embodiments, the nucleic acid sequence comprising the
one or more molecular alterations from a cancer patient is sequenced. In some embodiments,
the sequence is determined by a next generation sequencing procedure. As used herein "next-
generation sequencing” refers to oligonucleotide sequencing technologies that have the
capacity to sequence oligonucleotides at speeds above those possible with conventional
sequencing methods (e.g. Sanger sequencing), due to performing and reading out thousands
to millions of sequencing reactions in parallel. Non-limiting examples of next-generation
sequencing methods/platforms include Massively Parallel Signature Sequencing (Lynx
Therapeutics); solid-phase, reversible dye-terminator sequencing (Solexa/lIllumina); DNA
nanoball sequencing (Complete Genomics); SOLiD technology (Applied Biosystems); 454
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pyro-sequencing (454 Life Sciences/Roche Diagnostics); ion semiconductor sequencing (ION
Torrent); and technologies available from Pacific Biosciences, Intelligen Bio-systems,
Oxford Nanopore Technologies, and Helicos Biosciences.

[0093] Accordingly, in some embodiments, the NGS procedure used in the methods
disclosed herein can comprise pyrosequencing, sequencing by synthesis, sequencing by
ligation, or a combination of any thereof. In some embodiments, the NGS procedure is
performed by an NGS platform selected from Illumina, Ton Torrent, Qiagen, Invitrogen,
Applied Biosystem, Helicos, Oxford Nanopore, Pacific Biosciences, and Complete
Genomics.

[0094] In some embodiments, FISH analysis can be used to identify the chromosomal
mutations resulting in the one or more molecular alterations such as the mutated genes or
mutated gene products (i.e., CD58 polypeptides) as described herein. For example, to
perform FISH, at least a first probe tagged with a first detectable label can be designed to
target a mutated gene of a mutated polypeptide, and at least a second probe tagged with a
second detectable label can be designed to target the corresponding wild-type gene or wild-
type polypeptide such that one of ordinary skill in the art observing the probes can determine
that a relevant gene or gene product is present in the sample. Generally, FISH assays are
performed using formalin-fixed, paraffin-embedded tissue sections that are placed on slides.
For example, the DNA from the biological samples is denatured to single-stranded form and
subsequently allowed to hybridize with the appropriate DNA probes that can be designed and
prepared using methods and techniques known to those having ordinary skill in the art.
Following hybridization, any unbound probe may be removed by a series of washes and the
nuclei of the cells are counter-stained with DAPI (4°,6 diamidino-2-phenylindole), a DNA-
specific stain that fluoresces blue. Hybridization of the probe or probes are viewed using a
fluorescence microscope equipped with appropriate excitation and emission filters, allowing
visualization of the fluorescent signals. Other variations of the FISH method known in the art
are also suitable for evaluating an individual selected in accordance with the methods
disclosed herein.

[0095] In some embodiments, the assessment of the presence and/or absence of one or
more molecular alterations of a CD58-encoding gene or a product thereof and/or the
detection of the interaction between the detection reagent with the CD58 encoding gene or a
product thereof includes a protein-based analytical assay selected from the group consisting
of immunohistochemistry (IHC), protein-microarray, western blotting, mass spectrometry,
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flow cytometry, enzyme-linked immunosorbent assay (ELISA), immunofluorescence
staining, multiplex detection assay, and combinations of any thereof. In some embodiments,
the protein-based assay includes the use of one or more antibodies that selectively bind to one
or more of wild-type CD58 or mutated CD58 polypeptides. Exemplary CD58 monoclonal
and polyclonal antibodies useful for protein-based analytical assays include those made
commercially available by Abcam (Cat # ab196648, ab275392, ab281201, and ab91058),
LSBio (Cat #LS-C819068-50), and Thermo Fischer Scientific (Cat #MAS800, MAS5-29120,
and MAS-29121) In some embodiments, the assessment of the presence and/or absence of
one or more molecular alterations of a CD58-encoding gene or a product thereof include
immunohistochemistry (IHC) (see, e.g., Example 1).

[0096] In some embodiments, the one or more molecular alterations in the CD58-
encoding gene or a product thereof reduces binding affinity of a CD58 protein product to its
ligand CD2.

[0097] The term "binding affinity" is herein used as a measure of the strength of a non-
covalent interaction between two molecules, e.g., a polypeptide and its ligand. The term
"binding affinity" is used to describe monovalent interactions (intrinsic activity). Binding
affinity between two molecules may be quantified by determination of the dissociation
constant (Kp). In turn, Kp can be determined by measurement of the kinetics of complex
formation and dissociation using, e.g., the surface plasmon resonance (SPR) method
(Biacore). The rate constants corresponding to the association and the dissociation of a
monovalent complex are referred to as the association rate constants k, (or kon) and
dissociation rate constant kg (ot ko), respectively. Kp is related to k, and kg through the
equation Kp = kq/ ka. The value of the dissociation constant can be determined directly by
well-known methods, and can be computed even for complex mixtures by methods such as
those set forth in Caceci ef al. (1984, Byte 9: 340-362). For example, the Kp may be
established using a double-filter nitrocellulose filter binding assay such as that disclosed by
Wong & Lohman (1993, Proc. Natl. Acad. Sci. USA 90: 5428- 5432). Other standard assays
to evaluate the binding ability of antibodies or polypeptides of the present disclosure towards
target antigens are known in the art, including for example, ELISAs, Western blots, RIAs,
and flow cytometry analysis, and other assays exemplified elsewhere herein. The binding
kinetics and binding affinity of the polypeptide to its ligand also can be assessed by standard
assays known in the art, such as Surface Plasmon Resonance (SPR), e.g., by using a
Biacore™ system, or KinExA.
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[0098] In some embodiments, the methods of the disclosure further include treating the
health condition with a CAR-T cell therapy. In some embodiments, the CAR-T cell therapy is
administered to individual as single therapy or in combination with one or more additional
therapies. In some embodiments, the CAR-T cell therapy and/or at least one additional
therapy includes a CAR construct including a CD2 costimulatory domain. In some
embodiments, the CAR construct including a CD2 costimulatory domain comprises the
amino acid sequence of SEQ ID NO: 4.

[0099] In some embodiments, the CAR-T cell therapy targets an antigen that is
expressed at low density on target cells, e.g., less than about 6,000 molecules of the target
antigen per cell. In some embodiments, the antigen is expressed at a density of less than about
5,000 molecules, less than about 4,000 molecules, less than about 3,000 molecules, less than
about 2,000 molecules, less than about 1,000 molecules, or less than about 500 molecules of
the target antigen per cell. In some embodiments, the antigen is expressed at a density of less
than about 2,000 molecules, such as e.g., less than about 1,800 molecules, less than about
1,600 molecules, less than about 1,400 molecules, less than about 1,200 molecules, less than
about 1,000 molecules, less than about 800 molecules, less than about 600 molecules, less
than about 400 molecules, less than about 200 molecules, or less than about 100 molecules of
the target antigen per cell. In some embodiments, the antigen is expressed at a density of less
than about 1,000 molecules, such as e.g., less than about 900 molecules, less than about 800
molecules, less than about 700 molecules, less than about 600 molecules, less than about 500
molecules, less than about 400 molecules, less than about 300 molecules, less than about 200
molecules, or less than about 100 molecules of the target antigen per cell. In some
embodiments, the antigen is expressed at a density ranging from about 5,000 to about 100
molecules of the target antigen per cell, such as e.g., from about 5,000 to about 1,000
molecules, from about 4,000 to about 2,000 molecules, from about 3,000 to about 2,000
molecules, from about 4,000 to about 3,000 molecules, from about 3,000 to about 1,000
molecules, from about 2,000 to about 1,000 molecules, from about 1,000 to about 500
molecules, from about 500 to about 100 molecules of the target antigen per cell.

[0100] Administration of any one of the CAR-T cell therapies described herein, e.g.,
engineered CAR-T cells can be used to treat patients in the treatment of relevant health
conditions, such as proliferative diseases (e.g., cancers), autoimmune diseases, and microbial
infections (e.g., viral infections). In some embodiments, one or more engineered CAR-T cells
as described herein can be incorporated into therapeutic agents for use in methods of treating
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an individual who has, who is suspected of having, or who may be at high risk for developing
one or more health conditions, such as proliferative diseases (e.g., cancers), autoimmune
diseases, and chronic infections. In some embodiments, the individual is a patient under the
care of a physician.

[0101] In some embodiments, the methods include calculating or administering a
therapeutically effective amount of a CAR-T cell therapy to an individual in need thereof.
The term “effective amount”, “therapeutically effective amount™, or “pharmaceutically
effective amount™ of an engineered CAR-T cell generally refers to an amount or number
sufficient for a population of engineered CAR-T cells or a pharmaceutical composition to
accomplish a stated purpose relative to the absence of the engineered cell population or
pharmaceutical composition (e.g., achieve the effect for which it is administered, treat a
disease, reduce a signaling pathway, or reduce one or more symptoms of a disease or health
condition). An example of an “effective amount™ is an amount sufficient to contribute to the
treatment, prevention, or reduction of a symptom or symptoms of a disease, which could also
be referred to as a “therapeutically effective amount.” A “reduction” of a symptom means
decreasing of the severity or frequency of the symptom(s), or elimination of the symptom(s).
The exact amount of a T-cell population or composition including a “therapeutically effective
amount” will depend on the purpose of the treatment, and will be ascertainable by one skilled
in the art using known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms
(vols. 1-3, 1992); Lloyd, The Art, Science and Technology of Pharmaceutical Compounding
(1999); Pickar, Dosage Calculations (1999); and Remington: The Science and Practice of
Pharmacy, 20th Edition, 2003, Gennaro, Ed., Lippincott, Williams & Wilkins).

[0102] Exemplary proliferative diseases can include, without limitation, angiogenic
diseases, a metastatic diseases, tumorigenic diseases, neoplastic diseases and cancers. In
some embodiments, the proliferative disease is a cancer. In some embodiments, the cancer is
a pediatric cancer. In some embodiments, the cancer is a pancreatic cancer, a colon cancer, an
ovarian cancer, a prostate cancer, a lung cancer, mesothelioma, a breast cancer, a urothelial
cancer, a liver cancer, a head and neck cancer, a sarcoma, a cervical cancer, a stomach
cancer, a gastric cancer, a melanoma, a uveal melanoma, a cholangiocarcinoma, multiple
myeloma, leukemia, lymphoma, and glioblastoma.

[0103] In some embodiments, the health condition is a proliferative disorder selected
from the group consisting of a solid tumor cancer, a non-solid tumor cancer, and a
hematological malignancy. Exemplary cancers include, but are not limited to, large B-cell
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lymphoma (LBCL), B-cell acute lymphocytic leukemia (B-ALL), T-cell acute lymphocytic
leukemia (T- ALL), acute lymphocytic leukemia (ALL), chronic myelogenous leukemia
(CML), chronic lymphocytic leukemia (CLL), B cell promyelocytic leukemia, blastic
plasmacytoid dendritic cell neoplasm, Burkitt's lymphoma, diffuse large B cell lymphoma,
follicular lymphoma, hairy cell leukemia, small cell- or a large cell-follicular lymphoma,
malignant lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma (MCL),
marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplasia syndrome,
B cell non-Hodgkin's lymphoma (NHL), Hodgkin’s lymphoma (HL), plasmablastic
lymphoma, plasmacytoid dendritic cell neoplasm, and Waldenstrom macroglobulinemia. In
one embodiment, the cancer is ALL. In another embodiment, the cancer is CLL. In an
embodiment, the cancer is associated with CD 19 expression.

[0104] In some embodiments, the cancer is a B-cell malignancy selected from the group
consisting of non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic lymphoma,
large B-cell lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell lymphoma,
splenic marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue) lymphoma,
hairy cell leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B cell
lymphomas (e.g. various forms of Hodgkin's disease, B cell non-Hodgkin's lymphoma
(NHL), leukemias, acutelymphoblastic leukemia (ALL), chronic lymphocytic leukemia
(CLL), B cell chronic lymphocytic leukemia (BCLL), hairy cell leukemia, chronic myoblastic
leukemia, and myelomas.

[0105] In some embodiments, the cancer is a multiply drug resistant cancer or a
recurrent cancer. It is contemplated that the compositions and methods disclosed here are
suitable for both non-metastatic cancers and metastatic cancers. Accordingly, in some
embodiments, the cancer is a non-metastatic cancer. In some other embodiments, the cancer
is a metastatic cancer. In some embodiments, the composition administered to the individual
inhibits metastasis of the cancer in the individual. In some embodiments, the administered
CAR-T cell therapy inhibits tumor growth in the individual.

[0106] For example, in some embodiments, the CAR-T cell therapy administered to the
individual can reduce metastatic nodules in the individual. In some embodiments, the
administered CAR-T cell therapy inhibits tumor growth in the individual.

[0107] In some embodiments, the administered CAR-T cells inhibit proliferation of a
target cancer cell, and/or inhibits tumor growth of the cancer in the individual. For example,
the target cell may be inhibited if its proliferation is reduced, if its pathologic or pathogenic
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behavior is reduced, if it is destroyed or killed, efc. Inhibition includes a reduction of the
measured pathologic or pathogenic behavior of at least about 10%, about 15%, about 20%,
about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about
60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, or about 95%.
In some embodiments, the methods include administering to the individual an effective
number of the CAR-T cells described herein, wherein the administered CAR-T cells inhibit
the proliferation of the target cell and/or inhibit tumor growth of a target cancer in the
individual compared to the proliferation of the target cell and/or tumor growth of the target
cancer in subjects who have not been administered with the CAR-T cell therapy.

[0108] Administration of the CAR-T cell therapies described herein, e.g., engineered
CAR-T cells, can be used in the stimulation of an immune response. In some embodiments,
one or more of engineered CAR-T cells as described herein are administered to an individual
after induction of remission of cancer with chemotherapy, or after autologous or allogeneic
hematopoietic stem cell transplantation. In some embodiments, compositions described
herein are administered to an individual in need of increasing the production of interferon
gamma (IFNy), tumor-necrosis factor alpha (TNFa), and/or interleukin-2 (IL-2) in the treated
subject relative to the production of these molecules in subjects who have not been
administered one of the therapeutic compositions disclosed herein.

[0109] An effective amount of the CAR-T cell therapies described herein, e.g.,
engineered CAR-T cells, can be determined based on the intended goal, for example cancer
regression. For example, where existing cancer is being treated, the amount of a composition
disclosed herein to be administered may be greater than where administration of the
composition is for prevention of cancer. One of ordinary skill in the art would be able to
determine the amount of a composition to be administered and the frequency of
administration in view of this disclosure. The quantity to be administered, both according to
number of treatments and dose, also depends on the individual to be treated, the state of the
individual, and the protection desired. Precise amounts of the composition also depend on the
judgment of the practitioner and are peculiar to each subject. Frequency of administration
could range from 1-2 days, to 2-6 hours, to 6-10 hours, to 1-2 weeks or longer depending on
the judgment of the practitioner.

[0110] Determination of the amount of compositions to be administered will be made
by one of skill in the art, and will in part be dependent on the extent and severity of cancer,
and whether the engineered CAR-T cells are being administered for treatment of existing
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cancer or prevention of cancer. For example, longer intervals between administration and
lower amounts of compositions may be employed where the goal is prevention. For instance,
amounts of compositions administered per dose may be 50% of the dose administered in
treatment of active disease, and administration may be at weekly intervals. One of ordinary
skill in the art, in light of this disclosure, would be able to determine an effective amount of
compositions and frequency of administration. This determination would, in part, be
dependent on the particular clinical circumstances that are present (e.g., type of cancer,
severity of cancer).

[0111] In some embodiments, it may be desirable to provide a continuous supply of a
composition disclosed herein to the individual to be treated, e.g., a patient. In some
embodiments, continuous perfusion of the region of interest (such as a tumor) may be
suitable. The time period for perfusion would be selected by the clinician for the particular
subject and situation, but times could range from about 1-2 hours, to 2-6 hours, to about 6-10
hours, to about 10-24 hours, to about 1-2 days, to about 1-2 weeks or longer. Generally, the
dose of the composition via continuous perfusion will be equivalent to that given by single or
multiple injections, adjusted for the period of time over which the doses are administered.

[0112] In some embodiments, administration is by intravenous infusion. An effective
amount of the engineered CAR-T cells described herein can be determined based on the
intended goal, for example tumor regression. For example, where existing cancer is being
treated, the number of cells to be administered may be greater than where administration of
the engineered CAR-T cells disclosed herein is for prevention of cancer. One of ordinary skill
in the art would be able to determine the number of cells to be administered and the
frequency of administration in view of this disclosure. The quantity to be administered, both
according to number of treatments and dose, also depends on the individual to be treated, the
state of the individual, and the protection desired. Precise amounts of the therapeutic
composition also depend on the judgment of the practitioner and are peculiar to each
individual. Frequency of administration could range from 1-2 days, to 2-6 hours, to 6-10
hours, to 1-2 weeks or longer depending on the judgment of the practitioner. Generally, the
dose of the therapeutic composition via continuous perfusion will be equivalent to that given
by single or multiple injections, adjusted for the period of time over which the doses are
administered.

Additional therapies

[0113] As discussed above, any one of the CAR-T cell therapies as described herein,
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e.g., can be administered to an individual in need thereof as a single therapy (e.g.,
monotherapy). In addition or alternatively, in some embodiments of the disclosure, one or
more of the CAR-T cell therapies described herein can be administered to the individual in
combination with one or more additional therapies, e.g., at least one, two, three, four, or five
additional therapies. Suitable therapies to be administered in combination with the CAR-T
cell therapies described herein include, but are not limited to chemotherapy, radiotherapy,
immunotherapy, hormonal therapy, toxin therapy, targeted therapy, and surgery. Other
suitable therapies include therapeutic agents such as chemotherapeutics, anti-cancer agents,
and anti-cancer therapies.

[0114] Due to the involvement of the CD2/CDS58 pathway in cellular processes
associated with immune responses, tumorigenesis and other disease states, any one of the
CAR-T cell therapies as described herein, e.g., can be administered to an individual in need
thereof with one or more therapeutic agents that target this pathway. For examples, molecules
that modulate CD2 activity can be immunosuppressive agents and/or anti-inflammatory
agents and/or anticancer agents with activity towards (1) autoimmune disorders such as
multiple sclerosis; (2) a variety of inflammatory diseases or disorders with an inflammatory
or T cell-mediated component such as various forms of arthritis; allograft rejections; asthma;
inflammatory diseases of the bowel, including Crohn’s disease; various dermatological
conditions such as psoriasis; and the like, and (3) a variety of cancers and tumors.

[0115] Administration “in combination with” one or more additional therapies includes
simultaneous (concurrent) and consecutive administration in any order. In some
embodiments, the one or more additional therapies is selected from the group consisting of
chemotherapy, radiotherapy, immunotherapy, hormonal therapy, toxin therapy, and surgery.
The term chemotherapy as used herein encompasses anti-cancer agents. Various classes of
anti-cancer agents can be suitably used for the methods disclosed herein. Non-limiting
examples of anti-cancer agents include: alkylating agents, antimetabolites, anthracyclines,
plant alkaloids, topoisomerase inhibitors, podophyllotoxin, antibodies (e.g., monoclonal or
polyclonal), tyrosine kinase inhibitors (e.g., imatinib mesylate (Gleevec® or Glivec®)),
hormone treatments, soluble receptors and other antineoplastics.

[0116] Topoisomerase inhibitors are also another class of anti-cancer agents that can be
used herein. Topoisomerases may be essential enzymes that maintain the topology of DNA.
Inhibition of type I or type II topoisomerases interferes with both transcription and replication
of DNA by upsetting proper DNA supercoiling. Some type I topoisomerase inhibitors include
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camptothecins such as irinotecan and topotecan. Examples of type II inhibitors include
amsacrine, etoposide, etoposide phosphate, and teniposide. These are semisynthetic
derivatives of epipodophyllotoxins, alkaloids naturally occurring in the root of American
Mayapple (Podophyllum peltatum).

[0117] Antineoplastics include the immunosuppressant dactinomycin, doxorubicin,
epirubicin, bleomycin, mechlorethamine, cyclophosphamide, chlorambucil, ifosfamide. The
antineoplastic compounds generally work by chemically modifying a cell's DNA.

[0118] Alkylating agents can alkylate many nucleophilic functional groups under
conditions present in cells. Cisplatin and carboplatin, and oxaliplatin are alkylating agents.
They impair cell function by forming covalent bonds with the amino, carboxyl, sulfhydryl,
and phosphate groups in biologically important molecules.

[0119] Vinca alkaloids bind to specific sites on tubulin, inhibiting the assembly of
tubulin into microtubules (M phase of the cell cycle). The vinca alkaloids include: vincristine,
vinblastine, vinorelbine, and vindesine.

[0120] Anti-metabolites resemble purines (azathioprine, mercaptopurine) or pyrimidine
and prevent these substances from becoming incorporated in to DNA during the "S" phase of
the cell cycle, stopping normal development and division. Anti-metabolites also affect RNA
synthesis.

[0121] Plant alkaloids and terpenoids are obtained from plants and block cell division
by preventing microtubule function. Since microtubules are vital for cell division, without
them, cell division cannot occur in some instances. The main examples are vinca alkaloids
and taxanes.

[0122] Podophyllotoxin is a plant-derived compound which has been reported to help
with digestion as well as used to produce two other cytostatic drugs, etoposide and
teniposide. They prevent the cell from entering the G1 phase (the start of DNA replication)
and the replication of DNA (the S phase).

[0123] Taxanes as a group includes paclitaxel and docetaxel. Paclitaxel is a natural
product, originally known as Taxol and first derived from the bark of the Pacific Yew tree.
Docetaxel is a semi-synthetic analogue of paclitaxel. Taxanes enhance stability of
microtubules, preventing the separation of chromosomes during anaphase.

[0124] In some embodiments, the anti-cancer agents can be selected from remicade,
docetaxel, celecoxib, melphalan, dexamethasone (Decadron®), steroids, gemcitabine,
cisplatinum, temozolomide, etoposide, cyclophosphamide, temodar, carboplatin,
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procarbazine, gliadel, tamoxifen, topotecan, methotrexate, gefitinib (Iressa®), taxol, taxotere,
fluorouracil, leucovorin, irinotecan, xeloda, CPT-11, interferon alpha, pegylated interferon
alpha (e.g., PEG INTRON-A), capecitabine, cisplatin, thiotepa, fludarabine, carboplatin,
liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL-2, GM-CSF,
dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan, prednisone,
bortezomib (Velcade®), bisphosphonate, arsenic trioxide, vincristine, doxorubicin (Doxil®),
paclitaxel, ganciclovir, adriamycin, estrainustine sodium phosphate (Emcyt®), sulindac,
etoposide, and combinations of any thereof.

[0125] In other embodiments, the anti-cancer agent can be selected from bortezomib,
cyclophosphamide, dexamethasone, doxorubicin, interferon-alpha, lenalidomide, melphalan,
pegylated interferon-alpha, prednisone, thalidomide, or vincristine.

[0126] In some embodiments, the methods of treatment as described herein further
include an immunotherapy. In some embodiments, the immunotherapy includes
administration of one or more checkpoint inhibitors. Accordingly, some embodiments of the
methods of treatment described herein include further administration of a compound that
inhibits one or more immune checkpoint molecules. Non-limiting examples of immune
checkpoint molecules include CTLA4, PD-1, PD-L1, A2AR, B7-H3, B7-H4, TIM3, and
combinations of any thereof. In some embodiments, the compound that inhibits the one or
more immune checkpoint molecules includes an antagonistic antibody. Examples of
antagonistic antibodies suitable for the compositions and methods disclosed herein include,
but are not limited to, ipilimumab, nivolumab, pembrolizumab, durvalumab, atezolizumab,
tremelimumab, and avelumab.

[0127] In some aspects, the one or more anti-cancer therapy is radiation therapy. In
some embodiments, the radiation therapy can include the administration of radiation to kill
cancerous cells. Radiation interacts with molecules in the cell such as DNA to induce cell
death. Radiation can also damage the cellular and nuclear membranes and other organelles.
Depending on the radiation type, the mechanism of DNA damage may vary as does the
relative biologic effectiveness. For example, heavy particles (i.e. protons, neutrons) damage
DNA directly and have a greater relative biologic effectiveness. Electromagnetic radiation
results in indirect ionization acting through short-lived, hydroxyl free radicals produced
primarily by the ionization of cellular water. Clinical applications of radiation consist of
external beam radiation (from an outside source) and brachytherapy (using a source of
radiation implanted or inserted into the patient). External beam radiation consists of X-rays
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and/or gamma rays, while brachytherapy employs radioactive nuclei that decay and emit
alpha particles, or beta particles along with a gamma ray. Radiation also contemplated herein
includes, for example, the directed delivery of radioisotopes to cancer cells. Other forms of
DNA damaging factors are also contemplated herein such as microwaves and UV irradiation.

[0128] Radiation may be given in a single dose or in a series of small doses in a dose-
fractionated schedule. The amount of radiation contemplated herein ranges from about 1 to
about 100 Gy, including, for example, about 5 to about 80, about 10 to about 50 Gy, or about
10 Gy. The total dose may be applied in a fractioned regime. For example, the regime may
include fractionated individual doses of 2 Gy. Dosage ranges for radioisotopes vary widely,
and depends on the half-life of the isotope and the strength and type of radiation emitted.
When the radiation includes use of radioactive isotopes, the isotope may be conjugated to a
targeting agent, such as a therapeutic antibody, which carries the radionucleotide to the target
tissue (e.g., tumor tissue).

[0129] Surgery described herein includes resection in which all or part of a cancerous
tissue is physically removed, exercised, and/or destroyed. Tumor resection refers to physical
removal of at least part of a tumor. In addition to tumor resection, treatment by surgery
includes laser surgery, cryosurgery, electrosurgery, and microscopically controlled surgery
(Mohs surgery). Removal of pre-cancers or normal tissues is also contemplated herein.

[0130] Accordingly, in some embodiments, the methods of the disclosure include
administration of a CAR-T cell therapy described herein to a subject individually as a single
therapy (e.g., monotherapy). In some embodiments, a CAR-T cell therapy of the disclosure is
administered to an individual as a first therapy in combination with a second therapy. In some
embodiments, the second therapy is selected from the group consisting of chemotherapy,
radiotherapy, immunotherapy, hormonal therapy, toxin therapy, and surgery. In some
embodiments, the first therapy and the second therapy are administered concomitantly. In
some embodiments, the first therapy is administered at the same time as the second therapy.
In some embodiments, the first therapy and the second therapy are administered sequentially.
In some embodiments, the first therapy is administered before the second therapy. In some
embodiments, the first therapy is administered after the second therapy. In some
embodiments, the first therapy is administered before and/or after the second therapy. In
some embodiments, the first therapy and the second therapy are administered in rotation. In
some embodiments, the first therapy and the second therapy are administered together in a
single formulation.
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Administration of CAR T cells to an individual

[0131] In some embodiments, the methods of the disclosure involve administering an
effective amount or number of the engineered CAR-T cells described here to an individual in
need thereof. This administering step can be accomplished using any method of implantation
delivery in the art. For example, the engineered CAR-T cells can be infused directly in the
individual’s bloodstream or otherwise administered to the individual.

[0132] In some embodiments, the methods disclosed herein include administering,
which term is used interchangeably with the terms “introducing,” implanting,” and
“transplanting,” engineered CAR-T cells into an individual, by a method or route that results
in at least partial localization of the introduced cells at a desired site such that a desired
effect(s) is/are produced. The engineered CAR-T cells or their differentiated progeny can be
administered by any appropriate route that results in delivery to a desired location in the
individual where at least a portion of the administered cells or components of the cells remain
viable. The period of viability of the cells after administration to an individual can be as short
as a few hours, e.g., twenty-four hours, to a few days, to as long as several years, or even the
lifetime of the individual, e.g., long-term engraftment.

[0133] When provided prophylactically, the engineered CAR-T cells described herein
can be administered to an individual in advance of any symptom of a disease or health
condition to be treated. Accordingly, in some embodiments the prophylactic administration of
an engineered CAR-T cell population prevents the occurrence of symptoms of the disease or
health condition.

[0134] When provided therapeutically in some embodiments, engineered CAR-T cells
are provided at (or after) the onset of a symptom or indication of a disease or health
condition, e.g., upon the onset of disease or health condition.

[0135] For use in the various embodiments described herein, an effective amount of
engineered CAR-T cells as described herein, can be at least 10 cells, at least 5 x 107 cells, at
least 10° cells, at least 5 x 10> cells, at least 10* cells, at least 5 x 10*cells, at least 10° cells,
at least 2 x 10° cells, at least 3 x 103 cells, at least 4 x 105 cells, at least 5 x 103 cells, at least 6
x 10 cells, at least 7 x 10° cells, at least 8 x 103 cells, at least 9 x 10° cells, at least 1 x 10°
cells, at least 2 x 10° cells, at least 3 x 10° cells, at least 4 x 10° cells, at least 5 x 10° cells, at
least 6 x 10° cells, at least 7 x 10° cells, at least 8 x 10° cells, at least 9 x 10° cells, or
multiples thereof.

[0136] In some embodiments, the engineered CAR-T cells are non-autologous to the
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individual in need of treatment. In some embodiments, the adoptive cell therapy is an
allogeneic adoptive cell therapy. For example, in some embodiments, the engineered CAR-T
cells are allogeneic to the individual in need of treatment. In an allogeneic adoptive cell
therapy, the engineered CAR-T cells are not derived from the individual receiving the
adoptive cell therapy. Allogeneic cell therapy generally refers to a therapy whereby the
individual (donor) who provides the T cells is a different individual (of the same species)
than the individual receiving the cell therapy. For example, a population of engineered CAR-
T cells being administered to an individual is derived from one more unrelated donors, or
from one or more non-identical siblings. Accordingly, the engineered CAR-T cells can be
derived from one or more donors or can be obtained from an autologous source. In some
embodiments, the engineered CAR-T cells are expanded in culture prior to administration to
an individual in need thereof.

[0137] In some embodiments, the delivery of a cell composition (e.g., a composition
including a plurality of engineered CAR-T cells described herein) into an individual by a
method or route results in at least partial localization of the cell composition at a desired site.
A composition including engineered CAR-T cells can be administered by any appropriate
route that results in effective treatment in the individual, e.g., administration results in
delivery to a desired location in the individual where at least a portion of the composition
delivered, e.g., at least 1 x 10* cells, is delivered to the desired site for a period of time.
Modes of administration include injection, infusion, instillation. Injection includes, without
limitation, intravenous, intramuscular, intra-arterial, intrathecal, intraventricular,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal,
intracerebrospinal, and intrasternal injection and infusion. In some embodiments, the route is
intravenous. For the delivery of cells, delivery by injection or infusion is often considered a
standard mode of administration.

[0138] In some embodiments, the engineered CAR-T cells are administered
systemically, e.g., via infusion or injection. For example, a population of engineered CAR-T
cells as described herein are administered other than directly into a target site, tissue, or
organ, such that it enters, the individual’s circulatory system and, thus, is subject to
metabolism and other similar biological processes.

[0139] The efficacy of a treatment including any of the compositions provided herein
for the prevention or treatment of a disease or health condition can be determined by a skilled
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clinician. However, one skilled in the art will appreciate that a prevention or treatment is
considered effective if any one or all of the signs or symptoms or markers of disease are
improved or ameliorated. Efficacy can also be measured by failure of an individual to worsen
as assessed by decreased hospitalization or need for medical interventions (e.g., progression
of the disease is halted or at least slowed). Methods of measuring these indicators are known
to those of skill in the art and/or described herein. Treatment includes any treatment of a
disease in an individual or an animal (some non-limiting examples include a human, or a
mammal) and includes: (1) inhibiting the disease, e.g., arresting, or slowing the progression
of symptoms; or (2) relieving the disease, e.g., causing regression of symptoms; and (3)
preventing or reducing the likelihood of the development of symptoms.

[0140] Measurement of the degree of efficacy is based on parameters selected with
regard to the disease being treated and the symptoms experienced. In general, a parameter is
selected that is known or accepted as correlating with the degree or severity of the disease,
such as a parameter accepted or used in the medical community. For example, in the
treatment of a solid cancer, suitable parameters can include reduction in the number and/or
size of metastases, number of months of progression-free survival, overall survival, stage or
grade of the disease, the rate of disease progression, the reduction in diagnostic biomarkers
(for example without limitation, a reduction in circulating tumor DNA or RNA, a reduction in
circulating cell-free tumor DNA or RNA, and the like), and combinations thereof. It will be
understood that the effective dose and the degree of efficacy will generally be determined
with relation to a single subject and/or a group or population of subjects. Therapeutic
methods of the disclosure reduce symptoms and/or disease severity and/or disease biomarkers
by at least about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 96, 97, 98, 99, or 100%.

[0141] As discussed above, a therapeutically effective amount of a pharmaceutical
composition can be an amount of the pharmaceutical composition that is sufficient to
promote a particular beneficial effect when administered to an individual, such as one who
has, is suspected of having, or is at risk for a disease or health condition. In some
embodiments, an effective amount includes an amount sufficient to prevent or delay the
development of a symptom of the disease or health condition, alter the course of a symptom
of the disease or health condition (for example but not limited to, slow the progression of a
symptom of the disease), or reverse a symptom of the disease or health condition. It is
understood that for any given case, an appropriate effective amount can be determined by one
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of ordinary skill in the art using routine experimentation.

KiITS

[0142] Also provided herein are kits for the practice of one or more methods described
herein, including methods for the diagnosis and/or treatment of a health condition in an
individual. Generally, the kits of the disclosure can include (i) reagents for assessing the
presence and/or absence of one or more molecular alterations of a CD58-encoding gene or a
product thereof in a biological sample, and (ii) instructions for using the kits. For examples,
some embodiments of the disclosure provide kits for determining the responsiveness of an
individual to a CAR-T cell therapy. Some embodiments of the disclosure provide kits for
identifying an individual who has an increased unresponsiveness to a CAR-T cell therapy.
Some embodiments of the disclosure provide kits for optimizing the therapeutic efficacy of a
CAR-T cell therapy in an individual. Some embodiments of the disclosure provide kits for
administering a CAR-T cell therapy to an individual.

[0143] In some embodiments, the kits include a detection reagent for detecting
interaction between the detection reagent with a CD58 encoding gene or a product thereof in
a biological sample from the individual.

[0144] In some embodiments, the instructions for use provide that if at least one of the
one or more molecular alterations in CD58 activity is detected in the sample, the individual is
identified as having decreased responsiveness to treatment with the CAR-T cell therapy. In
some embodiments, the instructions for use provide that (i) if at least one of the one or more
molecular alterations in CD58 activity is detected in the sample, the individual is selected as
having increased unresponsiveness to treatment with a CAR-T cell therapy; or (ii) none of the
one or more molecular alterations in CD58 activity is detected in the sample, the individual is
selected as not having increased unresponsiveness to treatment with the CAR-T cell therapy.
In some embodiments, the instructions for use include instructions for identifying a
therapeutically effective amount of the CAR-T cell therapy based on the detected interaction
between the detection reagent with the CD58 encoding gene or a product thereof. In some
embodiments, the instructions for use include instructions for administering a therapeutically
effective amount of the CAR-T cell therapy based on the detected interaction between the
detection reagent with the CD58 encoding gene or a product thereof.

[0145] In some embodiments, the kits may further comprise one or more of’ extraction

buffer/reagents and protocol, amplification buffer/reagents and protocol, hybridization
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buffer/reagents and protocol, and labeling buffer/reagents and protocol.

[0146] For example, any of the above-described kits can further include one or more
additional reagents, where such additional reagents can be selected from: dilution buffers;
reconstitution solutions, wash buffers, control reagents, control expression vectors, negative
control T-cell populations, positive control T-cell populations, reagents for ex vivo production
of the T-cell populations.

[0147] In some embodiments, the kits of the disclosure further include one or more
syringes (including pre-filled syringes) and/or catheters (including pre-filled syringes) used to
administer a CAR-T cell therapy to an individual in need thereof. In some embodiments, a kit
can have one or more additional therapeutic agents that can be administered simultaneously
or sequentially with the other kit components for a desired purpose, e.g., for inhibiting a
target cancer cell, or for treating a health condition in an individual in need thereof.

[0148] In some embodiments, the components of a kit can be in separate containers. In
some other embodiments, the components of a kit can be combined in a single container.

[0149] In some embodiments, a kit can further include instructions for using the
components of the kit to practice the methods. The instructions for practicing the methods are
generally recorded on a suitable recording medium. For example, the instructions can be
printed on a substrate, such as paper or plastic, efc. The instructions can be present in the kit
as a package insert, in the labeling of the container of the kit or components thereof (e.g.,
associated with the packaging or sub-packaging), efc. The instructions can be present as an
electronic storage data file present on a suitable computer readable storage medium, e.g. CD-
ROM, diskette, flash drive, efc. In some instances, the actual instructions are not present in
the kit, but means for obtaining the instructions from a remote source (e.g., via the internet),
can be provided. An example of this embodiment is a kit that includes a web address where
the instructions can be viewed and/or from which the instructions can be downloaded. As
with the instructions, this means for obtaining the instructions can be recorded on a suitable

substrate.

(GENETIC-BASED SYSTEMS

[0150] The methods for diagnosis and treatment of health conditions as described herein
can be implemented using a variety of hardware components. In this section, examples of such
components are described. However, it should be understood that in general, the various steps

and techniques discussed herein can be performed using a variety of different devices and
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system components, not all of which are expressly set forth.

[0151] In another aspect, some embodiments of the disclosure relate to systems for
diagnosis and/or treatment of health conditions, the systems including: a) a logic processor;
and b) a stored program code that is executable by the logic processor, which when executed
by the processor provides operations for performing a method of diagnosis and/or treatment
of health conditions according to present disclosure. In some embodiments, the systems
include (a) a logic processor; and (b) a stored program code that is executable by the logic
processor, which when executed by the processor provides operations for performing one or
more of the following: (i) determining the responsiveness of an individual to CAR-T cell
therapy; (i1) identifying an individual as having increased unresponsiveness to treatment with
a CAR-T cell therapy; (ii1) optimizing the therapeutic efficacy of a CAR-T cell therapy in an
individual; and (iv) calculating or administering a therapeutically effective amount of a CAR-
T cell therapy to an individual.

[0152] Non-limiting exemplary embodiments of the systems of the disclosure can
include one or more of the following features. In some embodiments, the systems disclosed
herein further include a report engine communicatively coupled to the logic processor,
wherein reports produced by the report engine depend upon results from execution of the
program code, wherein the program code configures the logic processor to receive a
preselected set of data input pertaining to the presence and/or absence of one or more
molecular alterations of a CD58-encoding gene or a product thereof in a biological obtained
from an individual in order to assign a relative score to the individual’s responsiveness to
CAR-T cell therapy based at least in part on the preselected set of data input, and optionally:
(a) determining the responsiveness of the individual to CAR-T cell therapy; (b) identifying
the individual as having increased unresponsiveness to treatment with a CAR-T cell therapy;
and/or (c) optimizing the therapeutic efficacy of a CAR-T cell therapy in the individual.

[0153] In some embodiments, the systems of the disclosure further include generating a
report that contains information relevant to the individuals identified as having increased
unresponsiveness to a CAR-T cell therapy and/or relevant to the CAR-T cell therapies
identified as being effective for treatment of health conditions. In some embodiments, the
profile report is characterized as having an encoding selected from the group consisting of
“.doc”; “.pdf”; “.xml”; “html™; “jpg”; “.aspx”; “.php”, and a combination of any thereof.

[0154] In yet another aspect, provided herein is a non-transitory computer readable
medium containing machine executable instructions that when executed cause a processor to
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perform operations including: receiving a report including a preselected set of data input;
assigning, based at least in part on the report, a relative performance score to the identified
CAR-T cell therapy; and outputting a report for the CAR-T cell therapy based upon the
assigned performance score. In some embodiments, provided herein is a non-transitory
computer readable medium containing machine executable instructions that when executed
cause a processor to perform operations including: receiving a report including a preselected
set of data input; assigning, based at least in part on the report, a relative unresponsiveness
score to the identified individual; and outputting a report for the individual based upon the
assigned unresponsiveness score. Accordingly, CAR-T cell therapy reports and individual
reports generated by the systems of the disclosure are also with the scope of this disclosure.

[0155] Each of the aspects and embodiments described herein are capable of being used
together, unless excluded either explicitly or clearly from the context of the embodiment or
aspect.

[0156] All publications and patent applications mentioned in this disclosure are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference.

[0157] No admission is made that any reference cited herein constitutes prior art. The
discussion of the references states what their authors assert, and the Applicant reserves the
right to challenge the accuracy and pertinence of the cited documents. It will be clearly
understood that, although a number of information sources, including scientific journal
articles, patent documents, and textbooks, are referred to herein; this reference does not
constitute an admission that any of these documents forms part of the common general
knowledge in the art.

[0158] The discussion of the general methods given herein is intended for illustrative
purposes only. Other alternative methods and alternatives will be apparent to those of skill in
the art upon review of this disclosure, and are to be included within the spirit and purview of
this application.

[0159] Additional embodiments are disclosed in further detail in the following
examples, which are provided by way of illustration and are not in any way intended to limit

the scope of this disclosure or the claims.

EXAMPLES

[0160] The practice of the present invention will employ, unless otherwise indicated,
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conventional techniques of molecular biology, microbiology, cell biology, biochemistry,
nucleic acid chemistry, and immunology, which are well known to those skilled in the art.
Such techniques are explained fully in the literature, such as Sambrook, J., & Russell, D. W.
(2012). Molecular Cloning: A Laboratory Manual (4th ed.). Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory and Sambrook, J., & Russel, D. W. (2001). Molecular Cloning: A
Laboratory Manual (31rd ed.). Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
(jointly referred to herein as “Sambrook™); Ausubel, F. M. (1987). Current Protocols in
Molecular Biology. New York, NY: Wiley (including supplements through 2014); Bollag, D.
M. et al. (1996). Protein Methods. New York, NY: Wiley-Liss; Huang, L. ef al. (2005).
Nonviral Vectors for Gene Therapy. San Diego: Academic Press; Kaplitt, M. G. ef al. (1995).
Viral Vectors: Gene Therapy and Neuroscience Applications. San Diego, CA: Academic
Press; Lefkovits, L. (1997). The Immunology Methods Manual: The Comprehensive
Sourcebook of Techniques. San Diego, CA: Academic Press; Doyle, A. et al. (1998). Cell and
Tissue Culture: Laboratory Procedures in Biotechnology. New York, NY: Wiley; Mullis, K.
B., Ferré, F. & Gibbs, R. (1994). PCR: The Polymerase Chain Reaction. Boston: Birkhauser
Publisher; Greenfield, E. A. (2014). Antibodies: A Laboratory Manual (2nd ed.). New York,
NY: Cold Spring Harbor Laboratory Press; Beaucage, S. L. ef al. (2000). Current Protocols
in Nucleic Acid Chemistry. New York, NY: Wiley, (including supplements through 2014);
and Makrides, S. C. (2003). Gene Transfer and Expression in Mammalian Cells. Amsterdam,
NL: Elsevier Sciences B.V ., the disclosures of which are incorporated herein by reference.
[0161] The experimental results described below demonstrate that LBCL patients
whose tumors have mutated or lost expression of CD58 are unlikely to derive durable benefit
from CD19 CAR-T cell therapy. In particular, CD58 mutations and protein loss have
previously been described in LBCL and have been linked to both immune escape and poor
patient outcomes. In some experiments described below, tumor microarrays were stained by
THC, followed by deep sequencing analysis of circulating tumor DNA to ascertain CD58
status. Neither method can detect all cases of CD58 alteration, which is also likely to be
heterogeneous in certain patients. Direct sequencing of genomic DNA and RNA for CD58
from tumor samples could provide additional data to correlate with patient outcome, which
was not available in the patient series tested in these studies. The patients in these studies s
who had CD58 alterations were also more likely to be younger and have bulky disease with
high low density lipoprotein (LDH). Additional experiments are being planned for large,
prospective series to tease apart the competing contributions from these additional risk
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factors. Additionally, the experimental finding that CD58 is correlated to response is a
retrospective finding from patients treated at a single institution. Though the experimental
result described herein provides convincing evidence from xenograft models on the
importance of CD58 expression for CAR functionality, this result can benefit from larger,

prospective trials of LBCL patients undergoing CD19 CAR therapy.

EXAMPLE 1

CD58 may be required for durable remission in LBCL patients receiving treatment with

axicabtagene ciloleucel

[0162] This Example describes the results of studies performed to illustrate that durable
remission of in LBCL patients receiving a treatment of the FDA-approved drug axicabtagene
ciloleucel (YESCARTA®) requires CD58 expression.

[0163] In these studies, seventy (70) LBCL patients were treated with commercially
obtained axicabtagene ciloleucel. Response rates in these studies have remained remarkably
consistent with the data from other research groups as well as data from the initial clinical
trials leading to the drug’s approval. To investigate whether CD58 patient status could affect
patient outcome, experiments were performed to evaluate CD58 expression on archival tumor
tissue for any available tumor samples from patients that received axicabtagene ciloleucel
(N=36, including 31 pre-therapy only, 2 post-therapy/progression only, 3 pre- and post-
therapy/progression). Tumor microarrays consisting of pre- and post- CAR tumor tissues
were built and subsequently stained for CD58 expression by immunohistochemistry (IHC)
technique (see, e.g., FIG. 1A). It was observed that patients exhibiting loss of CD58 protein
expression (n=7) almost all relapsed within 3.5 months of CAR infusion (see, e.g., FIG. SA).
The only exception was a patient with low disease burden (e.g., one single site of disease)
who received bridging radiotherapy prior to lymphodepletion and CAR infusion. It was also
observed in this study a case of emergent CD58 loss in response to axicabtagene ciloleucel,
with one patient demonstrating loss of CD58 expression only on his post-therapy biopsy (See,
e.g, FIG. 1B).

[0164] Because CD58 mutations have also been described previously in patients with
LBCL, an assessment of CD58 mutation status in patients from the same series for whom
pre- and post-treatment plasma were available was performed by using Cancer Personalized
Profiling by deep Sequencing (CAPP-seq) in circulating tumor DNA (ctDNA). Out of 34

patients, five patients with CD58 alterations (two single nucleotide variants, K60E and
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C187R; two frameshift deletions; and one fusion) were identified, all of whom ultimately
failed to achieve a durable remission. One of the identified mutations (C187R) was emergent
only at disease progression. Both of the identified single nucleotide variants had previously
predicted to affect protein folding and function. According to a published crystal structure of
the CD58 interaction with CD2, which is its ligand on T cells, the K60E mutation specifically
is believed to abrogate the salt bridge through which they interact (See, e.g., FIG. 1C).

[0165] Additional studies were performed to evaluate the rates of progression free
survival (PFS) post-CAR for patients with and without CD58 aberrations (e.g., loss of protein
expression by IHC or mutation(s) found by CAPP-seq) (see, e.g., Table 1). In these studies, it
was observed that patients harboring a CD58 aberration had significantly shorter PFS than
those without such an aberration (median PFS for CD58 aberration 3 months vs. not reached
for CD58 intact, p<0.0001. See, e.g., FIG. 1D). This difference was maintained when
evaluating only those patients with available IHC data (median PFS for CD58 non-expressors
3 months vs. 11.7 months for CD58 expressors, p=0.0049. See, e.g., FIG. 5A) or CAPP-seq
data (median PFS for CD58 mutations 3 months vs. not reached for CD58 wild-type,
p=0.0027. See, e.g., FIG. SB). In addition, it was observed that patients with a CD58
alteration were also significantly less likely to achieve a complete response (25% vs 82%,
p=0.0005) and more likely to achieve a partial response (58% vs. 10%, p=0.0015) (see, e.g.,
FIG. 1E). Therefore, it was concluded that alterations in expression of wild-type CD58 are
highly correlated with durable response in patients with LBCL treated with axicabtagene
ciloleucel (YESCARTA®).

TABLE 1: Patient characteristics and outcomes by CD58 status. (CR: complete response;

PR: partial response; SD: stable response; PD: progressive disease; IPI: international

prognostic index; WNL: within normal limits; DLBCL: diffuse large B-Cell lymphoma;

TFL: transformed follicular lymphoma; and PBMCL: primary mediastinal B-cell

lymphoma.
CDS8 WNL CD58 Aberration
(n=39) (n=12)
Subtype
DLBCL (n=27) 69% (n=7) 58%
TFL (n=11) 28% (n=3) 25%
PBMCL (n=1) 3% n=2) 17%
| Age
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CDS8 WNL CD58 Aberration
(n=39) (n=12)
Median, range 61 (30-76) 51 (21-66)
>65 (n=15) 38% (n=1) 8%
Male % (n=25) 64% (n=6) 50%
Stage I11/TV % (n=29) 75% (n=11) 92%
Elevated LDH % (n=15) 38% (n=9) 75%
IPI=>3% (n=16) 41% (n=7) 58%
Bulky % (n=4) 10% (n=5) 42%
Double Hit %* (n=7) 20% (n=3) 27%
Lines of therapy
Median (range) 3(2-7) 3(2-6)

3 or more (n=21) 54% (n=7) 58%
Auto, yes % (n=11) 28% (n=1) 8%
Best Response
CR (n=32) 82% (n=3) 25%
PR (n=4) 10% (n=7) 58%
SD (n=1) 3% (n=1) 8%
PD (n=2) 5% (n=1) 8%

EXAMPLE 2

CD58 loss diminishes the efficacy of CAR-T cells in vitro and in xenograft models

[0166] This Example describes the results of studies performed to illustrate that a loss
in CDS58 expression diminishes the efficacy of CAR-T cells in vifro and in xenograft models.

[0167] In order to explore the role of CD58 expression on CAR-T cell efficacy, a
CRISPR-Cas9 approach was used to knockout CD58 expression from the well-described
Nalm6 cell line (FIG. 2A). In these studies, it was observed that both the CD19 CARs
contained in axicabtagene ciloleucel (CD19-CD280), tisagenlecleucel (CD19-4-1BB() as
well as the m971-based CD22 CAR (CD22-4-1BBJ) generated significantly reduced 1L-2
and IFN-y in response to CD58 knockout tumor cells vs wild-type tumor cells (see, e.g., FIG.
2C). Note that m971 is a membrane proximal binding anti CD22 scFv. The same reduction in
cytokine production by a GD2-4-1BBC CAR was also observed when incubated with DIPG
cell lines with and without CD58 knockout (see, e.g., FIG. 7A).

[0168] Subsequently, Incucyte assays that measured tumor death over several days
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were carried out in order to assess cytotoxicity. When CD19 density was adequate, as on the
wild-type Nalmé line, no differences in killing were observed for either CD19-CD28C CAR
or CD19-4-1BBC CAR against CD58-wild-type or CD58-knockout lines (see, e.g., FIG. 7A).
However, when CAR-T cells were tested against cell lines with reduced CD19 expression,
significant differences emerged, with CD19 CAR T cells demonstrated reduced cytotoxicity
against CD58-knockout vs wild-type cell lines (see, e.g., FIGS. 2C-2D). As CD22 density on
the Nalm6 cell line is lower, differences in killing of CD58-knockout vs wild-type cells by
CD22-4-1BBC CAR were observed in the native antigen density range (see, e.g., FIG. 2E).

[0169] To further explore the interaction of CD19 antigen density and CD58 expression
on CAR function, Nalmé6 clones expressing varying levels of both CD19 and CD58 were
generated through knockout, overexpression, FACS sorting, and single cell cloning (see, e.g.,
FIG. 7B). It was observed that cytokine production by CAR-T cells in response to tumor was
dependent on both the target antigen density (for instance, CD19) and CD58 density on tumor
cells (FIGS. 2F-2G). Only when both were sufficiently high, as they are on the Nalm6 wild-
type line, is maximal cytokine production achieved.

[0170] Additional studies were carried out to evaluate CAR efficacy in vivo against
CD58-knockout xenografts and wild-type xenografts. In these studies, while both CD19-
CD28C and CD19-4-1BBC CARs demonstrated initial efficacy in mice bearing CD58-
knockout Nalmé, they were unable to clear disease, resulting in eventual tumor outgrowth
(see, e.g., FIGS, 2H-21), reflecting the experience with human patients in which most
patients achieved a partial response (PR) before eventual progression. A similar trend was
observed with the CD22-4-1BBC CAR (see, e.g., FIG. 7C). While both CD19 CARs resulted
in long term cures in mice bearing CD58-wild-type xenografts, neither was able to cure mice

with CD58-knockout tumors (see, e.g., FIG. 2J).

EXAMPLE 3

CD58-CD2 interactions are responsible for enhanced CAR-T cell activity

[0171] This Example describes the results of experiments performed to demonstrate
that CD58 interaction with CD2 are responsible for enhanced CAR-T cell activity.

[0172] As described above, the natural ligand for CD58 is CD2, a costimulatory
molecule highly expressed by most T cells. To test the importance of CD2 expression and
signaling, a T cell line (Jurkat) expressing a CD19 CAR was generated, in which CD2 was
knocked-out (CD2KO, FIGS. 3A-3B). It was observed that CD2KO CAR cells generated
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significantly less IL-2 in response to antigen encounter than CD2 WT CAR cells (FIG. 3C).
To test the contribution of the intracellular signaling domain of CD2 to CAR efficacy, a
variant of CD2 expressing only the extracellular domain of CD2 (CD2-ECD) was re-
expressed in these cells (FIGS. 3A-3B) and found that this CD2 variant did not rescue CAR
function (see, e.g., FIG. 3C). Therefore, signaling by the CD2 intracellular domain can be
required for efficient CAR-T cell function.

[0173] Additional studies were performed to explore the contribution of CD2 ligation
on CAR-T cell downstream signaling. In these studies, it was found that crosslinking CD19
CAR-T cells with idiotype antibody, CD58 protein, or idiotype + CD58, significantly
enhanced IL-2 production by both CD19-CD28C and CD19-4-1BBE CAR-T cells when both
CAR and CD2 were ligated (FIG. 3D). Additionally, after a five-minute stimulation, it was
observed significantly higher phosphorylation of both CD3-CAR and downstream ERK in
CAR-T cells activated with both idiotype antibody and CD58 (FIG. 3E). This observation is
in agreement with previous findings demonstrating that CD2 enhances signaling by the
proximal T cell receptor machinery.

[0174] To more fully explore the role of CD2 signaling in CAR-T cells, protein lysates
from the experiment described above were taken and measured 15,993 phosphopeptides
mapping to 3372 proteins using mass spectrometry. It was found that principle component
analysis of the phosphoproteome showed biological replicates clustered together,
demonstrating reproducibility between donors. In these studies, principle component 1 (PC1)
captured 58% of the variance, separating samples based on treatment with anti-idiotype and
indicating the largest differences were due to stimulation through the CAR. Principle
component 2 (PC2) accounted for 17% of the variance and separated samples based on
treatment with soluble CD58 (FIG. 3F).

[0175] As showed in FIG. 3G, unsupervised clustering of differentially abundant
peptides showed that the majority of peptides (clusters 1, 2, 4, and 8) were elevated in both
idiotype treated conditions and therefore can be attributed to signaling though the CAR.
Phosphopeptides in cluster 7 were elevated exclusively in conditions treated with CD58,
indicating that CD2 signaling is responsible for these changes. Notably, cluster 7 contained
several SH3 domain peptides including SH3KBP1 and DBNL, which are described as
modulators of the actin cytoskeleton and known to play a role in T cell polarization. Cluster 3
contained phosphopeptides that were most abundant in the condition stimulated with both

idiotype and CD58 and included many core components of the TCR signaling pathway such
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as LCK, CD3g, and CD247 (CD3(). These results show that CD2 co-stimulation synergizes
with CAR signaling to increase activation through common TCR pathways. Additionally,
cluster 3 included CD2 and its signaling adapter protein CD2AP, indicating that signaling
through the CAR augments activation of the CD2 pathway. CD2 co-stimulation alone
resulted in differential abundance of 157 phosphopeptides, while CD2 co-stimulation in
addition to CAR activation resulted in 236 differentially abundant peptides (FIG. 3H),
further supporting the notion that the effect of signaling through these two pathways is
distinct.

[0176] Bioinformatics analysis of phosphopeptides regulated by CD2 stimulation in the
presence of CAR signaling revealed significant enrichment of Gene Ontology (GO) terms
including "cell-cell adhesion", and "immunological synapse" (FIG. 3I). These results are in
agreement with previous reports that CD2 may be essential for cytoskeletal polarization
towards the target cell. To further examine the role of CD2 in potentiating TCR signaling,
additional studies were performed to examine phosphopeptides corresponding to genes in the
Reactome TCR Signaling gene set. It was found that CD2 ligation by CD58 resulted in
enhanced TCR pathway signaling with increases in phosphorylated LCK, CD36, CD3g, and
GRAP2. Additionally, proteins involved in actin cytoskeleton reorganization such as
vasodilator-stimulated phosphoprotein (VASP) and Wiskott-Aldrich syndrome (WAS)
protein were elevated in CD2 stimulated cells (FIG. 3J and FIG. 8). Notably,
phosphopeptides corresponding to MALT1 and CARD11, key components of the CARD11-
BCL10-MALT1 (CBM) signalosome complex, were also increased with CD2 ligation. The
CBM signalosome may be an important molecular link between T cell surface signaling and
NF-kB activation, which may be required for T cell proliferation, survival, and effector

function.

EXAMPLE 4

CAR-T cells can be engineered to overcome CD358 loss in B cell malignancies

[0177] This Example describes the results of experiments performed to illustrate that
CAR-T cells can be engineered to overcome CD58 loss in B cell malignancies.

[0178] As CD2 signaling due to CD58 ligation enhances CAR-T cell function, second
and third generation CAR-T cells were generated by integrating CD2 costimulatory domains
into the CAR molecule. See, CD22-CD2( and CD22-4-1BB-CD2( in FIG. 4A. The CD22-4-

1BBE CAR was chosen for these experiments because the effects of CD58 knockout were
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found more apparent in vitro, facilitating more thorough testing of multiple constructs. A
comparison was performed for these CAR constructs (CD22-CD2{ and CD22-4-1BB-CD20)
against the CD22-4-1BBC CAR, where it was found that they were able to kill CD58-
knockout Nalmé cells when the 4-1BBC CAR could not (FIG. 4B). Additionally, they
generated additional IL-2 in response to co-culture with both CD58 wild-type and CD58
knockout Nalm6 lines (FIG. 4C). However, in vivo, while the CD2-containing CARs initially
enhanced tumor control of CD58 knockout xenografts (FIG. 4D), tumor eventually grew out
in all mice, abrogating any benefit in survival (FIG. 4E).

[0179] Inanative T cell, CD2 signaling occurs in frans to the T cell receptor. To better
mimic the relationship of CD2 to the TCR, a frans CAR construct was generated in which the
anti-CD19 single chain variable fragment (scFv) FMC63 was fused to a transmembrane
domain and the CD2 intracellular domain (FIG. 4F). In these experiments, the two constructs
can be expressed in one cell using two viral vectors or in a single bicistronic vector. In some
experiments where bicistronic vectors were used, a connector sequence was inserted between
the sequences for the two CARs. Below is an exemplary connector sequence used in these
experiments:

[0180] RKRREFATNFSLLKQAGDVEENPGPLE (SEQ ID NO: 11).

[0181] The coding sequence for the above connector sequence was as follows:

[0182] CGCAAGAGAAGAGAATTCgcaacaaacttctctctgctgaaacaagecggagatgtcgaagaga
atcctggaccgCTCGAG (SEQ ID NO: 12).

[0183] wherein: RKRR (SEQ ID NO: 13) corresponds to a furin cleavage sequence
added downstream of the first CAR sequence.

[0184] EF corresponds to an £coRI cut site;

[0185] ATNFSLLKQAGDVEENPGP (SEQ ID NO: 14) corresponds to an
auproteolytic peptide sequence from porcine teschovirus-1 2A (P2ZA).

[0186] LE corresponds to an Xhol cut site.

[0187] In cytotoxicity assays, T cells expressing both the CD22-4-1BB and a CD19-
CD2 receptor in trans were able to kill CD58-knockout tumor cells, whereas the second and
third generation CARs failed (FIG. 4G). The same trend was observed for cytokine
production, with the frans configuration generating the most IL-2 against the CD58-knockout
line (FIG. 4H). In particular, control T cells expressing the CD22-4-1BBC CAR and a CD19

scFv-transmembrane domain without intracellular CD2 signaling domain did not recover the
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ability to kill or generate cytokine against CD58 knockout cells, indicating that CD2
signaling may be essential to the CAR/tumor cell interaction (FIGS. 4G-4H). Indeed, in vivo,
T cells expressing CD22-4-1BBC and a CD19-CD2 receptor in frans effectively controlled
CD58-knockout tumor growth compared to the control construct (FIG. 41I), resulting in
significantly improved survival (FIG. 4J). Therefore, it was concluded that next generation
CARs for lymphoma that integrate CD2 signaling in a trans approach are effective at
overcoming CD58 loss, which is a common but novel mechanism of CAR resistance
uncovered by the studies described herein.

[0188] While particular alternatives of the present disclosure have been disclosed, it is
to be understood that various modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended claims. There is no intention,

therefore, of limitations to the exact abstract and disclosure herein presented.
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CLAIMS
WHAT IS CLAIMED IS:

1. A kit for the diagnosis and/or treatment of a health condition in an individual, the kit
comprising (i) reagents for assessing an expression level of CD58 or the presence and/or
absence of one or more molecular alterations of a CD58-encoding gene or a product thereof

in a biological sample from the individual, and (i1) instructions for use thereof.

2. The kit of claim 1, wherein the kit is further configured for determining the
responsiveness of the individual to a CAR-T cell therapy, wherein the determining
comprises:
a) detecting whether the expression level of CD58 is decreased or lost or one or more
molecular alterations in the CD58-encoding gene or a product thereof is present in
a biological sample obtained from the individual, wherein said detecting
comprises contacting the biological sample with a detection reagent and detecting
an interaction between the detection reagent with a CD58 encoding gene or a
product thereof in the sample; and
b) identifying the individual as having decreased responsiveness to treatment with
the CAR-T cell therapy if the expression level of CD58 is decreased compared to
a reference expression level of CDS58 or lost or at least one of the one or more

molecular alterations in CD58 activity is detected in the sample.

3. The kit of claim 1, wherein the kit is further configured for identifying an individual
who has an increased unresponsiveness to a CAR-T cell therapy, wherein the identifying
comprises:

a) detecting whether the expression level of CD58 is decreased or lost or one or more
molecular alterations in the CD58-encoding gene or a product thereof is present in a
biological sample obtained from the individual, wherein said detecting comprises
contacting the biological sample with a detection reagent and detecting an interaction
between the detection reagent with the CD58 encoding gene or a product thereof in the
sample; and

b) selecting the individual as having increased unresponsiveness to treatment with
the CAR-T cell therapy if the expression level of CD58 is decreased compared to a

reference expression level of CD58 or lost or at least one of the one or more molecular
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alterations in CD58 activity is detected in the sample; or
selecting the individual as not having increased unresponsiveness to treatment
with the CAR-T cell therapy if the expression level of CD58 is not decreased
compared to a reference expression level of CD58 nor lost or none of the one or

more molecular alterations in CD58 activity is detected in the sample.

4. The kit of claim 1, wherein the kit is further configured for optimizing the therapeutic
efficacy of a CAR-T cell therapy in an individual, wherein the optimizing comprises:

a) detecting whether the expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or one or more molecular alterations in
the CD58-encoding gene or a product thereof is present in a biological sample
obtained from the individual, wherein said detecting comprises contacting the
biological sample with a detection reagent and detecting an interaction between
the detection reagent with a CD58 encoding gene or a product thereof in the
sample; and

b) identifying a therapeutically effective amount of the CAR-T cell therapy based on
the detected interaction between the detection reagent with the CD58 encoding

gene or a product thereof.

5. The kit of any one of claims 1 to 4, wherein the individual has or is suspected of having
a health condition associated with a decreased level or loss of CD58 expression compared to
the reference expression level of CD58 or with one or more molecular alterations in the

CD58-encoding gene or a product thereof.

6.  The kit of any one of claims 1 to 5, wherein the health condition is a proliferative
disorder selected from the group consisting of a solid tumor cancer, a non-solid tumor cancer,

and a hematological malignancy.

7. The kit of any one of claims 1 to 5, wherein the health condition is a cancer, optionally
non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic lymphoma, large B-cell
lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell lymphoma, splenic
marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue) lymphoma, hairy cell
leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B cell lymphoma,
Hodgkin's disease, B cell non-Hodgkin's lymphoma (NHL), leukemias, acutelymphoblastic
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leukemia (ALL), chronic lymphocytic leukemia (CLL), B-cell chronic lymphocytic leukemia

(B-CLL), hairy cell leukemia, chronic myoblastic leukemia, or myeloma.

8. The kit of any one of claims 1 to 7, wherein the one or more molecular alterations in the
CD58-encoding gene or a product thereof is selected from the group consisting of an
increased RN A/protein expression, a reduced RNA/protein expression, a loss of expression,
an aberrant RN A/protein expression, a single nucleotide point mutation (SNP), a single-
nucleotide variation (SNV), a gene amplification, a gene rearrangement, a gene fusion, a
deletion, a frameshift deletion, an insertion, an InDel mutation, an epigenetic alteration, an

amino acid substitution, and combinations of any thereof.

9. The kit of any one of claims 1 to 8, wherein the one or more molecular alterations
comprises a loss of CD58 expression, a reduced expression of CD58 compared to the

reference expression level of CD38, or expression of a mutated form of CDS58.

10.  The kit of any one of claims 1 to 9, wherein the one or more molecular alterations

comprises an amino acid substitution at a position corresponding to K60 of SEQ ID NO: 1.

11.  The kit of claim 10, wherein the amino acid substitution is a Lys-to-Glu substitution
(K60E).

12, The kit of any one of claims 1 to 11, wherein the one or more molecular alterations

comprises an amino acid substitution at a position corresponding to C187 of SEQ ID NO: 1.

13.  The kit of claim 12, wherein the amino acid substitution is a Cys-to-Arg substitution

(CI87R).

14. The kit of any one of claims 1 to 13, wherein the one or more molecular alterations in
the CD58-encoding gene or a product thereof comprises a reduced binding affinity of a CD58
protein product to its ligand CD2.

15.  The kit of any one of claims 1 to 14, wherein said assessing the presence and/or
absence of one or more molecular alterations of a CD58-encoding gene or a product thereof
comprises using a nucleic-acid-based analytical assay selected from the group consisting of
cancer personalized profiling by deep sequencing (CAPP-seq), nucleic acid sequencing,
circulating tumor nucleic acid assessment, next generation sequencing (NGS), nucleic acid

amplification-based assays, loop-mediated isothermal amplification (LAMP), rolling circle
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amplification (RCA), polymerase chain reaction (PCR), real-time PCR, quantitative reverse
transcription PCR (qRT-PCR), PCR-RFLP assay, HPLC, mass-spectrometric genotyping,
nucleic acid hybridization assay, comparative genomic hybridization, fluorescent in-situ
hybridization (FISH), restriction digestion, capillary electrophoresis, and combinations of any

thereof.

16. The kit of any one of claims 1 to 15, wherein said assessing the presence and/or absence
of one or more molecular alterations of a CD58-encoding gene or a product thereof comprises
using a protein-based analytical assay selected from the group consisting of
immunohistochemistry (IHC), protein-microarray, western blotting, mass spectrometry, flow
cytometry, enzyme-linked immunosorbent assay (ELISA), immunofluorescence staining,

multiplex detection assay, and combinations of any thereof.

17.  The kit of any one of claims 1 to 16, further configured for treatment of the health

condition.

18. The kit of any one of claims 2 to 17, wherein the CAR-T cell therapy is administered to

individual as single therapy or in combination with one or more additional therapies.

19. The kit of claim 18, wherein the CAR-T cell therapy and/or at least one additional

therapy comprises a CAR construct comprising a CD2 signaling domain.

20. The kit of any one of claims 2 to 19, wherein the CAR-T cell therapy targets an antigen

that is expressed at low density compared to a density in a wild-type cell.

21. A genetic-based system for diagnosis and/or treatment of health conditions comprising:

a) a logic processor;

b) a stored program code that is executable by the logic processor, which when
executed by the processor provides operations for performing one or more of the
following:

1) determining the responsiveness of an individual to a CAR-T cell therapy;

i1) identifying an individual as having increased unresponsiveness to treatment with
a CAR-T cell therapy;

1i1) optimizing the therapeutic efficacy of a CAR-T cell therapy in an individual; and

iv) calculating or administering a therapeutically effective amount of a CAR-T cell

therapy to an individual.
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22. The system of claim 21, further comprising a report engine communicatively coupled to
the logic processor, wherein reports produced by the report engine depend upon results from
execution of the program code, wherein the program code configures the logic processor to
receive a preselected set of data input pertaining to an expression level of CD58 or the
presence and/or absence of one or more molecular alterations of a CD58-encoding gene or a
product thereof in a biological obtained from an individual in order to assign a relative
performance score to the individual’s responsiveness to the CAR-T cell therapy based at least
in part on the preselected set of data input, and optionally:
a) determining the responsiveness of the individual to the CAR-T cell therapy;
b) identifying the individual as having increased unresponsiveness to treatment with
the CAR-T cell therapy;
¢) optimizing the therapeutic efficacy of the CAR-T cell therapy in the individual;
and/or
d) calculating or administering a therapeutically effective amount of the CAR-T cell

therapy to the individual.

23. The system of any one of claims 21 to 22, further comprising generating a report that
contains information relevant to the individuals identified as having increased
unresponsiveness to the CAR-T cell therapy and/or relevant to the CAR-T cell therapy

identified as being effective for treatment of health conditions.

24. The system of claim 23, wherein the profile report is characterized as having an
encoding selected from the group consisting of “.doc™; “.pdf”; “.xml”; “ html”; “jpg”;

99, <

“.aspx’”; “.php”, and a combination of any thereof.

25. A non-transitory computer readable medium containing machine executable
instructions that when executed cause a processor to perform operations comprising;
receiving a profile comprising a preselected set of data input;
assigning, based at least in part on the profile, a relative performance score to the
identified CAR-T cell therapy; and
outputting a report for the CAR-T cell therapy based upon the assigned performance

score.
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26. A non-transitory computer readable medium containing machine executable
instructions that when executed cause a processor to perform operations comprising;
receiving a profile comprising a preselected set of data input;
assigning, based at least in part on the profile, a relative unresponsiveness score to the
identified individual; and

outputting a report for the individual based upon the assigned unresponsiveness score.

27. A report generated by the system or medium of any one of claims 23 to 26.

28. A method for determining the responsiveness of an individual to a CAR-T cell therapy,
the method comprising:

a) detecting whether an expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or one or more molecular alterations in CD58
activity is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and
detecting an interaction between the detection reagent with a CD58 encoding gene or a
product thereof in the sample; and

b) identifying the individual as having decreased responsiveness to treatment with
the CAR-T cell therapy if the expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or at least one of the one or more molecular

alterations in CDS58 activity is detected in the sample.

29. A method for identifying an individual who has an increased unresponsiveness to a
CAR-T cell therapy, the method comprising:

a) detecting whether an expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or one or more molecular alterations in CD58
activity is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and
detecting an interaction between the detection reagent with the CD58 encoding gene or a
product thereof in the sample; and

b) selecting the individual as having increased unresponsiveness to treatment with a
CAR-T cell therapy if the expression level of CD58 is decreased compared to a reference
expression level of CDS8 or lost or at least one of the one or more molecular alterations

in CD58 activity is detected in the sample; or
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30.

selecting the individual as not having increased unresponsiveness to treatment
with the CAR-T cell therapy if the expression level of CD58 is not decreased compared to
a reference expression level of CD58 nor lost or none of the one or more molecular

alterations in CDS58 activity is detected in the sample.

A method for optimizing the therapeutic efficacy of a CAR-T cell therapy in an

individual, the method comprising;

31.

a) detecting whether an expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or one or more molecular alterations in CD58
activity is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and
detecting an interaction between the detection reagent with a CD58 encoding gene or a
product thereof in the sample; and

b) identifying a therapeutically effective amount of the CAR-T cell therapy based on
the detected interaction between the detection reagent with the CD58 encoding gene or a

product thereof.

A method for administering a CAR-T cell therapy to an individual, the method

comprising:

32.

a) detecting whether an expression level of CD58 is decreased compared to a
reference expression level of CD58 or lost or one or more molecular alterations in CD58
activity is present in a biological sample obtained from the individual, wherein said
detecting comprises contacting the biological sample with a detection reagent and
detecting an interaction between the detection reagent with a CD58 encoding gene or a
product thereof in the sample;

b) administering a therapeutically effective amount of the CAR-T cell therapy based
on the detected interaction between the detection reagent with the CD58 encoding gene or

a product thereof.

The method of any one of claims 28 to 31, the individual has or is suspected of having a

health condition associated with a decreased level or loss of CD58 expression compared to a

reference expression level of CD58 or with one or more molecular alterations in CD58

activity.

33.

The method of claim 32, further comprising treating the health condition.
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34. The method of any one of claims 28 to 33, wherein the health condition is a
proliferative disorder selected from the group consisting of a solid tumor cancer, a non-solid

tumor cancer, and a hematological malignancy.

35. The method of any one of claims 28 to 33, wherein the health condition is a cancer,
optionally non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic lymphoma,
large B-cell lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell lymphoma,
splenic marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue) lymphoma,
hairy cell leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B cell
lymphoma, Hodgkin's disease, B cell non-Hodgkin's lymphoma (NHL), leukemias,
acutelymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL), B-cell chronic
lymphocytic leukemia (B-CLL), hairy cell leukemia, chronic myoblastic leukemia, or

myeloma.

36. The method of any one of claims 28 to 35, wherein the one or more molecular
alterations in CDS58 activity is selected from the group consisting of an increased
RNA/protein expression, a reduced RNA/protein expression, a loss of expression, an aberrant
RNA/protein expression, a single nucleotide point mutation (SNP), a single-nucleotide
variation (SNV), a gene amplification, a gene rearrangement, a gene fusion, a deletion, a
frameshift deletion, an insertion, an InDel mutation, an epigenetic alteration, an amino acid

substitution, and combinations of any thereof.

37. The method of any one of claims 28 to 36 wherein the one or more molecular
alterations comprises a loss of CD58 expression, a reduced expression of CD58 compared to

a reference expression level of CD58, or expression of a mutated form of CDS5S.

38. The method of any one of claims 28 to 37, wherein the one or more molecular
alterations comprises an amino acid substitution at a position corresponding to K60 of SEQ

ID NO: 1.

39. The method of claim 38, wherein the amino acid substitution is a Lys-to-Glu

substitution (K60E).

40. The method of any one of claims 28 to 39, wherein the one or more molecular
alterations comprises an amino acid substitution at a position corresponding to C187 of SEQ

ID NO: 1.
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41. The method of claim 40, wherein the amino acid substitution is a Cys-to-Arg

substitution (C187R).

42. The method of any one of claims 28 to 41, wherein the one or more molecular
alterations in the CD58-encoding gene or a product thereof comprises a reduced binding

affinity of a CD58 protein product to its ligand CD2.

43.  The method of any one of claims 28 to 42, wherein said detecting interaction between
the detection reagent with the CD58 encoding gene or a product thereof comprises a nucleic-
acid-based analytical assay selected from the group consisting of nucleic acid sequencing,
circulating tumor nucleic acid assessment, next generation sequencing (NGS), nucleic acid
amplification-based assays, loop-mediated isothermal amplification (LAMP), rolling circle
amplification (RCA), polymerase chain reaction (PCR), real-time PCR, quantitative reverse
transcription PCR (qRT-PCR), PCR-RFLP assay, HPLC, mass-spectrometric genotyping,
nucleic acid hybridization assay, comparative genomic hybridization, fluorescent in-situ
hybridization (FISH), restriction digestion, capillary electrophoresis, and combinations of any

thereof.

44. The method of any one of claims 28 to 43, wherein said detecting interaction between
the detection reagent with the CD58 encoding gene or a product thereof comprises a protein-
based analytical assay selected from the group consisting of immunohistochemistry (IHC),
protein-microarray, western blotting, mass spectrometry, flow cytometry, enzyme-linked
immunosorbent assay (ELISA), immunofluorescence staining, multiplex detection assay, and

combinations of any thereof.

45. The method of any one of claims 28 to 44, further comprising administering the CAR-T
cell therapy to the individual, wherein the CAR-T cell therapy is administered to the

individual as single therapy or in combination with one or more additional therapies.

46. The method of claim 45, wherein the CAR-T cell therapy and/or at least one additional

therapy comprises a CAR construct comprising a CD2 signaling domain.

47. The method of any one of claims 28 to 46 wherein the CAR-T cell therapy targets an

antigen that is expressed at low density compared to a density in a wild-type cell.
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48. A method of treating an individual with a health condition characterized by at least one

of: a decreased or lost expression of CD58 or one or more molecular alterations in the CD58-

encoding gene, the method comprising:

a)

b)

detecting whether expression level of CD58 is decreased compared to a reference
expression level of CDS58 or lost or one or more molecular alterations in the
CD58-encoding gene or a product thereof is present in a biological sample
obtained from the individual, wherein said detecting comprises contacting the
biological sample with a detection reagent and detecting an interaction between
the detection reagent with a CD58 encoding gene or a product thereof in the
sample;

identifying the individual as likely to respond to a treatment with a CAR construct
comprising a CD2 signaling domain if the expression level of CD58 is decreased
or lost compared to a reference expression level of CD58 or at least one of the one
or more molecular alterations in CD58 activity is detected in the sample, and
administering the treatment with a CAR construct comprising a CD2 signaling
domain to the individual identified in step (b) as likely to respond to treatment

with a CAR construct comprising a CD2.

49. A method of treating a health condition in an individual, the method comprising:

a)

b)

detecting whether expression level of CD58 is decreased or lost compared to a
reference expression level of CD58 or one or more molecular alterations in the
CDS58-encoding gene or a product thereof is present in a biological sample
obtained from the individual, wherein said detecting comprises contacting the
biological sample with a detection reagent and detecting an interaction between
the detection reagent with a CD58 encoding gene or a product thereof in the
sample; and

administering a treatment with a CAR construct comprising a CD2 signaling
domain to the individual based on the detection of a decreased or lost expression

level of CD58 or one or more molecular alterations in the CD58-encoding gene in

step (a).

50. The method of claim 48 or 49, wherein the CAR construct comprising a CD2 signaling

domain further comprises an anti-CD19 scFv domain.
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51. The method of any one of claims 48-50, wherein the CAR construct comprising a CD2

signaling domain comprises the amino acid sequence of SEQ ID NO: 4.

52. The method of any one of claims 48-51, wherein the health condition is a proliferative
disorder selected from the group consisting of a solid tumor cancer, a non-solid tumor cancer,

and a hematological malignancy.
53. The method of any one of claims 48-51, wherein the health condition is a cancer.

54. The method of claim 53, wherein the cancer is selected from the group consisting of:
non-Hodgkin's lymphoma, Burkitt's lymphoma, small lymphocytic lymphoma, large B-cell
lymphoma (LBCL), primary effusion lymphoma, diffuse large B-cell lymphoma, splenic
marginal zone lymphoma, MALT (mucosa-associated lymphoid tissue) lymphoma, hairy cell
leukemia, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia, B cell lymphoma,
Hodgkin's disease, B cell non-Hodgkin's lymphoma (NHL), leukemias, acutelymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL), B-cell chronic lymphocytic leukemia
(B-CLL), hairy cell leukemia, chronic myoblastic leukemia, and myeloma

55. The method of any one of claims 48-54, wherein the one or more molecular alterations
in CD58 activity is selected from the group consisting of an increased RNA/protein
expression, a reduced RNA/protein expression, a loss of expression, an aberrant RNA/protein
expression, a single nucleotide point mutation (SNP), a single-nucleotide variation (SNV), a
gene amplification, a gene rearrangement, a gene fusion, a deletion, a frameshift deletion, an
insertion, an InDel mutation, an epigenetic alteration, an amino acid substitution, and

combinations of any thereof.

56. The method of any one of claims 48-55, wherein the one or more molecular alterations
comprises a loss of CD58 expression, a reduced expression of CD58 compared to a reference

expression level of CDS58, or expression of a mutated form of CD58.

57. The method of any one of claims 48-56, wherein the one or more molecular alterations

comprises an amino acid substitution at a position corresponding to K60 of SEQ ID NO: 1.

58. The method of claim 57, wherein the amino acid substitution is a Lys-to-Glu

substitution (K60E).
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59. The method of any one of claims 48-58, wherein the one or more molecular alterations

comprises an amino acid substitution at a position corresponding to C187 of SEQ ID NO: 1.

60. The method of claim 59, wherein the amino acid substitution is a Cys-to-Arg

substitution (C187R).

61. The method of any one of claims 48-60, wherein the one or more molecular alterations
in the CD58-encoding gene or a product thereof comprises a reduced binding affinity of a

CD58 protein product to its ligand CD2.

62. The method of any one of claims 48-61, wherein said detecting interaction between the
detection reagent with the CD58 encoding gene or a product thereof comprises a nucleic-
acid-based analytical assay selected from the group consisting of nucleic acid sequencing,
circulating tumor nucleic acid assessment, next generation sequencing (NGS), nucleic acid
amplification-based assays, loop-mediated isothermal amplification (LAMP), rolling circle
amplification (RCA), polymerase chain reaction (PCR), real-time PCR, quantitative reverse
transcription PCR (qRT-PCR), PCR-RFLP assay, HPLC, mass-spectrometric genotyping,
nucleic acid hybridization assay, comparative genomic hybridization, fluorescent in-situ
hybridization (FISH), restriction digestion, capillary electrophoresis, and combinations of any

thereof.

63. The method of any one of claims 48-61, wherein said detecting interaction between the
detection reagent with the CD58 encoding gene or a product thereof comprises a protein-
based analytical assay selected from the group consisting of immunohistochemistry (IHC),
protein-microarray, western blotting, mass spectrometry, flow cytometry, enzyme-linked
immunosorbent assay (ELISA), immunofluorescence staining, multiplex detection assay, and

combinations of any thereof.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 21/58102

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  CO07K 16/28; C12Q 1/6886; CO7K 19/00; A61P 35/02 (2022.01)
CPC -

CO7K 16/2824; GO1N 2333/70528; CO7K 2319/00; C12Q 1/6886; A61P 35/02

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

1114-1120. Especially pg 1116 col 1 para 2.

generation chimeric antigen receptor T cells. Gene Ther, November 2012, Vol 19, No 11, Pages

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2020/0054639 A1 (OREGON HEALTH & SCIENCE UNIVERSITY) 20 February 2020 1,51
- (20.02.2020). Especially para [0107}, claims 114,128. |-
Y 2-4, 5/(2-4)
Y —| CHEADLE et al. Ligation of the CD2 co-stimulatory receptor enhances IL-2 production from first-| 2-4, 5/(2-4)

D Further documents are listed in the continuation of Box C.

[:l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish t e.é)ubhcatnon date of another citation or other
special reason (as specified)

“Q” documentreferring toan oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

21 February 2022

Date of mailing of the international search report

MAR 25 202/

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300
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PCT/US 21/58102

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item l.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter: 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of intemational search only:
in the form of an Annex C/ST.25 text file (Rule 13fer 1(a)).

on paper or in the form of an image file (Rule 13er.1(b) and Administrative Instructions, Section 713).

2. l:l In addition, in the case that more than one version or copy of a sequence listing has been filed or funished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/58102

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. El Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 6-20, 27, 34-47, 51-63
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-—--continued on Extra Sheet-----

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this intemnational search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Claims 1-5

Remark on Protest [:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/US 21/58102

Continuation of Box lll: Observations where Unity of Invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group [: Claims 1-5, drawn to a kit comprising reagents for assessing the expression level of CD58 in a biological sample.

Group il: Claims 21-26, drawn to a system for diagnosis and/or treatment of a health condition comprising a logic processor, a stored
program code, and/or a non-transitory computer readable medium.

Group lIi: Claims 28, 29, (32,33)(in part) drawn to a method of determining the responsiveness of an individual to a CAR-T cell therapy.

Group IV: Claims 30, 31, (32,33)(in part), 48-50, drawn to a method of optimizing the therapeutic effcacy of a CAR-T cell or
administering a CAR-T cell therapy.

The inventions listed as Groups |-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | has the special technical feature of to a kit composition comprising reagents for assessing the expression level of CD58 in a
biological sample, not required by Groups il-IV.

Group Il has the special technical feature of a system for diagnosis and/or treatment of a health condition comprising a logic processor,
a stored program code, and/or a non-transitory computer readable medium, not required by Groups i, lll, IV.

Group Ill has the special technical feature of a method of determining the responsiveness of an individual to a CAR-T celi therapy, not
required by Groups |, I, IV.

Group IV has the special technical feature of a method of optimizing the therapeutic efficacy of a CAR-T cell or administering a CAR-T
cell therapy, not required by Groups I-Ill.

Common Technical Feature:

1. Groups |-IV share the common technical feature of contacting the biological sample with a detection reagent and detecting an
interaction between the detection reagent with a CD58 encoding gene or a product thereof in the sample.

2. Groups lI-IV share the common technical feature of decreased or lost expression of CD58 or one or more molecular alterations in the
CD58-encoding gene.

3. Groups Il and IV share the common technical feature of optimizing the therapeutic efficacy of a CAR-T cell therapy in an individual

4. Groups |l and IV share the common technical feature of administering a therapeutically effective amount of a CAR-T cell therapy to an
individual.

However, said common technical features do not represent a contribution over the prior art, and are disclosed by the publication titied
"Flow cytometric investigation of immune-response-related surface molecules on human colorectal cancers” by Diederichsen et al.
(hereinafter "Diederichsen"] [published in Int J Cancer 19 June 1998 Vol 79 No 3 Pages 283-287] and the publication titled "Ligation of
the CD2 co-stimulatory receptor enhances IL-2 production from first-generation chimeric antigen receptor T cells" by Cheadle et al.
(hereinafter "Cheadle”)[published in Gene Ther, November 2012, Vol 19, No 11, Pages 1114-1120].

----continued on next sheet----
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 21/58102

-----continued from previous sheet-—-

As to common technical feature #1, Diederichsen discloses contacting the biological sample with a detection reagent and detecting an
interaction between the detection reagent with a CD58 encoding gene or a product thereof in the sample (pg 284 col 1 para 2; "All
antibodies were monoclonal (MAb) and of murine origin: fluorescein isothiocyanate (FITC) labelled MAb against ... CD58 (L306.4,
Becton Dickinson"; pg 284 col 2 para 2; "Incubation with antibodies. Before use, the cells were thawed and counted. Viable cells were
distributed into Falcon tubes (106 cells per tube) and centrifuged. The pellet was resuspended in 20?40 ul of diluted antibody and
incubated for 30 min in the dark at room temperature. The cell suspension was then washed once more before analysis”).

As to common technical feature #2, Cheadle discloses decreased or lost expression of CD58 or one or more molecular alterations in the
CDS58-encoding gene (pg 1118 col 1 para 1; "many solid tumours, such as gastric and colorectal carcinomas, have reduced/absent
CD58 expression”).

As to common technical feature #3, Cheadle discloses optimizing the therapeutic efficacy of a CAR-T cell therapy in an individual (pg
1118 col 1 para 1; "many solid tumours, such as gastric and colorectal carcinomas, have reduced/absent CD58 expression and may
benefit from the inclusion of the CD2-signalling domain in CAR design”).

As to common technical feature #4, Cheadle discloses administering a therapeutically effective amount of a CAR-T cell therapy to an
individual (pg 1118 col 1 para 1; "many solid tumours, such as gastric and colorectal carcinomas, have reduced/ absent CD58
expression and may benefit from the inclusion of the CD2-signalling domain in CAR design®; pg 1118 col 1 para 1' "CAR T cells
targeting these malignancies may benefit from CD2-based signalling and enhanced-IL-2 production. As most clinical CAR T-cell
adoptive transfer protocols include in vivo IL-2 support").

As the common technical features were known in the art at the time of the invention, they cannot be considered common special
technical features that would otherwise unify the groups. The inventions lack unity with one another.

Therefore, Groups I-IV lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special technical
feature.

Item 4 (cont.): Claims 6-20, 27, 34-47, 51-63 are dependent claims and are not drafted according to the second and third sentences of
PCT Rule 6.4(a).

Form PCT/ISA/210 (extra sheet) (July 2019)
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